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SUMMARY

This tkesis reports on a project which used an analytical apprcach to
tackle the problem of planning in a particular ccmpany.

The project developed in a series of steps, beginning with questions
raised by the company's planners, corncerning the validity of their
planning model. Their main strategic objective of market share
meximisation was based on the hypothetical relationship between
cumulative output and declining unit cests of production expressed in the
'experience curve' model. Analysis showed that both unit cost and
average price of thkeir products could be modelled in this way, but that
cumulative output was not the only explanatory variable. In the second
stage, this result was confirmed in tests on a wider range of data, with
implications for the validity of basing such a strategy on the experience
curve mocel.

However, the analyses of price and cost data hsd also provided evidence

of a disturbing trend for the ccmpany; total unit cost of manufacture was
declining at a slower rate than the average price of the procuct in the
UK (in constant value terms). Additional analysis indicated the specific
areas for concern.

Since survival of the business would depend on the future ccntrol of unit
cests, research in the third stage contributed to plans both for cost
reduction and for increasing volumes of sales.

Evidence frcm this research did not support the hypothesis that the
experience curve model could be used to predict unit cests over a period
in which sales volumes change radically. In the company concerrned, plans
for growth of mzrket share resulted in an increase, rather tharn a decline,
in unit cecsts. The principal conclusion is that strategic plans should
not be based on projections derived frcm manipulation of variables in a
mocel such as the experience curve.

PATRICIA JEAN THORNLEY
Higher Degree of Doctor of Philosophy, The University of Aston in

Birmingham, 1982.

Experience curve, strategic plarning, models for unit costs.
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CHAPTER _ONE

INTRODUCTION: PLANNING METHODS AND THEIR APPLICATION IN A PARTICULAR
COMPLNY

This thesis is concerned with the problems of planning in a particular

company, BOC Arc Equipment.

For 4-5 years BOC Arc Equipment, an operating company of BOC Ltd., had
been using an approach to planring suggested by a firm of business
consultants in 1972. The resulting plan included ambitious market share

objectives, based on the assumption of a certain type of model for the

business.

However, by 1977, the corpany's management team were unable to establish
whether the plan was a success. They did not know if the specific object-
ives were being met, or whether the model was still valid. Consequently
they had little basis for deciding whether or not to continue with this

plan.

At this stage they approached IHD to investigate the possibility of setting
up a project to examine their approach to planning, in particular, to

investigate the‘validity of the model and the way in which it was being used.

Beginning with their initial problems, the project developed to apply an
analytical approach to many aspects of planning at BOC Arc Equipment.
The thesis gives a historical account of the interaction betweer the
project and the company, and the ways in which some of their problems

were solved.



Results from most of tpe research pertain specifically to BOC Arc
Equipment: many of the recommendations are concerned solely with the
planning and management of their business. (Chapter Eleven).

However, these problems are also set into the wider context of different
apprcaches to planning. Conclusions arising from the work of the
project are then used to make observations on the plarning of companies

in general. (Chapter Thirteen).

The introduétory chapter consists of three pérts. In 1.1, a review of
the development of current methods of planning raises various issues for
companies who are appraising their own approach. This was not an
integral part of the project, but indicates the wider field of application

for results.,

However, the project itself was concerned with the problems of the company,
and thus only with those issues relevant to these problems. The particular
aspects of planning which formed the basis for the initial stage of the

project are described in 1.2.

The third part of this introductory chapter (1.3) is used to explain the
structure of the remainder of the thesis, which is based on the way in

which the project developed.




1.1 DIFFERENT APPROACHES TO THE PLANNING OF A BUSINESS

Several new approaches to planning have been developed over the past
twenty years. Discussion of the growth of these methods highlights

the suitability of differing approaches for varying situations. (1.1.1).
In the following section this discussion is used to identify the factors
which should be considered by any company reviewing its own planning

methods, with a summary of the issues involved. (1.1.2).

1.1.1 The development of current approaches to planning

As a result of reviewing the literature on the subject, it became
apparent that any business enterprice requires some.degree of planning,
regardless of its size. This applies across the whole range of
businesses, from a self-employed plumber to the largest and most
diversified company such as ICI Ltd., Batchelors Foods Ltd., or

BOC Ltd. itself.

In the case of the plumber, his objectives are probably those of ensuring
a stable income, saticsfactory profits and a viable cash flow. In order
to ensure that these objectives are achieved, he must plan the

allocation of his time, purchase of mzterials, and the invoicing of
completed work. On the other hand, a company such as Batchelors Foods
has to find some means of co-ordinating its multi-product, multi-
technological business in order to achieve its objectives, expressed in

terms of market share and return on capital employed. (Goodall, 1977).

All of these activities are covered by the term 'planning'. Ackoff (1970)
defines planning as 'the design of a desired future and of effective ways
of bringing it about'.

3.



In this context, planning refers to the making of plans for achieving the
objectives set for the business. Discussion of different approaches by
various authors (see references in each section) shows that these can be

formal or informal, long or short-term, explicit or implicit.

It would appear that, since the'1960’s, planning has developed into a more
rigorously defined tool for management of a business. Strategic planning
as defined by Taylor (1977) is a systematic process for guiding the future
development of an enterprise. According to Irving (1970) and many others
(see (d) below), the term 'corporate planning' now refers to a continual

management process of planning for the business as a whole. This includes
the translation of strategy into detailed operational plans, and making

sure that they are carried out.

The approaches in current use fall into four main groups; reviewed under
(a) to (d) below. Discussion of these methods forms the basis for
identification of the main factors determining the suitability of

different types of planning for different companies. (l.l.2).

a) Informal planning

In the early stages of a business or industry, planning is generally

informal.

The objectives and policy are embedded in the concept of the business held
by the original entrepreneur. Strategy is equally implicit, usually
concerned with building the business up into a stable and profitable
position. Although the objectives can be long term, plans and decisions
generally cover short term goals. There may be some evaluation and

analysis of plans at a tactical level, such as in the appraisal of



contracts or the development of new products.

Implementation is carried out through the operating decicions of the owner/

manager, and monitored using simple measures such as monthly accounts.

Ansoff (1976) terms this entrepreneurial behaviour, giving the user
advantages of flexibility and.a capacity for instant reaction to the
environment. For this reason informal planring suits small businesses
concerned with small or specialised markets, or in the early growth stages

of a new type of industry.

However, informal planning methods will not provide sufficient direction
and control once the scale of activity becomes too large, and the
orgarisation of the business more complex. 1In this case, the need to
co-ordinate the different parts of the business requires some type of
forral plan, probably with a longer time scale for the long term plarning

of resources.
If plans can be based on a continuation of the current or related product/
market mix, then the need for formal planning can be met using btudgetary

methods.

b) Budgetary Methods

Willsmore (1960) defines budgeting to be systematic planning in large
scale industry to ensure co-ordination of production, purchases and

finance, with probable sales.

According to Hofstede (1966), budgets are management tools to facilitate

the task of leading a company to its goals. This will be achieved by

5-




higher profitability resulting from co-ordinating efforts, avoiding waste,
and improving management decisions, and from optimal liquidity due to the

advanced knowledge of cash needs.

Generalising from the many descriptions of budgetary methods (see
references at the end of this section), in this type of planning the
objectives of growth or optimal profit maximisation are usually implicit.
The long term plan concerns continual development and efficient

production and marketing of existing or related products.

The emphasis is placed on operational management and tactics for improving
the efficiency of the business. A detailed operating plan, usually for
a one year period, is expressed in financial terms in the budget. This
gives management both involvement in, and control of the business at all

levels.

Budgets frequently encompass all the elements of planning, including the
setting of goals, the co-ordination of resources, and the management and
control of plans. The way in which this is done gives rise tc the

different forms of budget;

Bottom-up; in which operational plans and forecasts of sales and costs
from departments are co-ordinated and revised by management in the light

of their objectives.

Top-down; where goals set by the maragement in the budget form targets for
operational plans devised by departments. Management then co-ordinate

these plans in line with available resources.

Cyclical (the 'corporate planning cycle'); bottom-up and top-down proposals

alternate until agreement is met on a budget which will achieve company

. : 6.



objectives with available resources.

Extended budgets may be prerared for longer time periods if required for

decisions on major issues such as expansion of capacity.

For further details of budgetary methods see Batty, 1970; Willsmore, 1960;

Bacon, 1970; Robson, 1966; Hofstede, 1966.

The main conclusion to be drawn from discussion of these methods is that
budgeting anticipates continuafion of the current product/market mix.

If demand for a product is still growing, and the market not yet saturated,
market behaviour will be predictable. Planning can then be based on the
extrapolation of past trends, and budgets will fulfill the requirement for

formal planning.

However, circumstances may demand a change in the mix, or the need to add
unrelated product lines. The exhaustion of current markets, imports of
ckeap foreign goods, or changing technology are typical situations cited
by Ansoff (1976) requiring a change of strategy. This could also be

due to the enlargement of a company's scope of activity by écquisition or

diversification. (Taylor, 1977).
The need to generate and evaluate different strategies for achieving
company objectives was met by the development of a more systematic

approach to strategic planning.

c) Strategic Planning

Strategic planning involves a regular review of corporate strategy in the

light of corporate objectives. The element of change is expressed by



Ackoff (1970) in his definition, 'a process directed towards producing
one or more future desired states not expected to occur unless something
is done's. However, this rather general statement could be used to
exrress the purpose of any type of planning. More specific is the
definition by Anthony (1965), 'the process of deciding on ihe objectives
of an organisation, on the resources used to attain these objectives, and
on the policies that are t;.govern the acquisition, use, and disposition

of these resources'.

Most discussions about strategic planning concern the use of a systematic
approach to this process, which consists of several distinct steps

(Ackoff, 1970; Taylor, 1977; Bridge & Dodds, 1978; Argenti, 1980):

i) Specification of objectives and goals, which may be financial ones
such as profit and return on investment, ambitious, for example growth or

market dominance, or stylistic as in technological leadership.

ii) Appraisal of the environment, including market trends, competitive

action, technological development, and possibly social ané political factors.

iii) Appraisal of compary resources, strengths and weaknesses.

iv) Generation and evaluation of strategies for achieving the objectives,

based on the findings of (ii) and (iii).

Several techniques have been developed to facilitate this approach.
These include portfolio anzlysis, in which products or businesses are
divided into a portfolio of different investments, and gap analysis, in
which plans are made to 'close the gap' between the current path of the

business and the desired position.



Models can be used for the generation and evaluation of strategic plans,
by providing a basis for quantifying the important factors in a business,

and hence the effect of changes in these factors.

v) Conversion of selected strategy into detailed operational plans,
programs, budgets etc. Tactical plans may be prepared for production,
resource development, product development, marketing, and the

organisation in general.

vi) Setting up a system to monitor and control the progress of the

plan against a set of clear criteria.

This typical description of the strategic planning process uses many
terms which are usually undefined and rather vague in meaning. This
leads to some confusion in terminology between the various types and

levels of planning.

In the context of the thesis, the terms in general use are defined as

follows.

Strategic planning refers to the process of devising and choosing strategies,
which are the means by which the objectives for the business will be
achieved. These will be long term plans, probably spanning five years or
more, and involve major decisions on product/markets, resource requirements
such as capacity and level of manpower, methods of generating these

resources, methods of production, and sc on.

Once these decisions have been made, the factors involved become fixed
constraints for the next level, that of operational planning. This

concerns the ways in which resources will be utilised, how the chosen

product/market will be exploited, the running of the manufacturing
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operation and day to day organisation of the business. Plans are
shorter term, usually for one year, with objectives developed from the
first steps of the strategic plan. Monitoring and control of the

operational plan is frequently done by use of budgets. ((b) above).

Tactical planning generates the ways in which the goals of the
operational or strategic plans may be achicved. For example, operational
plans may include marketing plans for increasing volumes of sales.

Within this plan, téctics may be based on aggressive pricing policies,

use of publicity, different routes to the market, and different types of
packaging. In this way, strategic, operational and tactical planning
form a hierarchy of planning levels, in which implementation of a plan

at one level uses that of the next level down.

Corporate planning, literally the planning of a corporate body, should
strictly be at the head of this hierarchy, including strategic planning
as a part of its process. However, again in the literature terminology
is confused, with corporate and strategic planning sometimes used

indiscriminately to refer to the same thing.
In this thesis, corporate planring is taken to refer to the management
process which includes the making and methods of implementation of plans

for all aspects of the business. This is explained further in (d) below.

d) Corporate Planning

Taylor (1977) proposes that, for top management, corporate planning means
the determination of objectives, strategies and policies, so that
divisional management and corporate staff can develop their plans within
broad guide lines. It means that they are thinking ahead about the

organisation, so as to start new products in good time, and consider new

Projects in the context of alternative strategies for the division and
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the company as a whole. Taylor goes on to say that corporate planning
is a philosophy of change - not so much a battery of techniques and
systems as a style of management involving a continuous dialogue about

the future of the organisation.

Descriptions of this process vary. Hussey (1974) sees corporate planning
divided into operational management dealing with existing products, and
strategic management for developing new products. The strategic plan

is at the centre of the process, with operating plans for marketing,
administration and production, and progress plans for diversification,
acquisition, research and development. He then develops this idea

into a total planning system which copes with the planning and control

of all aspects of the business.

In contrast, another system, devised by the Stanford Research
Institute (Stewart, Allen and Cavender, 1963), divides the strategic
plan into the corporate development plan dealing with investment,
diversification etc., and the operating plan for production, marketing

etc.

Other Approaches

There are several other types of planning which have been developed more
recently, such as Gaming Policy and Policy Analysis. Gaming Policy,

as described by Howard (1971) and Radford (1975 & 1977), considers all
external agents who are capable of influencing the future performance

of the business and tries to predict their behaviour and the resulting
outcome. In describing Policy Analysis, Taylor (1975) suggests that
research into long range planning in both the public and private

sectors could be used to diagnose general policy problems and so

11.



recommend ways of improving the decision-making rrocess. Although
not yet psrt of the mainstream of currert approaches to planning,

these methods cculd prcve useful under certain ccrditions. (1.1.2(e)).

Summarx

The main approaches in current use are the informal type of planning
in a small business, formal planning using budgets or extended budgets,

strategic rlanning, and corporate planning.

These approaches are not all distinct; budgets may well be an outcome cof
strategic planning, which can itself be a large pert of the systematic
approach to corporate planning. Thus, although each type of planning
can stand alone, it can also form part of a hierarchy of levels of

plarning in a corporate planning system.

Within each group specific methods may vary, particularly in the
strategic planning process where several different techniques have been

developed to help with the generation and evaluation of strategies.

Some of the points raised in this review of plarning methods can be used to
identify factors which determine the most appropriste choice of approach

for a particular company or business.

l.1.2 Important issues in choosing the approach to plenring for a
particular company

The types of planning reviewed in 1l.l.l range from the informal and
generally short term plans used in entrepreneurial behaviour to full
corporate planning systems involving formal plans for each aspect of

the business. The suitability of any one approach for a particular

12,



ccmpany depends on several factors, some of which are evident frcm

the above discussion. {1:1:1).

Firatly; the wiost obvious fastoy is the size of Lhe organisation,
wkich will generally determine the need fer a formal or informal
approach. (1.1.1(a))e When the scale of the business is suchk that
some type of formal plenning is needed, if only tc ccntrol all of the

activitiecs within tke business, a further choice must be made.

At this stage the state of the business becomes the seccnd important
factor to be considered. A simple budgeting system may be perfectly
adequate, provided that market behaviour is predictable and business
objectives can be ackieved with tke existing range of products.
(1.1.2(b)). If, however, existing markets are exhausted, technology
is changing rapidly, or if the company wishes tc diversify into other
areas, then strategic planning methods provide a rational basis for

evaluating alternative options. (1.l.1(c)).

The third factor arising directly from discussion of general metﬁods is
typified by the situation in which a large compary has to ﬁanage a
variety of businesses with some control over the overall direction.

The complexity of this problem may require a full corporate planning

Process. (1:1:1(d)).

Research has shown that use of formal planning methods is not always
successful, and tkat there may be other factors which influence the

effectiveness of such a process.

Studies in both the U.S.A. and the U.K. have produced evidence showing

that introduction of a full corporate planning system coincides with

13.



improved performance in terms of various financial criteria. (Thune and
House, 1970; Ansoff et al, 1970; Karzer, 1975; Anderson, Clarke, and
Tudor, 1976). But this does not justify the assumption of a cause and
effect relationship between the two, since the apparent correlation may
be due to the correlation of each with a.third factor, such as thke size
of the ccmpary. .(See results of PIMS study reported by Schoeffler,

Buzzell, and Heany in 1974, and by Buzzell, Gale and Sultan, 1975).

In their study of organised planning in major UK companies, Taylor and
Irving (1971) conclude that the introduction of planring generally

coincides with other changes and so cannot be treated in isolation.

These authors suggest that, in cases where this approach has not been
successful, the faults lie partly in the use of the methkods, but mainly

in the success of the implementation.

In drawing conclusions from his survey of planning in major UK ccmpanies,
Ringbakk (1969) maintains that 'most planning is characterised by undue
financial and quantitative concern'. Prcjections of sales, volume growth,
etc. are meaningless if consideration has not been given tc the underlying
factors affecting sales, and how their behaviour would affect these

guantities.
Failure to implement the plans may be due to a lack of commitment by all
concerned. Taylor (1977) claims tkat the corporate planners' first

requirement is a solid power base.

In addition, too little thought is given to the changes required in the

crganisation to implement changes of strategy.
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As Ansoff (1976) says, with the invention of strategic planning, it was
assumed that a firm would muster and allocate its energies tc effect
realignment from tbhe old tc tke new posture. But, time and time again
tke following mustering of energy proved inadequate for moving the firm to
the new position. This requires a cultural transformation in chkanging
objectives, the structure of responsibility relationships, managerial
skills and systems. To effect ckznges, a firm needs trained and
motivated managers, strategic information, fluid and responsive systems
and structure. Lacking these, strategic plans will fail to overccme

the resistance to change due to organisational inertia.

These observations suggest that the style and strength of management, and
iis ability to implement ckanges, shkould be a further factor governing

the choice of approach tc planning.

In addition, both Ansoff (1976) and Taylor (1975) have expressed doubts
about the capability of any formal planning system for coping with a
future of rapidly changing technology, in whkich the rate of change is
tco high for the time scale of a formal planning process. Ansoff
maintains that companies will have to return to the entrepfeneurial
type of behaviour (1.1.1(a)), in order tc ensure adequate flexibility
and reaction time. Taylor recommends an alternative type of planning

in his Policy Analysis (described at the end of Section 1.l.1).

The main conclusion arising from this study is that in ccnsidering its
planning process, a company has the choice between several broad types
of planning, each with a range of specific techniques. The most
important issues tc be considered wher making this choice, or appraising

the current system, are the following:

15.



a) Choice of broad approach to planning

The business will require some type of planning to enable it to cope
with its internal organisation and external environment.Whilst informal
methods give flexibility and the capacity tc make a speedy response to
any change in the environment, the size and complexity of the
organisation may determine the need for a formal system. If so,
budgetary methods may be adequate, or strategic plamning methods may

be necessary to evaluate plans for changing the product/market mix.

In a large organisation, management and control of the business could be

improved by the introduction of a corporate planning system.

b) Choice of specific technigues

In the case of budgetary methods, there are several different ways of
arriving at the final_budget. (1.1.1(b)). Each method has advantages
arnd disadvantages. The bottom-up approach provides involvement and
motivation at depzrtmental level, but overall targets may not satisfy
managers' objectives for the business. With the top-down approach the
situatioh is reversed; management targets may be unrealistic arnd
impractical, with a resulting lack of commitment at lower levels.

The results from a planning cycle could satisfy all concerned, or be

an unhappy compromise.

If strategic planning methods are used, some techniques may be more
suitable than others (1.l.1(c)). Analysis of the environment coulc be
sketchy or more detailed, and could include ecological and social

factors if relevant for the business. Some method will be required for
evaluating alternative options, which may involve use of a model, whether

relatively simple or more complex.
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c¢) Implementation

Since plarnning will be ineffective without successful implementation,

some thought should be given to the means by wkich this is done.

If a change of strategy is likely, the management system must have the
capability to put changes into effect. Plans to strengthen current

manzgement may be a pre-requisite for strategic planring.

d) The requirements of changing corditions

Strategic planning as part of a formal process was developed tc cope
with changing conditions in markets and technology. (1.1.1{¢)).. In
the event of ary acceleration in technological progress, it may be
necessary to review the suitability of a formal system for coping with
the rate of charge in external factors.

1.2 THE PARTICULAR PROBLEMS OF BOC ARC EQUIPMENT

Only certain of the points covered were of immediate relevance to the

managers of BOC Arc Equipment.

In the first phase, planners at BOC Arc Equipment were not concerned about
their general approach to planning, but about the methods they used to

derive strategy.

They claimed that their strategic plan was based on the assumption that

an 'experience curve model' was valid for their business.

The 'experience curve model' is the supposed decline in the total unit

cost of the product as experience in all parts of the business is
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accumulated. Since actual costs are affected by inflation, unit costs
must be divided by some index representing this factor, in order to

indicate any reduction in constant value terms.

In most cases, experience is represented by the cumulative output of
production, the total number of units of the product ever made. The
standard model takes the log of cumulative output as the independent
variable, and log of unit cost as the dependent variable (2.4.2(c)).
One feature of this model is that with every doubling of cumulative
output, unit cost declines by a fixed percentage, popularly termed the

'slope' of the model.

The Bostcn Consulting Group (BCG) claimed that there were many businesses
where this relationship fitted the decline in unit cost, giving many
examples in their literature. (See BCG, 1970). They used the model to
derive a strategy of market share meximisation. (Hedley, 1976). This
consists of investing in market share in a growth market in order to grow
tc a position of dominance. Then, when growth slows, the company with
dominant share should hzve the highest cumulative outfut and hence,

lowest unit costs and highest profits.

Manzgers at BOC Arc Equipment had been advised by BCG in 1972 that their
business was on an '83% curve', and was suitable for a strategy of
market share maximisation in order to achieve higher profitability.
Having followed this plan for some years, the management team were now
concerned about its success. They wanted to know whether the 83% curve
was still applicable to their business, and whether their unit costs were

declining faster than those of their major competitors.

An additional matter for concern was the behaviour of the average price
per unit. In literature published by BCG (1970), they gave examples of

differing patterns of price behaviour. In some cases the average price
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of the product followed the same curve as unit cost, whereas in others
the price remained fairly constant whilst unit costs declined, forming
a price 'umbrella'. (Hedley, 1976). In tke latter situation, it is
possible for one company suddenly to drop their price and obtain a
significant advgntage over competitors, referred to as a 'price break'
by planners at BOC Arc Equipment and in some of the BCG literature.
(Conley, 1970).

In summarising their initial problems, the company recorded them in the

form of four questions:

a) Was the BOC Arc Equipment business still on the 83% curve

estimated by BCG in 19727

b) Was the rest of the UK industry on the same slope curve?

¢) Did the price curve follow the cost curve, or was there a

‘price umbrella'?

d) In the case of an industry price umbrella, could a price

break be forecast?

Although not explicitly stated, the first question embodied their
concern for the validity of the model and its use as a basis for the
strategic planning of the business. They wanted the investigation of

this assumption to be the primary task for the project.

If results from the research showed that the model was valid, then
planners in the company wished to extend its use for more detailed levels
of planning. This would include looking at 'shared experience' between
different products; the extent to which experience gained in tke
manufacture of one product could be passed on, in order to increase

efficiency and lower the costs of manufacture of a related product.
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On the other hand, if the results of analyses showed that the model
was not valid or was inapplicable for some reason, then there would be
an immediate need to appraise the implications of this finding for the

planning of BOC Arc Equipment.

This summarises what was known about the proposed problems of the company
before beginning the project. The initial approach taken in examining

these problems is discussed in Chapter Two.

The final section of this introductory chapter is used to explain the

subsequent development of the project and the structure of the thesis.

1.3 STRUCTURE OF THE THESIS

The project consisted of an analytical approach to the planning of BOC
Arc Equipment. Beginning with the initial problems posed by the
company (1.2), the work developed in a series of logical steps.

Results from each stage produced a range of options for the next one.
At the same time, the company provided a dynamic background of changing
priorities. The choice of option pursued at each stage was made in

response to the needs of the company.

In Stage I the project tackled the initial questions concerning the
companry's planning model. After establishing the importance of these
issues, the investigation proceeded to test the fit of this particular

model to data for BOC Arc Equipment and the U.K. arc welding equipment

industry.

20



Results from this work sugr+: zed two areas of concern for planning in
the company, the first relat:izng to the model, and the second to the
success of the current strot.zy. In Stage II the project actually
followed both of these avenusz in turn, resulting in recommendations

for both short and long terr tlanning in the company.

In Stage II1I, responding tc¢ changing priorities in the company, the
project assisted with plan: Ior achieving two of the short term goals
recommended at the end of Stase II. This formed the last part of

work contributing to the planring of BOC Arc Equipment.

The structure of the thesic fcllows the successive stages in the

project:

Section I: Investigation of the initial problems presented by the

company. (Chap=ers 2-5).

Several essential pieces of research preceded the actual analysis of
datas Firstly, a period of familiarisation in BOC Arc Equipmenf
provided necessary background knowledge of the company, ité business,

and its planning methods (Chapter 2). This was followed by a more
detailed evaluation of the importance of the questions posed by the
company (Chapter 3). The next step consisted of a critical examination
of the current state of knowledge on the experience curve model and its
uses in planning (Chapter 4). Finally, the fit of this particular model
was tested on data from BOC Arc Equipment and the U.K. arc welding

equipment industry (Charter 5). 4



Section II: Investigation of alternative planning models, and the
success of the current strategy. (Chapters 6-8).
L]
The project followed both of the avenues suggested by the results of Stage
I, examining alternative mocdels to the one in current use (Chzpter 6),
and investigating reasons for certain trends discovered during the

initial analyses (Chapter 7).

Results from the research undertaken in stages I and II had serious
implications for planning in BOC Arc Equipment. Recommendations
arising from this work, together with the changing situation in the
company, determined the problem areas to be tackled in the remaining
time available. Since this was a crucial point in the life of the

project, these issues are discussed in a separate chapter (Chapter 8).
Section III: Contribution to tactical plans (Chapters 9 and 10).

This section reports on ways in which the project contributed to
tactical plans for implementing two of the recommendations made at the
end of Stage II. Results from research into schemes for feducing
costs (Chapter 9) is followed by a summary of various pieces of work

which provided the basis for new marketing plans (Chepter 10).

Section IV: Conclusions, recommendations, and implementation

(Chapters 11-13).
A discussion of the implications and recommendations for planning in

BOC Arc Equipment (Chapter 11) is followed by a report on the ways in

which scme of these recommendations have been implemented (Chapter 12).
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In the final chapter, results from the project are used to comment
on planning in companies in general, to make recommendations where
pertinent, and to suggest areas for further research. The
opportunity is also taken to discuss the success of the project.

(Chapter 13).



CHAFTER TWO

FAMILIARISATION WITH BOC ARC EQUIPMENT AND ITS BUSINESS.

The problem presented by BOC Arc Equipment concerned the validity of its
planning model and the ccnsequences of using the model to generate and
evaluate strategies. The planners claimed tkat their current strategy
(1977), involving major decisions on capacity and resources allocation,

was based on this model.

If the model proved to be a valid one for their business, they wished to
develop and extend its use for more detailed levels ol planning. If
results from the research skowed that it was either invalid, or
inagrplicable for some reason, then there would be an immediate need to

appraise tke implications, and ccnsider alternative bases for plarning

in BOC Arc Equipment. (1.2).

In apprcaching this problem, the first concern was to establish whether
the questions posed by the company justified the attentlon of this type

of projects This involved determining whether investigation and solution
of their problems would affect the company in some way, and whether these
questions were tke right ones to ask. In other words, did planning in
BOC Arc Equipment really derend on the experience curve model, and was

the validity of the mocel of crucial importance?

However, in order to be able to evaluate the importance of these questions,
the author had to beccme familiar with the company, its business and its
planring metkods. This process took several weeks and consisted of
various activities designed to acquaint the author with all parts of the

business.
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The information gained from this period of familiarisation was used
throughout the project, and is included in the thesis at this stage in

order to provide the btasis of knowledge required for subsequent chapters.

A brief description of the activities undertaken during this periocd is
given in 2.1, an introduction tc the business in which the company was
engaged, in 2.2, discussion of the main characteristics of the company

itself, in 2.3, and their approach to planning, in 2.h4.

2.1 ACTIVITIES DURING THE FAMILIARISATION PROCESS

Three main activities were undertaken during this period, which provided
familiarisation with the products manufactured by BOC Arc Equipment,

characteristics of the market in which they traded, and the financial

aspects of tke business.

At ttat time, BOC Arc Equipment manufactured and sold arc welding equipment.
A short course in the company's welding school provided an introduction

both to the welding process and to the main features of the products.

This was followed by an exercise in plotting trends for anrual sales,
direct costs, and contribution levels of the company. As well as the
financial information, this also provided familiarisation with the
accounting procedures, sources of financial data, the typical split
between UK and export sales, and financial split between the four main
product groups. Sales data from BOC Arc Equipment was also used to find
lag/lead indicators for the business, by testing correiations with data
from other industries whose sales could be related to those of arc welding
equipment. 'As well as giving the author some idea of the market for this
equipment, the exercise provided the company with useful information on
existing and potential lag/lead indicators for future sales.
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Finally, a rather ambitious project was designed to familiarise the
author with all aspects of the business. The objective, an appraisal
of the strengths and weaknesses of BOC Arc Equipment and major
competitors, was to be achieved by the Delphi method.of collating the

opinions of anyone likely to have scme incight in relevant areas.

A questionnaire was designed to find out about the following aspects of

the business:

Market position: markst shzre and overall trenc

- Manzgement: strong/weak, traditional, enterprising, idealistic, etc.

Marketing: price, distribution, advertising, sales strength, etc.

Product: range, quality, design, reliability

Production: capacity, vertical integration, type of premises, etc,

Participants, who ranged from BOC salesmen to management personnel from

the parent company, were asked to rate the company and its major ccmpetitors
for each of these attributes. Results were analysed and presented as a
strengths and weaknesses metrix for the better known companies in the UK

arc welding equipment merket.

Although taking rather a long time, this piece of work provided the
company with something of immediate use, and intrcduced the author
to many aspects of the industry, characteristics of the UK market, and the

rosition of BOC Arc Equipmernt and its competitors in this market.

The information gained from these activities is given in the remaining

sections of this chapter, beginning with the type of business in which

BOC Arc Equipment was engaged.
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2.2 THE ARC WELDING EQUIPMENT BUSINESS

The industry consists of those companies who develop, manufacture, sell
and service arc welding sets and accessories. At that time, they ranged
fror large established ccmpanies whc performed all of these functions,

to small distributors, importers, and the one or two man service business.

An understanding of the products and their markets is made easier by

understanding the basic welding process.

2.2.1 The arc welding process and the products.

This is an electric arc fusion process. An arc is struck between the
electrode, encased in a torch held in the hand, and the workpiece. Heat
from this arc is used tc fuse the joint metals together, often with the

addition of another metal to reinforce the weld.

In the original process, known as Manual metal arc, referred to as MMA
or MANUAL, the weld is perfected by a layer of flux around the electrode
which melts with the electrode, forming both an inert surrcunding atmos-

Phere and a protective layer of slag for the weld.

Later developments produced processes which shield the weld from
atmospheric contamination using a protective gas; either by a metal inert
gas such as C02, which gives its name to the MIG process, or by an inert
gas such as argon which, by being a tungsten inert gas, gives its name to

the TIG process.

PLASMA welding is a process very similar to TIG, but giving higher quality

welds at low current..
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In both the MIG and the original MANUAL processes, the metal introduced
forms the electrode used to strike the arc; MANUAL uses a stick electrcce
and MIG a continuous bare wire which flows through the centre of the

torch. These electrodes are hence referred to as consumables.

TIG has a non-consumable electrode, and so when reinforcement of the
weld is required, the filler wire must be introduced separately, as in

gas welding.

Thus, the basic equipment required for the process of arc welding consists
of a power source, a torch, interconnecting hoses and cables, and

frequently a cylinder of gas.

In addition, MIG, most TIG and DC Manual types of welding require a D.C.
output from the power source, and thus have a rectifier as an integral

part of the set. The whole power source is then frequently referred to

as a rectifier.

The rectifier can also be supplied as an add-on unit for converting

existing AC Marnual sets.

Additional equipment may be required for the different processes.
MIG welding requires the use of a wire feeder unit, and the sophisticated
TIG process may need gas flow meters, weld timers and D.C. suppressors,

either built in or supplied as optional extras.

Plasma is a process extension frem that of TIG welding,
used for precision welding in thin metals. Plasma sets are

technologically sophisticated, but still developing, with the market in

a very early growth stage.

28.



C—

S

2.2.2 The Market for arc welding equipment

The following descriptions of the UK and other merkets for arc welding
equipment refer to the situation as it was at the time of the project,
i.e. 1977-1980.

s
Information on the size and growth rates of these markets was obtained
from the BOC Arc Equipment strategic plan for 1978-83 (prepared 1977/78).

The actual source and accuracy of this data was difficult to establish.

At that time there were no published statistics for UK sales of arc
welding equipment as a separate category. The only source of data

was BEAMA, the British and Electrical Allied Manufacturers Association.
The ten or so companies in the UK industry who were subscribing members
of BEAMA submitted data on value and volumes of their sales of rectifiers,
and received in return the aggregated totals for all members. At that
time it was thought that this data covered approximately 80% of UK sales

of arc welding equipment.

On the basis of this infcrmation, together with the knowledge of their
own sales, the planners at BOC Arc estimated that the size of the UK
market was approximately £22m, of which BOC AE had 39% share, GKN
ILincoln (recently amalgamated with Rockweld) 18% share, and the Swedish
firm ESAB approximately 15% share. The remainder of the UK market was

supplied by hundreds of small companies, both British and foreign.

Volume growth in the market over the period 1965-76 was 9% p.a., although

there had been a downturn in demand since 197k.
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Most of the larger ccmpzries manufactured their own products, but some
were distributors holding a franchice for foreign manufacturers, often
with very high quality products. BOC Arc Equipment was unusual in
that it offered a full range of MIG, TIG, Manual and Plasma sets;

most companies srecialised in one or two of these product groups.

The differing applications of MIG, TIG, and Marual welding meant that
the markets for each process had differing characteristics. The

market for the Plasma process was small and very specialised.

AC Manual, although still the most widely used process, was a mature
merket with very little growth. Its traditional users, such as the ship-
building and structural steel industries, were changing process from
MANUAL to MIG welding with its greater speed and ease of use. AC

welding equipment was still purchased however, mainly for its reliability

and relatively low price, with sets in the range £80 - £500 approximately.

The MIG process had the advantages of technical quality, flexibility,

and ease of use requiring less skill and training for the operator.

Market growth rate was approximately 10% p.a. The process had a wide
range of applications from light metal fabrication and repair, for example
in the motor body repair trade, to heavy fabricating industrics such as
manufacturers of electric generating plant, storage tanks, etc. However
MIG sets had a shorter working life, and were in the higher price bracket of

between £600 - £2,000.

TIG welding was used when weld strength and finish was of paramount
importance, as in the aerospace, nuclear, food-processing equipment and
petrochemical industries. Sales of TIG sets depended on the need for

the process; the market had a steady volume growth rate of approximately
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5% p.a. whkich was expected to continue. Due to their greater
complexity, TIG sets tended to cost more, with prices in the range

£800 - £2,500.

It may be seen from these descriptions that companies supplying the
needs of this market were supplying goods to a broad sweep of industries.
Sales tended to be cyclical, of 4-5 years in length, related to but not
directly correlated with those of the engineering industries; t%ey were

correlated with GDP and output of manufactured goods.

The size of the European market was estimated to be approximately £110m,
witk particularly high volume growth taking place in Spain and Italy.
This market was spread over many companies who each had a small market
share. ESAB was' probably the strongest compary overall in the European
market. The rest of the world comprised a market of approximately

£150m, mainly in the UéA but with some demand in Eastern Europe, the

Middle East and Nigeria.

2.3 THE COMPANY: BOC ARC EQUIPMENT

BOC Arc Equipment, sutsequently referred to as BOC AE, was in the business
of manufacturing and marketing power sources and arc welding equipment.

It considered that its main product was the welding rectifier.

BOC AE was an operating company of BOC Ltd., which was itself a subsidiary
of BOC I (International). BOC AE was pert of the engineering division of
BOC Ltd., which also included companies making welding consumables and

Plasma cutting equipment.

After describing the size of BOC Arc Equipment and its chief product and

marketing characteristics, a review of the development of the company
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leads into discussion of its current organisation and management, since

this was dependent on scme of the historical factors.

2+.3.1 Product range and market pesition

BOC AE had a turnover of £8m p.a., of which approximately 30% was from
export sales. The company was the dominant producer in the UK, with
estimated market share of 39%. It is interesting to note that’although
this figure had no factual basis it was given as 'BOC's market share' by

almost everyone who was asked.

BOC's share of the western European market was small, but they hoped to
increase this by concentrating on four major countries. With this aim
in mind, BOC AE was in the process of acquiring a French company,

Socomé Nouvelle Sociéte (SNS), who manufactured AC Marual equipment.
Sales were also made in the Middle East and Eastern Europe, but mainly on
an 'opportunist' basis. Welding equipment markets in the rest of the

world were covered by other BOC or BOC~associated companies.

BOC AE offered a full range of arc welding equipment. It manufactured
power scurces and most of the equipment for MIG, TIG, DC Manual and
Plasma welding, and factored AC Manual equipment in order to complete

its . range.

The company hsd always been technological innovators and had a strong
R & D department. BOC AE was proud of the high technology, quality
and design of its products. It tended to initiate price increases

and was considered to be in the upper quartile of merket price.



Parts and service support was strong, and this operation was also a

cash generator for the business.

However, BOC AE had little control over the selling operation in the UK.
Its products were transferred to gases division at 80% of list price,
and subsequently sold by the gases sales force, mainly by direct selling
to the customer. Although able to supply sales support in the form of
product training, the company had little influence over the rougcs to

the market and the type of customer approached. Inevitably, the salesmen
tended to concentrate on the bigger companies, who made large and regular

purckhases of gas.

Export sales were direct and managed entirely by BOC AE.

2.3%.2 Historical development of the Company

A short history of the development of BOC AE will help to illustrate the
type of manufacturing operation and provide a background to the company's

current problems.

Early History

BOC had been associated with the electric welding process since its early
development, mainly through the acquisition of various ccmpanies, and

with the interest in the accompanying sales of gas.

In the early 1950's BOC acquired the selling rights for the new MIG

process, and MIG equipment was manufactured and marketed by the BOC-owned

company Quasi-Arc Ltd.
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The development of this equipment was done in close collaboration with a
company manufacturing rectifiers, called Hirst Welding Rectifiers; at that

time this company was part of Hirst Electronics.

1965-72

In 1965 Hirst Welding Rectifiers became a separate company; BOC brought
together its arc welding interests under the new name of BOC Arc

Equipment, and bought a controlling share of 66% of the new company (HWR).

HWR supplied all BOC's rectifiers, but also scld to other customers,

particularly to other equipment manufacturers.

The close collaboration in development continued between the two companies,
but the identities of each were quite distinct. HWR was still run as a

family business with an autocratic manager, and little need for systems or

paperwork; BOC AE as part of the larger company was accustomed

to the more sophisticated methods used to manage a multi-business
operation.
1972-77

In 1972 BOC took over HWR completely, amalgamating the two into BOC Arc

Equipment.

The administrative, technical development, marketing and export functions
moved into new premises in Milton Keynes. Production and design was still
carried out in the old HWR factory in Ramsgate, with little change in

management or systems.
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1977 Onwards

In 1977 a new factory was opened in Broadstairs, referred to as Thanet. This
had 2.5 times the capacity of the old one, with all the best plant end
mackinery. Production was of the batch type, as the product range was

fairly wide.

The sets were examined and tested at Thanet, and then despatcheqfto the
warehouse at Milton Keynes, which was the distribution centre for sales.
Goods were transferred at direct cost plus a percentage mark-up to
cover fixed costs, enabling the factory to be a profit centre. This
provided motivation and a means of monitoring costs, but required a

separate accounts department.

2.3.3 Organisation and Management

The structural organisation of BOC Arc Equipment was departmental, with
seven departments corresponding to each main function of the business.

These were split between the geographical sites in the following way.

At the Thanet factory, the factory management department included
production, the drawing office, and factory administration. Operations
management covered purchasing, production planning and control etc., and
special products incorporated development and design, as well as

production of special products.

The main functions sited at Milton Keynes were those of finance and
‘administration, business development, export sales, and tlLe parts and
service department. Finance and administration included accounts, data
processing, corporate planning, and site services. Business development

covered both development and marketing of the prcducts.
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Each site had approximately 200 people, with sepzrate personnel
departments, administration of site services, accounting procedures, and

S0 On. Management of the company was carried out by a General Manager and
a management board consisting of the managers of each main function, one
or two representatives from SNS (the French company), and one or two

external members from other BOC comparies.

As an operating company of BOC Ltd., decision-making at BOC AE was
supposed to be autonomous, except for decisions on major items of expense,
major changes in product range and pricing, and changes in strategy.
These were referred to the executive of BOC Ltd. Engineering Division,

to whom the General Manager of BOC AE ultimately responded.

Funding from central sources was on a barter-trader basis; operating
companies were suprposed to be self-funding except for mejor investments,

for example in finencing the new factory.

From the above discussions, it can te seen that BOC Arc Equipment was
trading in a full renge of arc welding equipment, being decminant producers
in the UK and having a smell share of the Western European market. Its
role as an operating company of BOC Ltd. provided both constraints and
advantages. The company also had its specific problems resulting from
the historical develorment of the business and the two geographicsl sites

in which it was housed.

In the remaining section, the general approach of BOC AE to the rlanning

of its activities is examined and discussed.
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2.4 THE PLANNING PROCESS IN BOC ARC EQUIPMENT IN 1977

Comments or the company's general approach to planning are followed ty
an introductiorn to the specific methods in use, and the ways in which

plans were implemented.

2.4.1 General Approach to Planring in BOC AE

By 1977 the planning function was well-established in BOC Arc Equipment.
The function was performed jointly by the General Manager and the
Corporate Planring Manager. Both were very enthusiastic about strategic
planning methods (l.1,1), especially the particuler ones in use.

(2.4.2).

Planring was formal, with a rolling 5 year strategic plan reviewed and

prepared annually at the teginning of each financial year. This was at
the behest of the parent ccmpany, and part of the formst was dictated by
them, mainly concerning merket share projections and financial forecasts

which they could integrate into their corporate plans.

The plans were then submitted at a divisional level and had to be approved.
In practice this tocok place both at the formal meeting and also at a
series of informal meetings which agreed the main points before the plans
were finalised., Within this constraint, choice of planning

methods was left to the operating companies.

BOC AE used the formalised approach to strategic planning, following

. most of the steps outlined in Chapter One. (1.1.1(c)).
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2.4.,2 Specific Technigues in use

In 1972 the Bostcn Consultancy Grovp (BCG) was employed by BOC Ltd.

tc advise managers oan corporate planring methods.

BOC AE were chosen fcr a pilot study to show the efficacy of the planning

model which they advocated at that time; tke use both of the model and

the general guidelines for planning Wwas ccntinued by BOC AE.

The three essential perts of BCG methocdology are as follows.

a) General Framework

The first step in the process was a fairly detailed analysis of the
background to the business, including definition of product/markets,
market characteristics and growth rates. This led to the isolation
of three or fcur factors felt to be crucial for the successful running

of the particular operatior.

Strategic alternatives were generated on the basis of this infcrmation,
together with the position of the business in the corporate portfolio.
The ortions were evaluated by considering financial forecasts, possitle

competitive reaction, and the develorment of the business as a whole.

The chosen option was then used to define goals for action plans, and

some system was set up for mcnitoring snd control.
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b) Product portfolio

This form of analysis is used both to evaluate the strategic alternative
for the business with respect to its corporate role, and tc devise separate
strategies for product groups with differing market charactericstics.,
Factors considered are size, market growth, and relative ccmpetitive

position of the business.

Classifications are as follows:

Star: Strong ccmpetitive position in high growtk market.

Strategy should be to maintain or improve the position. Cash will
be consumed in the short term tut business should eventually become a

cash cow.
Cash Cow: Strong comp;titive position in low growth (mature) market.
Strategy should be to maintain position with minimum investment,

ccncentrate on operational efficiency.

Question Mark: Low competitive position in high growth market.

Strategic alternatives; either invest cash and fund business until it

is a star, or disinvest.

VIP (Very low Profits): Low market share in low growth market, usually

producing low profits, little potential for improving the position.
Strategic alternatives: disinvestment or slow liquidation, retracting
to potentially profitable subsegment, or strengthening by acquisition.

(Risky in low growtkL market).
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c) The Experience Curve Model for Strategic Plarning

BCG claimstkat meny industries have otserved a gradual reduction in
the real costs of manufacturing their products, in terms of the average
cost per ilem deflated using an appropriazte index of inflation. This
is often accompanied by a corresponding decline in deflated average

price. (See 4.1.1 for examples and references).

The reduction in cost is due to many causal factors, such as economies
of scale, increased efficiency, better production design, and improved
technology botk for the product and production methods, all difficult to

quentify.

The experience curve attempts tc model the cost and price reduction ancd
use predictions based on these trends for future planring. 'Experience!’
in prcduction is represented by cumulative output, the tctal number of
units of the prcduct ever made. The model relates cumulative output with

unit cost in a logarithmic form:

c=av? or logc =1loga=-blogV
where

¢ = total cost per unit

V = Cumulative output

a,b are parameters of the mocel.

The choice of logarithmic form means that, for every doutling of cumulative
output there is a fixed percentage reduction in unit cost. Popularly
termed the 'slope' of the curve, this provides a simple measure for
comparison of models with different parameters. For example, a 20%
reduction in unit cost for every doubling of cumulative output is termed

an 80% slope experience curve model.

1"0.



According to BCG, (Hedley, 1976 ), the

implications of this model for strategic planning are as follows.

Since costs decline with 'experience', the procducer with the greatest
cumulative output should enjoy the lowest unit costs and herce the
highest profit margins. Other things being equal, companies which are
increasing their market shares should be gaining on their competitors in
terms of cost reduction. This is most easily done in a fast-growing
market. Thus, when growth slows, the dominant producer with largest

market share will enjoy the highest profit margins.

The strategy resulting from this argument is one of increasing market
share in order to reap long term tenefits. BCG does however point out the
importance of positively managing the strategy in terms of ccntrolling
costs and unit cost reduction. The group suggeststhat even if the

total market is not fast-growing, the strategy may be applied to a segment

of the market which does have a high growth rate. (Hedley, 197€).

One specific tactical plan reccmmended by the consultants in their
literature was to invest in capescity ahead of demand in a downturn of a
cyclical market. The consequence of this should be that, when the upturn
comes, the company who has done this will gain an advantage in output, arnd

hence in cumulative output and unit cost reduction. (BCG, 1968).

This summarises the plarning methods reccmmended by BCG, and upon which
BOC AE claimed that they had based their strategic plans. (1.2).

The validity of these concepts will be discussed throughout the thesis.

A more detailed examination of the ways in which BOC AE used these methods

forms part of the evaluation of their initial problems, as described in

Chapter Three.
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Discussion of the ccmpany's planring process concludes withk the ways in

which plans were implemented and controlled,

2.4.3 Implementation, Monitoring, and Control

The strategic planning methods described in 2.4.2 were used to develop a
range of strategic options by whkich the company could achieve its
objectives. These were presented to plamnners at the divisional level of

BOC Ltd., and eventually one option was agreed and adopted for use. (2.4.1).

ic option was then translated into operating plans for each maiﬁ
function, consisting of finance, production, marketing, technical
development, and so on. Implementation of these plans was the
responsibility either of the manager of each depsertment, or possibly of
special working parties or committees set up to implement inter-

~departmental activities.

Detailed budgets were then made out for the first year-of the plan.
Estimates of sales revenue became targets for the monitoring of actual
sales, and those for costs used to manzge and contrel the day to day

running of the business.

2.5 THE NEXT STEP IN THE PROJECT

At this stage, having amassed an amount of basic knowledge about the
company, its business, structure and organisation, and its planning
process, it would have been possible to start looking at the possibility
of testing the experience curve model on some sort of data from the

company.

However, this would have ignored the factors mentioned briefly at the

beginning of this chapter. Although the managers at BOC AE considered
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that investigation of the experience curve model, and their use of it

in plarning, to be of the utmost importance, part of the service which
such a project can offer is to provide an objective evaluation of their
definition of the problem arnd if its solution would be critical for the

business.

The planners' perception of the importance of this model may not have teen
realistic, in which case they could have channelled their efforts into

some other aspect of planning. Alternatively, there may have been some
other problem in their planning process of which they were not aware,

but was more crucial to the sutcess of the business.

In order to evaluate these and otker aspects of their original questions
{1.2) , an examination was mede of the strategic plans for BOC AE, 1972-
77. This investigated the extent to which the plans relied on use of the
experience curve model. The results of this investigation are reported

in Chapter Three.
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CHAPTER THREE

EVALUATION OF THE PROBLEM AS DEFINED BY THE COMPANY

The problem presented by planners at BOC Arc Equipment, for investigation
in the project, concerned their use of the experience curve model for
planning the business. Underlying the specific queries relating to
rerameters of models in use was an implicit requirement for tke project
to examine the validity of this model and the way in wkich they were

using it. (1.2)

In carrying out such an investigation, the first essential task was to

evaluate the importance of these issues for BOC Arc Equipment.

Firstly, it was necessary to establish the extent to which the company's
strategic plans depended on the assumption that the experience curve
model was valid, and whether plans would have to be changed if this
assumption was found to be false. Otherwise, there would be no point

in testing its validity.

The second point concerned the degree of accuracy necessary in estimating
parameters of the model. If the exact slope of the curve was not
critical for any part of the planning process, then the 83% estimated by

BCG (1.2) would have been gocd enough for practical purposes.

Finally, the importance of these issues for the company had tc te
evaluated in the context of all critical factors in their planning process;

the validity of the model may not have been the problem with most priority.

Investigation of these issues required further knowledge of the strategic

planning process at BOC Arc Equipment, and actual plans made for the

business.
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The annual five year plans produced over the period 1972-77 were
analysed in scme detail, in order to establish dependence of plans

on the experience curve model and the importance of any other crucial
factors in the plarning process. Results of this work are summarised

in 3.1.

In the second part of the evaluation, data from strategic plans of 1972
was used tc test the sensitivity of choice of strategic option to the
parameter of the experience curve mocel used to project unit costs.

This exercise is reported in 3.2.

Conclusions drawn frcm results of these investigations are discussed

in 3.3.

3,1 ANALYSIS OF STRATEGIC PLANS FOR BOC ARC EQUIPMENT OVER THE PERIOD
1972-77

In the strategic plaqning process, the generaticn and evaluation of
strategic options is usually based on certain factors. These may incluce
market trends, the advance of technology, and environmental factors, as
well as the capsbilities and resources of the company itself. A model
may be used to simulate the effects of different strategies,in order

to aid evaluation and choice of option. (1,13 (e))s

This investigation was concerned with the extent to which strategic plans
for BOC Arc Equipment depended on the assumption that the experience
curve was a valid model for the business, and with the importance of the

other factors which contributed to the success of the planning process.
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Discussion of the objectives for the business is followed by examination
of thke generation and evaluation of strategic options for achieving these
objectives, and how the final choice was made. Methods of implementation
ard contrcl, a crucial part of the planring process, were also critically

examined.

Results of the analysies are summarised in Table 3.1.

3.1.1 Objectives for the Business

Planning at BOC Arc Equipment was part of a hierarchy of planning levels
within BOC Ltd. The overall objectives and constraints at each level
were defined by the plans of the level above. Within these requirements,
planners cculd incorporate their own objectives and devise their own

plans.

As a result, the plans for BOC AE were subject to three sets of
objectives. As seen by BOC Ltd., the main role of BOC Arc Equipment was
to support the core business of the sale of gases, since scme users of
arc welding equipment were alsc consumers of gas. To this end, the
operating company was encouraged to continue and improve its position

as market and technological leaders. At the same time, BOC AE as a
part of engineering division was also subject to divisional objectives.
Since thé division was required to be a cash generator for BOC Ltd., it
passed demands for good rates of return on capital onto its operating
companies. In later years, from 1975 onwards, policies changed as a
result of the worsening economic climate, and cperating ccmpanies were
required both to generate cash and to finance their own expansion plans.
In addition to these external constraints, the planners at BOC AE had their

own objectives for the business.
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TABLE 3.1
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Although not expressed explicitly, the general objectives of planners
within the compary appeared to be those of the long term growth and
development of the business. Specific goals, upon which plans were
based, concerned growth of market share. In the early years, 1972-74,
the strategic aim was to increase market share in Western Europe to a
position of equal dominance. This was later revised to a more general
target of growth in Europe arnd, in 1976, to a policy of dcminance in

chosen markets.

These strategic aims were based on the assumption that the experience
curve was valid for the tusiness, and on the resulting implication
that the producer with the highest market share would reap the highest

level of profits. (1+2)s

The resulting chkoice of strategic option was always a ccmpromise between .

the differing obtjectives for the company, as may be seen in 3.l.2.

3.1.2 Strategic Plans 1972-77 (See Table 3.1 for Summary)

The plans of BOC Arc Equipment dealt with the management of a portfolio
of products within the business. Segmentation by process divides the
products into four main groups, MIG, TIG (including DC MANUAL), PLASMA,
and AC MANUAL. Strategies for each group were developed according to

its position in the portfolio. (2.4.2(v)).

Market Shzare

High Low
High MIG PLASMA
Market (Star) (embryonic star)
Growth
Rate
Low TIG AC MANUAL
(cash cow) (dog)




Strategies for

MIG -

TIG -

PLASMA -

AC MANUAL -

Strategies for

each group were the following:

alternative strategies were developed for this growth

segment. (See below).

market position was maintained with minimal. investment

and marketing effort.

as a new technology and market, this segment was funded
for development until it was realised that the high cost

of the product would limit market growth.

as a very low profit segment, strategies were developed
firstly for retrenching by rationalising the product
range, then for refocusing on the subsegment formed by
the air-cooled range, and then for strengthening by
acquisition of the French comparny, SNS (Se31)s

the MIG Segment

As the main growth segment of the business, the MIG product group was

the subject for the generation and evaluation of alternative strategies,

which dominated the strategic plans of the company.

Since the options and agreed strategies changed over the period 1972-77,

they are briefly reviewed for each year.

1972/73 (Plans for 1973-78)

At this time the MIG market growth rate was estimated to be 15% p.a.

Alternative strategies proposed for this segment were as follows:
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a) Retrench in order to generate immediate profit;
minimise investment and grow only whkere to do so is

not in conflict with profit.

b) Continue on the current path (i.e. as projected frem
past trends), to achieve some growth with some profits by
improving existing sales methods, introducing scme new

products, and improving product supply.

¢) Expand - Buromig. To attack the European market by means
of merger/acquisition investment to secure at least
co-dominance via growth by sacrificing some profits.
Strategic aims consisted of dominance in at least two
major European markets and production scale at least equal
to the nearest European competitor. These were based on

the assumption of an experience curve model for the business.

Alternatives were evaluated using forecasts of sales, estimzted costs of
bapacity, manpower and marketing, and projections of production costs
using an experience curve model with an 80% slope. Since there was no
supporting paperwork either for these calculations or for the original
BCG estimate of an 83% slope (1.2), it is not clear why the 80%

model was used.

The planners of BOC Arc Equipment supported the Euromig policy, which was
developed in far more detail, but had to compromise anc follow the
agreed option of continuing on the current path, to give growth with

some profits.

1973/74 (Plans for 1974/79)

Estimated market growth rate for MIG was revised to 18% p.a.
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In most respects the three alternative options suggested in the previous
year remained valid. However, the managers at BOC Arc Equipment were
still enthusiastic about pursuing a growth strategy in order to gain

the benefits suggested by the experience curve model. They added an
intermediate growth option to the list, hoping that this would be

accepted at the divisional level of BOC Ltd.

The revised list of options were as follows:

a) Euromig; Acquisition or other routes to short term significant
growth to achicve co-dominance in Europe, requiring heavy

investment.

b) Retrench- maximise current and shcrt term profits, accept

declining market position ard ultimate withdrawal.

¢) Current path - growth with some profits, as adopted the

previous year.

d) Further growth options - alternatives suggested for improving
dominance in the UK and positions in European markets, with

some slight adverse effect on skort term profits.

Again the agreed option was that of growth with some profits, with
support given to some of the tactics suggested in the further growth

plans.

At this stage it was noted that the buildings at Ramsgate were close to
full utilisation, and would reach capacity at 'current path' volumes in
late 1974, Rearrangement of the layout to give more efficient use of

the premises could extend this time span to June 1975.
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19?4)75 (Plans for 1975-1980) and 1975/76 (Plans for 1976-81)

Basically, strategic plans during these years were concerned with the
development of strategies agreed in the previous years. However, since
the objectives of BOC Ltd. included more profit and cash generation from
operating comparies, their planners were required to put more emphasis

on improved efficiency and hence higher profits.

The key factors for BOC AE were seen to be control of the problems caused
by sales fluctuations, better stock control, development of 'lower cost
products wkich were still competitively superior', and good customer
service. Emphasis was placed on the need to manzge the strategy by the

contrecl of unit cests.

Since 1972/73, salec revenue had fallen and the arc welding equipment
business was perceived to be in a slump, but witk a 'boom' forecast for
1977/78. In the plan for 1976/81, there was a restatement of the
strategic aims resulting frcm assuming an experience curve mocdel, and
support given to the tactic to invest in capacity ahead of demard.
(2.4.2(c)). This was expected both to result in an eventual gaiﬁ in

market share, and to discourage ccmpetitors.

However, this must have been a retrospective justification for expansion
in capacity, since plans were already going ahead for the planning and

building of a new factory with 2.5 times the capacity of the old one.

1976/77 (Plans for 1977/82)

By this time, estimates of market growtk for both the MIG and TIG product

groups had been drastically revised downwards, demending a ccmplete

reappraisal of strategic plans.
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Five main strategic options were generated:

a) Growth to dominance in chosen markets, noting that growth
which does not achieve dominance is unlikely to provide

long term profits.

b) Retrench/harvest; manzge business for cash generation by
maximising profits, giving up market share, and sacrificing

long term competitive position.

c) Hold market position; to maintain current profit levels.

d) Exit, even at a loss.

e) Defensive strategy depending on competitors being non-

aggressive.

Two of these alternatives were eliminated by considering the constraints
and requirements of the parent company. The exit and retrench options
could not be reconciled with the need to continue support of the

core business of BOC Ltd.

Growth would be difficult in a low growth market, particularly if it

had to be self-funded. The defensive strategy appeared to be unattractive

and was ignored.

This left option (c¢), to hold market position. However, the new factory
at Thanet was due to be completed in 1977, presenting a need to utilise

the greatly increased capacity.

Thus, the chosen option became to 'hold market position with some growth',
It must be noted however, that plans for growth included a targeted
increase in UK market share from 39% to 45%, a significant amount in a

low growth market.
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3.1.3 Tactical Plarning and Implementation

In each strategic plan, the first steps were developed for following
the agreed option, and detailed objectives set out for each function of

the business.,

Operating plans and tactics in the years 1973/74 were concerned with
marketing plans for increasing volumes of sales, and with develgping the
resources required to cope with the growth in volumes of output.

Detailed estimates of requirements were prepared for factory capacity,
manpower and marketing resources. Marketing plans for the UK included

the development of products for the heavy MIG sector, expansion in the
fabrication shop sector, and growth in TIG sales, by selling to arc welding
equipment manufacturers who did not have TIG products in their range.

Plans for development of the European market concentrated on improvement

of the distributor outlets.

The more restrained plans of 1975 and 1976 mearnt that tactical planning
concerned the four key factors mentioned in 3.1.2. It was hoped that
improved forecasting methods and increased export sales would help the
problems caused by fluctuations in UK sales. Tactics for increasing
export sales included gaining market share in certain selected countries,

gaining new sales in countries not previously covered, and concentration on

obtaining large contracts. Stock control was to be tightened up, and

buying efficiency improved by using the more accurate forecasting of
demand. Plans to reduce product costs consisted of a design/production
project to improve product quality, reduce work in progress, and reduce
costs, together with new product plans to develop a smaller range and

lower cost products, but with 'increased product integrity'.

These tactics were continued in the plans for 1977/82.
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Detailed objectives for the first year of the strategic plan were
converted into operating plars and budgets, used to monitor and control

progress of projects and the implementation of departmental plans.

However, there was no evidence of overall monitoring of the progress
of the strategic plan. Although scme records were kept of volumes of
sales, there were no means of accurately estimating market share
(2.2.2), and unit cost was not measured at all. Consequently, it was

impossible to monitor either movements in share or corresponding values

of unit cost.

3.1.4 Summary ard Conclusions

Analysis of strategic plans for BOC Arc Equipment over the period
1972-77 showed that the generation and choice of options were strongly
influenced by the objectives of planners in the company. Their implicit
objectives of long term growth and profitability for BOC AE had become
confused with the strategic aims for dominance arising from use of the
experience curve as a plarring model. {3.1.1), Even when estimates
of market growth were halved, the planners continued to suggest and

support ambitious growth strategies for the business. (3.1.2).

In fact, it must be noted that plans and forecasts rarely appeared to
incorporate a realistic assessment of the effect of downturns in market

growth on the company's volume of sales.
Although encouraging some growth in the early years, the parent company

also required a certain rate of return on capital invested, and later on,

of actual cash generation.
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As a result of these conflicting objectives, the agreed option was always

a compromise, but always one which involved growth.

However, the strategic aims of planners in BOC AE were encouraged by

the parent company in another way, which had a lasting effect both on
the business and on subsequent plans. In 1974-75 support was given to
a venture to increase the manufacturing capacity of BOC AE by a factoer
of 2.5. This was in direct response to the tactic advocated bz BCG, to
invest in capacity ahead of demand, based on the experience curve model.
(2.4.2(c))e Plans for 1976 onwards then had to provide for the
utilisation of this capacity even though market conditions had not

improved.

Initially, operating plans were concerned with marketing tactics to
increase volumes of sales, anc with developing the capacity and rescurces
to cope with the plann;d increase in output. By 1975 there was some
mention of the need to control unit costs, with plans for improving

efficiency in production and reducing direct costs of the products.

Evaluation of plans using the experience curve model was not carried out
after the initial plans of 1972/73. There was little evidence of the
monitoring and control of market share and unit cost, which were the

two main criteria related to the success of the strategic plan.

An exercise demonstrating the sensitivity of such an evaluation to the

parameters of the model is discussed in 3.2.
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3.2 SENSITIVITY OF THE CHOICE OF STRATEGIC OPTION TO THE PARAMETERS
QOF THE EXPERIENCE CURVE MODEL USED IN THE EVALUATION

The alternative strategies proposed in the strategic review of 1973 were
evaluated using forecasts of sales, estimates of fixed cost expenditure
and capital investment, anc predictions of production costs based on the
assumption of an experience curve model with 80% slope for unit production

costs.

Fd

In this way, forecasts were produced for each year, 1973/74 to 1977/78,

for each strategic option being considered.

Criteria for selection appeared to be those of profit, cash flow and

return on capital employed.

The following exercise investigated the sensitivity of this choice to the
parameters of the model used in the evaluation, with respect to the above’
criteria; for this purpose, other factors entering the decision-making

process were ignored.

Main points of the methodology are given below, followed by a summary of
the results and discussion of the conclusions which may be drawn. Full

details of methods and results are given in Appendix (A).

3.2.1 Methodology (See Appendix A, A.l1 for details)

For each option, forecasts of sales, estimates of fixed costs and capital

investment required are those used in the original evaluation. The only

change required for this exercise is in the predicted production costs for
each option, originally calculated using an experience curve model with

80% slope.
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The model used has the equation

c = aV-b
where
¢ = cost per unit
V = cumulative output of production
a,b are parameters of the model. (2oko2(c))e

Since the constant a-is a scale multiplier representing the cost of
the first unit to be made, altering its value would only produce a
relative change in all subsequent values of ¢, which would be meaningless

in this context.

The important parameter is the constant b, which represents the rate of
unit cost reduction, and is related to the slope of the curve by the
formula

Slope = e s expressed as a percentage.

2b

The existing evaluation used a model with 80% slope (b = 0.322) to
estimate unit and total costs of production for each option. This
exercise produced forecasts of unit and total costs using models with
slopes of 90% (b = 0.152) and 70% (b = 0.515), and examined the

effect on the choice of strategy.

Prediction of unit costs from each model for each option presented

some problems, since each required estimates of unit cost for the beginning
of the period, and cumulative output for the beginning and end of the

period (1972/73 to 1977/78), and the original calculations were not
available. For details of the methods used, see Appendix A. The
projections obtained were then in constant money terms, and were inflated to

a more realistic value for each year, using predictions for the GDP index.
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The original forecasts of sales, fixed costs and capital investment
were then combined with the new estimates of production costs for each
option using each model, and profit, cash flow and ROCE calculated in

each case.

3.2.2 Results (See Appendix A, A.2 and A.3 for details)

The forecasts for each option obtained using experience curve models

with slopes of 90%, 80% and 70% respectively are given in Table 3.2.

These results are then regrouped and presented as summaries of how

the alternative strategies would appear as a result of using differing
parameters for the model used in the evaluation. Criteria used in
this evaluation are the total profit over 5 years, cash flow over the
period, and ROCE. Further factors included were the total capital
invested, and long ter; effects on the business, since these were

considered to be important in choice of strategy at BOC AE. See

Table 3.3. -

Comments are made on the slternatives and choice of strategy for eack

parameter used in the evaluation.

a) Alternatives and choice under 90% slore experience curve model

If the choice is made on the tasis of profit, cask flow aznd ROCE over
the 5 year planning period, the choice must be to retrench since this

gives good profits, positive cash flow and adequate ROCE.

However, lorger term consideratiorns must include the development of
the business, whick would bhave adverse effects resulting from a retrench
option. The simulation indicates that a further option would probably
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be required in this situation, since the current path locks disastrous
with negative cash flow and declining.ROCE, and the expend option requires

heavy funding with no or little return for the first four years.

b) Alternatives and choice under 80% slore curve

If funding allows, the expard option appears to give good returns and
profits after two years. If funding is not availeble but the business
is required to survive, then the current path provides some growth with

sore profits; ROCE is a bit low but increasing.

It must be pointed out that if the long term development of the business
is not important, then the retrench cption would provide gooc cash

generatior over the fellowing S5-year period.

¢) Alternatives and choice under a 70% curve model

If funding allows, then the expard alternative is the test one for

profit, ROCE, and long term development.

If funding is not available, then the current path would provide
adequete profit, ROCE and positive cash flow after the first yezr, and

lorg term development is continued.
3.2.3 Conclusions
The choice of strategic options would be different if selected on the

basis of the above criteria from forecasts made using models with

differing parameteré.
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TABIE 2.2 . -

Forecasts resulting from simulation

1) RETRENCH OPTION
SALES
PROFIT-uncer 90%
curve
-under 80%
curve
-under 70%
curve

CASHFLOW
~unéer 90% curve

-under 80% curve
-under 70% curve
CAFITAL INVESTED
CAFITAL EMPLOYED

ROCE
-under 90% curve

~under 80% curve

-uncer 70% curve

2) CURRENT PATH
OPTION

SALES
PROFIT
-under 90% curve

-under 80% curve
-under 70% curve

CASEF1IOW
-under 90% curve

-under 80% curve
~-under 70% curve
CAPITAL INVESTED
CAPITAL EMPLOYED

ROCE
-under 90% curve

—under 80% curve

-under 70% curve

3) EXPAND OPTION

SALES
PROFIT
-under 90% curve

-under 80% curve

-under 70% curve

6l.

£'000
1972/73 |1973/74 |1974/75|1975/76 [1976/77 11977/78 |TOTAL
(Current 1973/74-
Year) 1977/78
1929 ! 2482 2500 2500 2600 2600
116 205 228 253 287 268 1238
116 246 305 361 L29 439 1780
116 291 386 473 574 609 2333
68 30 183 213 237 278
68 71 260 221 379 L4g
68 116 341 433 52k 619
10 10 10 10 10 10 60
1236 1360 1445 1445 1455 1465
9.4% 15% 16% 17% 20% 18%
9.4% 18% 21% 25% 29% 30%
9.4% 21% 27% 33% 39% 42%
1929 2483 2916 3391 3891 LLE3
116 146 153 144 116 79 638
116 187 248 307 261 425 1528
116 232 349 Lok 604 758 2417
(h2)  l@es) | (7o) | @27) | (ss) | (211)
(42) (123) 18 37 101 135
(42) (78) 119 2Ckh 340 LE8
Lo 160 60 60 60 60 LLo
1251 1460 1725 1975 2240 2515
9.3% 10% 9% 7% 5% 3%
9.3% 13% 14% 16% 16% 17%
9.3% 16% 20% 2L% 27% 30%
1929 2650 3550 5100 6950 | 9000
116 (189) | (470) 97 815| 1539 1794
116 (142) | (342) 285 1349 2405 3655
116 (91) | (181) 674 1860 3197 5459
Cont'd.




Table 3.2 Cont'd.

CASHFLOW
-under 90% curve

-under 80% curve
-under 70% curve
CAPITAL INVESTED
CAPITAL EMPIOYED

ROCE
-under 90% curve

-under 80% curve

-under 70% curve

£'000
1972/73 |1973/74 [L974/75 [1975/76|1976/77|1977/78 | TOTAL
(Current 1973/74-
Year) 1977/78
- (899) | (1300) | (933) | (395) 249
- (852) | (1172) | (645) 139 1115
- (801) | (1011) | (356) 650 1907
540 400 | 3200 290 230 1760
2050 | 2815 | 3745 | 4865 6115
- - 3% 17% 25%
- - 10% 28% 39%
- = 18% 28% 52%
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TABLE 3.3 - Evaluation of alternatives using models with differing parameters

Options Total Cash Flow ROCE Total Long term
Profit Carpital effects on the
over 5 Invested business
years |

a) Using 90% slope* curve

Retrench| £1.2m |Positive, cash 15% inc. to £50,000 Adverse, lack of

generation through- 20% by 1977/78 developmen’ etc.
out

Current | £0.64m|Negative throughout 10% declining | £440,000 Current level of

path ,to 3% by development

;1977/78 continued
Expand £1.8m |Negative until 'Non-existent | £1.8m. Growth to
1977/78 :for first 2 dominance in
|years, inc, W.Europe
|to 25% by !
'1977/78 .i
]
|
b) Using 80% slope* curve
Retrench| £1.8m [Positive, cash 18% inc. to ;
generation 30% by 1977/78| £50,000 ' Adverse - no
throughout + development

Current | £1.5m |Positive after 12% inc. to £440,000 ; Current level

path first year 17% by 1977/78 of development

continued

Expznd £3.6m |Negative for first |Non-existent |£1.8m Growth to

three years, then |for first 2 dominance
good years, then
inc.rapidly
to 39% by .
1977/78
c) Using 70% slope* curve
Retrench | £2.2m |[Positive, good 21% inc. to £50,000 Adverse - no
cash generation L2% by 1977/78 developmernt
throughout

Current | £2.4m {Positive after 16% inc. to £440,000 Current

path first year 30% by 1977/78 development

continued

Expand £5.5m {Negative until Non-existent |£1.8m Growth to

fourth year, until 1975/76, dominance
then cash but inc.to 52%
generated by 1977/78

* '% Slope' refers to the parameter b of the experience curve model, where

% slope

1

-

2

——xlOO.

b
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Even if the choice was constrained by lack of availability of furds,
then recommended choices using models with differing parameters wculd
be, to retrench or find arother option using the 90% curve, to retrench

or fcllow the current pzth using the 80% curve, and to follow the current

path using the 70% curve.

It must be noted that the current pzth did not always precduce safe
profits and return on investmént. Using a model with 90% slope, this
option produced the lowest profits, negative cash flow and declining
ROCE. This implies that an evaluation of this type is of the utmost
importance, since apparently 'safe' strategies may not produce tke

expected results.
The findings and conclusions frcm this work, and from the analysis of

strategic plans reported in 3.1, are now used to evaluate the importance

of the problem posed by BOC Arc Equipment.

3.3 DISCUSSION AND CONCLUSIONS

As stated at the beginning of this chapter, the problem posed by the
managers of BOC Arc Equipment concerned their use of the experience curve

model as a basis for strategic planring of the business.

Analysis of strategic plans for BOC AE over the period 1972-77 showed

that the objectives of planners within the company had a strong influence
on the generation and choice of strategic options for the tusiness.
(3.1.4).. Their main goal, the increase of market share to & position
of dominance in chosen mzrkets, was based directly on the assumed

validity of the experience curve model and its implications for strategy.
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There were other important factors affecting the planning prccess

at BOC AE.

The conflicting objectives for the business arising from the hierarchy
of planning levels in BOC Ltd. resulted in plans which were alwaye 2
compromise, often trying to achieve diverse goals such as the expansion

of facilities together with a high rate of return on capital invested.

(3.1.1).

Another factor was tc be found in the wcrsening ecoromic climate and its
effect on the merket for arc welding equipment. The main problem
appeared to lie in the general lack of recognition of this element in

plans for growth.

Further potential problems were indicated by the lack of monitoring
and ccntrol of strategic plans. (34130 This meant tkat, for
the most part, managers had no idea whether the current plan was

successful or not.

However, the investigation showed that the ambitious merket share

objectives of plarners within BOC AE had affected strategic plans and tactics
at all levels. Whilst the agreed plan was a compromise, it always
contained a strong element of growth, even in the face of tre adverse

market conditions (3.1.4). Moreover, on the basis of experience

curve 'theory', managers at the company gained support for plans to

double the manufacturing capacity of BOC AE, resulting in the building of

a new factory.

Since these objectives were based on an assumed experience curve model for

the business, the validity both of the model and of its implications was
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felt to be of the utmost importance.

In addition, the exercise reported in 3.2 showed that cloice of strategic
option was sensitive to the parameters of the model. Use of differing
parameters had such an effect on projections of profit, cash flow, and
RCCE, thzt the chcice of strategy based on these criteria would almost
certainly have been different for each parameter. (3.2.3).

It must also be noted that the simulation demonstrated the impoiftance of
making an evaluation, since the apparently safe 'current path' option did
not always give safe results in terms of profit and cash flow. In fact,
if BOC AE had included suck an evaluation in subsequent plans (after

1972/73), decisions on choice of option may well hzve been different.

The work reported in this chapter showed that the validity of their
planning model was cone.of the mocst important issues for BOC Arc Equipment,
and that accurate estimates of its parameters would be needed if the model

was going to be used for evaluation and monitoring of plans.

However, before investigating these problems, it was necessary to explore
the work of other researchers in this field. The questions posed by
planners in BOC Arc Equipment may well have been answered elsewhere,
possibly by a study in a similar manufacturing company. In addition,

a review of the current state of knowledge on the use of this particular
planning model might shed sore light on the test ways of tackling the

problems of BOC AE.
The current state of knowledge on these issues, and relevance for the

Planning problems of the compary, are reviewed and discussed in

Chapter Four,
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CHAPTER FOUR

TEE CURRENT STATE OF KNOWLEDGE ON THY EXPERIENCE CURVE MODEL AND ITS
IMPLICATIONS FOR STRATEGIC PLANNING

The Boston Consulting Group claim that the experience curve model, applied
to cocts incurred by all of the activities of a company in manufacturing

and marketing the product, may be used for strategic planning by

companies in a wide variety of industries. (2.4.2(c)). 4

These claims were investigated bty examining the results of other research
in this field, and discussior by othker autkors of the issues involved.
This ckapter ccntains a report of this work and its implicetions for the

project.

In perticular, the investigation aimed tc answer the following questions:

a) Is there evidence that a regular and significant amcunt of reduction
in unit cost occurs in all types of manufacture. Are there ary

cormon factors characterising its presence?

b) Can such unit cost reduction be modelled by a functional relationship
between nmeasurable variables, and hence used in some way for planning

purpcses?

c) If so, is there a uniformly best model for this purpose and is this

model the experience curve?

d) In particular, is there any evidence that the experience curve, or
some other model, is likely to be suitable for planning at BOC Arc

Equipment?
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Many articles have been written on the experience curve model, ard cn

the leatning curve from which it was derived. This asserts that tke
direct labour input tc 2 product declines in relation to- the cumulative
output of products. Unfortunately, although many examples of this type
of steady reduction in unit ccst are cited, very few reports give recsults
of testing the fit of models to relevant data. Those who do give hard
figures are widely quoted by the remainder, in discussing the derivation,

application, and uses of the model. s

The first part of this chapter reviews the many examples of this
type of behaviour in unit costs, the underlying causes of cost reduction,

and ways in whkich this behaviour may be modelled. (4.1).

Results frcm cases in which various models have been tested in a rigorous

way on actual data are summarised and discussed in 4.2.

Bowever, the fit of a model is not the crly criterion for

its use in planring a business. The third part of this chapter ccnsiders
criticisms of the way in whick the experience curve model is used tc
derive the strategy of market shere maximisation, and critical factors in

the use of this strategy. (4.3).

Finally, the evidence and discussions frem other studies are used to
examine the questions (a) to (d) raised above, and to consider the
implications of any findings for the way in which the specific problems

of BOC AE should be tackled. (4.4).

4.1 THE BEHAVIOUR OF UNIT COSTS AND HOW IT MAY BE MODELLED

As expressed by Henderson (1968), the Boston Consulting Group claim that

'the experience curve effect may be observed and measured in any business,
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any industry, any cost element, anywhere'.

The first step in investigating these claims was tc examine the behaviour
of urit costs: is tkere evidence of a steady reduction in unit costs in a

wide variety of industries, and, if so, why does this happen?

4.1,1 Examples of industries exhibiting a regular reduction in unit
cost of production

The phenomenon of a regular and significant reduction in hours of direct
lzbour required for the assembly of airframes was first noted in the USA
in 1925 by Wright (1936), and well documented in the subsequent studies

of airframe data by Alchian (1950), Christ (1951) and Asher (1956).

Since that time, examples of a regular reduction in direct labour input per
unit, or ccrresponding increase in productivity, have been noted in a
variety of manufacturing situations. Hirsch (1952) reports on cases

in machine tool manufaéture, Conway & Schultz (195%) give examples in a
variety of products unspecified but ranging frcm simple to relatively
complex, and Baloff (1966 & 1971) found evidence of this effect in products
rmade by machine-intensive production, also in ccmplex musical instruments,

casual wear, and new automobile models.

In the wider category of total unit costs, Preston & Keachie (1964) give
exarples of gradual cost reduction in items of radar equipment, and
Sultan' (1975) discucses evidence of such trends in the manufacture of

turbine generators, power capacitors and transformers.

The literature of the Boston Consulting Group is characterised by 'examples'
of experience curves given in graphical form, totally unsupported by any

evidence of statistical analysis. However, their claims are substantiated
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by tke analyses of Woolley (1972), who was given access to threir files
when working on his Ph.D. These provide examples frcm chemical film
and paper procducts, fabricated and knitted producté, facial tissues,

steel products, lawnmowers, and various electrcnic measuring instruments.

A paper by Noyce (1977), notes the dramatic declines in cost per unit of
integrated circuits, cost per bit of computer memory, and in associated

products such as hand-held calculators. .

Thus, these examples show that a regular and significant reduction in
unit cost or labour input has occurred in a wide varicty of industries.
Examples frcm machine-intensive and totally automated production imply
tkat these reductions cannot be associated solely with human learning and
improved efficiency of operations; there must be other underlying causes

for this phenomenon.

L.1.2 Underlying causes of cost reduction

Andress (1954) was one of the first authors to attribute the observed
reduction in labour input and associated costs to more than just the
increased productivity resulting from learring how tc do tlings more

efficiently.

He and others suggested that overall efficiency can be increased by

improvements in production methods, shop organisation, and production

engineering as well as job familiarisation, the original 'learning effect'.

Further benefits can be gained frcm better product design and effective
systems, for example in parts supply. In addition, the effect of the
management‘of the business can be felt in its capacity to innovate,
improve, and organise. (Andress, 1954; Asher, 1956; Conway and Schultz,

1959; Kottler, 1964).
70.



Hirschmarn (1964) summarised these views by attributing reduction in
unit costs to the 'inherent susceptibility of an operation to
improvement, and the degree to which that susceptibility is exploited,

depending on the resourcefulness of management'.

When applying the model to a wider cost base, BCG (Henderson, 1968) claims
that unit cost reduction is the result of benefits from larger scalé
operations as well as the original 'learning effect'. These benefits
include specialisation, and the possibility of investment in increased

capacity and improvements in manufacturing methods.

It would appear that there are meny underlying causes for the type of
long term reduction in unit cost noted in the examples of 4.1.1.
Any attempt to model this behaviour hes to find one or more variables to

represent the effect of the underlying facters.

L,1.3 Moéels for the behaviour of unit costs

Examination of the results of research in this field show that a variety
of models have been tested on data for unit costs; in fact, variables
other than unit cost itself have been used to measure the effects of
increased productivity. Since these provide alternatives to the
experience curve model, they are briefly reviewed below. Evidence for

the fit of différent models to actual sets of data is discussed in 4.2.

a) Dependent variable

Measurements of the effects of increased efficiency in production include
the dircct labour input per unit, either in hours or converted into costs.

Some studies use indices of productivity suck as output per hour or output

as a percentage of capacity. (For examples see Table 4.1 in section 4.2).
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Mary examples use total unit cost, covering coszts incurred by all of

the activities in manufacture and marketing of the product.

BCG claim that the variable best representing increased prcductivity
is that of added value per unit. (Henderson, 1968). However, such
data is frequently difficult to obtain, and they recommend using the

proxy variable of average price.

The use of average price, in the absence of cost data, to indicate trends
in unit cost is of dcubtful integrity. On the one hand, it offers a
practical way of estimating such trends which could be good enough for
planning purposes. On the other hand, price is affected by many more
factors thkan is unit cost; behaviour of average price could be influenced
by market conditions, aggressive pricing frcm a competitor or as a
marketing policy of the ccmpany itself, or by imports of cheaper goods,
changes in e&change rate, and sc on. In their literature, BCG themselves
cite eiamples of price 'umbrellas' and price 'breaks'. (BCG, 1968 ard

Hedley, 1976).

However, a mocdel for average price may well be useful in itself for price=-

forecasting ancd marketing plans. (Jain, 1975).

b) Independent variable

Cumulative output, the number of units of the product ever made, is tke
variable used in most models, since it is an obvious measure of procuction
experience. Sultan (1975) suggests that it combines the effects of the
scale of production with changes wkich oécur over time, such as

technological progress.

72.



Some authcrs such as Hirsck (1952), and Preston and Keachie (1964)
have attempted to justify the use of cumulative output, or a cembination
of cumulative output and rate of output, by considering the theory of

production functions and cocst curves.

Prcduction functions model the relationship between quantities of the
input factors of production and the associated volumes of output.

Short run cost curves represent the optimal combination of these factors
for producing a given volume at lowest cecst. Long run cost curves
represent the effect of a change in one of the input factors, for example,
by an increase in capacity or substitution of labour by plant. (For

details, see Lipsey, 1963).

The above authors speculate that the long-term reduction in unit costs
results from a change in the production function itself, brought about

by changing technology and mansgemeﬁt innovation. But, however technical
this argument appears to bte, it still begs the question of why these
improvements should be best represented by cumulative output, either alone

or in ccnjunction with rate of output.

Alternative independent variables suggested and tested in various studies
include rate of output, lot size (representing scale of operation), and

elapsed time (Table 4.1 for examples).

Sultan (1975) uses a combination of cumulative output with a range of

other factors including price changes, utilisation of capacity and technical
transfer between firms. Stobaugh and Townsend (1975) include the number of
producers, and a measure of product standardisation between producers,in

their model.
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c) TForr of the relationship

The experience curve model postulates that the variables are linked
by a logarithmic relationship. Some authors heve tested alternative
forms, generally either linear or log/linear (semi-log), and occasionally

an inverse relationship. (Table 4.1)

Briefly, if c¢ = unit cost or other dependent variable

v are independent variables,

1 2

biess are parameters of the model

a,bl, >

then the main models tested in reports on this werk are:

log/log; log ¢ = log a+bllog Vl+ cee (experience curve model
given by V) = V’,bl= -b )
log/linear; ¢ = log a+by log V; + <.
linear; c = a+bl V1+b2V2+ ves
b
Inverse; C=a+r l+ 2 + «c0
vl 2

It may be seen that combinations of the variables described above, in
different forms of relstionships, give rise to hundreds of possible
different models. In selecting or evaluating such a model, the first

factor to be considered must be the way in which it fits relevant data.

Unfortunately, mary exaxples are cited in the literature without giving
supportive evidence of results of statistical tests. Results from those

which have been tested in a rigorous way are reviewed in 4.2.
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4,2 REVIEW OF CASES WHERE MODELS HAVE BEEN TESTED ON ACTUAL DATA, AND
STATISTICAL RESULTS GIVEN

All of the models tested are either linear or transformed into linear
form by logs. (4.1.3). Thus, the fit of models to the data can be

tested using standard linear regression techniques.

For example, using the model

log ¢ = log a = b log V (standard experience curve mocel)

the test of a linear relationship between log c and log V is expressed
by testing the hypothesis b=0. Having chosen a significance level for
the test, either of the two sample statistics t or F are calculated and
compared with critical values te¢ or Fe= . These determine whether the
sample value of b is significantly different from zero, at the
predetermined level of significance. (Appendix B,1 for details of method).
The results summarised below have been accepted only if the author is
satisfied that the models have been statistically tested in this way.

In most cases values of the sample statistic R2 are also given. This
is the proportion of total variation of the dependent variable explained
by the regression, and provides a descriptive statistic of the goodness

of fit of the model.

4,2.1 Summary of results

Table 4.1 summarises the results from all cases found in the literature
where models were tested on actual data, and the statistical results
were given. Examples in the table are numbered and referred to in the

text.
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Table 4.1

Results from other research in which models have been tested on actual data.

' Refe ‘|Dependent ' . Form of
- rence Sample Variable Independent Variables model Results
1 | Alchian, A, 22 airframe Direct Cumulative output log/log * Significant Parameters not given
models labour input|Time " " but sig. different for
per pound of |Rate of output " " each airframe model
airframe. (5ig. levels not given)
M —
2 Hi;;;;, w.2 7 different Direct Cumulative output log/log log/log sig. in all cases (at 5% level
machine tool about i
e s 1 ut input linear RZ_ 0.71 to 0.92
Slopes 79% = Bdx
L Linear gave better fit in one caseonly
3 |Conway, R W & | Unspecified pro- [Labour hours|{Cumulative output log/log
Schultz, A. ducts, simple to |reqg. per unit. linear S%qnifécztt. i;tm?;F ca;es iog/l:g
1959 extremely complex g;:::) etler 1g. levels no
4 |Baloff, N. Production start= | Input per Cumulative output log/log All significant, at o.5% values of
1966 ups for 28 diff- |unit of R°vary between 0.88 & 0.99
ent products output |Slopes vary between 61% and B85%
(machine intensive)
'3 | Baloff, N. Production start- |Index of Cumulative output log/log All signifiﬁant at 1% level
1971 ups; 6 new modela |cost or values of R all exceed 0.73
of musical instru-|labour expen Slopes vary between 55% and 90%
ment, 3 types of per unit
casual wear,
4 new automobile
models
.6 |Preston, L.E. | 22 observations Unit labour |)Both cumulative output log/10g 6 models tested; both variables sig.
& Keachie, from 5 peices of |cost ) and lot size at 5% level or better in all except
E.C. 1964 radar equipment Unit total |) included in each one (un&t labour cost in log/leg
A (pooled) cost ) model model)R” range 0.88 = 0.90
7 |Woolley, K. | Chemical Film Total Unit |Cumulative output log/1og Significant at .01,R“=0.92,slope=80%
1972 Products cost
(8 observations)
Chemically treat- 2
ed paper (6 obs.) " . - " " .01,R"=0.99,slope=86%
i Two fabricated/ 2
knitted products . L " L] ® _01,R.=0.97,slope=B4%
ll (5 obs.) R"=0.96,8lope=73%
i b
! Finishing & dye - " " " " 2 -
?} process (5 obs.) .01,R°=0.92.8lope=73%
| Facial tissues . - . " " .01,R%=0.95,8lope=84%
‘ (13 obs.)
|
'. Steel product . . " " “ .01,R%-0.92,8l0pex52%
(13 obs.) o sF4s8lop
- Lawnmover #f 1 - . . . " .10,R%=0.78,slope=81%
(4 obs.)
Lawnmower ## 2 - " " " " 2, -
; (4 obs.) .02,R“=0.96,8lope=73%
l Complex elect 2
r : - " " bl ", R =0.9 =68%
: tube (11 obs.) 01, 2,slope=68
: Plastic film . . . . « .01,R%w0.96 -
B product .01,R .96 ,8lope=T1%
i 7 Electronic .
! measuring )S Significant at
: instruments - - " ) .01,R“0.83 to 0.96 -
R ) slopes vary from 0% to B9%.
. )1 Significant .02,R_ =0.55,8lope=92%
* )1 " .10,R"=0.34 ,8lope=92%
: 8 | sultan, R.G.M.| Production of Average Cumulative output log/log JAll significant, log/log model gives
! 1975 Turbine Generators|price and Semi-log )Jbegt fit for power capacitors
: Power Transformers|total unit Linear. )(RZ-O.SS) and transformers
. and Power cost time trend |)(R"=0.49
i capacitators
! - Turbine pirect cost |Cumulative output, log/log Significant variables,
1 Generators per Price inflation, Cumulative output
kilowatt Average size of unit Average size ofrunit,
Utilisation of capa- Price index for generator orders
city, Technological
transfer, Price index
N— for order backlog.
9 . . e
Stobaugh,R.B. | 82 Petro- Ratio of Number of producere, log/log All independent variables significant
. ‘d chemical products |prices in Product standardisation over periods of 5-7 years, at S5%slevel.
lg?:nen +P.L. successive |Cumulative production Only number of producers and cumula-
products Average production per | tive output over 1 yr 3 ygars.

year.

| Generally low values of R™.
Significance of constant term
jindicates missing time-related
variable. ;
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In the rather limited sample of products and industries for which data
was tested, variatior in the dependent variable was significantly related

to at least ore of the independert variables tested.

In almost all cases, cumulative output was statistically significan® as
an explavatory variable. The exceptiions are fourd in data from two
products tested by Woclley (ex.7), where the small number of observations
have raiced the critical value of t, and the level of significance is

Va

fairly low.

However, in most of the cases where some measure of the scale of
operation was tested, it was fcund to be significant. (Ex.1, 2, 6, 9).
Although Hirsch (ex.2) did not find lot size significant, Preston &
Keachie fourd tkat lot size was a significant variable in five out of
six models tested. (Ex.6). Stobaugh & Townsend discovered that
average prcduction per year was not a significant variestle in their
mocdel fcr price ratios, when data was taken over shorter periods of

1 tc 3 years (Ex.9).

Although orly specifically tested in two cases, elapsed time was fcund
to be a significant varisble both times (Ex.l & 8). In addition,
Stobaugh & Townsend considered that the statistical significance of

the constant term in their model indicated a missing variable which was

probably time-related (Details in Appendix B).

Other variables found to be significant related to cornditions in thke
industry and in the market. These included the size of order book,
which was inversely correlated with unit cost reduction (Ex.8), product
standardisation between prccducers, and the rumber of producers in an

industry (Ex.9). The latter was in a model for price ratio in
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successive time periods, used to indicate the rate of reduction in average

price.

Different forms of relationship between the variables were only tested
in four cases. (Ex. 2,3,6 & 8). 1In each case all forms tested gave a
significant relationship between the variables. Although in scme cases
the log/log form gave a better fit to the data, this result was by ﬁo

means universal. p

4,2.2 Conclusions

The ccnclusions to be drawn from reviewing the evidence found in reports
of other research are that scme measure of the gradual increase in
productivity, typically a decline in unit cost, can be modelled in a

variety of ways.

In statistical tests, cumulative output was frequently found to be a
significant independent variable, but sc also was rate of output and
elapsed time. A further range of independent variables, representing
conditions in the industry and the market, werefound to be significant

in particular cases.

There is no evidence that any one of these models gives a uniformly best

fit to the relevant data.

In addition, no particular form of relationship used as a model gave a

uniformly better fit.

In this section, the models have been considered with respect to the

statistical significance of relationships between the variables, and the
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geodness of fit to sets of real data.

It must be noted that models have only been tested for the extent to which
they explain variation in the dependent variable. The only case in
which the predictive accuracy of the model was tested was in the study

by Alchian (Ex.l), who found an average 25% error between predicted and

actual values of direct labour requirement per unit.

However, in BOC Arc Equipment, the experience curve was being used to
derive a strategy of market share maximisation (3.3). The extent to
which such a model fits the data may not be the only factor to be
considered in evaluating the use of this model by planners in the

company .

Some of the literature on the experience curve contains articles in
which the authors discuss their stand point on the derivation

and use of this strateey. Since some of the issues involved
were relevant for planning in BOC AE, they are reviewed and discussed

at this stage.

4,3 USE OF THE EXPERIENCE CURVE MODEL FOR DERIVATION OF STRATEGY

The basic strategy derived from assuming that this model is a valid

one for the business is one of market share mzximisation. If the model
is valid, the company with highest cumulative output should have lowest
unit costs and hence highest profits. Since ultimately, when market
growth slows, the producer with the highest market share will have the
most cumulative output, companies should aim to maximise their market

share in a growth market. (Hedley, 1976).
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‘This strategy and its basis for derivation is attacked on three main

issues.

a) The validity of the model in all circumstances

Lofthouse (1976) criticises the inherent assumption in this model that
unit costs will continue to decline for ever. However, his argument
relies on scme rather irrelevant examples drawn from learning curves
ard start ups of production. Far more important was the suggestion
mzde by Jain, (1975), that the model is only applicable to products

in the early stages of their life cycles, and in the absence of both a

dominant producer and competition other than on the grounds of price.

Sultan (1975) argues that the experience curve model skould only be
applied to the direct costs of production. If a producer does gain an
advantage in reducing direct cost per unit, then the advantage can be
maintained by investing the surplus funds into research and develorment
and marketing effort. Thus, overhead costs may well be a function of

strategic planning, and not related to cumulative output.

b) Cost reduction as an aim in itself

The policy of management for unit cost reduction is criticised by
Abernathy and Wayne (1974), whc quote the case of the Model T Ford,
where long term concentration on design for cost reduction was made at
the expense of long term development of the product. This resulted in

disaster for the company.

It must be pointed out, however, that the Boston Consulting Group do not

advocate this policy. They claim that unit cost reduction should be
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the result of utilisation of new technology and improved methods of
production. They stress that unit costs reduction must be controlled

arnd managed, but not that it should be the ultimate aim.

c) Derivation of the strategy of market share maximisation

The second major criticism made by Lofthouse (1976) arpears to be more
significant. His contention that the fall in unit cost may not only be
related to cumulative output, but equally significantly to elapsed time,
is supported by results found in other reports. (4.2.1). Lofthouse
points out that if benefits from increased productivity are significantly
related to time, then it is not necessary to have a large market share

in order to enjoy these benefits. This throws dcu%t on the main argument

used by BCG in deriving this strategy.

d) Inherent dangers in a strategy of market share maximisation

There is a certain amount of evidence that comparies with large market
shares do have higher profits than others, for example in the results

of the PIMS study of 57 mzjor companies in the USA, reviewed by Schoeffler,
Buzzell, and Heany (1974), and by Buzzell, Gale, and Sultan (1975), and

in the work of Hall and Weiss (1976), analysing data from 340 large
industrial corporations in the USA. Authors of the PIMS studies attribute
the high correlation between market share and return on investment to the
economies of scale, market power, and quality of management found in the
larger companies. Hall & Weiss (1976) postulate that the need for
significant capital requirements form a barrier to entry and are more

important than high market share itself.
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However, Bloom ard Kotler (1975) point out that producers with high
market share are more at risk from competitive attack, government
regulations, and so on, and propose that the optimal market share should

provide long run profitability with minimal risk.

The main problems appear to lie in the process of trying to gain market
share, since any increase in profits may not justify the risks and costs
involved in gaining share. Fruhan (1972) gives three examples of
companies where the strategy has failed, and the business has not been

left in a viable position.

Since this problem will be particularly acute in a low growth market,

one solution suggested by BCG (1968) is to segment the market and apply
the strategy only to high growth segments. Jain (1975) recommends that a
company should plan a succession of such products in order to maintain

competitive advantage.

Another approach is to evaluate the costs and benefits of gaining market
share using a planning model, incorporating projections of unit cost and
average price with other measurable factors such as market and company
growth rates. Such models are suggested in the work of Woolley (1972)

and Verschuur (1976).

Woolley's model estimates the effects of changing growth rates, and may
be used for budgeting and control, and for investment or acquisition

decisions.

Verschuur simulates the relationship between a dominant and second firm in
the market, in order to evaluate decisions made by the second firm, on

whether to enter the market, expand, or cease production altogether.
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The rain limitatior of such models is thzt they cannot allow for sudden -
changes in market conditions such as technological change, price wars,

or imports of cheaper products.

This concludes the review of relevant information or views of other authors
or. the experience curve as a model for cost reduction and its use as a
basis for strategic planning. References fcr the welter of articles
discussing uses of the model for production scheduling, costing, pricing,

forecasts of capital and labour requiremerts etc. are given in Appendix B.

L.4  CONCLUSIONS AND IMPLICATIONS FOR THE PROJECT

The conclucsions concerned the validity and use of the experierce curve
as a plerning model, and the possibility that alternative models may
fit the same set of data. (4.4.1). Issues raised in thkis discussion
had implications for the way in which the rroblems of BOC Arc Equipment

sbould be apprcached. (4.4.2).

4.4,1 Conclusions

The first question (see (a)) raised at the teginning of this ckapter
concerned the existence of a steady reducticr in unit cost, and whether
tkis can happen in all types of manufacture. Evidence from studies

found in the literature supports the rhenomenon of a gradual increase in
productivity efficiency occurring in a variety of marufacturing incustries,
whether this is measured by reduction in unit ccsts or in some other way.

(4.1.1 and examples in Table 4.1).

Basic underlying causes for this phenomenon are thought to te improvements

in marufacturing methods, product design and technological progress,
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orgarisation and mznagement of the business, as well as the original
"learaing cffect'. These generally require both investment resources

and innovative manzgement. (4.1.2).

The second questior (see (b)) asked wkether unit cost reduction can be
modelled in some way which would be useful for planning purposes.
Results from the better_documented cases shoved that the effect of
underlying factors on productivity could be modelled in a varieéy of

ways. (4.2).

In considering question (c), the conclusior is that the evidence does not
support the hypothesis that the experience curve is the cnly, or the
uniformly best-fitting model for the behaviour of unit costs. (4.2.2).
Other models fcurd to give equally significant results relate

unit cost (or cther dependent variable) to rate of output of production,
elapsed time, or a range of variables representing market ccnditions.

No one form of relationskip used gave a universally better fit tc the

data. (4.2.1).

The last question raised at the teginning of the chapter (see (d)),

concerned the suitability oif the experience curve, or alternative model,
as a basis for planning, particularly for BOC Arc Equipment. The main
points raised by authors discussing the experience curve model relate to

derivation and use of a strategy of market share maximisation.

One criticism of the universal application of this strategy is that tkte
rodel may not be valid in all circumstarces, particularly at certain
stages of the product life cycle and in certain market corditions. (4.3(a)).

A further point concerning the derivatior of this strategy from the
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experience curve model is thet if reduction in unii cost is equally
related tc elapsed time, a large merket share may not be a necessary

factor in achieving these benefits. (4.3(c)).

Finally, many authcrs point out the risks inherent in a strategy of
market share maximisation, and stress the need to evaluate risks, costs
and benefits tc te gained before taking thkic on. Planners should also

ccnsider the viability of tke business if the strategy fails to ackieve

the market share objectives. (4.3(d)).

L,4,2 Implications for the project

Previous work hkad showr that strategic plans for BOC Arc Equipment were
based on the assumption that the experience curve was a valid model for
the business. (3.3). - The process of making this assumption could

be segmented into three perts.

Firstly, the planners assumed that unit costs (in ccnstant money terms)
were gradually declining, and seccndly, that this behaviour cculd be
modelled using an experience curve with an approximate slope of 80%. (3.2).
The last step was that of deriving a strategy of market share maximisation
from the assumed validity of the model. The first two.stages in this
process were based on undocumerted evidence produced by BCG in 1972:

the strategy was derived using an apparently logical argument. (1.2).
Evidence gathered from reviewing the literature threw some light on each

stage in this process, with resulting implications for the ways in which

the project should tackle the initial problem of planning in the company.
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Although none of the case studies invelved data on arc welding equipment,

a regular reduction in unit costs hed been found in products as diverse as
facial tissues, ard turbine generators. (4.1.1). The critical factors
thought to contribute to such cost reduction were improved production

and organisational efficiency, product design, and various benefits arising
from larger scale operations. (4.1.2). There was no reason to believe that
the manufacturing cperation at BOC AE should rot be able to benefit in the

game waYe 4

Equally however, there was no reason tc suppose that the experience curve
model was the only one to fit this type of unit cost behaviour, since,
when tested, other models fitted the data as well or better. (4.2.2).
This issue did not only concern the accuracy of the model; if alternztive
models did fit the data, ther the argumenit for a strategy of market share
maximisation no longer followed automatically. (4.3(c)).

Moreover, several authors hed pointed out the importance of evaluating
this strategy on the basis of other factors suck as market ccnditionms,
corpetitive action, and the risks and penalties of failure. (4.3(d)).
The main implication for the project ccncerned the evaluation of the
company's use of their existing planning model. This should incluce the
rossibility of alternative models, and some consideration of the other

factors which may affect the success of the strategy itself.

It was decided to approach the problem in tkree stages:

i) Test the experience curve model on data for BOC AE and the UK
industry, incorporating their original questions into the

investigation. (1.2).
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ii) Test the fit of alternative mocdels to this data.

31%) Evaluate the strategic aims of BOC AE in the light of the

results frem (i) and (ii), ard of any other relevant factors.

The first stage of thkis investigation is reported in Chapter Five.
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CHAPTER FIVE

INVESTIGATION OF THE FIT OF THE EXPERIFNCE CURVE MODEL TO DATA FRCM EOC
ARC EQUIPMENT AND FRCM THE UK ARC WELDING EQUIPMENT INDUSTRY.

Strategic plarning and decision-making at BOC Arc Equipment was strongly
influenced by the choice of the experience curve as a planning model;
(3.3)s In using this model, the planners were assuming that unit costs
were declining, that this decline cculd be modelled by an experience curve,

and that the resulting logical strategy was to maeximise market share.

As a result of reviewing other research in this field, it became agpparent
that a full evaluation of the company's basis for strategic planning should
include both the possibility that alternative models may fit the data, and

other factors critical to the success of the strategy. (4.4.2).

Kowever, the first stage in this process was to test the assumptions

concerning the existing model, by examining the behaviour of unit costs of
production in the ccmpany, and the fit of the experience curve to relevant
data. At the same time, these aralyses could be extended to include data
for the UK arc welding equipment industry, and sc answer at least some of

the additional queries of planners in BOC AE.(l.2).

This chapter reports on the setting up of this investigation, and results
of the various analyses. Some of the trends discovered during the course
of this wcrk reflected on the success of the current strategy. These were
thought to be of such crucial importance for the future of the business,
that further analyses to establish the extent of their significance were

carried out immediately.
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The data, problems, and methods used in the investigation are reviewed
in 5.1, with details in Appendix C. Results from tests of the experience
curve model are given in 5.2, observations on trends and details of further

analyses in 5.3, and conclusions and implications in 5.4.

5.1 METHODOLOGY USED. IN SETTING UP THE INVESTIGATION

So far the problem had only a very broad outline, that of testing the fit
of the experience curve model to relevant data. This had to be defined
more rigorously before considering the availability of data, and how to

organise the aralyses.

Definition of the problem (5.1.1) is followed by discussion of the data

available (5.1.2), selection of data and general methods of analysis.

(5.1.3).

5.1.1 Defining the problem

The basic assumption made by planners at BOC Arc Equipment was that the
actual unit cost of production was declining in such a way that it could
be modelled by an experience curve. This related the hypothetical

variables 'unit cost' and 'cumulative output' in a particular way. (2.4.2).

In order to test the validity of this assumption, the model had to be
defined for a specific product unit, and for independent and dependent
variables which were relevant and measurable in this situation. The
hypothesis that a specifically defined relationship existed between these
variables could then be tested using the techniques described in 4.2 and

Appendix B.l.
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Assumptions ccncerning alternative models cculd also te stated and

tested in this way. (6.1 and 6.2).

Precduct Unit

The unit chesen was a welding rectifier, which refers to ar arc welding
set in which a rectifier is anr integral part, and inclucdes MIG, TIG and
PLASMA, ard DC Manual welding sets. (2.2.1). This was chosen partly
because it represents the class of products manufactured by BOC AE, and
partly because the products are homogeneous with respect to metkods and
cocsts of manufacture. Remaining rroducts were either factored (AC
Marual sets), or peripheral equipment with different methods of

marnufacture and cost bases. (2.2.1).

Even within this category, models still varied with respect to type, size,
and cost. For this reason, possibilities were explored for dividing
products intc the maip'groups. MIG, TIG, etc., and even into individval

product lines.

Dependent ard independent variables

The dependent variable varied according to the data which was available,
but was generally some measure of unit cost or average price of a

rectifier.

Cumulative output of rectifiers produced was used as the independent
variable in all models. In most cases cumulative output for the
beginning of the period for which data was available had to be estimzated

from trends in volumes of sales. (5.1.3).
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5.1e2 Availability of data

The two main sources of data were the British Electrical and Manufacturers
Association (BEAMA), and records from the two companies involved,

BOC Arc Equipment ard Hirst Welding Rectifiers. (2.3.2). Unfortunately,
government data on annual sales for the welding industry, published

in Business Monitor, covered all electric welding equipment, which was

&

too broad a category to be of ary use.

These sources provided the opportunity to test the model on three types

of data:

a) Individual product lines (HWR data)

Data was available from HWR for the annual volumes of output, and selling

price/transfer price of the product from HWR to BOC AE from 1966 onwards.

If the selling price/transfer price was taken to represent the direct
cost, this data could be used to test the fit of a model relating direct
cost to cumulative output of production, for a single product line, some

of which had remained largely unchanged over the period in question.

b) Rectifiers (BEAMA data)

Available data covered quarterly volumes and value of sales of all
rectifiers, from 1962 onwards, for both BOC Arc Equipment and aggregated
data from all ccmpanies subscribing to BEAMA. Also, the same data
split into MIG and TIG product groups was available for 1972 onwards.

(TIG including DC MANUAL and PLASMA).
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This data cculd be used to test relationships between cumulative output
and the average price of a rectifier for BOC AE ard the companies
subscribing to BEAMA, and to examine behavicur of the average price of a

rectifier in the UK as represented by these comparies.

c) MIG, TIG & PLASMA product groups (BOC AE and HWR data)

BOC Arc Equipment did not keep records of the menufacturing costs of
rectifiers as separate product groups, but data was available for sales
revenue, direct and indirect costs incurred in the manufacture and
marketing of MIG, TIG (including DC MANUAL) and PLASMA equipment, as

separate groups, for 1965 onwards.

This could be used in conjunction with volumes of output of rectifiers

from HWR to provide estimztes of the average sales revenue, direct, fixed,
and total costs of a rectifier plus associated equipment, per rectifier
produced. Analysis of sales data which provided further splits of the mzin
product groups into welding power scurces (rectifiers) and welding

equipment shcwed that the proportion by value formed by rectifiers of the
total remained fairly ccnstant over the period in question. (Appendix C.
3.1:.3). Consequently, trends in sales and costs per unit of all

equipment were taken to represent trends in sales and costs per unit

of rectifiers.

Models relating each of the dependent variables to cumulative output of

production could then be tested on this data.

Ultimately, each of these three main groups of data was used to test the
respective form of the expericnce curve model. Analysis of the data

for one product line (a) did not give satisfactory results and was
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eventually discarded. (5.2.1). The data from BEAMA (b) gave satisfactory
results, but certain reservations were felt about the accuracy of the data.
(5.2.2). Data from BOC AE (c) did not relate specifically to rectifiers
and presented various problems in analysis; however it was the only source
of data for costs, other than direct costs of production, and after
adjustment was considered to give a fairly accurate impression of the

various trends.

5.1.3 Methods of analysis

After dealing with specific prcblems mainly relating to inconsistencies
found in data over a long time period, the remaining general problem was
how to remove the element of inflation frem sales revenue and costs.

The experience curve model refers to a gradual reduction in unit cost
or average price when Fhe latter are expressed in constant value terms.
(2.4.2(c)). Consequently, all data expressed in money terms had to be
deflated, and scme index had to be selected for this purpose. Finzlly,
having adjusted data for inconsistencies, and deflated sales revenue and

costs, the appropriate model was specified and tested.

a) Specific problems

Details of specific prcblems regarding treatment of data are covered in
Appendix C. The worst ones were found in dealing with data from BOC AE
trading accounts over the period 1965-77 which covered changes in products
marketed by the company, in relationships between BOC AE and HWR (2.3.2)
and between BOC AE and BOC Ltd., as well as in accounting methods.

(Appendix C. 3.1).
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In fact, although changes had occurred in the range of procducts marketed
by the company, MIG, TIG ard PLASMA remained as consistent product groups
throughout this period, and so data for other products just had to be

excluded. (Appendix Cy 3.2.3).

The ckarging relationship between BOC AE and HWR was dealt with by
treating the two companies as a joint business from 1965 onwards,
aralgamating data to give total sales, direct and fixed costs. -

(Appendix C. 3.2.4 for details).

Adjustments also had to be made to sales revenue and marketing costs to
compensate for the change in marketing methods in 1974, From this time
onwards, goods were transferred to the gases division of BOC Ltd. at
special transfer prices, and sold by the gases sales force. (Appendix C.

3.2.3(e) and (f)).

Problems incurred by changes in accounting methods were solved ty

analysing data into broadly consistent categories. (Appendix C. 3.2.3).

b) Index of inflation

In the first set of analyses, (5.2.1), two differing indices were used

to deflate the data. Since the results from each did not differ greatly,
one was used as the common index for all subsequent work. This was the
index of wholesale prices for the output of all manufactured products,

home sales (UK).

Thus, all models tested the tehaviour of unit cost or average price
cempared witk this particular index. An advantage of this was that

parameters of models fitted to different sets of data could be ccmpared
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on the bacis that each set of data hzd been deflsted using the same

index.

c) Methods used in testing the models

After relevant adjustment had been made, values of annual sales revenue
or costs were deflated using the index described in (b) atove. The
result was then divided by the volume of output for that year, tt give

deflated sales revenue or cost per unit oI preccéuction.

Cumulztive output was estimated for the beginning of the period for wkich
data was available. The average compounc growth rate of output in

volume was calculated for Lhe period covered by availzble data. This was
ther uced as a basis for summing estimates of volumes projected 'backwards'
for previous years. (Appendix C. 2.1l.2)s. Values of cumulative output for
csubsequent years could then be calculated from actual volumes of ocutput

tcgether with tke estimate for the beginning of tlke period.

A check was maede of tke sersitivity of the slope of ar experience curve
fitted to this data tc the estimated cumulative output at the teginning

of the pericd. This showed tkat errors of + 30%, + 50% in estimated
cumulative ovtput would produce errors in estimated slope of the curve

of approximately + 3 or + 5 percentage points respectively. For details see

Appendix C 2.1.2(c) (iv)).

The fit of the experience curve model to relevant data was tested using the
technique of linear regression analysis descrited in 4.2, and in further
detail in Appendix B.l. Sample estimates of the parameter b for each
experience curve model were used tc derive sample estimates for the 'slope'

of each curve, as described in 3.2.1.
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5.2 RESULTS

Results ottained from the three sets of data described in 5.1.2 are

given in 5.2.1, 5.2.2, and 5.2.3 respectively.

N.B. All descriptions of tke tehaviour cf unit costs or average price

refer tec the deflated values.

5.2.1 Analysies of data fror one product line

It may be seen from the graph 5.1, that the selling price ol this
model, the ADR 30C, declined steadily over the period 1966/67 to 1971/72,

whereas transfer price increases from 1972/73 to 1976/77.

Data for average selling rrice over the pericd 19€6-1972 surported the
assumption of ar underlying experience curve model at a 5% level of

significance (EE=72%), vith estimated experierce curve slope cf G5¢8%.

However, data for the whole period does not support the assumption of an
experience curve mocel, probably due tc discontinuities in data for selling

price and transfer price. (Appendix C.l.3).

It is interesting tc note that the decline in selling price coincided with
the period when HWR was a separate company. (2.3.2). Since 1972/73

the company has been wholly owned by BOC AE, and transfer price has risen
steadily. Transfer prices of the prroducts are based or standard costs,
so this result indicates tkat either the direct cost of the product has
increased, or that standard costs do not represent the real cost of

production.
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5.2.2 LAnalysis of data on sales of rectifiers, fromr BEAMA

Annual data for BOC AE ard for all subscribing ccmpanies for the period
1963-77 was tested for the assumption that average price and cumulative
output cculd be fitted by experience curve models. Separate data for
MIG and TIG rectifiers was tested in tke same way. (Appendix C.2 for
detaile).

The results are shown in Table 5.1 and graphs 5.2 to 5.6. With the
exception of BOC AE data for MIG and TIG rectifiers taken separately,

the data suprported the assumption of an underlying experience curve model
for average price of a rectifier, at significance levels of either 0.1%

or 1.0%.

For aggregate company data, the fit of the model was good, with R2 = 79%
for all rectifiers, and R2 = 88% and 90% for MIG and TIG rectifiers,
respectively. This can be seen frcm graphs 5.2, 5.3 and S.4: the
reduction in average price has been fairly steady, particularly in later

years.

Data for average price of a BOC AE rectifier showedfar less of a steady

reduction, with fairly extreme swings in average price over the period,

particularly for TIG rectifiers alone. (Graphs 5.2, 5.5 and 5.6).

The average price for MIG rectifiers appears to have increased over this

period. (Graph 5.5).

The slopes of exrerience curve models fitted to the average price of all
rectifiers were 81% for aggregated data, (95% confidence limits, 87%
and 76%), and 82% for BOC AE data (95% confidence limits, 91% and 74%).

(Appendix C. 4 for derivation of confidence limits).
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Slopes of models fitted to aggregate compery data for MIG and TIG rectifiers
separately were 69% and 64% respectively, indicating a higher rate of

reduction in average price for TIG rectifiers,

N.B. The 'steepness' of these slopes ccmpared with those for all
rectifiers results from the fact that data covers a later time period.
This effect was noticed throughout the work, when models were fitted to

subsets of data covering different periods of time.

It arises frcm the fact that, in most cases, data is equally well fitted by
a linear relationship between the variables. If this is true, estimates
of slopes of experience curve models fitted to such subsets will vary

according to the subset chosen, (Appendix D. 1.3,1(c)).

However, ccnclusions drawn frcm these results must be modified in the
light of certain criticisms of the accuracy of BEAMA data, expressed by

personnel at BOC Arc Equipment.

The main fault ascribed to data submitted by BOC AE itself, was that it
did not cover all of their rectifier sales. This was ccnfirmed by
comparing annual vclumes of sales reported to BEAMA witl: volumes of output
of production obtained frem HWR: recorded sales formed only 53% of
production output. The discrepancy was found to be due partly tc sales
from BOC to other equipment manufacturers, made directly frem HWR, and
partly to the many sets which had undergone slight alterations and were

then sold under a different part number. (Appendix C. 2.3 for details).

It must be noted that the system of changing the part numter when a basic

machine was made up into a package, and the amount of part numbers
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TABLE 5.1 - Results from testing BEAMA data with experience curve models

Details of data Recults
Dependent variable Time No. of > F Experierce
Period | readings| C R (sig. curve
level) clope
BOC data, average
price of a rectifier| 1963-77 15 ~0.77| 0.59 19.4 82.4%
(0.1%) | (95% cL
91%, 74%)
BOC data, average
price of a MIG 1972-77 6 +0.69| 0.48 2.7 -
rectifier (NOT
SIG)
BOC data, average
price of a TIG 1972-77 6 -0.16] 0.02 .10 -
rectifier (NOT
SIG)
Aggregated company
data, average price | 1963-77 15 |-0.89| 0.79 4E.3 81.1%
of a rectifier (0.1%) | (95% CL
&7, 76%)
teey +0OA
Aggregated company
data, average price | 1972-77 6 -0.94]| 0.88 30.3 68.9%
of a MIG rectifier (1.0%)
Aggregated ccmpany
data, average price | 1972-77 6 -0.95| 0,90 L0.1 64.2%
of a TIG rectifier (1.0%)
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produced, especially in MIG products, made it very difficult to trace

tle correlation between machines produced and machines sold.

A second criticism referred to the use of aggregated company data te
represent the UK arc welding equipment industry. Originally thought to
represent 75-80% of the UK market (2.2.2), it was possible that this was
no longer true. In particular, BEAMA subscribers did not include
several companies known to have significant merket shares, for example
Norman Butter and AGA in MIG, and Interlas, AGA and WTC in TIG.

They also excluded the many small companies and importers of foreign
goods. Moreover, the other subscribing companies may return data as

equally unrepresentative of their true sales as that returned by BOC AE.

Within these limitations, data appeared to be fairly ccnsistent, but they
should be borne in mind when considering the conclucsions to be drawn from

these analyses,

5.2.3 Analysis of data frem BOC AE and H.

See Table 5.2 and graphs 5.7 to 5.12.

Data covering all rectifiers for sales revenue per unit, fixed and total
cost per unit, all supported the assumption of an underlying experience
curve model at levels of significance of 5¥. (Table 5.2). It may be
seen frcm the graphs (5.7, 5.8 and 5.10), trat the fit of the model vas
not particularly good; values of R° vary between 37% and 61¥%. Slopes of
experience curve models fitted to data for all rectifiers were 83% for
sales value per unit (95% confidence limits, 94% and 73%), 86.5% for total
cost per unit (95% confidence limits, 99% and 76%), and 76% slope for

fixed cost per unit.
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TAELE 5.2 = Results of fitting experience curve model to ROC Arc

Equipment data

Data set No.of c R F Significance Experience
" Readings ratio ratio level curve slope
All rectificrs
(MIG,TIG & PLASMA)
Sales value per unit 12 -0.72 0.52 10.72 1.0% 83.0
(95% CL
oL%, 73%)
Total cost per unit 12 -0.61 0.37 6.03 5.0% 86.5
(95% CL
99%, 76%)
Direct cost per unit 12 -0.18 0.03 0.4 NOT SIG. -
Fixed cost per unit 12 -0.78 0.61 15.91 1.0% 76.0
MIG rectifiers, alone
Sales value per unit 12 =0.63 0.40 6.71 5.0% 83.6
Direct cost per unit 12 -0.64 0.41 7.03 2.5% 82.1
TIG rectifiers, alone
Sales value per unit 12 0.34 0.11 1.36 NOT SIG. -
Direct cost per unit 12 -0.17 0.03 0.29 NOT SI1G. -
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Analysis suggested that the hypothesis of an experience curve relationship
between direct cost per unit and cumulative output should be rejected at
a 5% level of significance. The graph shows that, although direct ccst
per unit declined over the first three yecars for which data was available,

it had risen more or less steadily ever since 1968/69. (Graph 5.9).

Data for MIG products alone supportal the assumption of an underlying
experience curve model for both sales revenue and direct cost per unit,

at 5% levels of significance. Again it can be seen from the graph (5.11)
that the goodness of fit of this model wasrather poor in both cases,
although direct ccst per unit did seem to have declined steadily since

1969/70.

The graph for TIG data (5.12) showed the enormous swings that have taken
place in average sales revenue and direct cost per unit of a TIC product.
Analysis confirmed this, with the hypothesis of experience curve relation-

ships being rejected at a 5% level of significance.

Before drawing ary conclusions from these results, the trends noted
during the course of these aralyses are discussed, together with further

work which confirmed their significance.

5.3  SIGNIFICANT TRENDS IN AVERAGE PRICE AND UNIT COST FOR BOC ARC
EQUIPMENT

The following trends were thought to be so important that they warranted

investigation of their statistical significance.

a) A decline in the margin between sales revenue and total cost of a

rectifier procuced by BOC Arc Equipment. (Graph 5.13).
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When  annual difference between average sales revenue per unit and total
cost per unitve plotted against elapsed time, this apperent trend even

more clear. (Graprh 5.14).

This difference, here referred to as 'profit margin per unit'vas not
directly connected with the profit margin appearing in accounts for

BOC Arc Equipment, since figures for cost used in the analyses explicitly
exclude central cocsts, depreciation etc. However, as a trading profit
margin on the manufacture and sales of rectifiers, it must be important

for the business.

The significance of the trend was investigated two ways. (Appendix C.
23.2(a) and 3.4,1(a) and (b) for details). Although analysis of
variance techniques indicated that there was no significant difference
between the parameters of b for models fitted tc data for sales revenue
and cost per unit, regression techniques showed that there was a
significant decline in profit margin per unit, at a 5% level of
significance. The average compound rate of decline over the period
1965/66 to 1976/77 was estimeted to be approximately 5.5% per annum.
(Appendix C. 3.4,1(b)).

b)  Average price of a rectifier sold by BOC AE appearcd to have declined
at the sane rate as the average for aggregated data from companies
subscribing to BEAMA (Table 5.1), If both are plotted on a linear

scale against elapsed time, it can be seen, however, that relative to

the industry average, the BOC price had risen over the last three years
1975-77. This trendvas pronounced in both MIG and TIG product groups,
although the average price of a BOC TIG rectifier did fall in 1976/77.
(Graph 5.15).

¢) Although the total unit cost of a rectifier manufactured by BOC AE had

declined over the period 1965/66 to 1976/77, it may be seen from the graph

that there had been no real decline in the last eight years of this period.
115.
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In fact unit cost rose steadily from 1973/74 tc¢ 1976/77. (Graph 5.11).

d) Direct cost per unit had not declined over the period 1965/66 to

1976/77, and had increased since 1968/69 (Grarh 5.9).

The possibility of a linear trend was investipgated by further analysis,
but a linear relationship between direct cost per unit and elapsed time was
rejected at a 5% level of significarce. (Appendix C. 3.3.2(b) and

2.4.1(c) for details).

8) A satisfactory decline in fixed cost per unit. In comparing slopes
of experience curves fitted to data for BOC AE, it must be noted that
fixed cost per unit ernjoyed one of the fastest rates of reduction over

the period. (Table 5.2 and Graph 5.10).

f) Direct cost per unit for MIG rectifiers showed a fairly steady
reduction from 1969/70 onwards. Sales revenue per unit had however

suffered some extreme swings. (Graph 5.11).

8) In the case of the TIG product group both sales revenue and direct cost
.Per unit showed extreme swings over the whole pericds Both generally
movedin the same direction although the swings in sales revenue per

unit were more extreme. Neither set of data appeared to have an underlying

trend, (Graph 5.10).

These observations, and results of analyses reported in 5.2 are

discussed in S.4.

5.4 CONCLUSIONS AND IMPLICATIONS FOR PLANNING IN BOC ARC EQUIPMENT,
AND FOR FUTURE WORK 1IN THE PROJECT.

Results from the work reported in this chapter are now used to discuss

the goodness of fit of the experience curve model to data from BOC AE
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and the UK arc welding equipment industry. (5.4.1). This includes
attempts to answer the original problems posed by planners in the

company.

Trends noted during the analyses, and confirmed by further tests, vere
of equal or even greater importance for planning in BOC Arc Equipment.
These are discussed in 5.4.2., and implications of the findings for

L4

future work of the project, in 5.4.3.

5.4.1 Validity of the experience curve as a moael for the business
of BOC Arc Equipment; answering the initial problem posed by

the compary

In terms of the statistical significance of a specified relationship
tested on relevant data, the assumption of an underlying experience curve
model was supported by data for the average price of a rectifier in the
UK, and for total cost per unit of manufacture of a rectifier at

BOC Arc Equipment. (5.2.2 ard 5.2.3).

However, when BOC AE data for direct and fixed costs was tested
Separately, fixed coest per unit did support the assumption of an under=-
lying experience curve model, whereas direct cost per unit did not, in
fact showing no significant trend over the period in question. (5.2.3 and
5.3(d)).

There was little similarity between the behaviour of average prices of
MIG anc TIG rectificrs from data submitted to BEAMA, and that estimated
from BOC AE accounting figures for sales of MIG and TIG products (Graphs
5.5 and 5.6, 5.11 and 5.12), although TIG prices did show roughly the
same movements. The only sets of data showving steady reduction in

average price were those from aggregated BEAMA data, MIG anc TIG (5.2.2),
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and BOC AE data for sales and direct costs of MIG products. (5.2.3).

Due to the general limitations of BEAMA data (5.2.2) and the differences
between results from different sources of data, no conclusions have been
drawn concerning the existence of experience curve models for MIG and

TIG as separate groups of rectifiers.

However, the evidence provided by data for rectifiers as a whole did
appear to support the validity of the experience curve model for this
business, on the grounds of the statistical significance of the relation-
ships found between average price or unit cost, and cumulative output of

production.

Actual choice of a mocdel may depend on the fit of alternative models
to this data, and several other factors to be considered (4.4.2):
this will be discussed at the end of Chegter Six when some alternative

models will have been tested.

With reference to the original questions posed by BOC Arc Equipment

(1.2), these will be answered in the order given.

It must be noted that, whilst confidence limits express the range in
which parameters of the true underlying model may be expected to lie,
sample estimates of these parameters may be used to describe what actually

happened over the period in question.

Question (a) (1.2): Was the BOC AE business still on the 83% slope curve

estimated by BCG in 19727

Estimates for slopes of models fitted to data for the average price of a
BOC rectifier were 82.4% for data submitted to BEAMA (95% confidence

limits, 91% and 74%), and 83.0% for estimates of average price from
121,



sales revenue figures (95% confidence limits, 94% and 73%). [Estimated
slope for average total cost per unit was 86.5% (95% confidence limits,

99% ard 76%).

These results providedno evidence that the slope of true underlying
model, for either unit cost or average price, had changed from the
original estimate of 83%. It must be pointed out however, that over
the period 1966-77, although the rate of reduction in average pfice vas
almost exactly in line with thie estimate, the rate of reduction in unit

cost was actually lower.

b) Was the rest of the UK industry on the same slope curve?

Evidence from estimated slopes of experience curve models fiited to data
for BOC Arc Equipment, and to aggregated data from companies subscribing

to BEAMA suggestedthat the average price of a BOC rectifier was on the

same slope curve as the UK industry, in so far as this could be represented
by BEAMA members. (See 5.2.2 for limitations of thies data). Fowever,
although the average rates of reduction represented by the slopes of the
curves were remarkably similar, 81-83%, it must be pointed out that in
recent years BOC AE average price had risen, whilst that of aggregated

data continued to fall.

(¢) & (d) Was there evidence of a price 'umbrella'y, and if so, could

a price break be forecast?

Since the rate of reduction in unit cost of a rectifier manufactured by
BOC AE had not been as high as that of average price,, there was no

evidence of a price umtrella operating for the company. (See 1.2 for

definition of price ‘umbrella').
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As far as the UK arc welding equipment industry was concerned, the only
data available was for average price, and that only for members subscribing
to BEAMA. The average price calculated from aggregated data had fallen

at approximately the same rate as that for BOC AE, leading to three

possibilities:

i) Other companies had similar patterns of unit cost to BOC AE and were

experiencing reducing profit margins.

ii) Other companies had a better rate of unit cost reduction than

BOC AE, in which case a price umbrella may have been operating.

iii) The data supplied by subscribing members to BEAMA did not
represent what was really happening in the UK industry. Since
subscribers were all large well-established companies, excluding some
producers known to have growing market shares, and importers of cheaper
goods, the average price of a rectifier represented by BEAMA mermbers may

give no indication of impending changes in market conditions.

Unfortunately, due to a lack of availability of further data, no

conclusions could be reached on which was the true state of affairs.

However, BOC Arc Equipment appeared to have other problems of more

immediate importance, which will be discussed in S5.4.2.

5.4.2 Adverse trends apparent in the company

Over the period 1966-77 BOC Arc Equipment had expericnced declining
margins between the average revenue and total cost per unit for every

rectifier produced. (5.3(a)).
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Since reduction in the average price of a BOC rectifier had aprarently
kept pace with that of the UK market, the conclusion was that either

all companies were experiencing reducing margins, or that BOC AE had
failed to reduce its unit costs at the same rate as other companies.

The UK market was represented by members of BEAMA: it may well have been
the case that these more established companies were in the same position
as BOC AE, and that the market price had been forced down by smaller
marufacturers with lower overhead coscts, or imports of cheaper foreign

£00as.

In any case, BOC Arc Equipment was clearly in an uncompetitive anc
unprofitable position, and this trend could not be allowed to continue.
Since the company already priced in the upper quartile of the market
(2.3.1), the recent policy of relative price rises was likely to make

them even more uncompetitive. (5.3(b)).

One arca where the fault was thought to be, was in direct cost per unit,
where no significant reduction had been experienced over the period
1966-77. (5.3(d)). The split of cata into MIG and TIG product groups
indicated that the problem may be in the TIG range of products.

(5.3(£) & (8)).

However, further analysis was required to ascertain whether these were the
only, or the most important areas where cost reduction had not been

controlled.

S5.4+3 Implications for the next stage of the project

The completion of work testing data from BOC Arc Equipment and the UK
industry for the assumption of underlying experience curve models marked

the end of the first stage of the project, in which the company's
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initial problems were investigated. These concerned the validity of the
experience curve model which they were using to plan their business. (1.2).
The importance of this issue for the company had been evaluated: both the
validity and accuracy of estimated parameters of the model were crucial
factors in their strategic decision making. (3.3). A review of other
work in this field had shown that a steady reduction in unit costs, in
constant value terms, could be found in a wide variety of industries, and
that this reduction could be related to cumulative output of production
and modelled by an experience curve. (4.4.1). Results of work reported
in this chapter showed that available data for BOC AE and the UK industry
supported the assumption of underlying experience curve models for both
unit cost and average price of a rectifier. The analyses also enabled

the original questions of the company to be answered, where poesible.

However, this research had also indicated further problems of critical

importance for the company's future., These fell into two categories:

a) The use of the experience curve model for strategic planning.

Although the model had been found to fit data for BOC AE and the UK
industry, discussions in the literature on the subject suggested that its
use for derivation of strategy should be critically examined on other
bases. (4.4.2). Alternative models may fit the data equally well or
better: this could have important implications for strategic planning.
(4.3(c))e Authors have also suggested other factors which should be

included in the consideration and evaluation of plans. (4.4.2).

Thus, one direction for future work in the project, arising from the

results of the first stage, was to test available data for the fit of
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alternative models for unit cest or average price. The strategic plans
ol the compary should then be evaluated in the light of these findingse

and of the other factors which should be ccnsicered.

b) Failure of the company to reduce unit costs in line witl msrket price.

The adverse trends between unit ccst of a BOC AE rectifier and the UK
market price were clearly of crucial importance for the ccmpany. At
this point the findings were discussed informally with the managers.
Evidence of these trends had confirmed meny hunches that 'things were
not going well'. It was agreed, however, that without some indication
of underlying causes, actions intended to remedy the situation could be
misplaced. Since data on the factory costs was readily available,
this cculd be analysed in order to identify malor elements of
procduction costs, and those which were giving rise tc concern. Research
into factors which may be influencing these costs (such as costs of
materials, labour, range of models in precduction, etc:) could be used
to indicate thcce areas of production where remedial action would be

most effective.

This line of investigation formed an alternative option for future work
in the project which was of more immediate importance for the company.
The further analyses of production costs and major contritutory factors

were started at once.

Some results from this work were included in the first official report
to BOC AE mansgement. This not only sunmarised initial findings on the
fit of the experience curve model to price and cost data, but also
pointed out implications of the adverse trends discovered during the

course of this work, with references to the main areas for concern in
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unit cost reduction at BOC AE. (Appendix G.l).

The report also included a paper on alternative directions for the
future of the project, giving eight options ranging frem construction
of a full corporate planning mocel to evaluation of cost reduction
opportunities in the ccmpany. (Appendix G.2). These suggestions were
discussed individually with each menager, and a revised list presented
at the next bcard meeting in August 1978. (Appendix G.3). During
these discussions managers agreed that unit cost reduction was
probably not in line with tkat of other U.K. manufacturers, and that
product design, manegement of tke Thanet factory, and investment in
future expansion were probably the three key contributory factors.
However they felt that further validation of the experience curve
models was required, including investigation of alternative mocels.
They suggested compsring trends in unit costs at BOC AE with similar
data from AIRCO, SOCOME and CIG, the BOC or BOC-related arc welding
equipment marufacturers in USA, France ancd Australia, respectively.
Trends in U.K. average price could be ccmpared with those of the French
and German merkets. At the same time, the fit of alternative models
cculd be tested on available data, which would incorporate research
intc the issue described under (a) above. The best fitting model
could then be used to set the targets for cost reduction required to

restore BOC AE to a competitive pocition.

Thus, stage II of the project consisted of research into both of tle
main alternative options arising dircctly from the results of stage I.
Further analyses of unit costs of production were in fact tackled
concurrently with collection of data for further investigation and
comparisons of models for unit cost/average price. Although the work

on model testing tcok a longer time to complete, it will be reported
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first (Chapter Six), as it marks the completion of research into

models for BOC Arc Equipment.

Analyses, results and ccnclusions ccncerring preduction costs at the

factory will be reviewed in Chapter Seven.
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CHAPTER SIX

INVESTIGATION OF ALTERMATIVE NODELS FOR UNIT COST AND AVERAGE PRICE

As discussed in Chapter Four, a full evaluation of the plarning model
being used by the compary, at that time, should incluce the testing of both

existing and alternative models for the business. (4.4.2)

The work reported in Chapter Five covered the first stage in this process,
whereby experience curve models were fitted to data for BOC Arc Eguipment

and the UK arc welding egquipment industry.

This Chapter is concerned with the second stage, in which a variety of

mocels were tested on a range of sets of date, including data from EQC AE.

As before, the investigation vas designed to cover specific questions posed
by BOC AE planners; these had arisen from results of the work on the
experience curve model. Data for average price of a rectifier in tne

UK had been fitted by an experience curve mocdel with a slope of approxirately
81%. (5.2.2). This prompted planners in the company to ask if such a

model was typical of other ccuntries in which they traded; they could then
compare movements in price between the UK and these countries and use the
information in marketing decisions. In addition, mansgers at BEOC AE were
concerned about the company's poor record of reduction in unit costs;

they would have liked to be able to compare EOC AE trends with those in
ccmpenies with similar manufacturing operations. This would eneble
planners and managers to judge the scope for improvement in cost reduction at

BOC AE. (5.4.3(b)).

In order to cover these questions, the investigation was designed to

include as many sets of data as possible from arc welding equipment
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industries of other countries, and from otler UK manufacturing industries.
Although data collection presented some groblers, thirty-two sets of data
vere obtained. Unfortunately, there was insufficient time to collect
enough data from other industries to be able to evaluate the trend in
cost reduction at EOC AE, and data from the other BOC arc welding equip-
ment marufacturers was not available,

However, this range and extent of data made it possible to test a mﬁre
general hypothesis concerning the goodness of fit of the experiénce curve
and alternative models to data for average price or unit cost. This

would enable results to be extended to other industries.

The methods used in all of the investigation are described in 6.1,
results and conclusions for models to be used by EOC Arc Equipment in
6.2, and on the fit of alternative models in general, in 6,3. Some
additional observations on the experience curve model are discussed in

6.4, and the main conclusions are summerised in 6.5.

6,1 DESIGN OF THE INVESTIGATION

The analyses were designed to investigate the fit of alternative models
to data for BOC AE and the UK arc welding equirment industry, and to
answer some of the questions described abvove. At the same time, the
data was used to test the hypothesis that the experience curve was
universally the best model for unit cost or average price, in terms of

the goodness of fit to the data concerned.

6.1.,1 Data, models, and methods used in initial analyses

Models were to be tested on as many sets of data as possible, including data
from BOC AE, arc welding equipment industries of the UK and other countries,

and also from UK manufacturing operations.
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Data

Data from BOC AE and the UK arc wvelding equipment industry had already

been collected and partially aralysed. (5.2.c and 5.2.3).

Data from arc welding equipment industries of other countries presented
more problems. Typically, it either covered too wide a category 6£
welding equipment, or categories were changed so frequently as to give
only short runs of consistent data. Eventually, at least one set of data
was obtained for each of France, Germany, Sweder, Belgium and the
Netherlards, Japan, and the USA. (See Appendix D.l.Z2 for details of

data and problems).

Comparison of trends in unit cost vetween BOC AE and other UK manufacturing
operations required cost data from other companies; this is rarely available.
For this reascn, the opportunity was taken to use data from another

BOC operating company, although neither their products, soda syrhons ard

bulbs, nor their marufacturing operation were cimilar to those of EOC AE.

Data was also collected from the Government statistics, published in
Business Monitor, on volume ard value of sales of six categories of
products for which annual output volume and average price of the groduct
were similar to thoze for arc welding sets. Unfortunately, changes in
category again produced only short runs of consi&tent data. (Appendix

D.1.3.2 for details).
In addition, data was obtained for sales value and volume of four=-door

passenger cars in the UK, since this was available for a long period of

time, and covered a fairly consistent product category.
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This precduced thirty-two sets of data suitable for inclusion in the

initial analyses. (Table 6.1).

Models and Analyses

The models were those suggested by the study of other research in this
field, being those most freguently found to fit data for average price or

unit cost. (4.2.2).

In each case, the dependent variable was either average price or some
category of unit cost, depending on the availability of data, each deflated
using an apprepriate index. The independent variables consicted of
cumulative output, annual volume of output, and elapsed time. Different
forms of relationship between the variables tested in this exercise vere

those of log/log, linear, and log/linear forms. (4.1.3 (c) ).

However, the constraints of time and computer exrense meant that not all
models could be tested on all sets of data, and a method was developed to

give maximum information with a minimum of analyses.

Data for BOC AE and the UK industry was tested with all combinations of
models described above, in order to be able to select the best-

fitting ones for uce in planning the business. In addition, this data
was tested using partial correlation analyses, to determine how much of
the correlation between two variables was due to correlation between

each, and a third variable. (Appendix D. 1l.1.1(d) for details).

All other sets of data were tested with a subset of riodels in the

following way:
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a) The experience curve was tested on all sets of data.

b) If results from (a) were not statistically significant, then annual
volume of output was the only other variuble to be tested, either by a visual

scan of the graph, or by testing in a linear model.

NB. Since cumulative output and elapsed time are both monotonically
increasing, they were invariably strongly correlated with each other;
hence vhen tested as independent variables bn the same set of data, either

both were statistically significant, or neither.

¢) If results from (a) were statistically significant, then a multiple
regression analysis was used to test for the inclusion of each variable,
and for more than one variable, in a linear form of the model. This
enabled comparisons to be made both between independent variables, and
between the experience curve (log/log model) and a linear model relating

cumulative output to the dependent variable.

6.1.2 Methods used in evaluatinz results

Results obtained from some of the data sets were thought to be due to
inadequacies of the data. (Appendix D.l.4). These were excluded from
the next stage, leaving eighteen sets of results for evaluation of

alternative models.

However, although in each case it was possible to pick out the best-
fitting model in terms of Ra, there was evidently no overall best model
for all cases. (Table 6.2). Also, it was not poscible to determine

by inspection alone whether differences in the fit of alternative models
were important. The effect of choosing a uniform model, such as the
experience curve, might have caused so little deterioration in the overall

goodness of fit that its use could be recommended.
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The criterion used in testing this possibility was the percentage worsening
of error caused by selecting one uniform mocel over the best-fitting one,
for each set of data included in the evaluation. Results for esch

choice of model were then averaged over all sets of data. (Appendix

D.2 for details).

In assessing these results, it is possible that more weight should have
been given to sets of data which were more reliable or more relevant,
but there was little basis for evaluating tlese factors, particularly

in combination with each other.

6.1.3 Methods for determining the effect of errors in volume prediction
on the predictive accuracy of mocels for BOC AE and the UK incustry.

Since any volume-related ..odel would depend on estimates of volumes,

errors in these estimates would affect the accuracy of unit costs or average
price predicted by the model. In order to be able to recommend the most
reliable model for this type of use in EOC AE, it was necessary to estimate

the effect of such errors in their use of the volume-related model.

The method adopted was to compare confidence limits for predicted values
of unit cost at the end of a five year period, based on an assumed volume
growth rate, with a range of errors in predicting these volumes.

(Appendix D.3 for details).

NB. It must be noted that no work was done on teating the predictive
accuracy of any model, for example by comparing the cost or average price
predicted from a model fitted to data fcxr the first half of the period,
with actual values obtaining in the second half., This was again due to
lack of time, plus increasing pressure from the company to help them with

their shorter-term planning problems. (8.4),
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6.1.4 Methods used in examining characteristics of the experience
curve model

Planners in BOC AE were enthusisstic about comparing 'slopes' of
experience curve models fitted te different sets of data. One factor
invelved in fitting this model, and obtaining estimates of the slope, is
in the estimation of cumulative output for the beginning of the period.
The method used in this estimation is described in Appendix C.2.1l.2.
Effects of a +50% error in this estimation were simulated for eight sets
of data including BOC AE unit cost, and price data for the UK and other

arc welding equipment industries. (Appendix D.4.1 for details).

In addition, the opportunity was also taken tc investigate some factors
considered to affect the suitability of the experience curve model in
differing market conditions (4.3). Since some of the sets of data
covered a long period of time, these could be used to examine the
behaviour of average prices during periods with different types of volume

growth.

Each set of data was divided intc periods with differing volume growth
(assessed from the graph), and analysed for each sub-period separately,
to find rate of volume growth and the slope of the experience curve

model fitting the data. (Appendix D.k.2).

6.2 RESULTS AND CONCLUSIONS CONCERNING MODELS FOR USE BY BOC ARC ESUIPMENT

Planners in BOC Arc Eguipment wanted to be able to compare their rate of
reduction in unit cost with that of average price in the UK and other

major markets in which they traded, both currently and as predicted over
the next five years. Consequently they required models for each type of

data.
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6.2.1 Unit cost/average price of a rectifier manufactured by BOC AE.

Results obtained from testing alternative models on data for BOC AE show
that each independent variuable tested was significantly correlated with
either unit cost or average price, whichever form-of relationshiv was

used in the model. (Table 6.2)

However, for both unit cost and average price, annual volume of output
gave the test goocness of fit, in terms of values of Ra. This choice
of independent variable reduced the error of fit of the model by

an average of 34% over cumulative output or elapsed time. (Table 6.3).

The choice of form of relationship to be used in the model was not so
critical; fer volume data the log/log form gave slightly tetter results, but
reduced the average error of fit over log/linear or linear models by only

1.7% (Table €.3).

Partial ccrrelation analysis showed that correlation between unit cost
and output volume had a significant element which was independent of the
ccrrelations between output velume and either cumulative output or
elapsed time. The same result was found for BOC AE average price.

(Appendix D. 1.1.2(d) ard D. 1.1.3(d) for details).

These results implied that, on the grcunds of statistical evidence, the
best-fitting model for average price or unit cost of a rectifier
manufactured by BOC AE was one relating log average price (or unit cost)
with log of output volume. This model would give 95% confidence limits
of (+28%, -22%) for the predicted value of unit cost after a five year

period. (Appendix D. 3.1 Table 36).

126,



However, the accuracy of prediction frem this model relied on the accuracy
of prediction of volumes of output. Simulztion of the effect of errors
in volume prediction showed that with errors of +20%, a model deperding
on cumulative output or elapsed time wculd give more accurate results.

If errors are likely to exceed +30%, tken a time-related mocel would be

tke safest one to use. (Appendix D. 3.1 for details).

Conclusion 2

Recommended choice of a model for unit cost or average price of a
rectifier at BOC AE depends on the p;obable accuracy of their volume
predictions. If these are likely to be correct within +10%, then a
volume-related mocel will give better results. If errors are likely to
be between +10% and +3C%, then either cumulative output or elapsed time
may be used; if errors are likely to exceed i}O% elapsed time would give

more relisble estimates.

6.2.2 Average price of a rectifier in the UK market

BOC AE wanted to compare their rate of unit cost reduction with the rate in

reduction in average price of a rectifier in the UK industry.

The model which best-fitted BEAMA data for average price was a

linear relationship with cumulative output. (fable 6.2). In this
case, choice of linear model was important, since it reduced the error
of fit over the log/log or log/linear models by 1l-13%. (Table 6.3).
The resulting model explained approximztely 84% of the variation

in average price. (Table 6.2).
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In no case did inclusion of a further variable significantly

improve the fit of the model.

The accuracy of predicted values of average price at the end of 5 years

was indicated by 95% confidence limits of (-28%, +40%). (Appendix D.3.2).

In this case choice of a model would not be affected by errors in volume

prediction.

6.2.3 Average price of a rectifier in other countries

Planners at BOC AE had hoped to be able to use the experience curve
mocel to compzre its rate of unit cost/average price reduction with
those of other ccuntries, using the measurement of 'slope' derived from

the parameters of respective experience curve models.

Results of fitting experience curve models to the relevant sets of data
produced estimates of slopes for each set which varied from 24% tc 161%.

(Table 6.2).

One reason for this could have been in errors in estimating cumulative
output for the beginning of each period of data. However, a simulation
exercise showed that errors of :50% in estimating this quantity would have
produced average errors of 11-12% in estimating the slope of the curve.

(Apperdix D. 4.1). This would not be sufficient to account for the wide

range in estimated slopes.
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The inadequacy of the data prevented any further conclusions to be drawn
concerning differences between the slopes of respective models. However
this alone indicated that attempts to use the experience curve model in

this way were unlikely to be useful.

6.3 RESULTS AND CONCLUSIONS FROM TESTING ALTERNATIVE MODELS ON ALL SETS
OF DATA

e

Thirty-two sets of data were tested in the initial analyses. In fifteen
cases there was no significant correlation between the dependent variable
and any of the independent variables tested. (Table 6.1). Fowever,

in most of these cases the data was unsatisfactory in at least one respect
(Appendix D. l.1.4), and fourteen of these sets were omitted when evaluating

the results.
Results from the remaining sets of data are summarised in Table 6.2.

In considering these results, the main point of note is that, in most

cases, unit cost or average price was significantly correlated with

more than one of the independent varizbles tested in the models. In

almost hzlf of all cases, the dependent variable was significantly correlated

with all three.

This points to the underlying relationship between the independent
variables; it is evident that volume of output and cumulative output will
be related in some way, and the relationship between elapsed time and

cumulative output has already been noted. (6.1.1).

However, the goodness of fit provided by the different models did tend to

differ, more between the independent variables than between different
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TABRLE 6.1 - Summary of results from all sets of data

Country] DATA Test of indep.variables '
Source | Category of |[Dependent|Cum Output |Elapsed ;Included in
product Variable|output [Volume | Time |final
janalysis
1) | UK BEAMA |Rectifiers | Average |SIG sic | sig !
1965-77 price |(0d1%)(0.0%) 1( 0 J1%) YES
2)| » BOC AE " n o |s1G SIG i S1G YES
3) n n " Unit SIG S1G ! SIG YES
cost ( 5-0%)( 1.0%) ;( 5-0%)
{
i ; f
4) | FRANCE | Statist- Rectifiers | Average |NOT NOT | = i NO
ique du :1972-77 price |SIG at| SIG at! i (Few data
Commerce Imports 5% 5% points)
Exterieur
de la
France i
59| o " . Rectifiers " NOT - - NO
. 1972-77 SIG at (Few data
Exports 5% points)
6) " EEC NIM Arc welding " NOT - - NO
EXE . mfes i SIG at (Wide
1566-71 5% category)
;Imports
7) " " Arc welding n SIG NOT S1G YES
m/cs [ 5.0%) | SIG at| (5.0%)
1966-71 5%
Exports
8) n SNS ;MIG sets " NOT - - NO
} 1968-77 SIG at (Doubtful
| 5% data)
9) " = TIG & DC " NOT i = NO
MANUAL SIG at (Few data
sets 5% points,data
1972-77 doubtful)
10)| GERMANY| Statist~ | Electric Average |SIG NOT SIG YES
iches welding m/cq price |(1.0%) SIC at| ( 2.5%)(NB declining
Bundesamt |1962-69 5% volume of
Wiesbaden : sales)
11) " " Rectifiers L SIG NOT SIG YES
1970-77 (1.0%) | SIG at| ( O.1%)(declining
5% sales)
Cont'd e
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TABLE 6.1 Cont'd.

Country DATA Test of indep.variables
Source | Category of|Depencent |Cum Output (Elapsed | Included in
product Variable |Output {Volume | Time final
analysis
12)| GERMANY EEC NIM| Arc welding| Aversge |[NOT - - 0
EXE n/cs, price |[SIG at (wide
1966-71 5% category)
Imports :
13) L " Arc welding L NOT ~ - IO
mactkines SIG at (wide
1966-71 5% “ category)
Exports
lh)'USA US Bureau Arc welding| Value SIG SIG SIG NO
: of Census Equipment added ( 0.1%) (1.0%) ( 0.1%) | (Dubious
1972 1958-72 per : meaning of
value ! data)
of ship- [
rnent
15) JAPAN Japanese | Arc Welders| Average |NOT NOT NOT YES
; Welding | 1946-70 price |SIG at| SIG at SIG at{ (long run of
? News 5% 5% = 5% data)
| _
16) ¢ i DC Welding " SIG NOT | SIG YES
sets (5.0%) | SIG at (5.0%)
1965-76 P %
! ! [ E
17) SWEDEN Produktion Welding & | Average |NOT - 5 - ! i
! av varor | cutting price |SIG at i : (wide
a ochjunster equipment 5% ? category,
i 1973-76 i few data
: points)
18){ NETHER- |EEC NIM Arc welding Average [SIG SIG SIG YES
LANDS EXE m/cs price |(2.5%)(1.0%) | ( 5%)
1966-71.
Imports
19) " " Arc welding " SI1G NOT SIG YES
m/cs. (1.0%) | sIG (1.0%)
1966-71 at 5%
Exports
20)| BELGIUM- EEC Arc welding| Avergge |NOT - = NO
LUXEMBOURG NIM m/cs, price [SIG at (wide
EXE 1966-71 5% category,
Imports few data
points)
Cont'd.
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TABLE 6.1 Cont'd.

Country DATA Test of indep.variables
Source| Category of Dependent| Cum Output }Elapsed |Included in
product Variable| Output{Volume | Time final
anzalysis
21)| BELGIUM~ |EEC NIM | Arc welding | Average | NOT - - NO
LUXEMBOURG| EXE m/cs price SIC at (Few data
1966-71 5% points,wide
Exports category)
22) UK BOC ! Syphons Average | SIG SIG S1G YES
Sparklets price K 0.1 %)( 0.1%) (0.1 %)
Ltd. s
23)| » " " Unit S1G SIG SIG YES
cost ( 0.1%) |( 2.5%) (0.1 '%)
2 " Bulbs Average |SIG sic | sIa YES
price [ 0.1%) |( 0.1 %)( 0.1 %)
25) " " " Unit SIG ' SIG SIG YES
cost ( 1.0%) |( 1.0%) [( 1.0%)
26) UK Business| Drilling Average |NOT - - NO
Monitor | Machines price |SIG at (Few data
1972-77 5% points)
27 " n Sawing & I NOT SIG NOT YES
Cutting m/cs SIG at | at 10%| SIG at
! r : 5% 5%
28y n " ! Turning m/cs 2 NOT - - NO
. 1972-77 SIG at (Few data
f 5% points)
29) i n ; Pu.mps I mn NOII- - - NO
E 1972-77 SIG at (Few data
5 5% points)
20)| " " . Pumps II " NOT SIG NOT YES
+ 1972-77 SIG at |{( 2.5%)| SIG at
| o 7 i
z1) » " | Bending & " oT - 2 NO
i forming m/cs SIG at (Few data
1972-77 5% points)
32) v " Passenger L SIG NOT YES
cars [ 2.5%) | SIG af
1954-77 5%
fioo—.
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TABLE 6.3

Percentage worsening of error caused by choosing uniform model over

best model in each case.

a) BOC AE data for unit cost Independent Variable
Time Volume Cumulative
Output
In choice of incependent variable
Linear model 21.5 - 32.3
Log/linear model 23.8 - 34,5
Log/log model 38.7 - 35.4
In choice of form of model
Linear over log/log (best) 1.26 6.79 4,28
Log/linear over log/log -9.b 1.39 63
b) UK industry data for average price
In choice of independent variatle
Linear model 10.7 12.2 -
Log/linear model 2 L,0 -
Log/log model 204 6.8 -
In choice of form of model
Log/linear cver linear (best) 25.9 3.6 11.7
Log/log over iinear 33 7.8 13.2
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TABLE 6.4 — Details of error of fit in each case

E =ﬂf1-R2 wvhere R is the proportion of sum of sguares due to the regression.

Standard deviation of error =

Total 5.5 x )1-—32

n-2

Thus E is sufficient for compzring the ratio of standard deviation of error
from one variable to another. % worsening of error of variable vi over

'best', say v

b
B ?E%%fzg x 100
b
= Increase in standard dev" of error using vi over vy
Standard dev' of error of v,
E = Error % worsening over best
Cumulative Cumulative
Time |Volume |[Cutput Time |Volume |Qutput
UK price log/lin | .495 532 Lo2 10,7 12,2 0
BOC price log/logl .695 .520 .679 33.6 0 30.6
BOC cost log/log | .796 574 777 38,7 0 35.4
France . 504 .907 591 o5 53:5 0
Germany weld.m/cs| .551 .972 «533 3.2 .82.4 0]

" DC Rectifiers| .LO4 814 475 0] 101.5 17.6
Japan DC welders | .672 .89 672 0 47,2 0
Japan Arc w.m/cs.| 981 .981 .989 0 0" .8
Belge-Lux Expse. | .990 493 «997 100.8 0 102.2
Netherland Imps. | .512 156 L76 12,3 0 L. 4
Netherland Exps. | .417 .951 458 0 128.1 9.8
Syphons Price .266 .611 .161 65.2 [279.5 0
Syphons Cost 646 .860 +553 16.8 55.5 0
Bulbs Price «327 324 +517 925 0 59.6
Bulbs Cost .796 «736 012 8.15 0 10.3
Sawing & cutting
off machines
price 964 626 .964 54.0 0 sk.0
Pumps <741 Lok <741 83.4 0 83.4
Cars - .989 .650 - 52.1 0

Total 429.375| 811.6 |408.1
Average 23,85 45,09] 22.67

7 ; 148,




forms of relationship tested in the models. Although volume of

output was least likely tc be significant, it gave the highest value

of R2 in more cases than either of the other two. Conversely, elapsed
time was more frequently correlated with the dependent variable, but

gave the highest value of R2 in only three cases. Cumulative output was
the most frequently significant, giving highest values of R2 in half of the

cases.

These results demonstrate tkat, even in the rather limited sample of
data, there was considerable variation in choice of a 'best' model based
on the respective value of RE. In fact, the penalties for selecting a
uniform model for all sets of data were severe. The average percentage
worsening of error caused in this way would be 45% for output volume,

24% for elapsed time, and 23% for cumulative output. (Table 6.4).

The limited testing of different forms of relationship meant that here
conclusions were less general. Comparison of the log/log with linear
models for cumulative output showed that the log/log model gave higher
values of R2 in slightly more cases, although the difference was usually
marginal. The lack of distinction between the forms of model used is
demonstrated in the more extensive testing of data for BOC AE and tke UK
industry. Here choice of a specific uniform relationship over the best
one for each set of data caused an average percentage worsening of error

of fit of only 9%. (although reaching rather high values for a time related

model for U.K. price). (Table 6.3).

Conclusions

The main ccnclusion to be drawn from these results is that the evidence
does not support the hypothesis that the experience curve is always the

best model for average price or unit cost.
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In fact, the evidence suggests that there is no uniformly best model,
and that choice of such a moael in the absence of statistical evidence
could result in extreme penalties with respect to the goodness of fit of

the model to the data.

Thus, any company engaged in choosing this type of planning model is

recommended to test all models on the data concerned.

6.4 OBSERVATIONS ON THE EXPERIENCE CURVE MODEL IN GENERAL

Some authors have put forward the view tkat a strategy based on the
experience curve mocdel is only applicable in certain circumstances, one
of these being that the market for the product should be in a high growth

phase. (4.3 (a) and (d)).

The five sets of data which spanned periods of at least 15 years were used
to investigate behaviour patterns of average price or ‘unit cost occurring
in periods with radically differing volume growth. No clear pattern
emerged frcm this investigation. Although the analysis showed that
successive periods with differing volume growth could have radically
different behaviour in average price, there was no consistent link between

high volume growth rates and steadily declining prices. (Appendix D. 4.2).

An example of this is found in data for sales of arc welding machines in
Japan, from 1948-1970. During the period of steady growth, 1948-1955, the
average price (in constant value terms) rose by over 100%. During 1955-65,
volume growtk was a little higher, and the average price declined fairly
steadily (fitted by an experience curve model with slope 81%). From 1965-67
however, volumes of output more than doubled, but so did the average pfice.
Then, from 1967-70, growth ccntinues steadily and average price falls then
rises. (Graph 6.1).
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These results, although frcm ratker limited data, can be used to

demonstrate two important points.

Firstly, periods of steady or high volume growth are not always
accompanied by a reduction in average price. Secondly, a change in
volume growth rate can be associated with an extreme change in the

behaviour of average price.

This has crucial implications for derivation of the strategy of markst
share maximisation from the experience curve model. Even if the model
fits data over a certain time period, there is no guarantee that the
behaviour of average price will continue in this way if the rate of
volume growth is changed. Since a strategy of market share meximicsation
implies such a change, the results of this strategy cannot be predicted

from use of this model.

6.5 SUMMARY CF MAIN CONCLUSIONS

One of the main points arising from this work was that, inlmost cases,
data for average price or unit cost was fitted by more than one model, at
similar levels of statistical significance. Whilst the dependent
variable was almost always significantly correlated with cumulative output
in an experience curve model, it could be equally significantly correlated

with output volume and/or elapsed time. (6.3).

This arises from the fact that the independent variables are related,
Cumulative output increases with elapsed time, and also depends on
output volume, although the latter relationship may not be so strong if
volumes vary widely. Similarly, output volume itself may increase

steadily with elapsed time, or may be more independent.
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In spite of the dependence between the variables, for each set of data,
the fit of models based on different variables differed greatly.

Since no one variable always gave the best model, choice of a uniform
model such as the experience curve resulted in considerable overall
worsening of the error of fit. It must be noted that, in general,

the form of relationship between the variables was not so criticalj
although different relationships gave a better fit in individual cases,

’

the differences were small.

Moreover, the evidence indicates that, over a long period of time,
behaviour patterns of average price vary greatly. In perticular, trends
in price can vary over successive periods for which the volume growth rate
is quite different. (6.4) An experience curve model with slope of

80% may fit data for one perioc of time and then be totally inappropriate
in the next period. What is more, the type of gradual decline modelled
by such a curve is not necessarily associated with periods of high volume

growth rate, as suggested by Jain. (1975, see 4.3(a)).

Clearly, these conclusions have implications both for the choice of a

model and for derivation of strategy from the experience curve model.

On the basis of statistical evidence, specific models can be recommended
for unit cost of a rectifier manufactured by BOC AE, and for the average
price of a rectifier in the UK. (6.2.1 and 6.2.2). However, the range
of slopes of experience curve mocels fitted to data for arc welding
equipment industries of other ccuntries varied widely. (6.2.3). Since
this cculd be due to inadequacies and vagaries of the data, and errors
in estimating initial values of cumulative output, as well as actual

differences between price movements, use of the model to compare price

movement is not practicable.
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The implications from all of this work for plamming in BOC Arc

Equipment are discussed in Chapter Eight.

However, some of the recommendations reported in Chapter Eight were
also based on another piece of work which investigated trends in costs
in the company, in more detail. This work was carried out concurrently

with the examination of alternative models, and will be reported in

Chapter Seven.
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CEAPTER SEVEN

FACTORS CONTRIBUTING TO TRENDS IN UNIT COST AT BOCC ARC EQUIPMENT

In the analyses of unit cost and average price of a rectifier produced
by BOC Arc Equipment, it was noted that the margin between average
revenue and average cost, per unit, was declining at a significant rate.
(5.3(a)). Since their average price was keeping pace with the UK
market price, as represented by members of BEAMA, profitability could

only be improved by reducing unit costs. (5.3(b)).

Further aralysis suggested that the main areas where costs had not
declined was in the direct cost per unit, particularly in the TIG group

of products. (5.4.2).

Although some action was taken on the basis of this evidence alone, (8.2)
more information was required cercerring the particular areas where costs were
too high, and also the critical factors underlying these costs. This would

enable mznagers to decide on priorities for cost reduction efforts.

For this more detailed analysis, data for costs of production at the factory
provided consistent records of materials, labour, and factory overhead
costs incurred in the menufacture of MIG, TIG, and DC Manual arc welding

sets.

The major elements of production costs were identified, and tested for

any significant change in the proportion which they form of the total.

(7.1).
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Possible factcrs associated with the behaviour of unit production costs

were investigated where the availability of data makes this possible. (7.2).

Results and conclusions are discussed in 7.3.

7.1  ANALYSIS OF PROCUCTION COSTS 1965/66 - 1976/77

For details of data, analyses and results see Appendix E section 1.

The annual ccsts of material consumed, direct labour used, and the
various categories of overhead ccsts were extracted from the annual
profit and loss account of the factory. Each was then deflated arnd
divided by the corresponding volume of output to give annual cost per

unit in constant value terms.

The statistical significance of any apparent trends in the various
categories of unit cost, and in the proportion which eacl formed of
the total, was tested using the linear regression techniques described

previously. (4.2.1).

Results

The results are given in tabular form. Table 7.1 shows the proportions
formed by the major elements of costs over the period 1965/66 tc 1976/77,
and Table 7.2 the average compound growth rates of the total and ccmponent

costs per unit, and the significance of any apparent trends.

These results show that the average factory cost of producing a rectifier,
in constant value terms, had actually risen over the period 1965/66 to

1976/77, with an average ccmpound grcwth rate of 5% p.a. (Graph 7.1).
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TABLY, 7.1 - Prcportions formed by major items of costs at the factory.

-

Materials
Labour

Salaries, staff
pensions

Employee services
Remainder of admin,

Rates, fuel, light,
power

Establishment
maintenance,
services, &
insurance

Financial/
Professional

R&D
Carriage

Other

Proportion of total

65/ 66/ 67/ 68/ 69/ 70/ 71/

costs

72/ 73/ %/ 75/ 76/

66 67 638 69 70 71 72 73 7?hH 75 76 77
.?8 O?l .?l o?l .?2 .69 068 I?l .?l .68 .68
0 1 O L I [ 0 1 0 QO 13 .15 .15
.05 .08 .06 .05 .06 .09 .10 .10 .10 .12 .12
'01 lol ‘Ol -01 .01 001 .01 lOl IOl .Ol .Ol
.01 .01 .01 .01 .01 .02 .02 .02 .01 .02 .01
.01 .01 .01 .02 .01 .01 .01 .01 .01 .01 .01
.Ol nol .Ol .Ol .02 501 0005 - 001 - .01
.01 - - - - - - .01 - - -
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01 .01

- -01 nOl cOl -01 oOl -005 b .Ol L) —
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TABLF 7.2 - Results frem linear regression analysis and estimated

average compound growth rates of unit costs at the factory

Set of data Regression line C F A.c.g.rate
(Sig % Peae
level)

Material cost/unit y=123.96+5.846x 77 13.4 3,725
(99%)

Labour cost/unit y=25.227+1.196x .70 8.8 2.741

Total direct cost/

unit =149,092+7.101x <79 15.1 2.755
(99%)
Administration
cost/unit y=7.963+2.146x% 97 150.0 11.573
(99.9%)
Establishment cost/
unit y=4.010+0.334x .89 34,6 5.735
(99.9%)
Financial/professl
cost/unit y=3.405-0.253x NOT SIG. Decline

'Other' cost/unit )

Carriage cost/unit ) Clearly no trend

Total fixed cost/ A

unit y=21,040+1.515x «90 37.0 5.159
(99.9%)
Total fixed+
direct cost/unit y=170.131+8.6172 -84 20.9 3,943
(99%)

Analysis of proportions formed

by various cocsts

Direct/total cost  y=0.884-0.00475x

Admin./total
fixed cost y=0.518-0.197x

Material /total

factory cost y=0.740-0.00523x
Labour/total
factory cost y=0.147-0.0000133x

Salaries, staff
pensions,
employee
services/total
factory cost . y=0.0451+0.00629x
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.86

.68

.03

«89

8.1
(97.5%)

26.6
(99.9%)

779
(97.5%)

0.008
NOT.SIG

32.7
(99.9%)
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Materials, labour, administrative, and establishment costs (rent, rates,
fuel, etc.), formed the main elements of total cost. Each of these, per
unit of production, had risen over the period in question, although at

slightly differing rates.

The direct costs per unit of material and labour had risen at slightly
less than the average rate, but, at 83% of total costs, were still the

dominating constituents.

Highest growth rates had occurred in the factory overhead costs which
were mainly establishment arnd administration costs. In particular,
administration costs per unit had grown at 11.5% p.a., so that they

formed 12% of total cests by 1976/77.

Further analysis of the value of fixed assets according to the balance
sheet of HWR (Appendix E.2), revealed ccnstant additions to property and
plant over the period 1965/66 to 1972/73, and the beginning of work on
the new factory in 1976/77. Their value, deflated to constant money
terms, had increased at an average 13% p.a., much higher thaﬁ the rate of

increase in volume of output. (Appendix E.2.3).

These analyses suggested that both direct and fixed costs had contributed
to the rise in factory cost per unit of production over the period in

question.

The rise in administration and establishment costs, which formed the
majority of the fixed costs, had coincided with a pattern of constant
additions to property and plart. It appeared that expansion of premises,
production facilities, and orgarisational structure had not been
accompanied by a commensurate growth in volumes of output from the

factory.
160.
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The rise in the direct costs per unit of materials and labour required

further investigation.

7.2 FACTORS AFFECTING PRODUCTION COSTS

The direct cost of making a rectifier derends on the cost of the raw

materials and labour, and the design of the product.

However, the overall direct cost would alsc be affected by the efficient
utilisation of materials and operators, so production efficiency should

be an important factor.

Effective utilisation of fixed production facilities may be related to
the rate of output, and the numter of different products in production,

and thus, to a certain extent, on market demand.

The average cost of a rectifier may also depend on the product mix and
specification of the average product, again influenced by the perception

of the market being served, and its needs.

In the particular manufacturing operation of BOC Arc Equipment some or all
of these factors may have been important; identification of the most
important  would indicate areas where action could be taken, and

where it would be most effective.

Each group of factors was considered in turn. Analytical investigation

was not always possible, but results are given where appropriate.
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7.2.1 Cost of raw materials and labour, ard the design of the product
(Appendix E.3 anc 4)

At that time, the ccnstituent raw materials of the average rectifier formed

the following approximate proportions by value:

Copper 38%
Laminations 32%
Electrical parts, consumables 18%
Other metal parts 12%

Thus, the market price of copper was an important factor. However, the
evidence showed that the average price had declined over the period

1968-77, compared with the usual index of inflation, and this trend was
corroborated by the stanéard costs of copper used by BOC for costing,
1974-77+ Moreover, the factory manager for the period 1965-72 prided
himself on his skillful buying of this commodity, frequently buying in
excess of his needs and sutsequently selling at a profit. (E.3.3(a) & (b)).
&he rise in BOC standard costs for laminations and steel sheet, 1974-77,
would have been balanced by this decline in copper prices, to give no

overall net increase in total material costs. (E.3.3(c)).

Analysis of the annual average hourly rate of pay for a factory operator
from 1968/69 to 1976/77 showed a rise followed by a decline, with no

overall significant trend. (E.3.3(d)).
Hence the data provided no evidence of a rise in the absolute cost of raw

materials or labour over the period in question, relative to the inflation

index used throughout the analyses.
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The effect of the design of the product on unit costs was difficult

to establish, due to the scarcity of data on costs of individual models.
(Appendix E.4.1 & 4.2).

In fact, there had been few changes to existing models, with most of the

design resources put into replacement and new models.

During the period 1965/66 to 1974,75 the design effort was centred én
extending the range for MIG, the newer process. Although some-individual
models were replaced with less costly ones, the general effect was of an
average increase in unit cost. The models which were retained were the

older, cestly type, presumably produced to satisfy customer demand.

Later, when the range was rationalised, a more cost-oriented approach
to product design produced less costly models in the middle of the range,

but failed to reduce direct cost in the heavier models. (E.4.3),

The main bulk of the TIG range remained unchanged until 1975/76, with the
addition of a few models in the lower azps and cost range of the market.
However, with the rationalisation of the range, TIG products in general

become more highly specified and thus more costly. (Eba3).

To summarise, until recent years, design effort had concentrated on
fulfilling the perceived market requirements, by extending the range in
MIG, and increasing the sophistication of TIG sets. Both of these actions
tended to increase the average cost of production per unit. In the last
two years design had become more cost conscious, but with little impact on

average direct cost per unit, so far. (E.b.b4).
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7elel Production efficiency, rate of output, and width of range
(Appendix E.5 and 6)

Production efficiency involves the optimal use of labour and machinery,
minimal wastage of time and materials, effective supply of materials, use

of appropriate production methods, and good orgarisation.

Two important factors affecting production efficiency are the rate of output
and the numker of different models in production. This was particularly

true in the batch-type production used by BOC Arc Equipment,

Although the number of models in the range more than doubled between
1965/66 and 1972/73, whilst cost per unit was increasing, in later years
the number of models declined, whilst unit cost continued to increase.
Overall, the width of the range was not significantly correlated with the
cost per unit of manufacture, either for the factory alone, or for the

whole business. (Appendix E.6).

Tests of correlations between the rate of output as measured by the annual
volume of output, and the various categories of unit costs, produced

surprising results.

Costs per unit at the factory, particularly direct costs, were positively
correlated with output volumes. Thus, an increase in output volume was

associated with a rise in production cost per unit. (Appendix E.5).

This result suggested that, in this operation, an increase in volume of
output did not bring the expected economies arising from more efficient
buying and supplying of materials, more effective use of labour and

facilities, use of optimal batch sizes.
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In discussing these results with BOC AE perscnnel, several reasons were
suggested to explain this phenomenon. These included a lack of gearing-up
to the new levels of production, inability of the system and organisation
to cope with the increased volumes, and a negative attitude towards
efficiency and cost reduction in the gcod times, when production levels

are high.

7¢243 Product mix and specification
(Appendix E.7 and &)

The mix of products manufactured by BOC Arc Equipment was considered on

the basis of three criteria:

a) The proportions by volume of MIG and TIG sets in the mix of

rectifiers produced. (Appendix E.7)

Since the average cost of a MIG set was approximately 60% that of the
average TIG set, a different in the proportions of MIG and TIG in the
rectifier mix would certainly have affected the overall average cost of
a rectifier. However, analysis of the numbers of each produced over
the period 1965/66 to 1976/77 showed a slight increase in the proportion
of MIG, although this trend was not statistically significant.

(Appendix E.7.3(a)).
The conclusion is that there had been no significant change in the
Proportions of MIG and TIG which would contribute to an increase in

average cost of production of a rectifier.

b) The proportion by value of rectifiers in the mix of all equipment
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Since the cost data included the cost of all welding equipment, any
change in the proportion of rectifiers to other types of equipment would

have affected the average cost per rectifier produced.

Again analysis showed no significant trend over the period in question,

either for all sets or for MIG and TIG sets taken separately. (E.7.3(b)).

c) The proportion, by volume of sets in different ranges of output

current.

Sets were produced in the light, medium, and heavy ends of the range.
These terms refer to approximate categories of output current, light to
under 200 amps, medium 200-400 amps, and heavy, over 400 amps. A change
in product mix towards the lighter or heavier ends of the range could
affect the average cost of production. (E.7.3(c)).

In this case, analysis produced positive results. There had bteen a
significant decline in the proportion of sets in the 200 amps ard under -
range, and an increase in those of over 400 amps. The proportion of

sets in the middle ranges remained unchanged.

Since the cost of a set is not necessarily directly proportional to its
output current, assessment of this trend required some consideration of

the models contributing towards the trends.

The swing away from the light end of the range is due to a fall in the
proportion of sets in the low amp ranges of MIG. In general models had
been replaced by ones with a higher current rating, resulting in a higher

average unit cost. (B.7.4).
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The TIG range showed an increase in the heavier end of the range, mainly
due to the replacement of the old MNR range by TA DC 525 and 825, at

slightly higher average cost.

Hence, the trend of a swing away from the light end, and towards the
heavier end of the range would tend to increase the average cost of the
product.

’
However, the cost of a rectifier depends not only on the process and
the current rating, but also on sophistication or complexity. It was
alleged by many BOC personnel that the average BOC set had increased
in sophistication, particularly in the TIG process, relative to

the rest of the market. (See introduction to Appendix G).

Each model was given a complexity rating, and the average number of
complexity units per rectifier produced was calculated for each year of
the period in question. Analysis of this data produced surprising

results. (Appendix E.8).

The general trend of a significant increase in average complexity per

unit was due to an increase in that of MIG, rather than TIG. (E.8.3).

This was again explained by looking at the models concerned.

In MIG, the introduction of the SMR range and of the Autolynx and Lynxpak

models produced a general increase in complexity per unit.

Although the new TIG models were of a higher complexity rating,
particularly the TT DC 250, production volumes of the more complex sets
had declined. This produced an overall decline in the average complexity

of a TIG rectifier. (E.8.3).
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However, the combination of higher unit cost and lower volumes of the
more sophisticated TIG sets had probably contributed heavily tc the overall

incregse in factory costs per unit.
7+3 CONCLUSIONS

Results frcm these analyses provided further insight into the trends in

unit cost at BOC AE described a2t the beginning of this chapter.~

In constant value terms, productior costs per unil had actually increased

over the period 1965/66 to 1976/77.

These ccsts were mainly corposed cf the direct costs ol materials znd
lebour, salaries and other administrative costs, and the costs of running
the establishment. Each of these elements hzd contributed to the cverall

rise in total production cost per unit. (7.1).

Eviderce from further anzlyses pointed to three underlying causes for

these trends.

Firstly, the whkole scale of operatior appeared to have grown at a rate
which was not justified by a ccmmensurate increase in vclumes of output.
In perticular, the administrative costs per unit had grown at the kighest

rate of all. (7.1).

In addition, unit ccsts were positively cerrelated with the rate of output.
(7.2:2)6 That is, production efficiency declined when volumes of output
were high., This indicated a lack cf control over the utilisatiorn of

resources, and so over the costs of production.
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The third main cause of rising unii costs lay in the change in the
products over this period. MIG products had been successively upgraded,
and toth MIG ard TIG sets had increased in complexity and sophisticatior.
Design effort had concentrated on the needs of the market, as they were

perceived, rather than on cost control or reduction.

By this stage in the project, it was evident that the company had séveral
major problems in its planning and its operations. These rroblems hed

been clearly exposed by the analyses of trends in unit costs and average
price, and the evidence was presented forually in a report to the EOC Arc

Equipment menagemert board. (Appendix G.l).

However, as they arose, these results hed also been discussed with various
managers in the company. Consequently, evidence provided by the research
hed already begun to influence plans, decisions, and actions taken in

manzging the business.

In addition, several changes had taken place in BOC Arc Equipment wkich,
together with the managers' new perceptiorn of the business anc its problems,
had a major effect on the future of the project. This interaction between
the project and the company, at a stage which was of crucial importance

for both, will be described in Chapter Eight.
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CHAPTER EIGHT

IMPLICATIONS FrOM STAGESI & II, AND THE DEVELOPMENT OF STAGE III
OF THE PROJECT

As described in Chapter One, the project developed in stages, each of
which depended both upon the results from the previous stage, and on

the requirement and needs of the company. (1.3).

The first stage was concerned with use of the experience curve model as
a basis for planning in BOC Arc Equipment. Having evaluated the
importance of the problems described by planners in the company (3.3),
and considered results and discussions from other research in this field
(4.4), this stage culminated with the fitting of experience curve mocels

to data for BOC AE and the UK arc welding equipment industry (5.4.1).

At this interim point of the project, the next stage was envisaged to lie
in further help with the ccrporate or strategic planning of tke ccmpany.
Specific suggestions ccvered the development of more extensive models,
improvemert of tke current information system for corporate planning,
evaluation of the current basis for strategic planning and comparison
with other methods, arnd the way that deprartmental plans interacted with
the overall strategic plen. There were also some ideas for helping with

marketing strategy, and with cost reduction opportunities. (Appendix G.l).

However, before considering these alternatives in any detail, two issues
remained outstanding from tke results of phase I. (5.4.2). Firstly, further
information was required on the adverse trends in unit costs, so that the
management could take remedial action, _ Secondly, results from

other research in this field showed the necessity of testing the fit of
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alternative models to the type of cost behaviour modelled by the
experience curve, and of evaluating this model with respect to other

critical factors. (L.k.2).

These issues were felt to be so important for both short and long term
planning in BOC AE, that their investigation must come before
consideration of the other aspects of strategic or corporate planning
previously suggested. This work formed stage I1II of the project,

as reported in Chapters Six and Seven.

Results from stage II again led to several alterratives for remaining
work. However, one of the main characteristics of the IHD sckeme is
that eack project takes place in a real business situation. This provides

a dynanic environment which interacts with tke development of the project.

In this case, results of the work already dcne had provicded evidence of
several problem areas in BOC Arc Equipment, the effectg of which were
beginning to be felt. This in itself influenced the choice of werk fer
the third phase, since it became imperative that the project responded tc

the short term needs of the ccmpary.

The implications arising frem the first two stages are discussed in 8:1,
and the incorporation of this work in strategic plans for

1979/84, in 8.2, Changes inside and outside the company which affected
the development of the project are described in 8.3. Details of

resulting plans for stage.III are given in 8.4.
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8.1  IMPLICATIONS AND RECOMMENDATIONS ARISING FRCM STAGES I AND II

The investigation of alternative mocels for unit cost or average price
tested correlations of each with cumulative output, rate of output and
elapsed time as independent variables, in a variety of relationships.
(6.1.1). Evidence from this research suggested that there is no
uniformly best model for unit cost or average price, and that tle ﬁest-
fitting model should be chosen in each case. (6.3). These results also
have implications for the logical validity of deriving a strategy of
merkst share maximisation from the experience curve model. In most
cases, unit cost or average price was significantly correlated with

more than one of the independent variables tested, and in many cases, with
all three (6.3). If any decline in unit ccst is significantly related
to elapsed time, as well as to cumulative output, there is no basis for
supposing that an increase in market share (with consequent increase in
cumulative output), weculd affect the rate of decline. This point is
included in a later discussion of the general validity of strategic

planning based on the experience curve model (13.1.2).

BOC AE had more immediate problems. The analyses of costs incurred in
the manufacture of rectifiers provided evidence that the strategy was

not having the expected results. In testing the experience curve model
on direct and fixed costs, as well as on total unit cost, it became
arparent that the overall decline in total unit cost was due entirely to
that in fixed costs per unit. Since this depended only on the increase
in volume of output being greater than the increase in total fixed costs,
the result was not surprising. Direct cost per unit had shown no
significant reduction over the period in question (1965-77), and hzd in
fact increased over the later years, 1974-77. (5.3(d)). These findings

were confirmed by analyses of production costs, which showed that the
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procduction cost per unit had actually increased over this periocd, with

a growth rate of 5% p.a. (7.1).

These results implied that, in BOC AE, the margin between average price
and unit cost of a rectifier was declining, and that the business was
becoming unprofitable. The recommendations were okvious, but their
statement and justification important in the rather confused situation
in the company (8.3). Future survival of the business would depend

on the successful control of unit costs.

The report issued to BOC AE maragers (Appendix G.4), whilst summarising
results from the investigation and comparison of alternative models,

made the following points:

i) The main tactical alternatives were to reduce fixed costs,
improve performance in cutting direct costs of the product, or
increase volumes of sales with control of both overhead and producticn

costs. (G.l+y 6.12).

ii) In comparison with the need to control unit costs, choice of a
model for long term planning in the company was relatively unimportant.

(G.4, 6.11).

Some actions had already been taken to assist with plans for cost
reduction, as agreed at the board meeting in August 1978 (5.4.2(b))
and Appendix G.3). The models already fitted to data for BOC AE an
the U.K. industry were used to estimate the cost reduction required

for the ccompany to achieve its strategic aims.
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8.2 TARGETS FOR COST REDUCTION 1979/8k

By Jaruary 1978 it was recognised that the poor levels of economic
activity had affected the demand for arc welding equipment. As a

result, strategic plans for 1978/83 contained a change in direction.

The strategic aim for plans of 1977/82 had been that of 'hold with
some growth', with targeted growth in merket share frcm 39% to

k5%. (3.1.2)s

In plans for 1978/83 this was revised to a policy to maintain
competitive position with respect to market share. Some growth was
allowed, in order to provide the new factory with sufficient through-
put to make the investment profitable, but this was to be in line

with market growth.

Four main goals were specified to help the company to achieve this
aime. These consisted of determined marketing, mocified product

design, reduced product cost, and improved production techniques.

In June 1978, the first report from the work of the project was issued
to BOC AE managers. This contained results from fitting experience
curve models to data for BOC AE and the UK industry, and described the
adverse trends between average'price and unit cost of a rectifier
manufactured by the company, including some of the investigations of
production costs. (Appendix G.l, dated April 1978 but presented tc

BOC AE management board in June 1978).
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These results were incorporated into strategic plans for 1979/8%,
affecting the selection of goals, quantification of targets, and

choice of tactics. (Appendix F).

Although the strategic aims were the same as thcse adopted for 1978/83,
most of the emphasis was placed on action plans for unit cost reduction,

which became the primary goal for 1979/8k.

For the first time, targets for unit cost reduction were quantified,
using experience curve models fitted to the relevant data. These

were used to simulate the relative rates of unit cost reduction between
BOC AE and a major competitor, under varying assumptions about their
relative sizes and rates of growth. The differentials between them
could then be projected for the five year planning horizon. These
figures were then used to calculate the target cost reduction required
for BOC AE either to maintain current (1978) differentials, or to

match competitors costs by 1984. (Appendix F.1 for details).
The models were also used to evaluate the effect of specific plans
for reducing unit costs, and to compare results with the target

reduction required. (Appendix F.2 & F.3).

These plans had already been influenced by results of the analyses

of costs undertaken in the project.
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A program for the design of new products, incorporating a reduction of
30% in direct costs, was planned for completion by 1981/82. This
was to be achieved both by reducing material costs and by designing

for ease of assembly and components compatible across the range.
There were also plans for cost reduction using industrial engineering,
improved buying performance, reduction of lead times and optimised

quality to reduce time spent in testing, inspection, and rectification.

8.3 CHANGES IN BOC ARC EQUIPMENT OVER THE PERIOD 1977-79

The year 19??/78 had been a difficult onelfor BOC Arc Equipment. It
included the opening of the new factory, acquisition of a French
company, Societe Nouvelle Socomé, and the adverse effect of the

worsening economy on the arc welding equipment market.

Operational problems in the new factory resulted in low volumes of
output combined with high overhead costs. In turn, the poor supply
of the product caused bad relationships with the sales personnel in

gases division, as well as with custcmers, and a reputation which

outlasted the problems.

The French company, S.N.S., manufactured manual arc welding sets, and had
been acquired by BOC AE to boost their AC Manual product group. (3.1.2).
However, in the period preceding the takeover, the S.N.S. operation had been
allowed tc run down, and was then at a low ebb with low output, depleted

levels of personnel, and poor morale. Attempts to restore S.N.S. to a
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profitable operating position required a great deal of time and effort from

managers of BOC AE, at the expense of managing the UK business.

Effects resulting from these problems, combined with the worsening
economy, were evident in the trading figures for 1977/78. Volumes of
production had declined by over 20%, and altlkough sales revenue had risen
slightly, contribution had fallen and fixed costs had increased. The nét

result was a trading loss for the business.

During the year a new General Manager had taken over the running of

BOC AE. He was an ex-accountant, and had been put in this position in an
attempt to bring the financial state of the business under control. In
fact, his style of leadership and management was a complete contrast to the
previous G.M. whose marketing background had led to the concentration on
the strategies of growth and expansion of the business discussed in

Chapter Three. (Z.1lelt)e

However, by mid 1978/79 the business was needing vast injections of
funés from the parent company. Heavy pressure was put on the management
team of BOC AE, including the new general manager, to turn the business

arounc as soon as possible.

The first report issued in June 1978 (Appendix G.l) was of immense benefit
to the new G.M., providing him not only with concrete evidence of the

major problems with costs of the products, but also some indication of
specific areas which required attention. At the same time, the analyses
of costs at the factory, breakdown of the product rarnge, etc., all gave

him a valuable insight into the business. The findings expressed in this
report had an immediate effect on plans, decisions and actions taken by the

managers at BOC AE. (12.1)s
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8.4 PLANS FOR STAGE III OF THE PROJECT

The second report to managers at BOC AE, containing results, conclusions,
and recommendations from stages I and II of the project, was issued in

June 1979. (Appendix G.4).

By this time, the financial situation in the company had become acute.
No naturally occurring vacancies were to be filled, and the G.M. was under -

pressure to reduce his 'head count' still further.

From the company's point of view, the work initially envisaged to form

the main part of the project had been ccmpleted. Further research on
aspects of long term planning in BOC Arc Equipment could not be justified
at that time. In order that the project should continue it was essential
to find an area of work which would satisfy two criteria. It must help tc
solve the short term problems of the company, and still be a logical

extension from stages I and II.

The ancwer ley in the different levels of planning. Instead cf
continuing research st the strategic level, the project could turn to ths
tactical level of planning. If the next stage of work could kelp with
tactical plans for achieving the recommendations made as a result of

phases I and II. (8.1.3), then the above criteria would be fulfilled.

These reccmmendatiors were considered in turn:

a) To reduce fixed costs

This was an area where help could be given.
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One of the greatest problems for any general marager is the allocation
of available resources in order to achieve his plans. In the case of
BOC AE, it would have been useful to know in what areas of the business
experditure would result in an overall reductior of unit cost. This

would require an understarding of the relationships between fixed coste

and total product cost.

b) Reduce the direct cost of the product

As reported in 8.2, programs to reduce the direct costs of the product
were already underway, having been prompted by the first report on adverse
trends and contributory factors. Further help in this area was

felt by BOC AE managers to be outside the scope of the project.

¢) Increase volumes of sales with control of fixed costs

Success in this area would depend both or improving the product supply,

and on increasing BOC's share of a merket for which the overall growth

rate was declining.

Efficient and reliable output of the product involved solving the
production protlems and increasing efficiency in the production area.

However, once again the management of BOC AE felt that tkis would be

outside the scope of the project.

Improving market share in a rather slow market would require a much better

knowledge of market segments, any where growth was taking place, their
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requirements, and factors which would influence sales.
Marketing plans would then have to be closely based on this knowlcdge.

These alternatives led tc the consideration of two ways in which tke

rroject cculc offer practical help.

Firstly, it cculd try to provide a better understanding of fixed costs

in the company, and the relationship between expenditure and total prcduct
costs. This was dore by further snalysis of fixed costs, and by talking
to department heads about their cozts, and how they were affected by the
actions of other departments. Whilst not being entirely successful in
achieving the otjective, this work did result in an extensive list of
suggestions for cost reduction. This work formed pzrt of stage III, ard

is reported in Chapter Nine.

For tke second part of stage III, the werk of the project assisted with
improving the mzsrket knowledge of the company, and contributed to the
design of realistic marketing plans for achievirng the required increase in

volumes of sales. This is described in detail in Chapter Ten.
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CHAPTER NINE

SCHEMES FOR COST REDUCTION

Research uncertaken in phases I and II of the project had demonstrated the
need for BOC AE to reduce its total unit costs of production. (8.1).
The ccmpany was recommended to lower its fixed costs, reduce direct ccsts
of the products, and/or to increase volumes of sales with control of

associated costs.

Phase III consisted of various contributions to tactical plans for
achieving these goals. Work on actual schemes for cost reduction is
discussed in this chapter, and research which helped with plans for increasing

vclumes of sales is reported in Chapter Ten.

The schemes for cost reduction were actually produced as a by-product of

an attempt to provide BOC AE manzgers with more inforrztion abcut relation-
ships betiween expenditure and costs in their business. Several existing
plans for cost reduction would involve expenditure, as in thke development

of lower cost products. In order to make the test use of available
resources, such schemes needed to be evaluated; in some cases relationships
between expenditure and ultimate savings were not clear. For example,
investment in systems analysis to improve the efficiency of the organisation

would be difficult to evaluate.

Further analysis of various categories of costs provided a current picture
of the ccmposition of total unit cost, together with historical trénds and
changes in this mixture. (9.1). This did enable manzgers to evaluate

the direct effects of cost reduction in any department on total unit cost.
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In the second part of this work, heads of depertment and other key personnel
in the ccmpany were asked to discuss the effect of extra expenditure in their
depertment on unit costs as a whole. In practice, this hzad to be related

to definite schemes for cost reduction. (9.2).

Whilst not being entirely successful in its general objective, the
interviews produced a prolific response in terms of ideas and schemés
for cost reduction. (Appendix I). Personnel were usually able to
identify relevant costs and savings either in their depzrtment or in the
direct cost of products. However, few were able to evaluate the effect
of such changes on costs of other departments, or on the total unit cost.

The reasons for this are discussed in 9. 3.

All of the suggestions, together with detailed evaluation of the major
schemes and scme general ccmments, were presented to BOC AE managers in

a report. (Appendix 1),

Analysis of fixed and total product costs is given in 9.1, an acccunt of
the collection and evaluation of cost reduction ideas in 9.2, and a

discussion of the conclusions arnd success of the experiment in 9.3.

9.1  ANALYSIS OF FIXED COST EXPENDITURE AND TOTAL UNIT PRODUCT COST,
1965/66 _to 1977/78. (Appendix H for details).

The sources of data, and adjustments necessary to make categories of
ccsts censistent over the pericd in question, were those used in previous
work, described in 5.1.2 and Appendix C.3. Data for 1977/78 was

adjusted in the same way. (H.1l).
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Although categories of fixed costs used in trading accounts had charged
over the years, in each year they could be allocated into five main

types:

a) Manufacturing and distribution costs, including factory fixed

ccsts, operations, and carriage costs.

b) Marketing costs, including export and warranty costs.
Compensation was made for transfer of the selling function and
associated costs to gases division, in 1974. (Appendix C.3.2.3(f)

for details).
c¢) Publicity
d) Research and development (R&D)

e) Other cests, mainly administration, including data processing

and corporate planning.

The proportion wkich each of these formed of the total- trading costs of
the business is shown in Table 9.1 and in graph 9.1. These were tested
for any significant trend over the period, using technigues of linear

regression. (H,2).

Results showed that there had been significant changes in the composition
of total costs, and hence in total unit product cost, over the period

1965/66 to 1977/78. (H.3).

The proportion formed by direct cost (average 59%), had not signficantly

changed, - although it did appear to have increased since 1968.

The fixed ccst element had changed, with more being spent on administration,

less on manufacturing costs, and far less on research and development.
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Between 1965/66 and 1971/72, the main changes ccnsisted of an increase
in the proportion spert on marketing costs, and & decline in that spent
on research and development. -These trends were possibly ccnsistent with

the facts that the product was established but the market still growing.

Since 1971/72 however, the increase had been in the proportion spent on
administrative costs, with a corresponding decline in proportion spent on
manufacturing and marketing, with an even further decline in that spent

on R & D.

Between 1972 and 1977/78, expenciture on administration increased from

2% to 9% of total costs, forming 25% of all fixed cocts.,

These results indicate that the allocation of resources in administration
skould be critically examined. At the same time there should be an
evaluation of possible benefits to be gained from increasing rescurces

in the other areas, psrticularly in manufacturing and R & D.

This brcad analysis of fixed costs was followed by examination of costs, and

ideas for cost reduction, at departmental level.

9.2 SURVEY OF DEPARTMENTAL COSTS AND IDEAS FOR COST REDUCTION

The aim of the survey was to contribute to plans for cost reduction in

two ways:

a) To provide managers with a better understanding of the

relationships between expenditure and costs in the company.

b) To collect and evaluate suggestions for ways in which costs may

be reduced.
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The survey ccnsisted of the ccllection and compilation of information
and ideas frcm key personnel in BOC Arc Equipment. The methods used

are briefly incdicated in 9.2.1.

As has already been mentioned, the results did not contribute greatly
towards an understanding of the relationships between expenditure and

costs, for reasons discussed in 9.3.

The ccllated ideas for cost reduction, together with evaluation of

some of the major suggestions, are reviewed in 9.2.2.
However, the interviews also produced a great deal of information on the
organisation of the company, wkich prcmpted several observations on

reascns for its current problems. These are discussed in 9.2.3.

9.2.1 Methods used in ccnducting the survey.

By the time that the survey took place, in March 1979, the financial
situation in the company, and the policy of non-reappointment of

personnel (8. 3.4) had ccmbined to put pressure on remaininglmembers.

They were required to improve the efficiency of their operation, frequently

with less staff or resources at their disposal.

For this reason, the interviews were designed to obtain the maximum
co-operation from personnel, and to make the most efficient use of

available time.

Each interview began with a summary of the results of the project indicating
the adverse trends in the company, and the targets for unit cost reduction

required by current strategic plans. (8.2). This provided an
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introduction to the objectives of the survey, aroused the interest and
sympathy of the perscn being interviewed, and also syread the urgency

of the need for ccst reduction throughout the company.

The main part of the interview, although informal, was structured with

a list of questions. These requested the main function of their
department (or section), links with other departments and how successful
these were, and any current plans for cost reduction. Participants were
then asked for any ideas for improving the efficiency of the current
operation, and to estimate the effect of changes on the costs of all
departments involved. Finally, they were invited to give any ideas for
cost reduction by changes in their department, other departments, or in

any other way.

9.2.2 Ideas for cost reduction

One hundred anc ninety-four different ideas were put forward, ranging from
closing down the factory to replacing china with paper cups to improve

efficiency on the trolley rcund. (Appendix I).

The ones selected for detailed evaluation were those which would make a
major impesct on the ccmpany and its costs. Remaining ideas were listed
at the end of the report. (Appendix I).

Suggestions fell into five main categories:

a) Combining all departments of BOC AE onto one geographical site.

This was the most common suggestion; the site to be retained varied

according to the location of the centributor.
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At that time,the departments of the company were spread between sites in
Milton Keynes and Ramsgate. (2.3.3). It was evident from peoples'
comments that combining these functions onto one site would make

improvements in many aspects of the business.

One obvious saving would result from eliminating current duplication
of functions suck as buying, supply, test and inspection, despatck and

warehousing, accounts and personnel.

Avoiding the need for communication between the sites would affect the
costs of telephones, telex, postage etc. More importantly, it would
reduce delays, misunderstandings, and a lack of cohesion between
different departments. For example, product gquality should improve frcm
the clocer links between inspection and rectification, and production,

which were then on different sites.

Improved liaison between product development and design should ultimately

increase production efficiency.

Further cost saving should result from the reduction in transpert

requirements, in loading and unloading, and in the risk of transit damzcge.

Lastly, the opportunity cculd be taken to strengthen management of the
production function. These and other improvements should improve

product supply, with resulting benefits to relations with sales personnel

and customers.

The scheme was evaluated with respect to these potential benefits, and the
ccsts associated with moving onto one site, either at Milton Keynes or at

Thanet. (Appendix I, 1 & 2). This came out in favour of the Milton
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Keynes site, where savings of over £300K p.a. were estimated for

the long term.

However, since the evaluation included many subjective judgements on
possible disruption to sales, product development etc., it was intended
to be used as an example of the type of calculations whkich should be

done as a basis for making the decision.

b) Product design

There were two important suggestions concerning the design of the procuct.
One related to the current program for developing new low-cost products, and

the other to cost reduction on existing products.

The progress of the development program was being affected by the current
restriction of resources. It was suggested by the technical department
that recruitment to the original or slightly revised plans would produce
a net saving by 1981. (See Appendix I, 6, assumptions (c) & (d)D.
Continuation with current resources would result in a delay in the
introduction of new products, and no savings by 1981 (assumption (a)).

A 10% reduction in resources would result in the additional loss of
income due to the need to curtail work being done for another BOC ccmpany,

(assumption (b)).

A further suggestion ccncerned the implementation of the many ideas for
cost reduction to existing products. There was an existing system for
dealing with these ideas, but they rarely survived the second stage, that
of detailed evaluation. This was apparently partly due to lack of time
available for the evaluation, and partly to a lack of confidence in the

ability of the production department to cope with changes. Personnel
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in both technical and industrial engineering departments thought that
effective implementation of these ideas could result in considerable

savings in the direct cost of existing products. (I.7).

c¢) Organisation of the company

There were many complaints about the organisation of the company,

concerning its use of personnel, systems and communications.

The definition of areas of responsibility had become blurred, with a
resulting general lack of implementation of agreed actions,
duplication of activities throughout the company, and in some cases, a

considerable lack of co-operation between departments.

Solution of these problems could produce an estimated 5% increase in

productivity. (I.6).

Systems, both at Milton Keynes ard Thanet required a complete overhaul.
The mzin faults were an excessive flow of pzperwork, duplication of
manual and computer systems, computer reports which were not used or
did not supply information in the right form, and a lack of information

for management control.

An estimated potential saving of 10% of administrative personnel ard
salareies could result from improvements to these systems. (I.9(b) and

10).

d) Production

Suggestions for improving the efficiency of the production department

mainly concerned the systems.
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They covered an improved production control and scheduling system
(I.9(a)), a stock policy system and supplier analysis to aid
buying efficiency (I.1l), and the introduction of a BRISH system for

part numbering, to help in. the standardisation of ccmponents. (I.12).

e) Other

Other major ideas not falling into any of the above categories, were

as follows:

i) Buy machine tools for the special products department to

increase productivity (I.13).

ii) Stop paying commission to defunct export commission

agents (I.14).

iii) Increased clerical assistance to give key personnel time

to investigate and implement ideas for cost reduction (I.15 & 16).

iv) The setting up of an in house packing function with ultimate

savings in packing changes (I.18).

v) Abandening the added value scheme which takes up a lot of the

financial accountant's time,

vi) Tightening up on control of post, use of telephones etc.

vii) Shipping to Europe direct from Thenet (I.21).

. i

Further ideas which have not been evaluated due either to lack of time or ;
to difficulties in obtaining estimates were given at the end of Appendix I,

in order that they may be available for use at a future date.

The frequency and generality of many of the comments prompts the

following observations on the current problems of the company.
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9.2.3 Observations on the problems of the company

The company appeared to have major problems in their ability to get things
done, particularly if it involved any type of change. This resulted in
unreliable product supply, with adverse effects on relations with
customers and sales force. Through the ineffective use of resources,

the general inefficiency also contributed to the lack of cost reduction.

Various reasons for this state of affairs were made apparent from a
consensus of opinion throughout the organisation. The underlying
inadequacies, together with recommendations for their rectification,

fall into four main categories:

a) Production inefficiency

Monthly production schedules in the factory were rarely completed within
the time scale; estimates of the average percentage completion rate vary
from 50-70%. The main causes for this inefficiency were given as archaic
production methdds, poor labour relations, an inadequate ordering system
ané no stock control system. Other contributory factors were the wide
range of products with little compatibility between components, designs
using components with unique suppliers, and the continued production of

older models in very small quantities.

Recommendations

It is evident that the whole production system should be examined and
overhauled; suggestions made in’'9.2.2(d) only cover a part of the

problem.

b) Communication

Communication between departments, and between different levels in the
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management structure was generally bad. The rather complicated hierarchy
involved 3-4 levels of managers and was structured by the six main
functions, subdivided into departments. Since information did not pass
down the vertical lines in the structure and there were no links between
departments at lower levels, personnel at these levels did not know how
their own tasks, let alone those of people in other departments, fitted

into the overall plan.

The effects could be seen in a lack of co-operation between departments,
typified by hoarding of information, uninformed decision making, lack
of motivation or any intention to implement agreed actions, and low morale

in general.

Recommendations

Communication should be much more open; the departmental structure

should be examined and possibly revised to include more lateral relations.

¢) Accountability and control

The lack of accountability and control was probably the most important
factor in the failure of the company to implement action plans. The

most widely quoted example of this organisational weakness was in the
continual failure to complete plans for bringing out new products

within the given time scale. Time and time again pre-arranged promotional
launches for new products took place, and the new model would not yet be

in production.
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Reccmmendation

Areas of responsibility must be clearly defined, including delineation of
resyonsibility for specific actions. There should be well-defined systems

for accountability with time scales.
Criteria for monitoring the progress of any plan must be specified at the
outset, and progress regularly reviewed. A better information system

would help in the monitoring and control of plans.

d) Liaison between design and production departments

Although already mentioned under (b) above, this particular link was

sc important as to merit special attention.

One of the main recommendations from previous work was that the unit cost
of the product be reduced. This should involve consideration of materials
and labour costs, compatibility of components throughout the range, the

efficiency and flexibility of purchase of components, and the suitability

of the design to production methods and facilities. Resulting improvements

would affect not only the direct cost of the product, but costs of stock,

WIP, factory overheads and so on.

For this reason, liaison between the development and design departments
on one hand, and industrial engineering and production department on the
other was of utmost importance. This had to be promoted and encouraged,

partly by closing the geographical distance between them.
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9.% CONCLUSIONS
The conclusions concerning the plans for cost reduction in the company
are discussed in 9.3.1, and the success of the attempt to learn more

about the relationship between costs in the company, in 9.3.2.

9.3.1 Plans for effective cost reduction

The analysis of unit costs suggested that, since direct costs per unit
and administrative costs had increased, whilst expenditure on marketing
and research and development had declined, the allocation of resources

between the various functions should be examined.

This was very difficult to do in a general way, since relationships between

expenditure on different categories of fixed cost, and the unit cost of

the product were not known.

However, the various schemes for cost reduction arising from the survey
fitted in with these general suggestions very well. They indicated
that the main areas for potential cost reduction were in the direct cost

of the product, and in the organisation of the company.

Long term plans for developing new low cost products required further
investments in order to achieve net savings by 1981. Short term plans
for implementing the many suggestions for reducing the costs of current

products would produce immediate savings with minimal investment.

At that time, the organisation of the company was fraught with problems

which formed the subject of many suggestions to reduce costs.
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Reducing the company to one site would have an enormous impact on
administrative and other costs, by avoiding duplication of effort and

problems of communication and liaison between the sides.

Other suggestions concerned improving the efficiency of the company
by changing its structure and systems. The resulting effect on
productivity, effective implementation if plans and utilisation of

effort would again provide potential for extensive cost reduction.

" Although the evaluation of the suggestions was made very quickly, and
may have over emphasised certain assumptions ard effect of changes, it
was evident that there was sufficient potential in these ideas to reduce

unit product cost by the required amount.

However, there was one overwhelming problem. Apart from the current
development program for low cost products, all the other cost redaction
schemes require chsnges, and hence the capacity to plar and implement
change. It hzas already been pointed out that this capebility is one of

the weaknesses of the company. (9.2.3).

Thus, the capability of the company to solve its own problems was greatly

in doutt.

9.3.2 The attempt to investigate relationships between costs in
BOC Arc Eouipment

Although certain conclusions cculd be drawn from the analysis of the
historical composition of unit costs (3.3.1), it was not possible to
provide any further understanding of the relationship between expenditure

on fixed costs and total unit product cost, for two main reasons.
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Firstly, modelling of these relationships was not possible in the short
time availatle, and protably would have required a longer run of data to

give significant results.

Secondly, persornel in BOC AE were unable to estimate the effects of

chenges in their department or other departments, and vice versa.

This was due partly to lack of knowledge, and partly to lack of concern.

It was evident that departmental personnel hed little inkling of the

impact of actions which were under their control on other remote departments,
or on the general efficiency of the company. This parochial outlook was
reinforced by the budget system which gave motivation to heads of
departments to make their budgets, irrespective of the effect on costs of

other departments or total product costs.

9.3.3 Presentation of results and plans for future werk

The ideas for cost reduction were presented to the managers of BOC AE in
a report (Appendix I). They agreed that schemes involving major changes
would obviously require further evaluation both ty the operating company

and by BOC Ltd.

Selection ard implemerntation of the more minor ideas was considered to te

the prerogative of line managers.

Consequently, it was left to the company to incorporate these suggestions

into plans to reduce costs.

At this time, the opportunity arose for the project to assist in

marketing plans for increasing volumes of sales. A market survey had
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been commissioned, and initial results were already arriving in the
merketing department. THelp was reguired in analysing these results

in the most effective way.
At the next project meeting, it was decided that research to assist in
the production of a realistic and achievable merketing plan would

be the most useful work for the remainder of the project.

The various pieces of research which ccntributed to the marketing plan

are discussed in Chapter Ten.
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CHAPTER TEN

PLANS FOR INCREASING VOLUMES OF SALES FOR BOC ARC EQUIPMENT

The mejor conclusion arising from the work carried out in stages I and
II of the project was that survival of the business would derend on
control of unit costs, in order to restore satisfactory profit levels.
The company was recommended to reduce the direct cost of manufacture,
reduce overhead costs, and increase volumes of sales with control of

both fixed and direct costs. (8.1).

In stage I1I, the project assisted with plans for achieving two of these
goals. One part of the research produced a list of ideas for cost
reduction, reviewed in Chapter Nine. This chapter reports on ways in
which the project helped the company with marketing plans for increasing

volumes of sales.

The general approach and definition of the problems involved is discussed
in 10.1, and subsequent stages in the work briefly reviewed in 10.2, 10.3
and 10.4. Results from most of the research carried out at this stage
were included in a comprehensive report which contained recommendations
for ways in which BOC AE could increase its volumes of sales.

(Appendix L, Market Survey Report). Implementation of these
recommendations, either as direct actions or in marketing and strategic

plans, is reviewed in 10.5, with discussion of these plans in 10.6.

10.1 DEFINITION OF THE PROBLEM AND STRUCTURE OF THE APPROACH

In order to achieve an increase in volume of sales over and above the
market growth rate, in a merket fairly mature and already saturated,

BOC AE would have to increase its market share. This would require
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knowledge of the market, its structure, its major suppliers ard the
factors which influence purchase of arc welding sets. Moreover, such a
plan would have to be carefully evaluated in terms of increased revenue,
costs, and hence profits, using projections of annual velumes of sales.
These would need estimates of market size, current BOC market share, and
trends in shares held by the major suppliers.

Previous plans prepared by'the company had been based on perceptions

of the market and its requirements. Planners had considered the technical
specification of the product to be the most important factor, and-

BOC AE to be market and technological leaders, with market share of
approximately 40% in the UK. They priced in the upper quartile and
expected the other major suppliers to follow their lead in price rises.
(2.3.1). However, there was no factual basis for these perceptions, and
the planners had begun to question the accuracy both of market share

estimates and of the requirements of the market.

In order to fill some of the gaps in their knowledge, the company had
commissioned a survey of the UK arc welding equipment market.  The
results consisted of a great amount of widely varied information on the
MIG, TIG and MMA (manual welding) market in the UK. Although scme

work had already been done, the main bulk of data required analysing in
a firmly structured way, to provide the company with the maximum benefit

"from the information supplied.

The main contribution of the project was in the structuring and carrying
out of the analysis of this data, together with some additional research
needed for incorporation of the results into the marketing plans.

Extracts frem the Market Survey report are included in Appendix L.
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Previous marketing plans had all been based on the assumption that the
welding rectifier was the main product of the compary, and that an
increase in volumes of sales of the rectifier should significantly

improve the levels of contribution.  Although the market survey had
actually been designed around this assumption, its validity was criticalj
if the rectifier was not the main provider of contribution, plans to
increase volumes of sales may not have the desired effect on contributions
and hence on profits. For this reason, the first piece of work consisted
of analysis to determine which product ranked highest in providing
contribution, and whether the majority of rectifiers fell into this

category. (10.2).

Having established that the rectifier, together with associated equipment
essential for its use, was a major provider of contribution, the next
stage was to find opportunities to increase the volumes of sales of

this product by BOC Aé. Analysis of the market survey data was
structured to find the sectors with higher than average growth rates in
each of the MIG, TIG and MMA markets. It also identified the require-
ments of these sectors in terms of product requirements, attributes and
price of the product, routes to the market and so on. Opportunities
for BOC AE to increase volumes of sales in these growth sectors could
then be assessed on the basis of the company's ability to meet the

customer's requirements. (10.3).

However, plans based on these findings had also to consider whether
growth in these sectors was likely to continue, and evaluation of the

plans requires estimated of projected annual volumes of sales.

For this reason, the third piece of work consisted of an investigation

into possible future trends in the industries using arc welding, and
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the resulting effect on the future of the arc welding equipment markets.
This was used to make projections of annual volumes of sales of MIG and
TIG sets, for 1979-84, both for the total market and for BOC sales,
assuming that current BOC shares in each sector remained unchanged.

The results provided a base line of data for evaluating any plans

involving a change in BOC's market share in these markets.

Unfortunately, there was not time for the detailed evaluation of plans
to be included in the scope of the project work; the only contribution
in this area was in the evaluation of the current market for MIG, TIG
and MMA (in 1979), a short account of which is included in part three.
(10.4).

This completed the analytical work contributing to the marketing plans.
The incorporation of results into both marketing and strategic plans

is discussed in 10.5.

10.2  ANALYSIS OF CONTRIBUTION BY PRODUCT FOR THE FINANCIAL YEAR 1977/78

Once again discrepancies were found between data produced from differiny
sources, particularly with respect to figures for volumes of sales.
(Appendix J.1). The most accurate source for information on sales was
taken to be computer tabulations,produced from invoiced sales. These
were used to analyse contribution (sales revenue less direct costs)
provided by the top ten items in each of the MIG and TIG product grours,
the top ten rectifiers including MIG and TIG, and top ten MIG and TIG

items for home and export sales taken separately.

Results from this exercise confirmed that items in the MIG and TIG

product groups which brought in the most contribution were in fact the
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ten most poruler rectifiers (five MIG, five TIG), plus necessary
accessories such as wire feed units, torches, flowmeters etc.
Together, the top ten items from each of the MIC and TIG ranges
provided almost 40% of total business contribution. These results

may be summarised in the following table.

MIG TIG TOTAL

Rectifiers (5 MIG, 5 TIG) 8% 15% 23%
Other items( " ) 10% 6% 16%
Total 18% 21% 39%

There were however a few surprises frcm the analyses, such as finding
that fcur TIG products considered to te an important part of the TIG
range in fact provided only 1% of total contribution between them.
(Table J.12, Apperdix J.). In additior, it was noted that MIG and TIG
products together provided 58% of total business centribution. Since
approximately 85% of this was estimated (by the prcduct menager) tc come

frcm manufactured products, these produced only 51% of total contribution.

The conclusion was that sales of rectifiers ané accessories did provide a
significant amount of contribution, and so plans to increase velumes of
sales of rectifiers should increase levels of contribution. As lorg as
overhead costs were controlled, this in turn should improve the
profitability of the business. However, in view of tke fact that
manufactured products provide only approximately helf of total
contribution, it may be that plens for increasing profits should not

concentrate solely on this business area.
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10.3  ANALYSIS OF UK ARC EQUIPMENT MARKET SURVEY DATA

The survey was commissioned by BOC Arc Equipment in October 1979,

with the following objectives:

a) To find the size of the UK arc welding equipment market
in volume terms for each of MIG, TIG and MMA welding

sets.

-~ b) To segment the merket by industrial sector and type of
company, ard to estimate the growth in ownership of

sets in each sector.
c) Identify major suppliers and their market shares.

d) Investigate customer attitudes to distribution methods

and their reasons for choice of equipment,

The survey was designed by Ken Wilson of the BOC Marketing and Market
Research department, in close collzboration with the marketing depart-
ment at BOC AE. The population consisted of all of the 92,000
establishments engaged in manufacture of any type, transport, general
construction, mines and quarries and lerger farms of over 500 acres.
Establishments were grouped by size, and the sample size varied witk
the size of the establishment to avoid bias. This resulted in a
total of 1,450 establishments being sampled, mainly by telephone

interview.
Interviews were carried out between January and April 1979, and, by

the time that the survey came into the scope of the project, results

had been coded and initial tabulations of data produced by computer.
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Estimations of the size and structure of the MIG, TIG and MMA market

had already been published in an interim report.

However, this left a large quantity of widely varied information still
to te analysed. The main problem ley in finding the best way to
structure the anzlyses in order to best satisfy the above objectives,
and provide a basis of informatior for marketing plens to increase
volumes of sales. After consultation with the marketing manager from
BOC AE and with the organisers of the survey, it was decided that

analyses must be designed tc identify the following:

i) Industrial sectors where growtl in acquisition of MIG, TIG or MMA

sets was higher tlan average.

ii) The requirements of these sectors in terms of products, routes to

the market, after sales service etc.

iii) Market shares held by BOC and major competitors in each sector,

with any trends in size of share.

iv) Characteristics of major competitors in terms of product range,

routes to the mszrket etc.

Since BOC had only & limited interest in tke MMA merket, MMA data was

not analysed so fully as tkat for the MIG and TIG markets.

For details of the methods used in analysis of data,

see Appendix L.l. Before beginning the analyses, however, it
was essential that the data be validated in some way in order that the
conclusions drawn from the results of the survey should have credibility

both for the company and for the sales team.
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10.3.1 Validation of the data

The most important data arising from the survey corncerned the size of
the market. Annual volumes of sales could be estimated from the
number of sets of a certain age, as long as this was witlin the average

life of the set.

BOC AE provided the only source of reliable data with which to check
the validity of thkese results. Annual volumes of sales for BOC,
estimsted from survey data, were compesred with the annual volumes of
production for the same years, using data obtained from previous work.

(Appendix K).

The results were reassuring. With adjustments for differences in the
bases of the sets of data being compared, the number of sets from each
source were approximately of tke same order. In the case of MIG, the
average absolute percentage difference was 20% over Fhe last 7 years,
but only 10% if differences were summed ard tlen averaged. (See
Appendix K for details). Comparison of the TIG data was a little more
difficult in that the market survey data included add-on units and
excluded DC Manual sets, whereas BOC AE data did the reverse, With
adjustment for these differences, the average absolute percentage
difference over the last 7 years was 23%, and 1l.4% if differences were

summed and then averaged.

At a later stage of the work the markcts were valued using estimstes
of market size frcm tke survey. The value of BOC's share of the
market estimated in this way corresponded well with their actual

revenue frcm the MIG, TIG and MMA merkets. (Appendix L.5).
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10.3.2 Results and conclusions

Initial analyses carried out by the BOC Market Research analyst had
prcduced estimates of current volumes growth rate for the MIG, TIG,
and MMA markets of 13% p.a., 8% p.a. and 4% p.a. respectively. The
higher growth rates in the MIG and TIG sectors were thought tc be due
to the prccess change whickh had been taking place. The older

marnual metal arc welding process was being replaced by MIG, ard to a
lesser extent, TIG welding, each of which had advantages over MMA for

different applications. (2.2.2)s

BOC market share in each of these markets had declined, particularly
in MMA and TIG. The company's share of the MMA market had fallen
from an estimated 28% to 16% over tle previous ten years, and from 44%
to 25% of the TIG market. BOC share of the MIG market also showed a
slight decline, from 24% to 22%, but this was probably not significant

relative to the accuracy of the data. (Appendix L.2).

Even these rather depressing figures did not represent the full
situation. Further analyses carried out as psrt of project wcrk

shovwed thet growth sectors in both the MIG and TIG markets were compoced
of the smaller fabrication or engineering shop, particularly thoce with
less than one hundred employees. In these sectors, purchases were
made mainly from distributors, with choice of set depending chiefly on
price, followed by performance and reliability, and, in the case of TIG,
the size and weight of the set. Generally sets were in the lower amp
ranges of 200-400 A. (Appendix L.3,1.1 and 3,1.2). But BOC
had only relatively small proportions of sales in tkese sectors,
particularly in MIG; the overall BOC market share figures were due to

the company's large share of the sector formed by the larger fabrication
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and engineering establishments. These sectors were now mature,

with process change almost complete, and low growth rates in demand for
sets. In their marketing policies, it was the requirements of these
sectors to which BOC catered, by developing larger and more complex
welding sets, selling directly to the customer, and relying on brand

loyalty and after sales service.

As far as the MMA market was concerned, growth sectors were represented
by demand from builders, non-metal manufacturers and transport operators.
In general, they required small AC sets of under 200A, bought from
distributors, and chose the particular brané on the basis of price
followed by size and weight of the set, although some required high

standards of performance and specification. (Appendix L.3.1.3).

These results, together with some of the more detailed analyses
described in the report were uced to make recommendations for ways in

which BOC AE could increase its volume of sales.

10.3.3 Recommendations

These may be summarised as follows (see Appendix L.3 for details).

a) Immediate opportunities for increasing volumes of sales lay in

the growing demand for both MIG and TIG sets by emall companics engaged
in metal fabrication and engineering. BOC AE could offer the TM 225
and TM 350 for MIG welding, and the AC/DC 375 for TIG, with the new

TT DC 180 to be ready shortly. However, they would have to change

their marketing tactics by selling through distributors, ensuring that
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sets were widely and readily available, and offering them at competitive

prices.

There was some opportunity for the company to increase its volumes of
sales in the MMA market, to custcmers requiring sets in the middle anmp
ranges, but they could not take advantage of the growing demand for a
small reliable AC set since they did not have a suitable product.
Again they would have to sell through distributors and would have

difficulty in overcoming their reputation for unreliable sets.

b) In the longer term, BOC AE would only be able to take full
advantage of the growth sectors in the market if they developed

simpler less sophisticated products. As well as satisfying the

product requirement of threse sectors, less complicated designs should

be less costly to produce, and therefore more competitive on price,

have improved reliability and ease of after sales service. 1In
particular they needed a reascnably priced DC TIG set in the 200-299 amp

range.

c) There were potential opportunities for increasing sales of TIG
and MMA sets to growth sectors of the merket, but this would require
development of a new range of low cost, reliable, small and lightweight
sets, in the lower amp ranges for the MMA market and higher amp ranges

for the TIG market.

This would appear to be outside the scope of current marketing activities

for the company, but may be considered for future development.

The work reported above identified opportunities for BOC AE to increase

its volumes of sales., Before incorporating recommendations into actual
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plans, it was necessary to investigate trends in the arc welding
equipment market, in order to be able to jucge whether historical

trends would continue in the future.

10.4 FORECASTS FOR MIG AND TIG MARKETS, 1979-84
(Appendix L.4)

Since most of the opportunities for BOC tc increase their vclume of

sales lay in growth sectors in the MIG and TIG markets, the investigation

ccncentrated on these.

10.4.1 An outline of the approach used to make the forecasts

Future growth would depend partly on growtk in the consumer industries
and partly on the rate of process chznge from MMA to MIG and TIG
welding. The amount of process change would itself depend on changes
in tecknology, use of_difrerent materials, ditferent metals and
thicknesses of metals, all of which would affect the type of welding

required to make joins.

An investigation of historical growth, forecasts of future growth, arnd
the likelihood of process change in the consumer industries were used
to project annual growth rates for volume sales of MIG and TIG sets in

the corresponding sectors.

These figures formed the basis for forecasts of annual volumes of sales
in the MIG and TIG markets, and so, using estimates of current BOC
market share in each sector, of annual volumes of sales for BOC, for

the period 1979-8k.
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This work was docne in conjunction with the BOC Marketing and Market
Research department, who supplied much of the information on trends in
process change and use of different metals and thicknesses of metals

in the consumer industries. .

For details of methods and results see Appendix L.4.

10.4.,2 Summary of results

In general, the MIG market was expected to be affected by the economic
recession until 1981, producing low volume growth rates of 5-6%.
Predicted improvement in consumer industries over the period 1982-84
was expected to result in a gradual increase in sales of MIG sets, such
that volume growth would reach 10% p.a. by 1984. Growth in demand

was expected to be particularly high from manufacturers of agricultural

equipment, process plant ard mechanical machines.

Since BOC shares of MIG market sectors tended to be higher in lower
growth sectors, and low in high growth sectors, their overall share of
the MIG market was predicted to decline slightly, from 20% in 1979 to

19% by 1982/84, on the basis of constant shares of each sector.

The TIG market was expected to benefit from further process change to
TIG welding, on the basis that the future need to reduce steel
consumption would result in a combination of reduced thickness of metal
with more use of high alloy steel. Both of these applications require
the TIG process for welding. As a result, annual growtﬁ rates for the
TIG market were predicted to increase from the current low level of 5%

p.a. (1979), to reach 10% p.a. by 1983/84., Particular growth in
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demard was expected in the sheetmetal work and subcontract sectors,
since their share of available work should increase during a recession.
Projections for BOC share of the total TIG market based on constant
shares in each sector resulted in a slight increase of share from 36%

in 1979 to 39% in 1983/8L.

These projections gave a base line of data for the size of the MIG and
TIG markets over the period 1979-84, and volumes of sales which mey be
expected by BOC AE if market shares in each sector remained constant.
Any plans to increase BOC share in any sector of the MIG and TIG
markets could then be evaluated in terms of increased revenue, costs,

and profits.

The first step in this process was to estimate the value of the current
market; results were presented in Appendix C of the Market Survey Report.
This exercise provideé an additional check on the validity of the

market survey data, since estimated value ard estimated BOC market share
could be used to give estimated current revenue for BOC AE. This was

found to tally fairly well with actual revenue. (Appendix L.5).

10,5 IMPLEMENTATION OF RECOMMENDATIONS

At intervals during the course of this part of the project, results
were discussed at meetings between the BOC AE marketing manager,

Ken Wilson from the BOC Marketing and Market Research Department, and
the author. In particular, any implications for marketing plans and
tactics were discussed in detail. As a result, some of the
recommendations were implemented immediately (10.5.1), whilst others

were incorporated into strategic, marketing or sales plans (10.5.2).
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Results frem all of the analyses were ccmpiled into a report, with an
executive summary containing major conclusions and recommendations.

(Market Survey Report).

10.5.1 Direct action resulting from the recommendations

Two of the recommendations concerned the route to the market and
revision of the product range to meet the requirements of growth sectors
in the MIG and TIG markets. (10.3.3(a) and (b)). Immediate action

was taken on the basis of these reccmmendations.

Firstly, the requirement for increasing sales through distributors was

communicated to marketing personnel in BOC gases division, who were also
responsible for sales of arc welding equipment. They responded with a
change of policy;by introcducing a new disccunt policy they made it more

advantageous for the BOC sales force to sell throughk distributors.

Secondly, immediate plans were made to revise the product range in the
light of market requirements. During October and November 1979, the
author took part in a series of meetings designed to overhaul the MIG

and TIG product ranges.

10.5.2 Incorporation of results into strategic, marketing, and sales

glans

The improved knowledge of the market, together with recommendations
reviewed above (10.3.3) were used at three levels of planning, in
strategic plans for BOC AE 1980-84, in marketing plans containing
tactics for achieving market share objectives, and in the sales plan,

the plan of action for the sales force.
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In strategic plans for 1980/8L, the main objective was to procuce
profits (instead of losses) witlin three years. One of the means by
which this was to be achieved was a planned increase in market share in
each of the MIG, TIG ard MMA markets, so that overall BOC share reached
40% by 1982/83. These otjectives were quantified for each year of the
plan, using projections for MIG and TIG markets 1979/84 (10.4). The
MMA market volumes were projected using a constant market growth rate of
L% p.a. Strategic plans could then be evaluezted using projected volume

of sales for BOC AE to estimate revenue, costs, and profits.

Tactics for achieving these market share objectives were proposed in the
marketing plan. These were mainly based on results of the market
survey, with plans to rationalise the product rarge to meet market
requirements, improve product supply, adopt an aggressive pricing policy,
and improve after sales service. The only pert of the plan not based on
the survey concerned improvements in product and training support for

salesmen and potential customers.

The sales plan instructed the sales force on the groxth sectors of the
market, distinguishing between direct and distributor markets. Tactics
for improving distributor sales included increased training support,
promotional leaflets, wall charts etc. The sales force were given

targets and pricing guidelines for more aggressive pricing.

10.6 DISCUSSION

This concluded the contributions mede by the project to the company's
plans for increasing volumes of sales, in which identification of
growth sectors and their requirements were used to recommend marketing

and sales tactics for increasing sales in these sectors. (10.3.3).
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These results and recommendations were incorporated into strategic
plans designed to achieve a market share of 40% by 1983/84.  However
it must be noted that these market share objectives were very
ambitious, requiring BOC shares of the MIG and MMA markets to be almost

doubled by 1983/84, with a slight increase in the TIG share.

This would need not only a realistic marketing plan and sales tactics
tailored to the requirements of the market, but also the ability to
successfully implement the plan. The company must be able to improve
the supply of the products in order to make them easily available, to
dircct the sales force to take advantage of the opportunities in the
growth sectors, to reduce product costs so that prices may be reduced
to a competitive level, and to ensure the reliability of the product

and of the after sales service.

In addition, as noted in the original broad recommendation, it was
essential that increases in volumes of sales be achieved with control
of fixed costs, otherwise the results may not be a net increase in

profitse.
Whether the company is capable of achieving these goals remains to be

seen. Further discussion of the success of these plans, and the future

of the company, will take place in Chapter 12.
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CHAPTER ELEVEN

IMPLICATIONS AND RECOMMENDATIONS FOR PLANNING IN BOC ARC EQUIPMENT

Contributions to the company's marketing and sales plans for 1980/84
were completed in Jaruzry 1980, and formed the final work to be dcne

interactively with the managem:nt team of BOC Arc Equipment.

The original brief for the project was to investigate the validity of

the plamnning model being used in the strategic planning of the company's
business. (l.2). Initial analyses led to identification of various
problems concerning not only the validity of the model, but also the ways
in whkich it was being applied, and the overall effectiveness of planning
based on this model, Since solution of these.problems was crucial for the
survival of the btusiness, the project became involved with the ways in
which they could be solved, This part of the work led to specific
recommendations and help with short term plans. Result; from this work

are briefly reviewed in 1ll.l.

Once contributions to short term plans were completed, the opportunity
could be tazken to review long term planning in the company, to consider
the success of methods used in the past, and make recommendations for the
future. Implications for long term planning in BOC Arc Equipment are

discussed in 11.2, and a general comment made in 1ll.3.

1l.1 REVIEW OF CONTRIBUTIONS TO SHORT TERM PLANS

Phase I of the project was designed to investigate the validity of the
experience curve as a planning model for BOC AE. During this work,

analyses of costs and prices over the period 1965-77 produced evidence
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of adverse trends which, if allowed to continue, would affect the future
profitability of the business. In constant value terms, the average
price of a rectifier was declining at a faster rate than the total unit
cost. As a result, the true value of the profit margin per unit was
also declining, at a rate of 5% per year. (5.3(a))s When costs were
broken down into direct and fixed components, it was evident that the
direct cost of the product had not declined over this period, but had in

fact increased since 1968/69. - (5.3 (d)).

The initial report on this work (Appendix G.l), whilst giving the results
of fitting experience curve models to this data, pointed out the
implications of these trends, and recommended further investigation of

production costs and the associated efficiency of production.

As a part of phase II, this recommendation was carried out, and specific
areas for concern were identified. Research into the causes of
increasing production costs isolated the main contributory factors.

The increasing complexity and sophistication of the products, an
increase in scale of operation not accompanied by a corresponding
increase in volumes of output, and overall inefficiency in production
indicated that management effort should be concentrated on these areas.

(7.3).

The other part of ﬁhase II ccnsisted of research in which different
models for unit cost and average price were compared across a range of
countries and industries. (Chapter Six). In reporting on this work
to BOC AE management, conclusions on choice of a planning model could
not be stated without reference to the problem which was more crucial
in the short term. Survival of the company would depend on control

and monitoring of unit costs. The choice of model for long term
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planning was insignificant ccmpared with the consequences which would

ensue if unit costs were not reduced. Although obvious, the main
alternatives had to be stateds The company had either to reduce fixed
costs, successfully implement plans to reduce the direct co:zt of the
product, or increase volumes of sales with control of fixed costs.

(Appendix G.2, 6.10-6.12).

These alternative options were not mutually exclusive, and in the third
phase of the project, help was given with plans for achieving two of

these objectives.

Suggestions for cost reduction were collected from key personnel in
BOC AE, and formed into specific schemes. (Ch.9). Although the many
ideas given covered all aspects of the business, the most common could be

grouped into four major categores:

a) Combining all depertments and functions of the company ontc one site.
Savings would be both direct, by eliminating duplication of functions,
transport and communication between sites etc., and indirect from
improvement in efficiency, liaison between departments, and strengthening

management of the production operation. (9.2.2 (a))e.

b) Product design for reduced cost, both in the existing product range

and in future development. (9.2.2 (b)).

c¢) Restructuring the organisation of the ccmpany to clarify areas of
responsibility and accountability, and so improve its ability to

implement plans. (9.2.2 (c)).

d) Suggestions for improving the production operation to increase its

efficiency and ability to manufacture to plan. (9.2.2 (d)).
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The other part of the research in this phase contributed to marketing
and salcs plans for increasing volumes of sales. (Ch.10). Results
from a market survey were used to recommend specific tactics for
gaining market share in the sectors formed by smaller companies engaged
in metal fabrication and engineering. (10.3,3). Historically, BOC AE
had concentrated their merketing effort on the larger companies and the
heavier type of welding application, but these were no longer the
growth sectors of the industry. In order to sell to the smaller user,
the company would have to change its routes to the market, and be far
more competitive on price. (10.3.3). Although some of the current
product range was suitable for these markets, long term plans for
development should concentrate on simpler designs which would be less
costly to produce, and so compete with the cheaper products of
competitors. Assistance was given also in an exercise to evaluate the
effects of planned increases in sales on projected revenue, costs and

profit levels in the strategic plan. (10.4).

This summarises the interactive part of the project. This part was
concerned with providing solutions to problems identified during the
initial phase as being of crucial importance for the survival of the
company. The effect of this work on planning in BOC AE is discussed

in Chapter Twelve. (12.1 and 12.2).

Results from all of the research were then used as a basis for reviewing

the approach to long term plaining in BOC AE.

11.2 1ONG TERM PLANNING IN BOC ARC EQUIPMENT

Over the period 1972-77, lorg term planning in the company had not been

a success., There was no evidence of an incregse in market share over
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this period, but rather of a centinuation in the long term decline ip
share shown in the market survey. (10.3.2). A gradual decline in

profit levels eventually turned into a trading loss in 1977/78. (8.3).

If the short term plans for turning the business arouvnd were successful
there wculd clearly be a need for revising methods of long-term planning

in the comgeny.

In Chapter One, a review of planning methods led to a diccussion of the
rost important issues which ghould be consicered in such an appraisal
(1.1.2). These now form the framework for a critical analysis of

planring in BOC AE, with recommerdations for the future.

Four main issues were raised in Chapter Orne (l.l.2). These are

considered in turn, in 11.2,1 - 11.2.h4.

11.2.1 The coverall approach

The first issue is that of the overall aprroach to lorng term planning
which would best help the business to cope with its internal organication

and external environment. (1.1.2(a))e.

There are two crucial factors which affect the choice of approach in

BOC Arc Equipment.

Firstly, the corporate role of the comrany within BOC Ltd. affects its
planning in several wayse There is a requirement for formal plans
so that the corporate body can co-ordinate its activities. The

parent company also provides a level of financial support for growth
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and expansion. In the case of BOC AE this proved to te a disadvantage
in the past, since financial support given to growth strategies in the
early years (1972-75) put insufficient constraints on plans which turned
out to bte unrealistic and impracticel. (11.2.2). The effects of
failure were cushioned by the ccntinued supply of resources from the

rarent company, and so reaction time was delayed.

In additiorn, the hierarchy of planning levels mitigated against the
definition of clear objectives and criterie for monitoring plans.

In the past, this was further ccnfused by the hierarchy of portfolios.
Each level of the company was supposed to consist of a balanced port-
folio of businesses, with & growth business (star), a cash gencrator

(cow), potential future star, and possibly one business in decline (dog).
Thus, BOC AE was the 'star' in the portfolio of engineering division

(ED), wlick in turn was the cash cow for BOC Ltd. In practice, ED,
requested to supply a level of return on investment, merely passed

this on as a blanket requirement to all of its businesses, irrespective of

their theoretical position in the portfolio. (3.1.1.).

Meanwhile, mansgers within BOC AE had their own objectives for the
business. Strongly influenced by the experience curve philosophy,
they wanted the company to grow to a position of dominance in Western

Europe. (3.1.1).

Consequently, plans for BOC AE were not based on a clesr set of
objectives, Planners in the operating compauy would sutmit a list of
options for their 5 year strategic plan, with the preferred strategy
based on growth of market share. The agreed option was always a
compromise on this option, with unclear and rotentially inconsistent

objectives such as some growth with some profits. (3.1.2).
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The seccnd critical factor in appraising the general approach tc planning
in BOC AE is the changing environment ﬁf the arc welding equipment
business. Rapidly changing technology provides a background in which
the research and development required to produce the right product at

the right time cculd be crucial. In addition, changes in eccnomic
cdnditions, which had already altered the balance of consumer

industries making up the arc welding equipment market, cculd reasonably

be expected to continue. (10.4,2),

Recommendations

In an environment of changing technology and market conditiors, a
cempany will need to formulete some sort of strategy for achieving its
objectives, involving decisions on product/markets, resource require-
ments, methods of production, and o on. (1.1.1(c))e Since BOC AE
is trading in this tfpe of environment, it will require some planning
process which will provide the means for paking these decisicns on a

rational basis.

The role of the company in BOC Ltd. places an additional requirement for

formal plens produced in a certain format.

These two factors define the need for some type of the formal strategic
planning process described in Chapter One. (l.l.1(c))e. The specific

methods used in this process are reviewed and discussed in 1l.2.2.

However, there is some doubt that the operating company level is the

one at which strategic planning would be the most effective. All major
decisions on objectives, choice of strategy, development and allocation
of resources are made at divisional level. This may well be the level

at which long-term planning for operating companies should be done.

221,



ll.2.2 Specific planning methods

Over the period 1972-77, strategic planning in BOC AE was based on the
approach suggested by the Boston Consulting Group. (2.4.1). This
was typical of the general strategic planning process descrited in
Chapter One, which consisted of several distinct steps. (1.1.1(c)).
Alternative strategies for achieving defined objectives were supposed
to be developed by considering both environmental factors such as
technology and market ccnditions, and also the strengths and weaknesses
of the company (Steps (i)-(iv)). These were evaluated with respect

tc criteria such as profit, cash flow, market share etc., and the
chosen option translated into tactical ard operational plans

(Steps (iv) and (v)).

These elements of the strategic plarning process in BOC AE are
critically examined in this section; monitoring and control (Step (vi))

and the implementation of plans will be discussed in ll.c.3.

Generally, the basies for generation of alternative strategies appeared
to be weak. In appraising the environment, planners noted changes in
market growtk, but failed to appreciate the changing importance of
market sectors. (10.3.2). There was also little recognition of
evident weaknesses in operational management, typified by the continual

failure to develop new products within a given time scale. (9.2.3 (c)).

In fact, strategic options were developed with little consideration of
trese factors. The preferred option put forward by planners in BOC AE
was always that of growtk in market share tc some position of dominance.

Alternative schemes were either compromises on the growth option, diluted
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in the hope of winning ED approval, or were obvious candidates for

rejection, such as withdrawing from the market. (3.1.2).

This preference was based on theories put forward by BCG. (1l.2). In
the experience curve philosophy, they claimed thet most ccmpanies could
reascnably expect unit costs of production (in real terms) to decrease
as they accumulated experience in running the business. If the various
factors contributing to 'experience' could be represented by cumulative
output of production, then the company with highest cumulative output
could expect lowest unit costs and hence highest profits. In the long
term, the company with highest mzrket share would accrue the highest
cumulative output. Hence they derived the strategic aim of dcminance

in the chosen market.

The argument put forward by BCG relies on three crucial assumptions:

i) The strategy will only be effective in a growth market,
since gaining merket share is both difficult and costly in

slow growth or static market conditions.

ii) An experience curve model ic valid for the business.

I.e. As cumulative output increases, unit cost declines.

iii) That if (i) and (ii) are both satisfied, increased market

share will result in higher profitability.

BOC AE applied this strategy in the MIG section of their business whkich

was a high growth market, so the first assumption was fairly sound.

However, they failed to meet the requirements which underlay the

second assumption, that of the validity of the model. As discussed in
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Chzpter Eight, the technical fit of the experience curve model to data for
1965~77 belied what was really harren inge. There was no reduction in
the direct cost of the product, and in fact unit costs as a whole had
risen from 1973-77, during the period over which this strategy hzad been

applied. (8.1).

The reascn for this failure is disclosed frem investigation of the

tactics used in pursuing this strategy.

Firstly, emphasis in tactical plans for 1972-75 was all placed on

mzrketing plans to achieve increased volumes of sales, and on procuct
development to satisfy the perceived needs of the growing MIG market.
There were no plans for cost ccntrol or even monitoring of unit cocts

until much later. (313}

Seccndly, BCG's advice to invest in capacity ahead of demand was tased
on the premise that this would give a huge advantage ‘to the manufacturer
concerned wken an upturn in growth occurred. In following this advice,
the manzgement team at BOC AE pressed for a 2.5 increase in capacity
plus a corresponding increase in the organisational structure to deal
with commensurate volumes of sales. (3.1.4). When predicted market
growth failed to materialise, and sales volumes fell below target, over-

head costs were far tco high for the level of sales. (7.3).

Thirdly, another tactic suggested by BCG was the acquisition of similar
businesses, theoretically increasing the experience lewel of both and
50 resulting in lower unit costs and higher profits for both. The
acquisition of SNS, the French manufacturer of manual arc welding sets,

merely increased the problems within BOC AE by diluting the effective

management of the business and further increasing the cost base. (8.3).
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Consequently, by mismanaging the conversion of strategy into tactical
plans, the company actually ensured that the experience curve was not a
valid model for their business. Managers had in effect assumed that
the relationship between increased cumulative output and decreasing
costs was cause and effect, and had concentrated their efforts on
increasing market share.  Furthermore, resulting plans were based on
inadequate perception of market conditions and little acknowledgement of

weaknesses within the organisation.

As far as evaluation of alternative strategies was concerned, there was
little evidence of any quantitative evaluations after 1972. A

simulation exercise showed that in many cases, evaluation of different
strategic options produced results which would not be expected frecm
subjective considerations. For example, the apparently safe 'compromise'
plans did not always produce the safest levels of profit and cash flow.
(3.2.3). If carried out in subsequent years, such an evaluation would
have produced a more informed basis for decision making and a means of
quantifying and examining risks. This would probably have influenced some

of the crucial decisions made over this period.

Recommendations

a) Strategic planning should not be based on the use of any model for
predicting the behaviour of important variables such as unit cost or

average price.

Plans may include unit cost reduction as a strategic objective, but
should specify exactly how this reduction is to be achieved. The best-
fitting models described in Chapter Six (6.2) can then be used to evaluate

the effect of these plans, as long as assumptions are specified and
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justified in practical terms.

It must be noted that although volume related models gave the best fit
to historical data on unit cost and average price for BOC AE, the
accuracy of prediction from these models will depend on the accuracy of
prediction of volumes of sales. (6.2.1). BOC AE tend to project
volumes of sales from targets for market share objectives. If these
targets are not achieved, the model will overestimate the reduction in
unit cost. For this reason, it is essential that planners provide
realistic plans for achieving targeted volumes of sales, together with

contingency plans in the event of failure.

If volumes of sales hzve been projected in this way, it is recommerded

that the models be uced as follows:

i) Use the test-fitting model for average price of a
rectifier in the UK tc precject average pr;ce and hence

revenue to be expected from projected volumes of sales.

11) Use the volume related model for BOC AE to prcject unit

costs and hence total costs and profits.

iii) Use the time related model for BOC AE to provide alternative

projections of unit cocts, total costs and profits.

iv) Compere the results from (ii) and (iii), accounting for
any major differences between the two with realistic plans
showing how the greater reduction in unit cost will be

achieved.
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b) Future plans for BOC AE must be based on realistic assessments

of the market and of the company's capatilities. 1In the past, strategic
plenes have been based orn perceptions of the market which were
unsubstantiated and inaccurate. This led to marketing strategies which
failed to achieve targets for volumes of sales. (10.3.2). Failure tc
recognise organisational weakress in implementing action plans contributed

to the lack of reduction in unit cost. (9.2.2(b)).

¢) Any plens for increasing mzrket share should te carefully evaluated,
with estimates of possible costs and benefits. If possible, the
evaluation should include factors such as the risk from competitive
reaction and increase in imports of cheaper goods. Contingency plans
should be provided for the esituation in wlkich target volumes are rot

achieved.

11.2.3 Implementation

Two important factors affecting implementation of strategic plans in

BOC AE heve already been mentioned.

Firstly, the concentration of management expertise on plans to increase
market share and build up capacity had been made at the expense of
orperational management. For example, managers had falled to resolve
problems in the production department which resulted in poor product

supply over a number of years. (9.2.3(a)).

Secondly, organisational weakness in the company resulted in a failure
to implement operational plans, particularly within a given time scale.
Delay in the development of new products, and the failure to implement

ideas for cost reduction are typical examples. (9.2.2(b) & 9.2.3(c)).

227 .



A further factor which contributed greatly tc the effects of the first

twe was the lack of mornitoring and control of the plan as a whole.

For its success, a strategy of market share maximication requires that
the costs incurred in gaining market sharc be offset by a reduction in
unit costs of production. Monitoring of such a plan is therefore

essential. Sales volumes should be compered with those ol quantified

market share objectives, and unit costs with the corresponding targets.

If BOC AE had monitored their unit cost in some way, however rough and
ready, the adverse trends would have been noted much earlier, and
remedial action cculd have been taken. Using tlLe experience curve
model to monitor the strategic plan was one of the cbjectives for the

project; in view of tke factors outlined above it was already too late.
It must be noted that-ﬁuch of the information prcduced for managemert
control was in the wrong format, ccntaining tco much detail, or duplicated

by computer and manual systems. (9.2.2(c)).

Recommendations

a) In the light of the many weaknesses in the company's plarning
process, monitoring and control of any plan is probably the most

important factor for the future of the tueiness.

Plans, whether long or short term, should be continually reviewed against

performance, with respect to a clearly defined set of criteria.

This will probably require changes in the flow and content of information

supplied to managers.
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b) The performence and efficiency of the company should benefit
considerably from changes in the organisation and organisational

metkods.

Appraisal of the current system should include the departmental stricture,
structure within departments, methods oi reporting, project contrcl, and
accountability in general. Each job should rave well-defined areas of
responsibility, explicit targets, and accountability for action against

these targets.

c) lines of comrmunication should be structured for fornal needs, but
with plenty of communication between all levels of personnel, so thLat
the strategic plans and targets behind the operational goals are known

to everyone.

11.2.4 The requirements of changing ccnditions

The final issue raised as a result of discussions in Chapter One ccncerned
the adequacy of current planning methods for the requirements of a
future. Ansoff predicted that the rate of change of technology may

become too fast for strategic planring methods to te useful. (1.1.2).

The recommendations made in sections 11l.2.1 - 11l.2.3 apply to the current
(1981) situation of changing market ccnditions and incorporation of new
technology into arc welding products and production methods. If
however, the rate of change of technology increased, the whole approach
to planning in BOC AE may have to be reviewed. For example, if tlere
was an increase in the rate of development of new welding metlods, or of
more general methods for fixing metals together, the company may well

require the flexibility tc respond to such changes in much shorter time
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scales than those uced in the present plarnning horizcn.
For this reason, it is recommenced that planring methods are occasionally
reviewed with respect to the changes in technology, so that planning will

help and not hincer in a speedy response to the environment.

11.3 GENERAL COMMENT ON PLANNING IN BOC ARC EQUIPMENT

The author concludes that altkovgh failure of strategic planning in
BOC AE was due tec ineffective management and control, this in itself
can be attributed pertly to use of the experience curve model for

strategic planning.

Derivation of strategic plsns from thic model puts planning ontc a
theoretical basis which planners in tke company found to be
intellectually stimuléting and exciting. The resulting strategy of
market share maximisation was ambitious and demanding, which suited the
personality and style of management of the then General Manager. It was
his enthusiasm and persuasive qualities which finally obtained consent
for the plans to expand capacity, and for acquisition of SNS, both of
which contributed to the scale of the problem when market share

objectives were not achieved,

During the following périod (Feb. 1980 - Jan. 1981) many changes were

made in the company. Some of the recommendations made during the ccurse
of the project were implemented, and some were not. The author had the
opportunity of visiting the company again in January 1981, assessing the
extent and effect of these changes and the ways in which they related to
the work of the project. This will be discussed in Chapter Twelve,

which also includes recommendations for extensions to the research already

carried out.
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CHAPTER TWELVE

IMPLEMENTATION AND THF EFFECT OF THE PROJECT ON CHANGES IN BOC ARC
EQUIPMENT

The project evolved and was carried out against a welter of change, both

within and outside BOC Arc Equipment.

Effects of the economic recession were beginning to appear.

Predicted market growtl failed to materielise, and the ccmpany faced
ccmpetition frem cheaper imported products. The eccnomic climate had
also prompted a change in policy at the divisional level of BOC, whereby
operational ccmpanies were required to fund their own growth and to

generate cash.

Within the first year of the project, a new general meneger was installed
at BOC AE., As his brief was to bring the financial state of the
business under control, his approack formed a complete change of style to
the growth objectives of the previous GM, under whose auspices the

project had been instigated.

Despite the efforts of the new G.M., the financial situation continued

to deteriorate. A trading loss of £612K in 1978/79 followed the loss
of £327K in 1977/78. By the summer of 1979 the parent compary was
forced to inject supporting cash into BOC AE on such a scale that the
executives demanded immediate remedial action to turn the business arcund.

The first such action took place in February 19£0. (12.2.2).

During the period June 1979-February 1980, morale in the company

declined rapidly. There was an atmosphere of distrust amongst the

managers; in retrospect it was obvious that some of them had foreseen
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the imperding action taken by BOC Ltd. Certain managers tended to
bypass the general manzger, and discuss strategy with engineering

division executives, in an attempt to safeguard their own position.

Eventually autonomous managenient was withdrawn from the operating
company. Executives in BOC Ltd. decided on a psrticular course of
action for turning the business around, and put the plan into effect.

These and subsequent changes affected most areas of the company and

the way in which the business was run. (12.2).

This background makes it difficult to ascribe cause and effect to thLe
relationship between the project and changes in BOC Arc Equipment.
However, there is no dcubt at all thzet the project did affect the
ccmpany, and influenced many of the decisions made during this

difficult period.

In general thke response of BOC AE mansgers was not a formal reaction
to a list of recommendations. Since most of the research was carried
out on site, many of the results and their implications were discussed
with managers at an informal level before formal reports had been

compiled.

The effect of the project on planning in BOC AE during the period 1978-80
is reviewed in 12.1, subsequent changes in the company and links with the
research are discussed in 12.2, and conclusions on the overall influence
of the project in 12.3. Areas where further research would be beneficial

are proposed in 12.4.
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12,1 EFFECT OF THE PROJECT ON PLANNING IN BOC ARC EQUIPMENT DUPTING
IEE PEPTOD 1978-80

One general way in which the project helped planners at BOC AE was in the
formulation and discussion of the company's problems. This in itself
prompted the mansgement team tc examine certain aspects of its organisa-

tion afresh, and to evaluate policies in a critical way.

Possibly the greatest impact frcm the research was made by the discovery
of adverse trends between average price and unit cost, such that the
profit margin per unit was being eroded. (11.1). This provided the
managemnent team with incontrovertible evidence of problems previously
only sucspected. Since it arose frem a source with no status or political
role in BOC, such evidence cculd not easily be ignored or 'swept under

the carpet'. The further analyses of costs at the production sile
indicated those areas of the business where management attention and

effort was most required.

Following discussion of these results with BOC AE manzgers, the first
effect could be seen in action to improve managenent of tke production
operation. More resources were invested in production, a new manager
was installed in the Thanet factory, and production systems were being
computerised to improve control of stores management, processing of

works orders, and purchese orders for materials.

In the strategic plan for 1979/8L, formulated in late 1978, results from

the research were used in several ways. (8.2). Evidence of the adverse
trends in unit cost and price prompted a change of emphasis in strategic

objectives, so that unit cost reduction had the highest priority.

Objectives were quantified using the best models available at that time,
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sc that plans could be geared to specific targets. These plans concentrated
on the design of products with lower material costs, compatible components,
and ease of assembly. The program for development of these productis was

brought forward, so that it was scheduled for completion by 1981.

It must be noted that the initial analyses of costs, average price, and
explanation of adverse trenés (Appendix G.l) was also of great use to the
new General Manager, who received the report within a few months of
starting this job. It provided him with an immediate insight into the

business, pointing out those areas whick should be his greatest concern.

The second report had emphasised that the survival of the company wculcd
depend on its ability to reduce costs and/or increase volumes of sales
with control of associated costs. (Appendix G.4). The first psrt of the
project's contribution to plans for achieving these short term objectives
consisted of research into ideas for cost reduction. This was carried
out in the early months of 1979, ard the report presented to the general
manager in June 1979. By this time, the financial situation in

BOC AE had become acute, ard it was evidént that the type of major changes
to the ccmpany's organisation and structure suggested in the report would
have to be considered. The list of ideas was passed to BOC AE manzgement
for circulation to all concerned; at their insistence, evaluation and
selection of ideas was left to the individual manegers concerncd.

Major organisational and other changes did take place within 8 months of
the publishing of this report. However, the specific link between the
two is difficult to assess in the light of the changing role of BOC AE

within BOC Ltd. (12.2.1).

Recommendations for marketing and sales plans for increasing volumes of

sales were based on analysis of a market survey. (11.1 and Chapter 10).
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This work was inccrporated into the strategic plan for 1980/84, as
described in Ch. Ten (10,5.2) , but again implementation was affected
by subsequent changes in the organisation. Particular changes in
marketing policy and tactics, and ccmpzrison of these with the

recommendations made in the project, are discussed in 12.2.3.

In February 1980 the first of th:s major organisational changes took
place with the closure of the Milton Keynes site, and redundancy for
most M.K.-based employees, including the author. In January 1981 the
opportunity was taken to visii{ the company, assess the effect of these
and subsequent changes, and evaluate the influence of the project on

decisions, actions, and new plans being made.

12,2 CHANGES IN THE COMPANY DURING THE PERIOL FEBRUARY 1980 -
JANUARY 19581

These are reviewed under four main headings, planning policy (12.2.1),
organisation and structure of the ccmpany (1l2.2.2), tactical plans

(12,2.3) and monitoring and ccntrol (12.2.4).

12.2.1 Overall arproach to planning

As hzs already been mentioned, by February 1950 all major decisions
ccncerning the future of the cocmpany were being made at the divisional
level of BOC Ltd., At scme time during the next few months, the
divisional structure itself changed, and BOC AE became part of a new
welding processes division. The welding businesses were no longer
regarded as support for the ccre business of gases, but were required
to be a profit centre. Although all planning during the crisis peried

was in the hands of the welding processes division, it was not yet known
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whether this was to be a permanent arrangement.

long term objectives were still understcod to be those of dominance

in the U.K. and a 'significant' share of the Western European mzrket.
However, at that time, there were no formal long term plans for the
business, since all efforts were concentrated on achieving the short term
objectives required tc turn the business around. As reccmmended in

the second report to BOC AE management (Appendix G.2), the aims were to
reduce overhead costs, and increase volumes of sales with control of

associated costse.

In the plan for 1980/81, expressed in a budget, projected revenue was
not increased over that for 1979/80. However, since revenue was by
then exclusive of that from after sales service (taken over by gases
division) and also since prices had been reduced (12.2.3), the plan
represented a real increase in vclumes of sales which had to be
ackieved in a depressed market. The planned turn around of the
business was to come from a reduction in costs, with some savings in
direct costs but mainly in indirect costs. In the budget, projected
revenue and costs gave a trading loss of £0.5m for 1980/81, but with

a positive cash flow.

Tactical plans for increasing volumes of sales are discussed in 12.2.3,
and schemes for exercising the required centrol of ccsts, in 12.2.4,
Before tackling these issues however, the divisional executives set
about reducing the high level of overhead costs, through major

reorganisation of the operating company.

12.2.2 Organisation and structure of the company

The geographical, departmental, and management structure of BOC AE
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have all been completely altered. These changes were recommended as
a result of wecrlk undertaken during the project, both in the ideas for
cost reduction (11.1(a) and (c¢)) and in suggestions for improving the

company's ability to implement action plans. (11.2.3 (b) and (c¢)).

In February 1980, the M.K. site was cloced, and all functions excegt
for after sales service transferred to the Thanet factory. These
functions were successfully integrated into the Thanet operation
within six months, with the help of only seven members of staff
transferred frem M.K. It is interesting to note that the specimen
evaluation of the two main alternative options (Thanet or M.K.)
favoured the M.K. site, but this was probably influenced by estimzted

costs and tenefits supplied by M.K.-based perscnnel. (Appendix I.l).

At the same time the departmental structure was greatly simplifiecd
by reducing it to four main departments, marketing services, enginc¢ering,
production and accounts, all operating with significant reductions in

personnel.

The remaining organisation tock place in the management hierarchy.

The management board was abolished and a new general mansger appointed
who was responsible for the operational management of the business.
Communication became more open, and decisions were mzde at weekly or

monthly meetings of all staff ccncerned.

Apart from obvious cost savings due to elimination of duplicated effort,
transport and communication between sites, and reductions in personnel,
the anticipated long term benefits from these changes are beginning to

be evident.
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Improved liaison between departments, and stronger manzgement of the
production operation hzad already affected the efficiency of product
supply. Stock piles of finished goods reached unprecedented levels

and became problems in themselves.

One effect of the immense reductions in personnel is that remaining
staff are quite clear on their areas of responsibility. Monitoring
of seven key criteria on a weekly basis provides immediate account-

ability for most actions. (12.2.4).

Overall benefits from the reorganisation as a whole could be seen in
the performance of the company, since they had met their budget for
the first three months of 1980/81. In addition, it was obvious that

the morale had improved enormously.

12.2.3 Tactical plans for increasing volumes of sales

Having reduced a large proportion of the overhead costs by reorganising
the company in this way, the divisional executives turned their attention
to merketing plans for increasing volumes of sales with control of

associated costs.

Here tactics differed from those recommended in Chapter Ten and
reviewed in 11.1, in that they were product rather than market oriented.
Vith the aim of selling high volumes of low cost products, both long
and short term plans concerned the direct costs of welding sets in the

popular ranges.

Within the first few months after reorganisation, a sweeping price

reduction of 20-30% on existing products helped to clear the growing
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stockpiles, which had accumulated as production efficiency improved.
(12.2.2)s Sales to other equipment marnufacturers were discontinued,
and the costs of remaining products were critically examined and
compared with similar models manufactured by other BOC ccmpanies,
AIRCO in the USA and CIG in Australia. BOC AE models found tc be
relatively costly were replaced with bought-in versions. If the new -
model proved to be satisfactory for the U.K. market, it wculd be
adapted for in-house manufacture. In this way, direct costs Sf the

current product range were reduced in the quickest possible way.

Long term plans for product development centred on the modular range
with ccmmonality between BOC AE, AIRCO and CIG.  However, resources
were limited and research into new technology would be delayed as a

result.

These tactics appeared to have been successful, since revenue ard
costs compared favourably with the budgeted figures for the first

3 months of 1980/81. The key to this success was probably in the
speed with which the plans were implemented, due partly to the
higher level of power of personnel at divisional level, and partly

to the increased flexibility and response time of the organisation.

12.2.4 Monitoring and control

As discussed in 11,2.3, and recommended in 11.2.3(a), monitoring and
control of any plan was possibly the most crucial factor in planning
the company's immediate future. This would require continual

reviewing of performance against plan, with a clear set of criteria

defined for this purpose.
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In the period since February 1980, monitoring of performance against
plan has been carried out in a systematic way, against the following

clearly defined set of criteria referred to as the key factors:
i) Cash flow, including value of all gcods received,
finished goods stock, and invoiced sales.
ii) Value of orders received.
iii) Breakdown of orders/supply/shortages.
iv) Analysis of sales and contribution levels.
v) Forward planning progranm.
vi) Key overhead costs (versus monthly targets).

vii) GD sales.

In addition, a monthly report prepared for BOC Ltd. includes cash flow,
further breakdowns of sales and contribution, monthly derartmental

costs, and any highlights in the month.

In order to facilitate the monitoring of key factors, management

computer reports have beccme more user oriented. There are fewer daily
reports, and weekly reports have been shortened or summarised. Two very
short reports on the financial state of the business and core business

items have been produced specifically for monitoring and control.

12,3 CONCLUSIONS

Although the closure of the M.K. site and accompanying reorganisation

of the company helped to reduce overhead costs, BOC AE still had to pay
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the costs of the M.K. site for a further 6 months. The net result for
tre finarncial year 1979/80 was a loss of £m. However, since the
budget for 1980/81 had been met for the first 3 months of the financial
year, the company had every hope that they were well on the way to

achieving the plarned turn around or the business.

Most of the recommendations concerning the short term plans for BOC AE
have been carried out. The skort term objectives for future survival
of the business were beginning to be met, although the means for
achieving increased volumes of sales were different to thcse recommended

in Chapter Ten. (12.2.3).

As far as long term plarning for BOC AE is concerred,
many of the recommendations mzde in Chapter Eleven still hold.

BOC AE will need scme type of formal planning process, with strategic
planning for coping with changing technology and market conditions, but

this may be more effective if dcne at divisional level.  (11.2.1).

Strategic plans should be based on a realistic assessment of the merkst
ard of the ccmpany's abilities. Schemes for increasing market share
should be carefully evaluated, wi£h consideration of the risks involved,
as well as anticipated costs and benefits. A planning model should only
be used to project and evaluate the effect of plans, not to make plans

based on manipulation of the variables involved. (1l.2.2).

The reorganisation of the company, carried out along the lines suggested
in 11.2.3, will enable it to implement plans, respond quickly to the
environment, and monitor and control its performance against plan.

This should help the company to be more flexible, particular with

reference to the possible requirement of plarning in the future. (1l.2.4).
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12.4  FURTHER RESEARCH REQUIRED IN THE COMPANY

Once the turn around of the business has been achieved, further
consideration should be given to some of the issues ccrcerning long

term plarning which have not yet been resclved.

Possible areas for further research are as follovis.

a) Methods and procedures by which market conditions and changes

in market requirement can be monitored and reported.

b) Further work on the forecasting accuracy of the model including
investigation of the inaccuracy of BOC AE volume forecasts in the

past.

c) Outlining procedures for incorporating the best forecasts of
industry price and BOC unit cost into the strategic planning process,

for evaluation of planned changes.

d) Setting up a model for evaluating plans to increase merket share.
This should include consideration of factors such as competitive reaction,
charges in exchange rates and so on, as well as the effect on profit and

cash flow if plarned volumes of sales are not achieved.

e) At a higher level in BOC Ltd. there should possibly be some
investigation of the way in wkich the strategic planning process
operates with the hierarchy of planning levels. This could be
incorporated with an evaluation of the level at which the strategic

planning of an operating company is most effective.

These ideas for future research form the concluding section of that

part of the thesis which deals with the problems of BOC Arc Equipment
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and the ways in which the project ccntributed tc their sclution.

The scope for comment is now widened t¢ include all companies, and
to discuss any implications arising from the results of this research

for the planning of companies in general. _(Chapter 13).



CEAPTER THIRTEEN

CONCLUSIONS ON PLANNING IN GENERAL AND THE SUCCESS OF THE PROJECT

Conclusions and recommendations arising from the work of the project
specifically concerning the planning activities of BOC Arc Equipment

have been discussed in Chapter Eleven.

Results from the project can also be used to make ccmments and
suggestions on the approach to planning by companies in general,
particularly for those wko wish to reappraise their own methods.

These are discussed in 13.1.

These comments lead to the development of some ideas for areas where

further research may benefit the planning of companies in the future.

(13.2).
The opportunity is then taken to assess the success of the project from
the point of view of the company and its problems, and the suitability of

using an IHD approach in this situation. (13.3).

13,1 IMPLICATIONS FOR PLANNING IN GENERAL

Since the project was concerned mainly with the apprcach to planning
used by one particular company, the results can be used to comment on
only certain of the issues raised at the end of the discussion of planning

methods, in Chapter One. (1.1.2).

Each of these issues is considered in turn and comments made where

appropriate.
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13.1.1 The choice of approach (Issue (a), 1.1.2)

The discussion of planning in Chapter One began by pointing out that
any business enterprise needs scme form of planning in order to utilise
available or potentially available resources in the best possible way

for achieving its otjectives. (1l.1.1).

In reviewing the differing approaches in current use, it became

apparent that selection of the most suitable apprcsch for any particular
company should depend on several factors. The size and complexity of
the organisation may determine the need for a formal approach and,
possibly, a corporate planning system to integrate the plarning of
several businesses with differing characteristics. (1.1.1(d)).

The second critical factor is the potential ability of the company to meet
its long term objectives with the existing product/market mix. If

some sort of change is required, then strategic planning methods may
help in evaluating alternative options on a rational basis. (1.1.1(c)).
On the other hand, budgetary methods may be perfectly adequate for
planning the development of current products and merkets. (1.1.1(b)).
A further factor not always considered is the style and strength of
management in the organisation. This will contribute to the ability

of the company to effect change. (1.1.2).

Results from the project can be used to supplement this discussion, and
to make recommendations for any company using, or thinking of using,
some type of formal planning process. These concern an additional
factor which may affect the choice of arproach, the actual basis upon
which the choice is made, and possible dangers inherent in using the

type of strategic planning described in Chapter One. (1.1.1(c)).
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An additional factor - the corporate role of the company

If the company in quéstion is operating within a larger organisation,
then this becomes an additional factor to be taken into account when
choosing or appraising the approach. The presence of a parent company
not only imposes constraints, but may influence the effectiveness of

certain types of planning within the individual business unit.

Problems may arise in strategic planning for operating companies,
involving the level at which this type of planning should take place,
and the way in which resulting plans are integrated into corporate

plans of the parent company.

The dilemma is typically that of the top dowvn or bottom up aprroach.

In order to shape its own future, the corporation must plan and control
the overall direction and policies for its operating companies.
However, if strategic plans for each business were made at this level,
planners would have the disadvantage of being distant from the products
and the market. In addition, it may be difficult to motivate managers
of the operating company to implement a dictated strategic plan., On
the other hand, if operating companies are allowed to meke their own
plans, the parent company may lose control of the overall direction,
and there may be conflicting sets of objectives for the future of each

business. (11241

This also throws doubt on the efficacy of a hierarchy of planning levels,

since the above comments may apply at each level in the organisation.

The conflict between overall control provided by a top down approach

and the practical advantages of a bottom up approach possibly requires
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further research before it can be resolved. (13.3),

Basis for choice

The main conclusion arising from the above discussion would be that
choice of a particular approach to planning should be based on an
objective evaluation of the alternative options, with respect to the

critical factors involved. y

However, observations made during the project suggest that the choice
of approach is unlikely to have been made on this basis. A specific
type of planning may have been selected by the owner or manager of the
business simply because it appealed to him and suited his style of
management. Thus the approach may be intellectual, idealistic,
ambitious or pragmatic, according to the personality, motivation and

ambitions of the manager concerned. (11.2.5).

The strategic planning aprroach

The systematic approach to strategic planning is recommended both to

cope with increasing complexity of a business, and in situations of
changing markets and technology. (1.1.1). Whilst agreeing that

these conditions require some type of long term planning, the author
feels that there are dangers in the use of typical strategic planning
methods as described in Chapter One. (1.1.1(c))s There is a risk

that planning becomes a theoretical exercise divorced from the

practical running of the business. Perception of the market environment
and capasbilities of the company together with the ensuing generation and
evaluation of alternative strategies, may all be completely out of

touch with the realities of the situation. (11.2.2). Even if plans
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are based on an accurate viewpoint of these factors, management effort
is required to ensure that these plans are implemented. Top managers
may become so involved with strategic planning that implementation

suffers. (11.2.3)

Recommendations

The most important recommendation arising from the work of the project
is that a critical appraisal of their current approach to planning can
be of great value to the managers of any company. Results from the
research demonstrated that an analytical investigation of the planring
process can provide insight not only into the success of current methods,
but also into key factors governing the profitability and competitive

position of the business. (8.1).

Since current methods may well have been a rather subjective choice made
by top management personnel, such an appraisal is besp done by an
external agent with no political role in the company. In this way,
even the implicit assumptions made by the management team or planners
can be challenged.' These may include their definitions of objectives,
business areas, the product market/mix, the position of the company in

the market place, and the company's strengths and weaknesses.

An evaluation of current versus alternative methods should be based on
the size and complexity of the business, the need for strategic change,
for example in the product/market mix, the style of management, and

the corporate role of the business unit, if any. In particular, if a
strategic planning approach is thought to be required, the investigation

should consider the means by which plans will be implemented, and the
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potential ability of the management to effect changes within the

business and the organisation.

The second recommendation is that, whatever the approach used, it is
essential that plans are based on a realistic assessment of the
company's capabilities, trends in the market, and future developments
both in the market and in the relevan? technology. Overoptimistic
plans which are almost impossible to achieve will only result in low

morale and a tendency to ignore the planning process.

13.1.2 Use of specific technicues, in particular the experience
curve model for strategic planning (Issue b, 1l.1.2)

The experience curve expresses the hypothesis that in the long term, a
decline may be expected in the real unit cost of a product resulting
from increased efficiency gained through accruing experience in all
aspects of the manufacturing process. As the rate of decline is not
expected to be constant, but to decrease gradually, the model relates
the log of unit cost (or its proxy variable, average price), to the log
of cumulative output, the variable generally chosen to represent

production experience.

From this model the Boston Consulting Group (BCG) derive a strategy of
market share maximisation, by which a company engaged in a particular
business should achieve higher levels of profitability than its
competitors. (1.2)s The argument supporting this derivation depends
on three assumptions, not all explicitly expressed in BCG literature.
Firstly, as BCG point out, the strategy should only be applied to a
growth market, so that costs of gaining market share will not outweigh

the benefits. (Hedley, 1976). Secondly, the model must be valid for
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the business to which the strategy is to be applied. Thirdly, an
increase in market share will actually result in increased profitability,
even in a growth market. Results from the project demorcstrate that

the second assumption is not as straightforward as it may aprear.

In treir literature, BCG cite many examples of instances in whkich a
gradual decline in real unit cost or average price ol a product is well
fitted by an experience curve model.  Although BCG themselves supply
little or ro statistical evidence supporting thie claim, it is backed
up both in the thesis of K. Woclley (Woolley, K., 1972), and by

the work of other researchers in this field. (4.2). 1In additior,
results frow the project supported the hypothesis trat this model
fitted data for the company involved. (5.2.3). However, the fit of

the mecdel to historical data is not the only point at issue.

The argument that market share maximisatiop will result in higher
profitability requires not only that the rodel be valid over a
*historical period, but that this relationship can be extrapolated

into a future period in which volume of ovtput is rlanned to change
drasticelly. Three pieces of evidence from research undertaken during

the project mitigate against tlis assumption.

Firstly, results from testing sets of data which span long periods of
time suggest that a significant change in volume growth is not
necessarily accompanied by the change in unit cost or average price

which would be expected by extrapolating from the experience curve

modelse (6.3.3). Secondly, in most cases where alternative models

have been tested on the same data, any decline in unit cost or average
price was found to be equally significantly related to each of cumulative

output and elapsed time. (6.3). This implies that manipulation of
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cumulzative output by increasing volumes of output in the strategy of
market share maximisation is unlikely to result in an increased rate
of reduction in real unit cost unless justified by specific plans for
cutting these costs. The third piece of evidence ccmes directly frcm
investigation of the success of this strategy in the company involved
in the project. Although historical data would have supported the
validity of the experience curve model in the past, by mismanaging the
strategy the management team ersured that the model was not in fact
valid over the period during which tkey were trying tc increase markct
share. (11.2.2). This illustrates the inherent danger in using
this strategy, that menagement effort and attention is concentrated on
tactics to increase market share, whilst expecting unit costs to fall

automatically.

Recommendation

Use of the experience curve model for derivation of a strategy of
market share maximisation is not recommended, unless it can te shown
frcm some other source that an increase in market share will result

in lower unit costs of production.

However derived, a strategy of market share maximication must be
carefully evaluated with respect to the costs and benefits of gaining
share. The evaluation should consider factors such as competitive
reaction, economic conditions, exchange rates, and imports of cheaper
foreign goods, all of which may threaten and affect the success of the

plan .
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13.1.3 Implementation (Issue c, 1.1.2)

Successful implementation requires effective organisation of the
planring process, particularly in the translation from strategic to
operational levels. This can be adversely affected by the following

factors.

Complex management hierarchies with poor ccmmunication between-levels
can result in inadequate perception of the overall objectives at lower
levels of the organisation, with resulting lack of ccmrmittment to

strategic rlans. (9.2.3(b)).

Implemertation of operational plans requires well-defined targets,
allocation, of responsibility for meeting these targets, a monitoring
system and accountability for performance. Inadequate organisation of
this part of the process will result in delays and failure to aschieve

objectives. (9.2.3(c)).

In addition, the strategic plan shculd be monitored against a set of
clearly defined criteria such as market share targets, unit cost targets,
profit levels etc. The absence of a monitoring system means that
control cannot be exercised over progress towards these targets;

the fact that a strategic plan is not succeeding in any of its major

objectives may not even be known. (11.2.3)s

Recommendations

a) Strategic or other long term Plans should be developed intc short-
term operational plans with a series of explicit targets, action plans,

and accountability for performance against these targets. All
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personnel should be acquainted with the overall strategic objectives,

and how their areas of responsibility fit intc the strategic plan.

b) It is essential that progress be monitored against long term as
well as short term objectives. The long term otjectives should be
clearly defined and there must be a system capzble of either measuring
or giving a realistic estimate of the current state of any variables
defined as key criteria. For example, if a strategic plan is
expressed in terms of market share objectives, there must be a part

of the plan which provides a method of estimating the company's market

share, hopefully with some sort of check of its validity.

13.1.4 Tke requirements of chenging conditions (Issue d, 1.1.2)

The last issue raised as a result of the discussion in Chapter One
(1.1), concerns the adequacy of current methods of planning to meet

the demands of the future.

Various authors have suggested thst an increase in the rate of clange
of technology and consequent changes in the market place will make
current methods of long term planning ineffective, since the planring
process will lag behind the need to cope with the changes. Ansoff in
perticular prcposes that companies will need to revert to informal
planning and entrepreneurial behaviour in order to give them the
requisite flexibility and speed of reaction to their environment.

(1.1.2).

The work of the project cannot really contribute to speculation on this
issue, except to endorse its importance. In the future, flexibility

will probably distinguish the survivors from the non-survivors. Since
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the large complex organisations clearly require formal plans merely

to contrcl and co-ordinate their activities, the answer may be fourd
in the size of business unit, rather thkan in the type of planning
used. A small unit which can cope with the management and successful
implementation of change could be flexible whilst still retaining the

advartages of a planning system.

The ccmments discussed in this section were used to develop ideas for

further areas of research which would benefit the planning of companies

in general.

13.2 AREAS FOR FURTHFR RESEARCH ON GENERAL PROBLEMS OF PLANNING

From the discussion of 13.1, it would appear that scme of the major
problems in planning occur in the use of strategic planning methods,
(13.1.1), in use of pianning models to derive and evaluate growth
strategies (13.1.2), and in implementation of strategic plans. (13.1.3).
Additional problems may be created if the planning unit is part of a
larger organisation (13.1.1), These suggest four aress where further

research could be used to help ccmpanies improve the effectiveness of

their planning.

a) Assessing the suitability and benefits of strategic planning methods
for a small business

Investigation of strategic planning as practised by the company involved
in the project showed that one reason for its failure lay in the way in

which the specific techniques were applied. (11.2.2).

A general study of the use of these methods in small ccmpanies could be

used to compile a list of guidelines for their application.
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The study should aim to give some indication of the following:

i) Methods for gathering market information and feeding it back into

the planning system. Typically this information wculd consist of some
estimate of market growth rates, market share of the company and its
competitors, and monitoring trends in these variables. The source for
making the estimates may be government trade figures, trade organisations,

census figures; the study could also investigate methods used in tkre

absence of such inforration.

Market information gathered from the sales force may include trends in
sales in geographical areas, or market sectors, compariscon of products
and prices with those of cempetitors, changing peatterns in consumers and

their rcutes to the markets, and so on.

ii) Methods for assessing a compeny's capebilities, strengtls and

weaknesses,

One way of doing this could be for planrers or managers to investigate
reasons why targets and objectives have not been met in the past.

Over a period of time, these could be compiled into a picture of
company weaknesses, with accompanying estimates of penalties incurred
in terms of loss of business, increased costs, decline in sales etc.
For the company concerned, the results could be used in two ways, both
to focus management attention on problems where penalties for failure
are high, and to incorporate known weak points into evaluation of plans.
Comparison of such analyses over a variety of companies could reveal
many common problems, witk information on which are the most important.
This could provide invaluable guidance to others who are just setting
up their organisation, introducing more formal planning procedures, or

whko do not have the resources to do such an exercise for themselves.
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iii) Use of models for generation and/or evaluation of strategic plans.

Use of a model carries the advantage that plans can be evaluated on an
objective basis, with quantification of key variables. This also
implies that objectives can be guantified, and sc provide the criteria

for a monitoring system.

Disadvantages of a model may be that it is too complex for ease of use,
requiring an 'expert' to do the calculations, or that it is too simple,
omits importaﬁt factérs, and so prejudices decision making. One danger
demonstrated by the ccmpany involved in the project was that assumptions

underlying the validity and use of the model were not clearly understood.

(11.2.2).
A survey of models used by small businesses could be useful in pointing
out common models, their advantages and pitfalls, and possibly which

models are more applicable and useful for different situations.

The particular need for a model to evaluste growtk strategics is

discussed in (b) below.

b) Creating a simple model for evaluating plans to change market share

Particularly in the case of a small company, it is important that
evaluation of such a plan includes not only the costs and benefits of

gaining market share, but also penalties which will be incurred if the

planned growth does not happen.

Essential variables would consist of the unit cost and average price of

the product, cost of additional resources and capacity required, cost

256.



of marketing effort, and forecasts of market growth. Further variables
could include number of ccmpetitors, influence of technological charnge,

economic climate, and so on.

In investigating and compzring the benefits of such mocdels, analyses
should be done not only of the fit of models to data.for companies where
growth in share has occurred as a result of deliberate strategy, bﬁt
also how useful such a model would have been to the planrners before they

embarked on the strategy.
The ideal model would be simple encugh to be generalised for use in
different compznies, but include sufficient critical factors to

represent the real cost, benefits and risks attached to such a venture.

c¢) Implementation of strategic plans

Again a study of comparnies who use a formal planning process cculd be
used to generate ideas and guidelines on the most effective systems for
implementation of these plans. Arising frcm the work of the project,

it is suggested tlat factors for investigation would include
organisational structure,operational plans, the use of budgets, target
setting and accountability, together with monitoring and control systems.
(See also the methods for assessing company's weaknesses, described in

(a)(ii) above.

d) Plarning in a large organisation

A study of the planning process in several large organisations could
provide information on the best ways in which this could be done, with

respect to the effectiveness of planning for the corporation as a whole.
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The aim of the study wculd be to determine the optimal solution to the
dilemma discussed in 13.1, that is, whether strategic planning in a
large corporate body should be top dowr, bottom up, or a combination of

the two. - The investigation should be based on the following factors:

i) The number of levels of planning and optimal size and type of

planning unit.

ii) 1Integration of objectives and plans between levels so that

motivation, monitoring, and control are effective at each level.

iii) Translation of strategic into operation plans and goals, particularly

if strategic planning is done at a different level.

iv) The most effective way of monitoring strategic plans for each

level and for the business as a whole.

13.3 THE SUCCESS OF THE PROJECT

This is assessed both from the point of view of BOC Arc Equipment, who
raised the original problem, and as an exarple of the application of

an IHD project in this type of situation.

13.3.1 In coping with the problems of the company

The initial objective for the project was to investigate the validity
of the planrning model being used by BOC Arc Equipment, and the progress

of their strategic plans based on this model.

During the course of this investigation, further problems were revealed

that were of more immediate importance for the company. The lack of
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reduction in direct costs of the product, rising factory costs and
high overhead costs had resulted in adverse trends between unit cost

of production and average price, causing an erosion of profit margins.

Action was required to avert these trends, and the work of the project

contributed to tactics for increasing volumes of sales and reducing costse

Thus, each stage of the project arose from results of the previous stage,
or frcm the original problem. Investigation of the planning model
produced evidence of adverse trends which indicate the failure of the
current strategy. The project then contributed to short term plans

for restoring the business to a profitable position.

There is no doubt that ths research, particularly the early work on analysis
of costs, was instrumental both in initiating action and providing
informztion and guida#ce for decision-making for the changes needed to

turn the business around. The contribution of the project in different

areas is discussed in Chapter Twelve.

However, there are two ways in which the work of the project could

possibly have been made more effective:

a) One of the main problems of the ccmpany at that time (1977)
was in production. The organisation and control of the
operation was inefficient, causing poor product supply and
contributing to high unit costs. (9.2.3). However, the
project was prevented from working in this area by BOC AE
management, who feared further disruption of industrial
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b)

"

During the course of the project many changes were taking
place in the ccmpany. (Chagrter Twelve). Towards the
end of this perioa the worsening financial situation and
increasing pressure and involvement frcm BOC Limited

meant that these changes were taking place against a back=-
ground of individual insecurity of jobs, political
manoeuvering, Jlack of communication and outright secrecy.
In fact the major decisions were being made away from the
normal BOC AE management process. Ultimately, after the
closure of the Milton Keynes site, all strategic decisions
were made at divisional level, by the chief executive of

the new welding processes division. (12.2.1).

As a result, although much of the wcrk of the project was
still being used, the control and decision-meking function
of BOC Arc Equipment was at a level remote from that at

which the project was operating.

It may well be that, in an operating company such as BOC AE,
part of a much larger concern, long term plarning should

always have been at divisional level.

Siting the project at divisional level would have provided

two major benefits. Firstly, work ccncerning strategic plans
cculd have taken all relevant factors into account, including
the plans and requirements of BOC Limited. Secondly, it
would have been in a better position for affecting and

influencing decisions.
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13.3.2 As an IHD project

In general this was a good aprlication for an interdisciplinary approach,
since the problems of the compary spanned many areas of the business,
from quantitative business analysis and planning to company organisation

and methods of production.

The protlems involved in using an academic approach in a dynamic
business environment were usually those of timescale. The company
wanted immediate answers instead of waiting for academically scund
reports. This was solved by discussing results, as they arose,

informally with the managers concerned. These would either be confirmed

or adjusted with the issue of a report.

Just occasionally real conflict arose between the requirements of the
company, and the need to provide rigorous justification for some of the
conclusions reached from the research. However, successful managemznt
of these conflicts must pe part of an IHD project, ard adds to the

experience of the student.

Later on, when the worsening financial situation in the company threw
doubt on the future of ths project, the flexibility of the IHD approach
enabled it to continue. It appeared to the General Manager that the
initial scope of the project did not include the real problems of the
company. However, by changing its course slightly, the work of the
project could concentrate on the tactical side of planning, and provide

help for short term plans to improve the situation.

The author feels that an IHD project provided a good approach to the

problems of BOC Arc Equipment. Careful definition of the problem was
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followed by solutions drawing both on existing knowledge and on new
source% of information and skills. These solutions, tailored to

the needs and resources of the company, had to be aprlied in a dynamic
business situation. This approach gives a good general basis for

problem solving wkich can then be carried into any other situation.

262.



LIST OF REFERENCES

ABERNATHY, W.J., and WAYNE, K., "Limits of the Learping Curve',
Harvard Business Review, September/October 1974,
p.109-119,

ACKOFF, R.C.y "A concept of Corporate Planring'", Wiley, Interscience,
1970.

ALCHIAN, A., "Reliability of Progress Curves in Airframe Production",'
Rand Corporatior RM 260-1 1950.

ANDERSON, E.J., CLARKE, D.R., and TUDOR, R., "The Success of -~
Technigues", Manzagement Today (UK), February 1976. pp.74-75.

ANDRESS, F.J., "The Learning Curve as a Prcduction Tool'", Harvard
Business Review, January/February 1954. p.87-97.

ANSOFF, H.I., AVNER, J., BRANDENBURG, R.G., PORTNER, F.E., and
RADOSEVIKH, R., "Does Planning Pay? The effect of
pPlanning or success of acquisition in American Firms",
Long Range Planning, December 1970, p.2-7.

ANSOrF, H.I., DECLERK, R.P., and HAYES, R.L., "From Strategic Planning
to Strategic Managemert', John Wiley and Sons, 1976.

ANTHONY, R.N., "Planring and Contrcl Systems: A Framework for
Analysis", Harvard Business School Divison of Research 1965.

ARGENTI, J., ;gractical Corporate Planning'", George Allen and Unwin Ltd.
190.

ASHER, H., "Cost-Quantity relationships in the Airframe Industry",
Rand Corporation, R.291, July 1956.

BACON, J., "Managing the Budget Function", Studies in Business Policy
No.13l, Naticnal Industrial Conference Board, 1970.

BALOFF, N., "Startups in Machine Intensive Production Systems",
Journal of Industrial Engineering, Vol.XVII.No.l, p.25-32,
1966.

BALOFF, N., "Extension of the Learning Curve - some empirical results",
) Operational Research Querterly, Volume 22, No.4, p.329-340,
1971.

BATTY, J., "Corporate Planning and Budgetary Control", Macdonald & Evans
Ltd. ] 19?0 L]

BLOOM, P.N., and KOTTLER, P., "Strategies for High Market Share
Companies'", Harvard Business Review (USA), November/December

1975, p.63-72.

BOSTON CONSULTING GROUP, THE, "Perspectives on Experience", 1968, 1970,
1972.

263



BRIDGE, J., and DODDS, J.C., "Planning and the GrowtlL of the Firm",
Croom Helm, London 1978

BUZZ:ELL, R.Dc‘ GALE' B.T0g and SUL’J’AN‘ RIGUM!| "Ma]‘.‘ket Sh.are - a key
te profitability", Harvard Business Review, January/February
1975. p. 97-106.

CAUSEY, D.V., "Personnel Programming', Managerial Planning (USA),
January/February 1977. p.37-40.

CHRIST, C., "Productivity in the Airframe Industry", Econometrica
Vol.19, p.329-330, 1951.

COCHRAN, E.B., "New doncepts of the Learning Curve!", Journal of
Industrial Engineering, Vol.XI.4, July/August 1960, p.317-327.

CONLEY, P., "Experience Curves as a Planning Tool", A special
commentary, Published by The Bostcn Consulting Group, Boston,
Mass. 1970.

CONWAY, R.W., and SCHULTZ, A., "The Manufacturing Progress Function",
Journal of Industrizl Engineering, Vol.X, No.l, p.39-34,
January/February 1959.

FRUHAN, W.E., Jnr., "Pyrrhic Victories in Fights for Market Shsre",
Harvard Business Review, September/October, 1972, p.100-107.

GIBBONS, T.T., and DEVLIN, L., "A model for manpover utilisation",
Industri&l Engineering (USA)| August 1976- volos' p.2?-29.

GOODALL, A«J., "Practical Problems in Corporate Planning; Batchelers
Foods'", included in Corporate Strategy and Planring, edited
by B.Taylor end J.R. Sperkes, Heinemann, London, 1977.

GORDON, R.L., and LAMB, J.C., "EDP Manpower Planning", Data Mation
(UsaA), June 1977, p.81-83.

HALL, M., and WEISS, L., "Firm size anc profitability", Review of
Economics and Statistics, August 1967, p.319-331.

HALLBAUER, R.C., "Statistics, Management Science, and Standard Costs",
Cost and Management (Canada), May/June 1975. p.18-26.

HEDLEY, B., "A Fundamental Approach to Strategy Development", Long
Range Planning, December 1976, p.2=1l.

HENDERSON, B.D., "The Experience Curve - Reviewed", Perspectives on
Experience, The Boston Consulting Group, 1968.

HIRSCH, W.Z., '"Manufacturing Prcgress Functions'", The Review of
Economics ané Statistics, Volume XXXIV, No.2, p.l43-155,
May 1952.

HIRSCHMANN, W.B., "Profit from the Learning Curve!", Harvard Business
Review, January/February 1964, p.125-139.

264



HOFSTEDE, G.H., "The Game of Budget Contrcl", Londocn, Tavistock
Publications, 1972.

HOWARD, N., "Paradoxes of Rationality'", MIT Press, 1971.

HUSSEY, D.E., "Corporate Plarming Theory and Practice", Pergamon
Press, 197k4.

IRVING, P., "Corporate Planning in practice: a study of the development
oif organised planning in major United Kingdom companies,
University of Bradford, M.Sc. dissertation, 1970.

JAIN, S., "Translating Experience into Growth", Managerial Planning
(USA), March/April, 1975, p.1l-5, 29. /

KARZER, D.W., '"Long Range Planning and Organisational Performance',
Long Range Planning Journal, UK, December 1975, p.60-65.

KOTTLER, J.L., "The Learning Curve - A Case History in its application",
Journal of Industrial Engineering, July/August 1964, p.176-180.

LEININGER, W.E., and SPANGLER, R., "Learning Curves and Setting Standard
Costs", Cost & Management (Canada), November/December 1976.

P'20—32 -

LIPSEY, R.G., "An Introduction to Positive Economics', Weiderfeld &
Nicolson, 1963.

LOFTHOUSE, S., "Cumulated Output and Cost Behaviour", Management Decision,
12.5, p.245-254, 1976.

NOYCE'. RoN-' "Micre electroniCS"s SCientific AmeriCan, Vol.237, N0031
p.63-69, September 1977.

PRESTON, L.E., and Keachie, E.C., "Cost Functions and Progress
Functions - An Integration', The American Economic Review,

RADFORD, K.J., '"Managerial Decision Making. Restor Publishing 1975.
RADFORD, K.J., "Complex Decision Making. Reston Publisking 1977.

RINGBAKK, K.A., "Organised Planning in Major US comparies", Long
Range Planning, December 1969, p«54=57.

ROESON, A.P., "Budgetary Control - scme problems and possible
solutions', Papers in Management Studies, Ashridge Management
College, 1966.

SAID, K.E., "Management Applications of Learning", Management Accounting
(UK), September 1975, p.279-282.

SCHOEFFLER, S., BUZZELL, R.D. and Heany, D.F., '"Impact of Strategic

planning on profit performance", Harvard Business Review,
March-April 1974, p.137-145.

265



STEWART, R.F., ALLEN, J.K., and CAVENDAR, J.M., "The Strategic Plan",
Stanford Research Institute, 1963.

STOBAUGH, R.B., and TOWNSEND, P,L., "Price Forecasting and Strategic
Planning: The Case of Petrochemicals'", Journal of
Marketing Research, Vol. XII, p.19-29, February 1975.

SULTIAN, R.G.M., "Pricing in the Electrical Oligopoly - Volume II
Business Strategy', Harvard University Press, 1975.

TAYIOR, B., and IRVING, P., 'Organised planning in major UK companies',
Long Range Plarning, June 1971, p.10-26.

TAYIOR, B., "Strategies for Planning", long Range Planning, Vol.8,
August 1975, p.27-35.

TAYIOR, B., "Managing the Process of Corporate Development'
Included in Corporate Strategy and Planning, edited by
B.Taylor and J.R. Sperkes, Heinemarn, London, 1977.

THUNE, S.S., and HOUSE, R.J., "Where long range planning pays off",
Business Horizons, August 1970, p.81-87.

VERSCHUUR, PROFESSOR J.J., "On the Viability of Manufacturing
Compenies faced with Market Leaders", Unpublished note.
Interuniversitaire Interfaculteit Bedrijf Skunde - Delft
(Grzduate School of Management, Delft, The Netkerlands),
1976. '

WHITE, J.M., '"Uses of Learning Curve Theory in setting Management Gosals",
Journal of Industrial Engineering. Vol.XII, p.409-411, 1961.

WILLIAMS, P.F., "The Application of Manufacturing Improvement Curves in
Multiproduct Industries", Journal of Industrial Engineering,
Vol. XII, No.2, p,108-112, March/April 1961.

WILLSMOKE, A., "Business Budgets and Budgetary Control", Sir Isaac
Pitman & Sors Ltd., london, 1960.

WOOLLEY, K.M., "Experience curves and their use in Planning", A
dissertation, Stanford University, Ph.D., 1972.

WRIGHT, T.P., "Factors affecting the Cost of Airplanes"
J. Aeron. Sci. 3, February 1936, p.122-128.

266



Bibliography

BAIN, Joe S.,

CYERT, R.M. and
MARCH, James G.,

DRUCKER, P.F.,
GALBRAITH, J.R.,

HUSSEY, D.E., °

KING, William R.,

MORRELL, James G, N

MUMFORD, Enid and
PETTIGREW Andrew

WALTERS, A.A.,

Price Theory
John Wiley and Sons, Inc. New York 1952

A behavioural Theory of the Firm
Prentice-Hall, 1963

The Practice of Management
Pan Books, London, 1955, reprinted 1969

Organisational Design
Addison- Wesley Publishing Company, 1977

Introducing Corporate Planning,
Pergamon Press, 1971

Quantitative Analysis for Marketing Management
McGraw Hill Book Company 1967

Management Decisions and the Role of Forecasting
Penguin, 1972

Implementing Strategic Decisions

Longman 1974

Production and Cost Functions - An Econometric

Survey,
Econometrica Vol.31, 1963

267



