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Synopsis

Large Scale Projects are invariably the concern of a group of people,
who come together for the duration of the development. A number of
institutions may have an interest in the project outcome and want to
influence its development, consultants may be assigned to contribute
expertise to the development and contractors may be engaged to perform
implementation roles such as construction.

These participants form relationships which, because of the scale of
the project are complex and difficult to define. Decisions are taken
and large scale projects implemented but the challenges associated
with the development of large scale projects are enormous and error
costs are often high. Learning from the mistakes in previous large
scale projects has often proved inadequate in meeting the complexity
of subsequent developments.

This research approaches the problem by viewing the group concerned
with a large scale development as an organisation. The organisational
challenge addressed in the research is the provision of functional
capacity to support the development and selection of options and the
control of implementation. Flexibility is defined as inversely related
to organisational constraint, which impedes communication and control.
It is the view of this research that when flexibility is lost,
functional capacity is reduced and the probability of error increased.
As the primary concern is communication and control, cybernetics has
been chosen an appropriate background for the development of a
conceptual framework.

Application of the framework to a case study has indicated that there
is an association between the degree of flexibility as defined and
undesirable outcomes during the development of a large scale project.

Key Words: Flexibility, organisation, communication, control,
cybernetics.
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To view flexibility as a requirement should a system go wrong implies
that there should be alternative paths to follow or options to select
when error emerges. A large scale project requires a strong
commitment to clearly defined goals and by definition, would therefore
appear to be highly inflexible. This has been held as a major
criticism of large scale developments. Historically they have a poor
track record for success and many stand, sometimes incomplete, as
monuments to poor decisions made in ignorance. And yet large scale
projects do coffer major opportunities. Some of those completed have
been of great social value, not just in themselves but as spin-offs

into other technologies.

One of the major managerial challenges in the development of a large
scale project is complexity. This is not merely related to the size
of the project but to the number of interdependencies that have to be
catered for. Interests views, knowledge and expertise need to be
aggregated to focus on the development of the project. It demands an
awareness of the situation which has suggested that there would be an
advantage in developing a large scale project in preference to
incremental change; an appreciation of future opportunities and
threats various options would satisfy; and a capacity to control the
project through its life cycle. Complexity emerges as a managerial
challenge not only because of the number and interdependency of

relevant, controllable and uncontrollable variables but also because



concern for these variables is usually dispersed into a number of

institutions and agencies.

It is in communication and control that the managerial response to
complexity in large scale development is found. If flexibility is
viewed as an ability to ameliorate threats and take advantage of
opportunities in developing a large scale project, it will depend on
the effectiveness of the communication channels in aggregating useful
information to support decision making and in providing control
capacity for the implementation of the decision outcome. Flexibility
will be lost when relevant information is distorted, omitted,

misunderstood or not integrated when necessary.

Before this research was started I did some work analysing large scale
projects that have been viewed as failures. In the majority of cases
it had been found, in public inquiry reports etc., that a common cause
of failure was attributed to various weaknesses in communication
channels. 1In developing models of the communication systems operating
in two project developments, the Westgate Bridge in Melbourne,
Australia and the Bay Area Rapid Transit System (BART) in San
Francisco, it became apparent to me that many errors, some disastrous,

were associated with communication problems.

Consultancy headquarters were sometimes away from the project
development area and although they had representatives on site their
degree of discretion was limited. Many decisions had to be referred
back to headquarters and urgent responses were sometimes delayed.

Consultants appeared to be selected because of their international
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experience but this also meant that they were involved in a number of
projects simultaneously and could spend only a limited time
considering each one individually. Contractors often complained that
they gave information to and requested information from, consultants
but received a negligible response and were forced to take decisions

with incomplete information, to fulfil schedule demands.

There were instances apparent in the development of BART where
interdependencies between areas of design were not catered for within
the communication system and designs became increasingly incompatible.
Engineers, aware of potential difficulties that would occur in the
operation of project outcomes, complained that they were not given the
opportunity to present their views and felt subsequent errors were a

direct result of this.

Common to both developments was the ineffective monitoring of
technical development. Consultants and contractors made many
decisions independent of each other and the organisation set up to
steer the project development. The initial plans and the contracts
formed were insufficient to guide project development. Plans were
often general and open to a variety of interpretations and there was
little evidence of monitoring of technical development, which would
have revealed inadequate technical performance and incompatibility

between areas of design and construction.

Initially I was interested as a result of these studies in
communication systems in project management and their influence on

project success. It appeared that the structure of the communication
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network was the key to organisational flexibility in steering project
development and reducing error cost. After a long period studying
project management and organisational design it became apparent that,
to steer a project implied more than providing a communication system
to coordinate, monitor and control implementation. By developing an
understanding of cybernetic concepts and the framework relating these
concepts to organisational effectiveness in the viable system model
(S. Beer 1979, C.Davies et al 1979), it became clear that it was also
necessary for the organisation concerned with steering the project
towards a desirable outcome, to have the capacity to learn and adapt.
Without this capacity it would not be possible to determine if the
unfolding of the project throughout its cycle was continuing to

satisfy the interests of those with a stake in its ocutcome.

It was suggested that it would be useful if the framework developing
from this work could be applied to the decision making process leading
up to the selection of a particular option. As this was the area many
authors felt confirmed the view that a decision to develop a large
scale project was a very inflexible one, foreclosing all other
options, it seemed particularly interesting. Further support for this
approach came during a seminar given by R. Espejo in 1985 when he
suggested, another viewpoint could be that organisational structure
has far more implications for flexibility than the policy process

does.

I then decided to consider how decision making is supported within the
organisation. The conceptual framework appeared to be particularly

useful in this area. Rather than defining flexibility as the number



12

of options open to a decision maker it came to be defined in the
research as the effectiveness of the communication system in providing
information sufficient to support the decision making process.
Essentially it suggests that organisational relationships provide the
capacity for learning and adaptation in the process of formulating

options.

Having established theoretically how flexibility can be introduced
into the development of large scale projects I gained access to key
actors involved in the development of Birmingham Airport to
International status. This particular large scale project was
selected because it had been developed locally and it was already

complete. This has advantages and disadvantages.

All of those interviewed were speaking from memory and Ackoff (1970)
found that a project outcome affects actors' perception of both what
took place during its development and the decisions that were taken,
including those they took themselves. It was possible to cross
reference interviews however and support the data with records of
meetings and reports at the time. The study of a completed project
has the advantage that it permits a complete view of organisational
relationships, key events and decisions, the effects each had on the

development and their relation in time.

As large scale projects are the concern of one institution only by
exception, the conceptual framework for the research has been
developed for the analysis of projects developed in a multi-

institutional setting. The case study selected appears to represent



13

one such exception, however, although it was the West Midlands County
Council who decided to develop the project, there were many agencies

who contributed expertise and knowledge.

Large scale projects whether they are the concern of one or more
institutions produce the same managerial challenge to develop
communication and control mechanisms sufficient to cater for
organisational relationships between all participants. This is why
the conceptual framework proposes that all participants in one or more
institutions and other agencies should be viewed as one organisation,
whose purpose is to bring about a successful project outcome. 1In this
way it is possible to analyse organisational effectiveness in

developing a large scale project in any institutional setting.
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1.1 Large Scale Projects

There are few studies on what influences success or failure in large
scale projects. P.W. Morris and G.H. Hough (1986) have done an
extensive literature review on the topic. Most of the work available
is based on project failures and the preconditions that brought about
failure (Murphy et al 1974; Kharbanda and Stallworthy 1983; P. Hall
1980; Bignell and Fortune 1984; Rondinelli 1984). Morris and Hough
have made a major contribution to the understanding of the
preconditions of success and failure in major projects and have gone
some way to provide a structured analysis of a number of large scale
projects, which they found lacking in previous studies. Their
findings on factors which influence project success include, stable
and effective relationships within the organisation and a commitment
to developing a response, recognition of the effects of external
factors and political support. Large scale projects present

managerial challenges which must be recognised.

"Major projects offer major opportunities. Sometimes they cannot
be avolded,. ..o ...For whatever reason they are undertaken, their
special managerial difficulties should be clearly recognised."
(Morris and Hough 1986)

The development of large scale projects is invariably the concern of

more than one organisation. A concept found in literature which
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addresses this situation is "organisational ecology". (Stringer 1982,
Trist 1977). Organisational ecology is defined as the field created
by a number of organisations whose interrelations compose a system
which cannot be adequately understood in terms of one-to-one relations
between organisations nor as "organisation in its environment". Two
characteristics of the circumstances associated with the development
of large scale projects have been identified, by Stringer, as the size

of projects and the complexity of inter-organisational relationships.

The following review outlines the problems of inflexibility associated
with large scale projects and literature which indicates that it is
possible to develop an approach to this problem. The research
addresses flexibility in two areas of large scale project development
1) Planning 2) Project Management. The literature relating to project
development will therefore be presented in these areas separately,

although it is accepted that in reality they are interdependent.

In the first area an attempt has been made to combine planning
concepts developed by R.L. Ackoff (1981) with a review of planning
methodologies by J. Rosenhead (1980). Authors who have developed work
related to the planning process will be introduced within this
framework. Before studying literature relating to project management
there is a section concerned with the emergence of the project
organisation. This section is an attempt to outline the
organisational developments that have taken place in the last three

decades in response to increasingly complex and dynamic environments,

which are a hallmark of large scale projects. Finally the chapter
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includes project management and devices used to steer the project life

cycle.

1.2 Planning - methodologies and concepts.

Methodologies Planning Concepts
Rational comprehensive planning Preactive
Disjoint incrementalism Inactive
Mixed scanning Preactive
Robustness analysis Preactive/Inactive

i) Rational comprehensive planning - top down, preactive.

This is the term used to describe the planning process as performed by

bureaucratic organisations.

"Options are successively and more tightly constrained with a
corresponding reduction in flexibility. This form of planning is
taken to require the specification not only of current actions but
also of decisions to be implemented at all stages of the plan. The
outcome is a slow moving monolithic structure with a reluctance to
change from the posture adopted."™ (J. Rosenhead 1980)

Planning in this type of organisation, described by Ackoff (1981) as

preactive, consists of 'predicting' the future and 'preparing' for it.

"Preparation involves taking steps to minimise or avoid future
threats and of greater importance, to exploit future opportunities.
...... .perhaps the greatest difficulty in preactive planning derives
from the fact that the further ahead we try to forecast, the greater
the error is likely to be."™
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He does go on to say however that

"what corporations 'do' have an effect on their environment"

and to some extent the large scale project can help a corporation to
design its own future by influencing change in the relevant
environment. In this way environmental change, often not considered
desirable by environmental elements, is influenced by technological

development.

There is much criticism of this form of planning because of the
inherent inflexibility of the process, which may on the one hand incur
high error costs for the organisation concerned or on the other hand
produce an unwanted technology and/or produce undesirable changes in

the relevant environment.

D. Collingridge (1982) takes the view that

"flexibility is represented in the number of options available to a
decision maker on a continuous basis."

He argues that the number of options are rapidly reduced in the
decision to develop large scale projects. He agrees with Ackoff that
possible futures are difficult to determine with the large time span

between option selection and operation.

This view is supported by N. Caiden and A. Wildavsky (1974) who say

"it is a mistake to encase probable errors in concrete. Large
projects represent huge commitments. Resources are tied up neot only
in the present but over many years required to construct the project
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and get it into operation. The scope for error is large but the
margin for manoeuvre is small."

ii) Disjointed incrementalism - minimal change, inactive.

Lindblom (1980) in developing this methodology argues that

"coordination between agents with different interests and values
is wvastly more efficient in the absence of a central

coordinator...: .. . .decisions should be made with marginal dependent
choice, with analysis confined to the marginal differences between the
options and between the options and the status quo. This is

simplified by restricting the number of options and the consequences
of each option considered."

He suggests that there should be

"incremental and remedial attacks on the problem and through
negotiation partisans with widely different aims and objectives can
come to agree that some policy is in all their interests."

D. Collingridge (1980) advocates this approach as a means of retaining
flexibility in the decision making process and uses it as the basis

for his criticism of large scale developments.

"incremental mutual adjustment between partisans can be made in a
way that keeps options open and limits the costs of maladjustments

that must arise from time to time. Because decisions based on
incremental change are easier to make, error costs small and the
chance to learn increased. ....... . to retain flexibility it is

necessary to develop smaller units."

Relating this to the nuclear power industry he says this would also

increase the industry's ability to match capacity with demand.

In developing countries the failure rate of large scale projects has
led many critics (N. Caiden and A. Wildavksy 1974, Rondinelli 1983) to

conclude that
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"a large number of small projects with short time horizons
greatly increases the prospects of learning, adaptation and
correction. Because less has been invested in each individual project
it is relatively less expensive to end them."

In his review of planning methodologies Rosenhead admits that

"this approach is less monolithic than rational comprehensive
planning but such a process offers only a different type of
inflexibility ie. the determinism of the unhindered unfolding of
existing tendencies which is inadequate for turbulent organisational
environments."

Ackoff describes those who advocate such a methodology as

"inactivists, who advise treating each problem separately,
disjointly and doing as little as possible. Scme refer to such a
strategy as 'muddling through'. Even in an environment that is
virtually completely uncontrollable and turbulent, although
inactivists may not do well by doing nothing, often do no worse than
those who try to do something. Because they act cautiously they
seldom make mistakes of catastrophic proportion. When they die, they
do so slowly."

S. Zwerling (1974) uses a categorisation due to J.D. Thompson (1967),
who described two strategies which could be adopted by a decision
maker faced with uncertainty in the future. These strategies can be
applied to the two methodologies so far described. The first is a
prescriptive approach where the decision maker visualises a future and

attempts to realise it.

"The prescriptive technology so dominates and overwhelms the
future and to such an extent, that other possibilities are hopefully,
precluded. If the decision maker wishes to render the future stable,
he will prefer an inflexible technology, one that shapes developments
rather than follows them. The comprehensive strategy dictates
rigidity in order to make 'error', should it arise, irrelevant.
Therefore the greater the sunk cost the better."

The second approach is described as judgemental. It is incremental

and aims at an adaptive and adjustable technology.
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"The decision maker who adopts this strategy seeks, above all, to
minimise the effects of an uncertain future by hedging his bets.
Lacking a commitment to a specific vision of the future, he attempts
to maximise his chances of being able to meet whatever possibilities
the future may hold. He says that the more technology lends itself to
incremental change the better. A flexible technology has the capacity
for reducing conflict; an inflexible technology has the capacity for
creating conflict."™

iii) Mixed Scanning - preactive.

This methodology involves initially a low detailed analysis over a
wide search area. There is a subsequent elimination of alternate
policies till only one remains. This produces a limited
responsiveness achieved through bit decisions within the constraints

set by the preceding fundamental decisions.

Rosenhead describes this methodology as being

"strongly influenced by the system's approach and a variant of
rational comprehensive planning. Flexibility however enters not as a
capacity to choose between meaningful strategic alternatives but only
as a flexible response which can maintain key structural relationships
under perturbations from the environment. The concept of resilience
is a recent development in this tradition. The result of
resilience is persistence: the maintenance of certain characteristic
behavioural properties in the face of stress, strain and surprise.
Components of resilience include boundary, restorative and contingency
components which imply various mechanisms necessary to bring about
persistence."

A system's approach related to the concept of resilience is the
cybernetic approach used by S.Beer (1979) in the development of the
viable system model. This model presents a framework for
organisational design based on functional relationships and concerned

with survival. Planning is viewed as an on-going process emerging
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from stable systemic relationships at multiple levels within the

organisation which permit learning and adaptation.

iv) Robust planning - bottom up, sequential, inactive/preactive.

This methodology would appear to be a hybrid of the inactive and
preactive concepts. It is preactive in the sense that it does not
imply incremental change from the status quo but inactive in the sense
that it aims to keep options open which are marginally different such
as indeterminate architecture and involves sequential decisions which
should be designed so that they can be reviewed as new information
becomes available. It represents a departure from preactive planning
in that instead of aiming to design a desirable future it produces a

set of options which can meet a variety of futures.

To keep options open, the methodology suggests that

"rather than optimising, a decision set should be selected which
are components of a wide range of acceptable decision sequences under
most or all of the identified futures. The analysis is expected to
proceed recursively with the assessment of the output of later
activities in the methodology resulting in amendments to earlier
activities." (J. Rosenhead 1980)

This methodology is primarily the work of J. Rosenhead (1980) and J.K.
Friend and W.N. Jessop (1976) and is designed to offer a way of
handling complex decision situations. Useful flexibility is defined

as

"the number of opportunities for taking future decisions which
seem likely to lead to desired states."
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The main elements of this planning methodology are that

"planning should be bottom up in structure and facilitate
participation; it should be non- optimising and be based on
establishing a set of feasible solutions; it should accept the
uncertainty of future states, attempt to keep options open and aim at
a loose fit on planned for activities."

The conclusions that emerge from their work are that

" a) when the monolithic scale of available technology demands an
all or nothing decision, flexibility is unattainable b) where the
technology permits smaller scale additive implementation, flexible
planning is possible."

These conclusions have parallels in the work of D. Collingridge
implying that his work has elements of incrementalism and robustness
in his analysis of decision making and the inflexibility of planning

for large scale projects.

Ackoff (1981l) presented four concepts in his work two of which have
been introduced. Briefly he views the dominant orientation of some
planners to the past, reactive; others to the present, inactiwve; and
still others to the future, preactive. He introduces a fourth
orientation, interactive, which regards the past, present and the
future as different but inseparable aspects of the mess to be planned
for. It is based on the belief that ...

"unless all these are taken into account, developmentl will be

obstructed. It is through participation in interactive planning that
members of an organisation can develop."

l Ackoff uses the terms growth and development. Constraints on the
growth of a corporation lie in its environment but the principle
constraints on its development lie within it.
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"The selection of ideals lies at the very core of interactive
planning; it takes place through the idealised design of a system that
does not yet exist or the idealised redesign of one that does."

"an idealised design of a system should be technologically
feasible, operationally feasible and capable of rapid learning and
adaptation."

It is the third of these that D. Collingridge would say is not
possible in the design of large scale projects because the long lead

times imply very slow learning.

This is supported by Ackoff in his outline of the conditions necessary

for learning and adaptation.

"the system's stakeholders should be able to modify the design
whenever they care to, because relevant information, knowledge,
understanding and values change over time.

However he does go on to say that

"the majority of these conditions are met as a result of their
efforts to realise the design™.

The decision to develop a large scale project implies that a choice
has to be eventually made which forecloses a variety of options. For
this reason most of the literature presented so far would suggest that
a decision to develop a large scale project is very inflexible. There
is evidence however that it is possible to improve the performance of
large scale projects.

"learning and adaptation is possible in the development of the
ideal design if the relationship between the stakeholders permits an

integration of the past, present and future aspects of the problem."
(Ackoff 1981)
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Galbraith (1977) describes several factors that can 1limit the
effectiveness of any large scale endeavour. BAmong these he speaks of

the organisational bottle-neck. He says

"we may possess the knowledge to solve the problem and have the
funds to finance the project but may not be able to organise the
resources in order to carry out the problem solving effort."

A key factor in improving project performance is recognised by these
authors as organisational design. This is further supported by
Cleland and King in this comment on information processing within an
organisation;

"Problem solving should be supported by the analysis of
intelligence information involving the determination of the relevance,
credibility, value and appropriate dissemination of intelligence data.
Key personnel may have the relevant information but without a
formalised intelligence system they have no way of getting it to the

right people or of having it integrated with other information to form
useful information aggregates." (Cleland and King 1983)

From this quotation it appears that organisational mechanisms for the
transfer and aggregation of information are necessary for effective
support of decision making. They also refer to the importance of
handling environmental uncertainty in the support given to decision
making.

"information systems should be designed to attempt to enhance the
organisation's capability to handle environmental uncertainty rather

than to reduce the perceived uncertainty by default rather than by
design."

If it is possible to improve the processing of organisational
information and perception of the environment, this would imply that

it is possible to reduce error. J.S5. Evans (1983) found that the
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concensus among fieldwork participants in his research on flexibility

in policy formation, was that

"truly unexpected and hence unanticipated occurrences, especially
in technology, seldom occur. Those occurrences which caused major
strategic disruption were often anticipated; they caused problems
because not enough attention was paid to their impact."

Research has indicated that in a complex situation, involving many
separated managements and in which uncertainty is high, coordination
is best achieved by dispersing decision making power provided that the
local managements have sufficient information in predictive form, as
to the overall situation. Predictive information being defined as the
probabilities of capacity difficulty arising at any given future time
rather than as an information system which deals with the history of
the recent past or in plans and targets for the future. (Stringer

1982).

This literature indicates that a predictive information system is a
factor in the ability of a system to absorb or compensate for
disturbances. It presents a probabilistic and adaptive, rather than a
deterministic method of planning as more appropriate to turbulent

conditions.

The conclusions that can be drawn from this literature survey are that
decisions to develop large scale projects are inflexible in that they
foreclose a wvariety of options. However the analysis of
organisational structure suggests the support given to decision making
can permit flexibility by introducing the capacity to learn and adapt

during the development of options. The literature implies that this
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is brought about by stable relationships between stakeholders, which
provide a system for the aggregation of information. It is through
effective aggregation on a continuous basis during option development,

that learning and adaptation become possible.

Friend and Jessop (1969) see

"in many problems a conflict between political pressure for
commitment and the need for flexibility."

By introducing flexibility into the process providing support for
decision making, it may be possible to minimise the detrimental
influence of political constraint. Political constraint tends to
increase potential error through premature commitment. This is not
necessarily advocating extending the time allocated to the planning
process but to improve organisational effectiveness in option

development.

1.3 The Emergence and Development of the Project Organisation

The project organisation has been described as a temporary
organisational structure which is focused along systems lines (Cleland
and King 1972, Carvallo and Morris 1978). While large scale projects
are not a new phenomenon, the pyramids were built many years ago,
there are challenges to be met today which are new such as the complex
and dynamic nature of the project's environment. The systems approach
has been increasingly applied to general management situations where

the basic pressures of size, complexity and time constraints stretch
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an organisation's capacity to manage. Research concerning the

structuring of complex organisations increased during the 1960s.

" The traditional organisational structures, with their rigid
divisions of responsibility and authority and their mechanistic chains
of command were too inflexible to meet the needs of the dynamic
business environment of the 1960s." (Mockler 1971)

In the late 1960s, a general philosophy of "no best way" to organise
caused a shift from traditional organisational patterns to development
of individualised and flexible approaches to meet the particular

situation.

" One cannot use a single stereotyped organisational model and
meaningfully understand the rich variety of Task and Administrative
units within modern complex organisations. One must necessarily speak
of variety of administrative systems for coping with different mixes
of these model forms." (Delbecqg )

The concept of the organisation as a system became recognised in the
sociotechnical model. This model together with the cognitive model
served as the conceptual antecedents for the "contingent" approaches
to organisational design. One of the traditions developing this
system concept of organisation was the Tavistock Schcol. Their focus
was on how the organisational structure affects and is affected by its
members. They recognised that behaviour in organisations is

conditioned by such factors as environment, individual motives,

values, differences in goals etc.. (Allen and Gabarroc 1972 )

Contingent approaches are defined by Allen and Gabarro as :-

"behavioural science approaches which systematically take into
account the differences between organisations because of the
differences in their tasks and members needs.”
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Within the cognitive model, the functioning of large complex

organisations has been explained as :-

" ., Cognition - the perceptual and information processing
mechanisms of individuals and organisational units. 2 The
decision and problem solving process - the sequence of tests and
operations that individuals and organisational units go through to
structure and solve a problem. Sh The administrative and
organisational setting - the way in which tasks have been subdivided
and the mechanisms through which these subtasks are coordinated.”
(March and Simon 1958)

While the sociotechnical and cognitive models are useful and have
provided insight into complex organisational behaviour and management
of complex tasks their strength lies in explaining the inner working

of an organisation and not the management of external forces.

A large scale project often represents the solution to a complex

problem. In this situation:-

"Problem solutions will have an equal degree of interdependency
and complexity ie. that complex systems have to be designed to solve
these complex systems problems." (Cleland and King 1983)

The development of a complex organisation which caters for a high
degree of interdependency has been shown in research to be required

when: -

" the goals and objectives of an entity require different
groups to work together closely;
the environment is complex or changing quickly;
the technolegy is uncertain or complex;
the enterprise is complex or changing quickly." (Lawrence
and Lorsch 1967)
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These four features are invariably found in the development of large
scale projects. The enterprise may be temporal in nature but it will
be complex and change quickly as the project develops through its life

cycle. (project life cycle is discussed below)

The complexity of the project organisation is related to the degree of
reciprocal interdependency implied by the tasks that have to be

performed.

"Large and complex projects inevitably involve reciprocal
(interactive) interdependencies and therefore require more
integration." (Morris)

These interdependencies within project organisations are being
increasingly catered for by the development of the matrix form of

organisation.

The matrix structure is an attempt to maintain the advantage of
functional specialisation while taking advantage also of the improved

coordination offered by the concept of project management .

"Though difficult to run and complex to describe, there are
good reasons for their growing use: their dual focus of control
permits economy of resources and creates a closely coordinated
management structure. With their high degree of internal
coordination, matrix organisations are one of the most effective forms
of organisation available for handling conditions of uncertainty."
(Carvalho and Morris 1978)

Galbraith describes the matrix organisation as the final step in the
use of lateral relations in the establishment of a mature
organisation. He relates it to the decision making process in

response to increased task uncertainty. (Galbraith 1972)
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The use of lateral relations is seen as a method of decentralising or
making decisions at lower levels in the hierarchy. The project
manager has responsibility as coordinator and direct control over

decision making personnel.

The matrix structure is wviewed as the combined contribution of
functional and project groups. The term "symbiosis"™ is used by
Cleland and King to describe the relationship between these two
components of the matrix organisation ie. the mutually beneficial

living together of dissimilar organisms. (Cleland and King 1972).

Research has shown that the Matrix organisation is widely evident in
the development of large scale projects and that many of the projects
are viewed as successful, eg.Acominas project (Carvalho and Morris
1978), Trans Alaskan Pipeline project and Apollo project (Morris).
The matrix is viewed not as a strict alternative to the project
manager/coordinator option but rather as a more powerful complex

version of it. (Davis and Lawrence 1977)

An important feature of matrix organisations is that they need to

grow. Matrices take time to be implemented.

"The matrix must allow for a swing from functional (during the
early stages of the project), to project shared with functional
(during the main phase)." (Carvalho and Morris 1978)

For a matrix to work well it has to be logically right. In the

Acominas project this was agreed because the project was too big for a
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functional approach. There also has to be the right climate within
the organisation so that people understand why a matrix is being used

and how they should work to it. (Carvalho and Morris 1978)

In the concluding chapter of the thesis the application of the matrix
organisation to the development of large scale projects will be

considered in the light of the research findings.

1.4 Project Management.

Once an option has been selected for a large scale project the next
stage is to manage the implementation of the decision. According to

Mintzberg (1983)

"this requires planning and control systems which incorporate
mutual adjustment."

From the literature there would appear to be three main stages that
can be identified for one-time projects in what is termed the project
lifecycle. (Morris and Hough 1986)

i) The Planning Stage

This involves a prefeasibility stage in which there is a more detailed
evaluation of the opportunities and constraints implied by the
selected option, and a feasibility stage when such factors as the
availability of resources and their allocation, and the development of

control and monitoring mechanisms for the management of the subsequent
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stages in the project are considered. Morris and Hough (1986) describe
how

"planning should take full account of the future phases of the
project; logistics; geophysical, socio-economic and other
environmental uncertainties and the interdependency of design and
construction. ot e The influence of politics cannot be ignored,

impacting projects through funding, sponsorship and legislation over
fiscal, safety, employment and other matters."

The outcome of the planning phase is a set of objectives and strategic
plans for the development of operational specifications in the design

phase of the project. Morris and Hough (1986) say that

"unclear objectives are a precondition of project failure. They
conclude that a precondition of success must be that organisational
arrangements are considered carefully and the fullest authority be
clearly given to the project manager.™

ii) Development of design.

Development of design for a large scale project involves many areas of
expertise. The managerial task is to steer overall design development
according to the strategy emerging from the planning process, while
permitting technical development in the various disciplines. The
interdependencies implied by the development of disciplinary or
functional designs cannot be catered for by regular forms of
standardisation. Mintzberg says that

"the organisation must then turn to mutual adjustment for
coordination. In recent years organisations have developed a whole
set of devices to encourage liaison contacts between individuals,
devices that can be incorporated into the formal structure. Liaison
devices represent the most significant contemporary development in

organisation design since the establishment of planning and control
systems a decade or two earlier" (Mintzberg 1983).
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J. Galbraith (1973) has proposed a continuum of these liaison devices,
including liaison positions, task forces and standing committees,
integrating managers, and matrix structure. The implications of these

devices for flexibility will be discussed later.

"Organisations that incorporated liaison devices into the planning
and control of large scale projects showed a greater degree of success
in terms of cost and time overrun, than those who left adjustment
between functional groups to chance." (Morris and Hough 1986) .

iii) Implementation

The purpose of the planning and design phases is to specify the
desired outcome of the large scale project in sufficient detail for
management to assess whether operational standard is being achieved.

According to Mintzberg (1983)

"there can be no control without prior planning, and plans lose
their influence without follow up controls. To control implementation
in the action planning system, schedules and operating specifications
are necessary to bring about adequate coordination for the integration
of non routine work."

This is contrast to what he terms performance control which

"aims to regulate the overall results of a given unit and is not
concerned with specific decisions or actions at specific points in
time. It is found to be effective when there is 1little
interdependence between organisational units."

A large scale project involves a high degree of interdependency in all
its phases and therefore an action planning system would seem to be
more appropriate. Action planning does not necessarily respect unit

autonomy, which suggests that the implementation of a large scale
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project requires carefully designed coordination mechanisms which

permit effective interaction between implementation units.

A precondition of success in large scale projects has been found to be
the reduction in the need for mutual adjustment, by the strategic
grouping of operational elements to cater for interdependencies
(Morris and Hough 1986). It seems therefore it is favourable to the
project outcome that the need for mutual adjustment between
operational elements is reduced. This is supported by the control

problems that arise from

"concurrency, when design and implementation are forced by schedule
constraints to develop simultaneocusly." (Morris and Hough 1986)

In this situation the need for mutual adjustment between operational
elements increases because specification is partial. This in turn
increases the number of exceptions reaching control and the
probability of design changes. Compromise can become inevitable and
project performance measured against initial ocbjectives may be

reduced.

If planning, design and implementation were sequential it would
minimise the managerial complexity of large scale projects. However
in practice there is invariably a degree of overlap and the subsequent
mutual adjustment necessary can be very costly both financially and in

failure to meet objectives.

"The success of lengthy projects is often hostage to significant
changes in output prices, demand, regulation, technical developments,
changes in government, corporate organisation, staffing policy etc..
They can turn a potential success into a potential failure. All
studies on project success and failure have stressed the danger of
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rushing the initial definition and design development stages of a
project." (Morris and Hough 1986)

The size, complexity, technical uncertainty of large scale projects
imply a major challenge to develop the coordination necessary to cater

for interdependency. Galbraith (1977) recognises that

"if communication to coordinate interdependence during
particularly the early phases of a project took place through direct
channels the number of channels required would be prohibitively large
and if this situation is responded to with a hierarchical design
within the organisation, processing capacity may be critically
reduced. Each channel has a 1limited capacity for processing
information. An increase in task uncertainty overloads these channels
and introduces delays and distortions.The number of exceptions
reaching supervisors concerned with new and unique events would
overload the hierarchy."

Galbraith suggests that

"in this situation it becomes more efficient to bring the points
of action where information exists. When increasing discretion at
lower levels the organisation faces a potential behaviour-control
problem."

To overcome this Galbraith has described a continuum of liaison

devices which cater for the resulting interdependencies.

The range of liaison devices have been described in literature as -

i) Liaison positions - "When a considerable amount of contact is
necessary to coordinate the work of two units, a 'liaison' position
may be established formally to route the communication directly,
bypassing the vertical channels." (Mintzberg 1983)

ii) Task forces and standing committees - "The task force is a
committee formed to accomplish a particular task and then disband. The
standing committee is a more permanent interdepartmental grouping, one

that meets regularly to discuss issues of common interest." (Mintzberg
1983)
iii) Integrating managers - "When more coordination by mutual

adjustment is required than liaison positions, task forces, and
standing committees can provide, the organisation may designate an
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integrating manager which in effect is a liaison position with formal
authority." (Mintzberg 1983)

iv) Matrix structures - "By creating an integrating force in a program
or project office, the matrix attempts to overcome the divisions that

are inherent in the basic functional structure" (R. Katz and T.J.
Allen 1985).

Cleland and King (1983) offer the matrix organisation as

"a flexible structure, allowing for give and take across lines of
authority, with people assuming an organisational role that the
situation warrants rather than what the position description says
should be done."

This supports contingency theory in suggesting that the best way to

organise depends on individual circumstances. They say that

"the matrix design provides a vehicle for maximum organisational
flexibility with no one having tenure on the matrix team."

Of the four devices it is the matrix structure which addresses a
holistic approach to the problem of interdependence and therefore
would seem to offer an organisational solution for the design of a

large scale project. However D. Lock (1984) suggests that

"the matrix organisation is suitable for several small projects,
each needing a few people for a short time."

"The system demands that people have to spend far more time at
meetings, discussing rather than doing work, than in a simpler

authority structure. There simply is more communicating to be done,
more information has to get to more people" (K. Knight 1976).

Morris and Hough cite one of the factors for success in large scale

projects as

"a clear and comprehensible project organisation with one person
or group in overall charge having strong overall authority."



37

This is supported by Lock when he says

"a large project employing many people for a long time requires a
project team organisation."

The matrix structure by definition has dual command which introduces
conflict, ambiguity and the need for face to face contact. These can
be advantageous in a small group, providing flexibility and the
opportunity for mutual adjustment but as the scale of the project
becomes larger these attributes can be detrimental to the control of
the overall project because of the increasing complexity of the
resulting coordination mechanisms. A high degree of innovatory design
poses a particular problem because it necessitates functional
development which is often detrimental to overall project control.
However it has been shown through research outlined earlier (Carvalho
and Morris 1978) that the matrix structure has been applied
successfully to the development of large scale projects. The main
feature recognised was that the matrix takes time to grow in this
situation but if this is done with the participation and understanding

of those involved it can be developed successfully.

Lawrence and Lorsch (1967) describe flexibility as

"the measure of organisational efficiency in absorbing the
associated complexity of its environment. Members of a subsystem will
develop a primary concern with goals of coping with their particular
sub environment. Overall performance in coping with the external
environment will be related to there being a degree of differentiation
among subsystems consistent with the requirements of their relevant
sub environments and a degree of integration consistent with
requirements of the total environment. If integrators become
concerned with one area to the detriment of another they are dealing
with problems at a lower level and effectiveness in meeting complexity
8" Togtns | L -+....The basic pressures of size, complexity and
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urgency stretch an organisation's capacity to manage. What is
required therefore is a more fluid organisational response;"

this can be interpreted as flexibility. Morris and Hough see

coordination as a key element in obtaining such flexibility:-

"major emphasis on effective communication and organisational
learning as an important mode of coordination.™ (Morris and Hough 1986)

The major managerial challenge in the development of large projects

would therefore appear to be, developing the necessary flexibility to

respond to environmental complexity through organisational design.
"Some organisations are able to respond well to these demands;

others are less able to respond and continue to use mechanistic,
bureaucratic styles of management™ ( M. Horwitch 1984) .
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In the synopsis, flexibility was defined as inversely related to
organisational constraint, which impedes effective control and
communication. In this chapter an attempt shall be made to look at
this definition of flexibility, as it relates to organisations
concerned with the development of large scale projects. Finally it is
hoped to show that this viewpoint offers an indication of how
flexibility can be introduced into the development of large scale
projects, even though literature has suggested that the decision to

develop such a project is often a very inflexible one.

Before flexibility can be discussed in the way it is presented in the
research, it is first necessary to define the 'organisation' which is
to be considered. The first question to be asked therefore is who

belongs to this organisation.

2.1 How is the organisation concerned with the development of a large

scale project identified?

A large scale project is rarely the concern of one institution or
corporation. It is invariably the concern of a group representing
participating institutions, consultancies and contractors that come

together for the duration of the development. A number of
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institutions may have an interest in the project outcome and want to
influence its development. The expertise necessary to develop a large
scale project may be beyond the capacity of the participating
institutions and consultants are often assigned to address technical
and environmental problems. Finally the business areas which are the
concern of the participating institutions will usually not warrant the
expertise and manpower necessary to implement a large scale project in
the long term, and therefore contractors are engaged to carry out

construction work etc..

All of these actors make a necessary contribution to the project
development. These participants form relationships which because of
the scale of the project are complex and difficult to define. What is
clear however is that they all have the concern of the development in
common and all have roles to play in producing the desired project
outcome. These roles are interconnected to make possible the
aggregation and disemination of information necessary for decision
making and control during the development. Therefore they can be

viewed as belonging to an ‘'organisation' concerned with project

development .

'Organisation' is not used in this research as another word for
institution. (see Davies et al 1979) Institution sometimes refers to
observable structures in a business setting or as a body which sets
the protocol for the activities of a particular group such as RIBA for
architectural practice in projects. In the research the
'organisation' is an abstraction, designed to define relationships

between relevant structures in one or more participating institutions
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and other agencies which contribute to the large scale project
development. This differs from the definition presented by John
Stringer (1982) in that the "organisational ecology" refers to the
complexity of inter-organisational relationships. The research views
the interactions as within one organisation or system and in this way
studies intra-organisational relationships. It is by analysing the
relationships that are implied in a particular setting, eg. a large
scale project, that the analyst is able to identify the communication
and control mechanisms which are or were operational and the

organisational effectiveness of those mechanisms.

By functionalising the relevant structures it is possible to consider
the relationships between actors, without the restriction of
institutional ©boundaries. This permits a view of the
interdependencies implied by the project development, which are not
always clear in an institutional setting. Participating institutions
and other contributing agencies will usually have additional interests
outside the project and therefore relationships implied by the
development are not always clear. It is necessary therefore to view
this group of participants as an organisation, in order to determine
how it develops the functional capacity to meet the complexity of a

large scale project development.

Essentially this is the perception of an organisation as a system,
with subsystems at multiple levels. The development of large scale
projects emerges from interaction between functional groups or
systemic functions. The interaction is an attempt to produce the

desired outcome, as perceived by participating institutions. It is
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important to note that it is the participating institutions wanting to
influence the project outcome who develop the objectives for that
outcome. Other contributing agencies will invariably provide
supportive expertise for the development of the project but will have

objectives related to their own organisations.

"The transformation of form into function makes it possible to
study organisations instead of institutions. Problems that are not
perceived with an institutional logic might be apparent if the
organisational logic is used. For instance, the necessary integration
and coordination of institutions, which are parts of the same function
at the same system level become more apparent." (Davies C. Demb A.
and Espejo R. 1979)

Now the concept of an ‘'organisation' has been established to
encompass the relationships between all those concerned with the
development of a large scale project, it is possible to consider
organisational effectiveness in developing a project which will
produce the desired outcome ie. in meeting the related objectives of

the participating institutions.

2.2 Organisational Flexibility and Constraint.

When error costs are incurred in the development of a large scale
project it is now generally accepted that there is no one cause
(Bignell V. & Fortune J. 1984). 1In an attempt to minimise error
costs, it would therefore appear to be necessary to adopt a systems
approach to analyse the development of large scale projects rather
than by just learning from individual errors of previous projects.

This implies that there is a need to view project development from
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conceptualisation ie. the formulation of options, through to the

project outcome. Errors can emerge from anywhere within this range.

While it is useful to consider how many options are available to a
decision maker at any one time and how controllable the options will
be, it is built on the premise that flexibility is a measure of the
capacity for changing options or reversing decisions if error becomes
apparent. This is not a very useful concept when considering a large
scale project because the selection of an option represents a
commitment which can only be altered at a great cost. However a
useful contribution has come from R. Espejo when during a seminar in

1985 he said

"Organisational structure has far more implications for
maintaining flexibility than the policy process does."

Organisational structure is a concept to describe the parts and their
relationships within an organisation which provide it with the
capacity to learn and adapt in an attempt to meet the complexity of
its environment. Option selection is the outcome of option
development and it is in the informational support given to this
process that the research initially addresses the problem of
maintaining flexibility in large scale projects. The development of
the selected option to the project outcome is a continuation of this
process and thus the same approach to flexibility will be applied.
Basically flexibility is viewed as the degree to which mechanisms used
for communication and control within an organisation are sufficient to

permit a desirable outcome.
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"Planning is an activity within which development takes place,
not merely an activity whose output may contribute to development"
(Ackoff R.L. 1981).

" There can be no contreol without prior planning, and plans lose
their influence without follow up control" (Mintzberg 1983).

These two quotes capture the concept of organisational flexibility
presented in this research. To be flexible the organisation must have
the capacity to develop. Development is brought about through
learning and adaptation and this is made possible by the relationships
established within the organisation. Flexibility is introduced into
these relationships when they contribute to organisational development
and reduced when they impede development. It is clear from the second
quote that development, or learning and adaptation, consists not only
of planning but also controlling the implementation of those plans.
They are presented separately for analysis in the research but it
should be noted that they are integral parts of the development

process.

Organisational flexibility is therefore manifest in organisational
relationships and the extent to which they promote learning and
adaptation. Attempts to identify the constraints which reduce
flexibility can be found in literature concerning organisational

design and in studies on large scale project failures.

Galbraith (1977) introduces the organisational bottle-neck as a factor
which limits the effectiveness of any large scale endeavour. Cleland
and King (1983) stress the importance of an intelligence system which
permits key personnel to have the relevant information, and the

integration of information to form useful information aggregates. Many
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sources recognise that information which could have prevented the
occurrence of error in large scale projects was often available but

its impact was not realised (Eppink D.J. 1978, Evans J.S. 1983).

Factors identified in studies of large scale project failures, have
included inadequate informational support for decision making, weak
intelligence, poor monitoring, ambiguous control and responsibility,
and failure to integrate useful information or perceive false or
inadequate information ( Hall P. 1980, Kharbanda 0.P. & Stallworthy
E.A. 1983, Bignell V. Peters G. & Pym C. 1977, Morris P.W.G. &
Hough G.H. 1986, Morris P.W.G. interview 1986). All of these are
essentially referring to communication problems which reduce the
organisation's effectiveness in planning and controlling the

development of a large scale endeavour.

It has been shown that the 'organisation' is a useful concept in
that, by removing institutional boundaries and identifying functions
rather than institutional parts, it assists the analysis of large
scale project development by making more obvious the relationships
between the actors. It is an attempt to reduce the complexity of the
activities implied by the analysis. The strength in this approach
comes from the capacity of the 'organisation' concept to capture
alternative multi-institutional set-ups, in response to whatever

purposes are attached to project development.

The systemic functions related to project development and mechanisms
for the transfer of information between them, will be discussed in

more detail in chapters three and four. The purpose at this point has
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been to introduce the relationship between flexibility and constraints
within organisational structure and the implications for the

effectiveness of project development.

2.3 Areas selected for the analysis of organisational flexibility in

the development of a large scale project.

Development within an organisation is dependent on stable
relationships, which permit transfer of information in an effective
way. Although organisational development is a continuous process
there are two organisational roles that can be identified during the
development of a large scale project. The first is the development of
options to make possible a final selection and the second is a more
detailed development of a selected option in order to control the

implementation of the project.

Two organisational roles would seem to imply two organisations.
However the continuity of the development process can be expressed by
viewing the second organisation as a subsystem of the first. In this
way it is clear that their roles are different but that they are both
part of the same development process. The first organisation is
viewed as the global organisation concerned with the total development
of the large scale project. In the research this is referred to as
the 'General Organisation'. The second organisation concerned with
the allocation of resources, relating to a selected option and the

control of their use, is referred to as the 'Parent Organisation’'.
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Members of the General Organisation include those who represent the
interests of various institutions wanting to influence the project
outcome and agencies contributing intelligence on environmental and
technological problems, beyond the capacity of the participating
institutions. Members from participating institutions represent their
interests by their involvement in the policy formulation process.
They contribute to the process by articulating the intelligence of
their own entities in relation to the project. The challenge to be
met by the general organisation is to form aggregates of useful

information, sufficient to support the decision making process.

The key to meeting this challenge is in the development of mechanisms,
designed to attenuate and integrate information in a way that reduces
the complexity of the information to be considered in the decision
making process, without reducing its quality. Mechanisms refer to
organisational arrangements for the transfer of information between
organisational functions, such as committee meetings, study group
reports, physical factors which promote interaction such as shared
facilities, etc.. The degree to which these mechanisms exist and are
effective in processing information for the support of decision
making, i1s a measure of organisational flexibility. The concept of
effectiveness will be developed in more detail in chapters three and

four.

The Parent Organisation may be one institution that already exists or
it may be an ad hoc structure that is created for this purpose or
perhaps some combination of the two. Although the General

Organisation and the Parent Organisation have been presented
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separately here, it may be that the Parent Organisation is concerned
not only with the implementation of a selected option but also with
policy formulation. If this is the case the General Organisation and

the Parent Organisation are one.

Members of the Parent Organisation include those assigned by the
General Organisation to allocate resources and control their use in
the interests of the participating institutions and agencies who
address environmental and technical problems or handle control
problems in the use of resources beyond the capacity of those
assigned. While these agencies, which may include consultants and
contractors, contribute to the development of the selected option by
providing the extra organisational capacity required, it is the
initially assigned members that ultimately make the decisions and
exercise overall control of the project implementation on behalf of

the General Organisation.

The challenge to be met by the Parent Organisation is to integrate the
information necessary to support the planning process related to the
selected option, to develop designs which meet planning objectives and
provide time and cost estimates. The effectiveness in meeting this
challenge is expressed in the ability of the Parent Organisation to
filter information to support decision making and its ability to
control and monitor the development of the project implementation

towards the desired outcome.

In conclusion it would seem useful to repeat a statement made earlier

about flexibility. Flexibility is lost when mechanisms or lack of
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mechanisms to process information, impede organisational development
and flexibility is introduced when mechanisms to process information
contribute to organisational development. The research is an attempt
to show that organisational flexibility, as defined, can influence

project outcome.

2.4 Flexibility in the development of large scale projects - a

comparative description.

Flexibility is viewed by many as a requirement should a system go
wrong.

"Since any decision may prove wrong we should favour decisions
which are highly reversible or flexible ie. decisions, much of whose

invested resources can be recovered and used for some other purpose.”
(D. Collingridge 1979)

This approach is based on decisions taken with uncertainty, when
forecasting is insufficient due to the degree of environmental change
possible in the future. Learning is viewed as the very essence of
flexibility. We learn from our mistakes and a flexible system is one
where mistakes can be remedied cheaply and swiftly. It is therefore

related to the degree of choice available to the decision maker.

"The size of a decision's choice set and therefore its
flexibility, decreases throughout the decision process. Initially the
choice set consists of some number of alternatives. As time passes a
decision's choice set may be reduced as opportunities are forfeited
and options expire. Ultimately all flexibility is lost when an
irrevocable commitment is made to a specific alternative." (M.
Merkhofer 1977)
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To retain flexibility it has been suggested that initial decisions
should limit the future as little as possible. The aim therefore
should be to develop flexible technologies which keep open a number of
options such as indeterminate architectural design or the development

of small modules that can be introduced as required.

While this approach to flexibility is theoretically sound and is shown
to be useful in the policy process, it is limited to decisions that
can be changed or offer alternatives, when error occurs or the
environmental situation changes. Consequently it indicates that large
scale projects must surely be inflexible. Its limitation is because
it applies itself to decision making but does not take into account

the organisational support given to decision making.

Another viewpoint could be that the degree to which options contribute
effectively to organisational objectives is as important, if not more
so, than the number of options available at any one time. Therefore
while the research accepts the above viewpoint on flexibility and
recognises by this definition large scale projects are inflexible, it
offers an additional viewpoint that flexibility can be introduced into
the organisational structure that develops the information to support

decision making.

The argument would still remain that no matter how much organisational
flexibility was introduced this would not cater for the degree of
uncertainty associated with the development of large scale projects
and decisions would still be taken in ignorance. It is true that the

future environment cannot be sufficiently predicted beyond a few years
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and that large scale projects generally take many years to complete.
However it has been found that many errors in the development of large
scale projects could have been avoided if information that was
available at the time had been considered during the development of
options. Such evidence can be found in studies on BART, Concorde,
Westland Bridge Melbourne, and the Channel Tunnel (P. Hall 1980,
P.W.G. Morris and G.H. Hough 1986, V. Bignell G. Peters and C. Pym

1978)

The research does not claim that is possible to predict future
environments with any degree of certainty and is not concerned with
forecasting techniques. The research looks at how well suited the
organisational design and the mechanisms used to attenuate and
transfer information are, to learning and adaptation in the
development of options. It is the degree to which these mechanisms
are effective, according to criteria that will be introduced in
chapter 3, that is a measure of organisational flexibility which

permits organisational development.

There is supportive evidence that organisational design and the
mechanisms used for the aggregation of useful information do influence
the development of the selected option. (R. Ackoff 1970, G. Lawrence
et al 1984, J.R. Galbraith 1977, A.M. Cyert and J.G. March 1963, L.R.
Sayles and M.K. Chandler 1971, D.I. Cleland and W.R. King, P.W.G.
Morris and G.H. Hough 1986). The general response to a complex
endeavour has been identified as organisational flexibility. Attempts
to introduce this flexibility hawve included liaison devices with the

matrix structure as the most widely accepted recent development.
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Liaison devices are mechanisms to provide the necessary cohesion for
project development. It is clear in the literature cited above that
liaison devices do contribute to project success but the devices used
vary quite considerably and what may prove successful in one project

may fail in another.

The research aims to show that by establishing and retaining
organisational flexibility, planning and control can be more effective
in bringing about project development with a desirable outcome. This
incorporates the concept of liaison devices as mechanisms permitting
the aggregation of useful information. The departure from previous
work is the study of how well these mechanisms attenuate and transfer
information between organisational functions rather than project or
departmental groups. This is an attempt, through abstraction, to
reduce the complexity of the interrelationships that exist within an
organisation concerned with the development of a selected large scale
project and thus make them more clear. In this way the effectiveness
of the mechanisms used by an organisation to aggregate useful
information to support planning and control will be more apparent.

This effectiveness will be a measure of organisational flexibility.
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In chapter two it was suggested that organisational flexibility
contributed to organisational development and that it was introduced
through mechanisms designed to aggregate useful information to support
decision making and control the implementation of decision outcomes.
In systems terms these mechanisms describe the way interactions
between systems and subsystems are catered for in the design of the

organisation.

The framework is an attempt to relate systems concepts including
particularly those developed from the field of cybernetics. A
cybernetic approach is being used to express the relationships between
systemic parts which support organisational development, because it
has been found to be particularly useful in understanding how complex
systems behave and how they become effective in the management of

complexity.

3.1 Systems Concepts.

Most writers who have attempted to define a system have ignored the
subjective element or at least not explicitly recognised it. A widely
quoted definition of a system according to J.Beishon and G. Peters

(1977) is
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"a set of objects together with relationships between the objects
and between their attributes, connected or related to each other and
to their environment in such a manner as to form an entirety or whole"™

They themselves use the definition:-

" A system is an assembly of parts where 1. the parts or
components are connected together in an organised way 2. the parts or
components are affected by being in the system and are changed by
leaving it 3. the assembly does something 4. the assembly has been
identified by a person as being of special interest."

This second definition is useful if the parts are recognizable to
different people in the same way, however it is inadequate in that

although it considers:-

"the interaction between entities in the world and those
experiencing them, it fails to recognise situations where there are no
entities to be recognised, where the key contribution is by those
appreciating the situation. ... a system is a way of looking at the
world and therefore can be defined as a mental construct of parts or
relationships which make up a whole, the whole being that which is
captured by the 'name' ascribed by an individual to the particular
'situation' of interest. The ‘'situation' could be a concept, an
object, a problem, a human activity or indeed an organisation." (R.
Espejo 1986)

When objects are being observed there can generally be a consensus as
to the interaction between them and therefore it is possible to give
an identity to the 'whole'. However when the situation is an
'organisation' characterised by ill defined human activities it is
difficult to have a consensus on identity, in which case the system
will be a construct in the mind of the observer. Even though human
relationships may exist independent of the observer, to describe an
organisation as a system is to define its purpose according to a

particular viewpoint.
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" Viewpoints may attach different but equally valid purposes to
what appears to be the same organisational situation."™ (R. Espejo
1986)

To define a system it is necessary to recognise a system boundary.

"The boundary of a system is defined by the variables that a
particular viewpoint chooses to look at."(R. Espejo 1986).

It is important when attempting to recognise variables relevant to a
situation, that they are controllable by the system in focus and not
the concern of a system at a higher or lower level. If the situation
is complex and variables selected are beyond the control capacity of
the system in focus but important to consider in the situation, then
it is necessary to construct a model to express the unfolding of the
system to the number of levels that capture the complexity implied by

the variables which define the system's boundary.

" For the viewpoint the boundaries of the system are defined by
the variables it assumes are under the direct or indirect control of
the owner." (R. Espejo 1986)

There will be a set of activities producing the transformation of the
named system and each of these activities is a system in its own right
whose boundaries can be established in a similar manner, if the
situation warrants a more detailed analysis, with reference to their

OWIl owners.

Inside the boundary of a system are the variables that have been
chosen for consideration. These include direct and indirect
controllable variables and monitored variables. These are the input

and output of the named system. Outside the system's boundary are
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variables that cannot be controlled or only partially controlled but
which have an influence on the system's output. These variables
describe the relevant environment of the named system. In a similar
manner these variables will be the concern of systems' controllers at
multiple levels, according to the transformations that are recognised

at each level.

3.2 Cybernetic concepts

"Cybernetics offers a single vocabulary and a single set of
concepts suitable for representing the most diverse types of system
and offers a method for the scientific treatment of the system in
which complexity is outstanding and too important to be ignored."
(W.R. Ashby 1964)

The context of flexibility in the development of a large scale project
is defined in cybernetics by the mechanisms of control and
communication supporting or inhibiting the interactions of the
participants. The interactions focused on in the research are those
within the General and Parent Organisations. To understand how these
mechanisms can become effective in introducing flexibility it is
necessary to describe what influences their performance. Ashby (1964)
introduces three particularly relevant concepts; complexity,

management of complexity and requisite variety.

The complexity of the development in cybernetic terms is measured by
its variety, that is, by the number of possible states in the
development situation. The situation will change during the
development of the project and the complexity at any one time will be

related to the purpose ascribed to the situation by the named system
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in focus, such as the General Organisation and the Parent

Organisation.

A large scale project 1s an organisational response to disturbances in

the relevant environment.

"One of the most important characteristics of the environment is
its intrinsic complexity. The number and diversity of states and,
fundamentally, their interdependencies unfolding along with time
account for this complexity." (C. Davies et al 1979)

Environmental change occurs in some objective sense whether or not the
system perceives it. There are two distinct ways in which a system may
fail. There may be a lack of resources with which to respond to the
environment. When projects fail for reasons of this type it is
suggestive of insufficient recognition of real constraints at the time
when options are being formulated. A second cause of failure is when a
system has available the necessary resources but lacks the management

capacity to use them effectively.

"While the number of possible states in any situation can be
exceedingly large, any viewpoint can only see a limited number of
them. Hence, the situation is, to a larger or lesser degree, a black
box for the viewpoint." (R.Espejo 1986)

The managerial challenge of the General and Parent Organisations is to
control the black box which represents the subactivities implied by
their transformations but which are beyond their capacity to directly

control.

"The complexity which viewpoints perceive is limited by their
capacity to discriminate different transformation patterns. This does
not imply peering inside the black box. It rather implies seeing the
unfolding in time of the output states relevant to the situation.
Different managers with reference to the same transformations, will
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discriminate a different number of states in the situation. This
different capacity to appreciate states implies a higher or lower
capacity to discriminate situational outcomes, that is, more or less
capacity to discriminate output patterns in time." (R.Espejo 1986)

To be able to regulate a transformation it is necessary for the
regulator to have the capacity to achieve acceptable states in the
system. With reference to communication, Ashby produced a formal

statement;

" R's capacity as a regulator cannot exceed R's capacity as a
channel of communication." (W.R.Ashby 1964).

If the number of statements that mechanisms for the emission of
information are less than the mental states or statements in the mind
of the regulator then some will be lost and never become part of the

output states.

In addition if the output states capture the mental states of the
regulator but cannot be transfered through the communication channel
or cannot be transduced by the target transformation then states will

be lost.

This is derived from Ashby's Law for Requisite Variety

"Only variety can absorb variety."

A system is said to be under control if the output is within the

target set defined by the viewpoint. Disturbances will tend to

influence the transformation so that the output may move outside the

target set. The regulator must have the capacity to find responses to
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these disturbances if he is to maintain control of the system and the
output of the transformation remain within the target set. If the
regulator is able to maintain control he is said to have sufficient

requisite variety.

"The point of Ashby's law is that while de facto the variety of
outcomes in a situation emerges from the intersection between actual
disturbances and available responses, there is the possibility of
'engineering' either more response variety or less variety in the
disturbances, so that the actual outcomes are limited to those within
the target set." (R.Espejo 1986)

The possibility of designing mechanisms to cope with the complexity of
the world, permits the regulation of tasks inherently beyond the
capacity of the regulator. In order to regulate transformations beyond
immediate regulatory capacity the regulator needs to be coupled to

external attenuators and amplifiers.

"Attenuators are all types of structural, operational and
informational mechanisms reducing the complexity of the situation vis-
a-vis the viewpoint. Amplifiers are all those mechanisms increasing
the viewpoints capacity to affect the situation."™ (R.Espejol986)

To design mechanisms which permit regulation of a transformation, by
engineering variety, so that sufficient requisite variety is

established between the viewpoint and the situation, it is necessary

to have a model of the situation.

"Every good regulator of a system must be a model of the system."
(Conant and Ashby 1970)

It should be made clear that situations such as the development of a
large scale project evolve over time and therefore if the regulator is

going to continue to have sufficient requisite variety, it is
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necessary that the model he holds too evolves with time. Mechanisms
designed to permit the attenuation of useful information for decision
making and attenuation and amplification of information for control of
the decision outcome must be continually updated so that sufficient
requisite variety is maintained. Otherwise the transformation output
ie. the project outcome may well be outside the target set defined by

the viewpoint.

These mechanisms are the means used by an organisation to handle the
complexity of the development situation. They are designed to provide
sufficient requisite variety between the system and its environment
and between the system and its subsystems. A model which offers
criteria for effective control and communications within an

organisation is the viable system model developed by S. Beer (1979).

3.3 The Viable System Model

Viable systems are those able to maintain a separate existence. If
they are going to survive they need not only a capacity to respond to
familiar disturbances, but potential to respond to unexpected
previously unknown disturbances. This provides the system with the
capacity to adapt. This is not to say that the system cannot fail.
Catastrophic events may destroy the coherence of the system but

viability does lessen its vulnerability to change.

The viable system model has been described at great length by S.

Beer (1979) and R. Espejo (1986). The purpocse here is to introduce
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aspects of the model relevant to the introduction of flexibility inte
the development of large scale projects. Flexibility is a relational
problem between the structural parts of an organisation. It is not
introduced by increasing the capacity of any individual part but by
handling differences in capacity between related parts. This is done
by the mechanisms defining interaction between organisational parts
which a) attenuate information so that residual variety is matched by
the number of possible states that can be recognised by the relevant
part and b) amplify information to permit regulation of
transformations beyond the capacity of the regulator. It is these
mechanisms which provide adequate requisite variety between related

parts and thus permit the organisation to work as a whole.

These parts or systems, necessary and sufficient for viability have
been described as five functions by Davies et al (1979). Although the
organisation concerned with the development of a large scale project
cannot be described as viable, relevant functions and relationships
can be used to establish criteria for organisational effectiveness.
Viable systems seek to discover constraints and opportunities in their
relevant environments to permit them to learn and adapt to
environmental changes both now and in the future. In this sense they
are permanently goal seeking in an attempt to move towards an ideal
state. This can be seen in such areas as research and development
where organisations develop projects to fulfil certain organisational
objectives. The individual goals or responses are realised when
project outcomes become operational within the business areas of the

organisation.
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The operational or business areas of an organisation define the
organisational transformation at any one time. This is referred to as
system one by Beer(1979) and is described as the Implementation
Function by Davies et al (1979). Changes in the Implementation
Function emerge from strategic policy developed and controlled by the
metasystem to system one. It is in the metasystem that organisational

development, that is learning and adaptation, is made possible.

Based on the work of S.Beer, Davies et al have identified three
functions which combined are sufficient to permit learning and

adaptation. These are the policy, intelligence and control functions.

The policy function of an organisation is discharged by those
responsible for the definition of its mission. It is necessary to
exercise the discretion of choosing between alternative strategies in
organisational development. These strategies are embraced by the
selection of alternatives supporting present or future oriented
activities which permit adaptation to changing environmental

conditions.

From the viewpoint of complexity the policy function has a limited
information processing capacity. Therefore they are rarely carrying

out the studies of policy concern themselves.

"There are two crucial sources of complexity for the policy
maker; that of the organisation itself in the present, and that of an
environment unfolding into a future of threats and opportunities."
(R.Espejo 1986)
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Most of the time policy makers are deciding on issues that are beyond
their capacity to comprehend and yet they need to refer to both
organisational problems in the present and anticipated changes in the
environment. This implies the need for two structural filters named by

Davies et al as the Control and Intelligence Functions.

While from the viewpoint of variety it is necessary to minimise the
information needs of policy makers it is also necessary that they

maintain their capacity to be in control of the policy processes.

"Basically, it is apparent that the intelligence and control
functions offer two alternative perspectives for the same problem -
the allocation of the organisation's limited resources. It is this
fact that suggests the need to design the interaction between them."
(R. Espejo 1986)

Debates between the two functions should produce informed conclusions
which represent the residual variety of their interaction and the

concern of the policy makers. The roles of the policy makers are

"firstly to bring into the debate the relevant structural parts,
secondly, to monitor these interactions and finally, to consider
alternatives and decide according to their preferences." (R.Espejo
1986)

The effectiveness of the filtering of the two functions depends not
only on their individual capacities but on the capacity of the policy
function to steer and monitor their interactions. Intelligence and
control functions are inherently complex and if there was no
interaction between them the policy function would be left with the
impossible task of giving closure to all the information they produce.
The policy function would then be the only communication channel

between them and as the capacity of this function is low in comparison
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with the other two functions a very large amount of variety would be
lost. Potential organisational problems may not be foreseen or
opportunities lost. This suggests that the two functions should be

highly connected.

"If the two filters are highly interconnected and are of more or
less the same complexity, the amount of information loops left for
policy attention, that is the residual wvariety, is minimised. Such an
approach is consistent with the intrinsic limited information
processing capacity of policy makers. Their role in this model is to
look after the interactions and give closure to the information loops
which remain after filtration." (R.Espejo 1986)

The policy function therefore does not need to have a technical
understanding of the of the specific policy issues but it should have
a model of how the actual organisational structure works with
reference to organisational missions. The model is particularly useful
in appreciating the actual communication channels between those
concerned and how effective these channels are in catering for

organisational relationships.

If the complexity of tasks overload those who are responsible for its
implementation, it will tend to be broken down into sub tasks and
their management passed to a new structural level. These activities

are doing what the higher structural level could not do itself.
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Figure 3 = 1
Mechanism for Adaptation

(R.Espejo 1986)
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Within the viable system model primary activities are the objects of
control for the managers at the immediate level above. Each primary
activity is responding by itself to parts of environmental complexity
and is striving for its own viability. In this model the primary
activities describe the purpose of the system. Therefore in general
the objects of control can be viewed as the activities which describe
the purpose of the system. In the General Organisation these objects
of control will be the operational activities necessary to bring about

a successful project outcome. Although these are not primary
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activities in the viable sense their control implies an appreciation

of primary activities the project outcome will influence or create.

Within the general organisation the concern of the control function
will essentially be the control of organisational information
processing and in the parent organisation the control of project
implementation. Again this will be developed in the next chapter. Here
it is sufficient to say that the control dilemma of achieving cohesion
while permitting a degree of autonomy in the processing of
organisational information and control of implementation, is as
applicable to the general and parent organisations as it is to the

viable system.

Because the imbalance in the varieties of the control function and the
activities is natural, it makes no sense to force a balance by
increasing the variety of the control function. This is because the
more complex the environment the more flexibility is necessary for all

structural levels to develop responses.

"What is necessary is to reduce as far as possible the residual
variety that the control function needs to take account of in the
primary activities." (R.Espejo 1986)

It is necessary to ensure that the residual variety is properly
communicated otherwise there is the risk of losing control. There is
therefore a need to validate the information used in transmitting such
variety. Minimising residual variety implies increasing autonomy at
lower structural levels while retaining organisational cohesion.

Without sufficient cohesion the responses developed at lower levels,
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while satisfying local environmental demands may not be consistent

with the development of a global response.

To overcome this tendency towards inconsistency there is a logical

necessity for a coordination function.

"The contention is that better interdivisional interactions are
more likely to produce consistent responses." (R. Espejo 1986)

Cohesion brought about by the management of residual variety demands a
capacity to recognise the true states of the divisions to be
controlled. This cannot depend solely on the line of accountability
between divisional mangers and the control function as this may
conceal their own biases or control problems. The control function
therefore needs access to the activities themselves as a cross check
from an alternative source. This additional communication is achieved
through the development of a monitoring channel. In this way the
control function can receive assurances that the responses being
developed at multiple levels are consistent with the developemnt of a

global response.
" From the viewpoint of information processing, the capacity of
managers carrying out the control function needs to be in balance with

the actual information flowing through the three incoming channels."
(R. Espejo 1986)

If there is not a balance a response could be to reduce the residual

variety still further by developing the coordination function.
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Figure 3 - 2
Mechanism of Monitoring - Control

(R. Espejo 1986)
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Two mechanisms have been presented here which have been discovered to
be inherent to tHie management of complexity. Their general
applicability ie. whether the activities of concern are primary or
not, has been discussed. The most powerful insight to the management
of complexity was made apparent when these mechanisms were related to
the unfolding of complexity at multiple structural levels. Multiple
structural levels in this context refers to the concept of
recursiveness. Beer in his diagram of the viable system model makes it
clear that policy, intelligence and control are not isolated from
implementation but rather that they reoccur at each recursive level.

Each primary activity within the implementation function is itself
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viable and as such, possesses the five systems or systemic functions,

described above, at the next structural level.

Finally the communication channels that exist between the systemic
functions identified at multiple structural levels should have the
capacity to carry the variety of information transferred, this is not
the same as quantity. The channels should have mechanisms to
attenuate and amplify the variety of information so that requisite
variety, which permits an acceptable performance, can be established
between functions and each function should have the ability to
transduce the information it receives and emits. It is the degree to
which these mechanisms are effective that is a measure of flexibility

as defined in this research.

Beer's principles of organisation underline the organisational

requirements necessary to handle variety.

"First principle of organisation - Managerial, operational and
environmental varieties, diffusing through an institutional system
tend to equate; they should be designed to do so with minimum damage
to people and cost.

Second principle of organisation - The four directional channels
carrying information between the management unit, the operation and
the environment must each have a higher capacity to transmit a given
amount of information relevant to variety selection in a given time
than the originating subsystem has to generate it in that time.

Third principle of organisation - Wherever the information
carried on a channel capable of distinguishing a given variety crosses
a boundary, it undergoes transduction; the variety of the transducer
must be at least equivalent to the variety of the channel." (S.Beer
1979)

The description given in this section is based on the application of

the viable system to the problem of organisation development and
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explains how flexibility is related to functional capacity. However it
does not take into account the involvement of more than one
institution and other agencies, which is often the case in the
development of large scale projects. A valuable contribution in this

area has been made by C.Davies, A Demb and R. Espejo (1979).

3.4 Application of the viable system model to regional programs.

Cybernetics was said earlier to provide a unified language which could
be used to consider communication and control in any system. Davies et
al reiterate this claim for their conceptual framework in their
application of the viable system model to regional programs, when they

talk of system consistency.

"We are concerned with overall consistency within a whole system
to the challenge posed by particular programs. That consistency can be
achieved in many ways; the way chosen will be a complex reflection of
organisational strengths and policy preferences within a setting."
(Davies et al 1979)

The consistency they speak of is the structuring of the organisation
into systemic functional parts and the unfolding of complexity to
multiple structural levels. Organisational strengths reflect the
recognition of structural levels through the dispersal of autonomy or
discretion and the mechanisms in use to bring about system cohesion
both between structural levels and between systemic functions at each
level. The ways in which autonomy and discretion is dispersed
throughout the organisation and the mechanisms in use to cater for
organisational relationships will reflect policy preferences such as a

preference for centralised control.



71

By using the viable system model in the context of the development of
regional programmes they have provided insight into the systemic
consistencies which can be applied in this setting. Such a
contribution provides a basic input to the complex process of systems
design and provides concepts which can usefully be adopted for the
development of a conceptual framework for the analysis of the

organisation concerned with the development of a large project.

There are two powerful concepts that have emerged from their work. The
first is the transformation of form into function, making possible the
study of organisations instead of institutions. This is true of the
viable system model but the concept is extended here to take into
account that more than one institution and a number of agencies are
usually involved in large scale developments. The usefullness in this
abstraction is that institutional boundaries do not have to be
considered and by functionalising in the systemic sense, problems of

communication and control are easier to perceive.

"Problems that are not perceived with an institutional 1logic
might be apparent if the organisational logic is used. For instance,
the necessary integration and coordination of organisational forms,
ie. institutions, which are parts of the same function at the same
level become more apparent. Also a particular institution which is
recognised as part of the program system might also be part of another
system and this logic might add to the understanding of behavioural
conflicts in particular institutional set-ups."
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Figure 3 - 3
Institutions and Organisations
(Davies et al 1979)
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Assuming that there is functional capacity and the multi-institutional
strategy will make its way as a matter of fact, it is proposed that it
is possible to make this situation more effective by not sticking to
an arbitary definition of institutional forms. This is the strength of

the concept of organisation as opposed to institution.

The second concept emerges from the definition of the population of
L4

institutions relevant to the program derived from the disaggregation

of program objectives and the corollary activities. This population is

sorted into categories.

"l. those which are part of the program system, 2. those which
are part of the general system."

The first category contains members of the population concerned with
the accomplishment of program objectives. The second category contains

those who are concerned with the setting of program objectives and in



i

the choice of the program strategy. Their more general goals and
pelicies set the parameters within which the program will be carried
out. By contrast the focus of the program system is bounded by program
activities and it considers only trade offs between activities within

the program.

By applying concepts from the viable system model they say it is clear
that the definition of program objectives is done by the meta-system
of the program system. The meta-system is that system in which the
program system is embedded. The general system is thus an instance of

a meta-system.

"The set of institutions or institutional parts structuring,
deciding and controlling program objectives define the meta-system and
the meta-system itself defines the general system."

The second concept therefore is that of the general system as the
meta-system of the program system. This is important because such a
concept permits the analysis of organisational flexibilty in the
formulation and selection of options which set the program objectives

and the implications this has for program effectiveness.

"Functional capacity and mechanisms used by the meta-system to
structure and control program objectives have fundamental implications
about the effectiveness of the program system.

The general system has three systemic functions by definition ie.
policy, intelligence and control functions. Flexibilty can be

determined by the degree with which relational mechanisms bring about
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sufficient requisite variety between these three functions and

minimise variety loss in the support given to decision making.
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The purpose of this framework is to permit the study of the
communication and control mechanisms in use, during the development of
a large scale project. In general there will be a pool of
institutions, although sometimes just one institution, which initiates
the development of a large scale project. Those belonging to the pool
are the institutions that recognise a need or advantage in developing
a large scale project and have an interest in its outcome. The
organisation concerned with the development can be viewed as a goal
oriented system, made up from the pool of institutions and consultants
etc. The inputs to the project development are provided by the pool of
institutions and the output should serve the purposes which intitiated

the original inputs.

The presentation of the framework will develop through three stages;
first the concerns of the general and parent organisations and the
activities implied by those concerns, second the systemic functions
and their relationship in performing the activities identified and
third the mechanisms which introduce flexibility into the

intersystemic relationships by minimising variety loss.
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4.1 The concerns of the general and parent organisations.

Once the development of the large scale project is initiated by the
group of institutions wishing to derive benefits from the outcome,
there are two distinct activities which can be identified within the
development. The first is to decide on the kind of outcome which will
best serve the interests of the participating institutions and the
second is to manage project development so that a desirable outcome is
achieved. These two activities can be viewed as the concern of a goal
oriented system, named in this research as the general organisation.
Its task therefore is to cater for the integration between the
participating institutions and consultancy agencies, necessary to
develop options and select an option which serves the interests of the
participating institutions and to provide the management capacity to
steer the project implementation towards a desirable outcome. The
management capacity is provided by the parent organisation which is

generally a subsystem of the general organisation.

If this process is put into a time frame it becomes clear how the

development of the activities unfolds.
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Figure 4 - 1

Participating Institutions and the Development of the Large Scale
Project
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construction
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construction
|
I
output
[
v
Rt s e e i i Project Outcome

The General Organisation is concerned with the option development and
selection process which should satisfy the interests of participating

institutions.

The Parent Organisation is concerned with the management of what is

commonly called the project life cycle. The project life cycle, as
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described in chapter 1, is a string of activities which are usually
presented in a sequential way but in practice are iterative to a

varying degree and are sometimes concurrent.

This summarises what the general and parent organisation do but to be
able to look in detail at systemic functional relationships it is
first necessary to outline in systems terms those, who in this
research, would be included in the general organisation system and its
subsystem the parent organisation. Figure 4 - 2 gives a general view
of the relevant actors in the two systems but the number of actors and
institutional backgrounds will vary from project to project. What such
a model does do is to make clear that the boundaries of the two
systems are not related to institutional boundaries and may include
participants who are not members of the pool of institutions. 2
participant is described as someone who contributes to the project
outcome, either because they have an interest in the outcome as a
member of the pool of institutions and want to influence the
development or because they have been engaged to contribute knowledge,

expertise etc..
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Figure 4 - 2
A System's Map of the General and Parent Organisations
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Having looked at the systems which describe the activities of, and the
participants in, the general organisation and its subsystem the parent
organisation, it is now necessaary to describe the systemic functions
within the two organisations and the way they are related to perform
the activities identified. This will permit the introduction of
concepts in the third section, to describe ways in which flexibility

can be introduced into organisational relationships.
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4,2 The systemic functions and their interactions.

To make clear the organisational relationships that exist within the
general organisation, the general organisation and its subsystem the
parent organisation will be described separately. The reason for this
is two-fold. First the actiwvities carried out at a general
organisation level will precede those activities which are the concern
of the parent organisation in time, and second the general
organisation and the parent organisation exist at different structural
levels, with different concerns. As a systems approach requires that
the system of interest should be under the control of the owner and
because clearly, activities carried out by the project organisation
while within the control capacity of the parent organisation, are
beyond the direct control of the general organisation, it makes sense

to describe the general and parent organisations separately.

The General Organisation

The general organisation is charged with the selection of a suitable
large scale project to meet the needs or provide advantages for the
participating institutions. In this respect it is similar to the

policy function in the viable system model.

"It is necessary to exercise the discretion of choosing
between alternative strategies in organisational development. These
strategies are embraced by the selection of alternatives supporting
present or future oriented activities which permit adaptation to
changing environmental conditions." (From chapter 3)

It was clear in the description of the policy function in the previous

chapter, that it did not have the capacity on its own to substantiate
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issues which invariably require an understanding of organisational
problems in the present and anticipated changes in the environment.
According to Davies et al. this implies the need for two structural
filters ie. the control and intelligence functions. The general
organisation can thus be viewed as a metasystem concerned with
learning and developing an adaptive response on behalf of the
participating institutions. It is not in itself viable but acts as a
temporary mechanism to bring together participating institutions,
generally with individual organisational capacities to remain viable.
The activities of this metasystem will contribute to the
organisational viability of the participating institutions in the same
way that the metasystem contributes to the wviability of the
organisation it is designed to serve, by bringing about organisational

development.

Figure 4 - 3

The General Organisation as Metasystem to Relevant Intitutions or
Institutional Parts

General Organisation

2 I

f |

monitors effectiveness provides mechanisms for
of interaction interaction
I |
| v

Relevant Institutions or Institutional Parts

The general organisation as metasystem to the relevant parts of the
participating institutions, is therefore a mechanism for adaption, in
the sense that, it is aiming to increase the response capacities of
the participating institutions, to make them capable of meeting future

disturbances and taking advantage of future opportunities, together
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perhaps with a capacity to respond to present threats to their

continuing viability.

Figure 4 - 4
The general organisation as a mechanism for adaption

-------------- Policy Fanchion—————===c==--

Activities Carried Out by the General Organisation.

i) develops policy guidelines for organisational debate.

Organisational debate describes the interaction which takes place
between the policy function's two structural filters, the intelligence
and control functions, at multiple structural levels. Before
organisational debate can be controlled it is necessary for the two
systemic functions to have guidelines on what is the purpose of their

interaction.

The policy function may actually have a set of options for the
development of a large scale project and the interaction between the
two functions in this instance will be to develop an understanding of
the options by capturing both organisational problems in the present
and anticipated changes in the future. In this way the interaction
between the two systemic functions permits an appreciation of the

potential of each option in terms of taking advantage of future
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opportunities, meeting future threats and contributing towards the

solving of existing organisational problems.

On the other hand the policy function may have only a general idea of
the response required but no defined options. In this case, the
interaction between the intelligence and control functions will result
in the formulation of options, by integrating organisational and
environmental studies and filtering out options that warrant the
attention of the policy function in support of the decision making

process.

In practice the decision makers would select appropriate members of
the organisation such as departmental heads to take on particular
roles, make clear to them the issues for consideration such as
particular options to be studied or options to be formulated, which
satisfy the interests of the decision makers. They would also need to
determine, perhaps with the assistance of selected organisational
members, consultants that need to be engaged and the way they all need
to integrate, to provide the information required to support

particular decisions.

In the development of large scale projects the decision makers often
find themselves in the position of not being able to take a decision
even after assigned study has taken place. They just do not have
enough support to take a definite decision. If the policy function
still feels that the output of the interaction ie. unresolved
questions is beyond its capacity to handle, it will need to look again

at its policy guidelines.
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ii) monitors the debate which formulates options.

The decision makers need to know how well the work is progressing
without getting involved in detail. They would do this by making sure
that the issues for consideration are being pursued and in a way that
the guidelines have suggested. They cannot enter the black box but
with effective monitoring mechanisms and policy guidelines, they
should be able to establish sufficient requisite variety with the

debate.

If the residual variety is beyond the capacity of the policy function,
then both the degree of variety balance between the two systemic
functions and mechanisms for providing interaction between the
systemic functions will have to be reviewed and changes made where the

policy function feels it necessary.

For instance it may be that there is a strong control function but a
weak intelligence function within the general organisation. Unless
this is altered through policy guidelines, by for example the setting
up of study groups to consider future opportunities and environmental
constraints, then the policy function will receive, unchecked from the
intelligence's point of view, organisational information. This will
put the policy function in the position of providing the intelligence
information itself or taking decisions without this input. Sometimes
this results in decisions being delayed, incurring high development
costs, as in the development of Nimrod or that a decision is taken

with inadequate understanding of the outcome.
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On the other hand the systemic functions may be in balance with
respect to variety but the interaction between the two may be
ineffective. By using the mechanisms designed to monitor the
interaction the policy function should be able to determine how
effective the communication channels are in catering for
organisational relationships. In Figure 4 - 5 the interaction between

the intelligence and control functions is illustrated.

Figure 4 - 5

Organisational Debate

Environment--->attenuation--->Intelligence Function
l ~
| |
v |
attenuated attenuated
information information

| |
v |
Organisation--->attenuation--->Control Function

The policy function needs to know if the information received from one
systemic function is understood by the other. This is not merely a
problem of different systemic languages but of understanding
information from a function with a completely different role and
performing different activities. A mere translation would not cater
for the complexity implied by the functional roles and there is a
necessity for both functions to attenuate the information they have
filtered from their relevant areas of concern, in the pursuit of
policy directed studies. The attenuation should be made in a way that
is meaningful to the needs of the recipient function and within the
recipient's capacity to respond. The question is how does the policy
function know that all is not well in terms of the interaction between

the two systemic functions? This is a question which warrants a great
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deal more research, beyond the work developed here. In practice in
order to determine whether one functional group understands the other,
the policy function may occasionally send one of its members to
committee meetings designed to provide interaction or they may request

reports from meetings or other methods may be used.

The cybernetic framework developed in the research cannot offer a
general explanation of how it is possible to detect adequate responses
between systemic functions. However certain suggestions can be

offered:-

A debate is a two way process and the policy function should attempt
to monitor how well each function responds to the other, as the option
formulation process progresses. The policy function in monitoring the
debate between the two systemic functions needs to be have a system of
measurement and compare this with criteria of stability to determine
the performance of the debate. What has to be worked out is how to
establish the criteria of stability and how to measure the
interaction. The criteria of stability in general terms is the ability
of each of the two systemic functions to produce an adequate response
to a stimulus it has received from the other, adequate that is in the
view of the recipient ie. the other systemic function. This is the
balance that should be achieved within the organisational debate. To
determine if this balance has been achieved the policy function needs
to be able to measure the degree to which stimulii produce adequate
responses. The policy function need not measure each individual
stimulii/response to detect if a balance is being achieved. It would

be beyond the capacity of the policy function to do this. All that it
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needs to know is that in general the debate is operational and that
each function is satisfied with the responses it receives from the

other function, with relation to the information it has given.

The policy function within the general organisation eventually takes a
decision on a preferred option. Its role from hereon will be to
monitor the progress of the project development but intervention by
the general organisation at this level is usually minimal once the
decision to develop a particular option has been made. In fact when
there is too much intervention at this level, it is can be to the

detriment of the project development.

The problem when considering intervention by the general organisation,
is to know how much is necessary. The general organisation wants to
make sure its decision becomes operational as intended and therefore
it is impossible to have no intervention. On the other hand too much
intervention by the general organisation can, for instance constrain
the parent organisation to such an extent that it cannot respond to
conditions relevant to its activity or bring about change which is
costly or jeopardises the satisfactory completion of the project. The
role of the general organisation should be a supportive one and
intervention should aim only to make sure that the decision to develop
a particular large scale project is being implemented as intended and
that the outcome continues to serve the interests of the participating
institutions. Sometimes it is necessary to abort a project in the
interests of those institutions. Methods to determine how much or what
kind of intervention is desirable by the general organisation, is

another area which warrants further research.
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The Parent Organisation

The parent organisation has been described as a subsystem to the
general organisation. It cannot be viewed as such until a decision has
been taken by the general organisation, to develop a particular

option.

The parent organisation is concerned with the management of the
project life cycle and therefore can be described systemically as the
metasystem to what is commonly called the project organisation. During
the project 1life cycle there are two mechanisms described in the
previous chapter which can be recognised. The first is the mechanism
for adaptation. The second mechanism is the mechanism for monitoring-
control, necessary to steer the project implementation towards a
desired outcome. Providing the cohesion necessary to steer project
development is not a simple task because usually actors performing
implementation activities in the project organisation will not belong
to any of the participating institutions ie. contractors, and 1like
consultants, they will have their own institutional interests not
relevant to the operation of the project outcome. Contracts are the
usual mechanism to control the activities of contractors. If these are
made in an institutional setting, it is very difficult, because of the
complexity of the situation, to draw up contracts which are flexible
enough to cater for the interdependencies between the wvarious

activities.

This second mechanism is necessarily used sequentially in a cascading

fashion. First there is a need to monitor and control the development
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of designs which provide the blue-print for construction and second a
need to monitor and control the construction. Often pressure is
exerted to meet schedule targets and the management of design and
construction occurs concurrently. Concurrency is defined as the
situation when construction is started before the design phase is
complete. This is different to the interaction for adaptation between
design and construction which inwvariably occurs during implementation

of the completed designs.

Often difficulties arise in the construction of a large scale project
that were not foreseen in the design phase. For example geological
problems may mean that implementation of some part of the set designs
is not possible and changes have to be made. This is adaptation to
emerging circumstances and requires integration between the design and
construction elements of the development. This is common in large
scale projects and potential difficulties need to be identified as
soon as possible to reduce avoidable cost increases or delays.
Therefore even when the design phase is complete there is still a need

for interaction between design and construction.

Concurrency presents a different problem. Construction in this case is
started before the designs are complete. Information is fed a bit at a
time to the construction process, fixing in 'concrete' errors that may
not be foreseeable at the particular stage in the design phase but
could have been avoided if the design phase had been complete. In an
attempt to avoid concurrency it is necessary to be able to identify
when design is complete. At the moment methods to identify completion

of the design phase have not been well developed. However by studying
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the cybernetics of the problem, the research offers suggestions, in
the context of organisational communication and control, why

concurrency so often reduces project performance.

The design phase and construction phase are controlled by the same
function. They are activities at the next level of recursion with
their own management teams. The control function is concerned with
allocating resources to the two activities, monitoring their use and
providing the coordination necessary to retain a consistency between
design and construction as the project progresses. Logically the two
activities should be separated in time. In controlling and monitoring
design development, the control function is allocating resources to
the design activity and monitoring their use. At the same time the
control function is also contributing to organisational debate, as
described in the adaptive mechanism. During construction the control
function is concerned with allocating resources to implement and
change designs which have been completed but may need to be adapted as

construction problems emerge and monitoring their use.

When concurrency occurs a response is being made operational ie.
construction started, while organisational 1learning is still
developing. The degree of capital invested in construction activities
will have a tendency to influence decision making, rather than
decision making steering construction and may prematurely impose
constraints on the variety of organisational responses. Organisational
constraints imposed by construction activities will have a tendency to
reduce control capacity within the adaptive mechanism, effectively

reducing the richness of organisational debate. These constraints may
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result in options being prematurely foreclosed or potentially

avoidable error ie. if the designs were complete, being unforeseen.

Concurrency offers time reductions for project completion and this may
be viewed as a real advantage by participating institutions. However
is should be noted that any benefits will be at the cost of
organisational response capacity. Subsequent inability to respond
and/or the making of an inappropriate response are two possible
outcomes of overlapping project construction with the contribution of
the design phase to the learning process and either can bring about

error cost eg. redesign, reconstruction, project abortion costs.

In Figure 4.6 the directional lines between the control function
and the design and construction management represent interaction
between the control function to each of the management units
separately and not to one through the other. This is a convention used

in the viable system model developed by Stafford Beer.

One line of interaction between the activities indicates
adaptation to problems as they arise during construction after

completion of the design phase.
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Two lines of interaction between the activities indicates the high
variety exchange that is required when concurrency occurs which

necessitates self regulation.

Figure 4 - 6

The Control Function and its Systemic Relationships During the Project
Life Cycle.
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It appears that the control function has two features to be considered
when there is concurrency. The first is its reduced capacity in
contributing to organisational debate and the second is integrating
two activities where one can clearly constrain the other and produce
outcomes which although undesirable could be costly to alter or maybe

even necessitate the abortion of the project.

When the design and construction phases are sequential, interaction
between the activities is concerned with adaptation that needs to be
made as problems arise in the construction. The control function
shifts ground from design to construction, retaining control over the
design activity with respect to adaptation that might become
necessary. When design and construction activities are concurrent the
control function is concerned with two very high variety activities
and the interaction between the activities will be far more complex.
The control function does not have the capacity to be the hub of this
interaction and therefore it will be necessary to permit self

regulation through the design of coordination mechanisms.

Having looked at the systemic functions and the way in which they are
related in both the general and parent organisations, it is now
possible to consider how these relationships can make organisational

learning and implementation control effective.
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4.3 The mechanisms which introduce flexibility into the intersystemic

relationships by reducing variety loss

The ability to match response to disturbance so that an output within
the target set is maintained, has been already described as sufficient
requisite variety. If two systems are dependent on each other to
produce a combined ocutput within the target set then the situation can
be described as one of debate. This of course relates to the
organisational debate that occurs both in the general and parent
organisations. To understand how to make effective the interaction
which takes place between the intelligence and control functions it is

necessary to view the debate in the context of requisite variety.

Figure 4 - 7

Organisational Debate - Stimulus/Response
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In figure 4 - 7 it is clear that in debate, the response made by one

function becomes a stimulus to the other function. However each
function is not merely responding to stimulii received from the other
function but also to stimulii received from the relevant environment
or the organisation. Each function needs to be able to perceive

stimulii emerging from its area of concern together with stimulii
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emerging from the other function in order to make an appropriate

response.

It has been accepted that the variety to be perceived in the relevant
environment and the organisation is greater than the variety within
the intelligence and control functions and it is clear to handle all
that variety the two functions need mechanisms to attenuate the
information they receive. What is not so clear is that each function
needs to attenuate the relevant information it has, in producing the

response, which is to become a stimulus for the other function in the

debate.
Figure 4 - 8
Attenuation of functional information for response
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The model described in Figure 4 - 8 could also be applied to the

control function. This figure suggests that the combined information
from the environment and the control function needs to attenuated if

it is to successfully act as a stimulus to the control function in the
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debate. This is because even if the control function has adequate
requisite wvariety with the organisational activities it aims to
control this does not provide it with the capacity to perceive states
in the organisations relevant environment. Through a continuous
filtering of environmental information as it applies to stimulii
received from the control function, the intelligence function is
effectively attenuating the information it has relevant to the control
functions purposes. This attenuated information will be the
intelligence function's response directed towards the control

function.

The response generated by the intelligence function becomes a stimulus
for the control function. If the control and intelligence functions
continue to respond to each other's satisfaction, then it is clear
that the two functions have adequate requisite variety. In other words
they have a flexible relationship, capable of producing appropriate
responses to the stimulii they receive from each other. The
flexibility of the relationship between the intelligence and control
functions is only meaningful if the output of the debate is within the

target set established by the policy function.

The policy function requires support for the decisions it feels it
needs to make and therefore the relevance of the debate output to
decision making is critical. An organisation adapts through the
decisions it makes. This is the role of the policy function. However
decisions can only be truly adaptive as a result of a learning

process. Decisions are thus supported by organisational debate. It is

in organisational debate that flexibility can be introduced and it is
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the monitoring of the debate by the policy function, that indicates
areas where mechanisms need to be altered or replaced, to improve the

degree of flexibility between the two systemic functions.

Once a decision has been taken to develop a particular option
flexibility of choice between alternative options has obviously been
removed. However it has been made clear that the effective control of
the design phase is important, with respect to the control function's
contribution to organisational debate, in the development of the
selected option. Its relevancy to organisational debate will now be
put aside to concentrate on the management role implied by the control
function, which will be essentially the same with respect to both

design and construction activities.

Figure 4 - 9

Mechanism for Monitoring-Control during design development and

construction
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Essentially, monitoring provides filtered operational information
necessary for the control function to assess project performance. This
acts as a stimulus to the control function to bring about change if
necessary. The response made by the control function to monitoring, is

with respect to changes it feels are necessary in the mechanisms used
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to monitor the performance of the collective operational elements. It
may be for example that monitoring mechanisms are not effective in
detecting uneven degrees of development between design or construction

areas.

Monitoring and coordination are instrumental in filtering
organisational information for the control function and amplifying its
response capacity. To this end they do not produce an independent
response. The coordination function for example will filter
organisational information to produce a stimulus for the control
function and amplify reponses made by the control function to produce
stimulii for the integration of operational elements. This is why on
the diagram in both monitoring and coordination the filtered
information from the organisational elements does not produce a

stimulus for them but for the control function itself.

Command and accountability are clear examples of stimulii and
responses between the control and implementation functions and as such
the response from each one becomes a stimulus for the other in a
continuous process similar to that described in the organisational
debate. The capacity of the control function is going to be less than
the combined variety implied by the operational elements and this
interaction can only be effective if the control function has the
support of filtered organisational information from its monitoring and
coordination capacity, which in fact amplifies its response capacity
beyond its own variety. In this way the control function achieves

adequate requisite variety with the implementation function.
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Adequate requisite variety is thus dependent on the effectiveness of
the mechanisms used to monitor implementation output, coordinate
operational elements and provide interaction directly between the
control function and the managers of the operational elements.
Communication and control mechanisms used will vary with the project,
according to the degree to which the actors are inhouse ie. from the
participating institutions with an interest in the outcome; the degree
of technological innovation; geographical distribution etc.. Basically
however the mechanisms should be designed to establish adequate
requisite variety between the control and implementation functions. If
adequate requisite variety is achieved and the control function is
able to produce responses to stimulii emerging from the implementation
function and control the implementation of the responses then

organisational flexibility is maximised.

Figure 4 - 10

Achieving Adequate Requisite Variety between the Control and
Implementation Functions.
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Earlier in the chapter the effects of concurrency on organisational
debate once an option had been selected was described. Concurrency of
design and construction has an effect too on the control of the

project implementation. The variety disposed by the implementation
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function will be greatly increased. The magnitude of this increase
will place almost impossible demands on the control function, unless a
way can be found to establish adequate requisite variety between the
control and implementation functions. This implies the necessity for
the careful design of monitoring and coordination mechanisms. The
difference between the variety disposed by the implementation function
when design and construction are sequential and when they are
concurrent is enormous. The magnitude of this difference is rarely
appreciated until the 'business as usual' approach produces unwanted
outcomes, often at a great cost not just in monetary and technical
terms but also socially, and commitment may be irreversibly lost, at

any or all structural levels within the project organisation.
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The conceptual framework developed in chapter 4 1is based on
cybernetics and all the work that has been done on the viable system.
The methodology is based on the cybernetic methodology developed by
Raul Espejo. The aim of the research is to apply the framework to the
development of a large scale project, using the cybernetic methodology
presented in this chapter. The outcome of the research is to give
insight, through a case study, into ways organisational flexibility
was Jlost and compare this with evidence of reduced project

performance.

Basic to the development of the research methodology has been the work

of Raul Espeijo.

Li}

A methodology for problem solving is therefore a set of
interrelated activities aimed at facilitating the intervention of
analysts in organisational problem situations."™ ( Espejo R. 1986)

Using to a large extent the approach of soft systems methodology,
developed by Peter Checkland and associates at Lancaster University,

he develops an alternative methodology, the cybernetic methodology.

" In contrast to the soft systems methodology, this
methodology accepts that human activity systems are more than mental
constructs in the minds of the participants. The cybernetic view is
that these participants are constrained to different degrees by the
organisational structures in which they are embedded, and therefore by
changes and modifications in these structures it is possible for them
to develop different appreciations of a problem situation. Moreover,
while some structures are likely to inhibit their appreciations and/or
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support the production of very poor appreciations, others are likely
to liberate their views and make likely richer appreciations of the
problem situation."( Espejo R. 1986)

Figure 5 = 1
Cybernetic Methodology

Raul Espejo 1986
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The research is not action research in the way the above methodology
suggests. The diagram shows an intention to go back to the situation
and see how that is altered by the process of intervention. In the
research the purpose is to study a situation, working out the context
in which this situation took place in terms of communication and
control and deriving from there, conclusions showing how adequate or

inadequate the process was in terms of flexibility. The research does
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not use those activities in the bottom left hand corner of figure 5 -

1, which imply intervention or action in the organisation.

Figure 5 = 2

Research Methodology
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Figure 5 - 2 outlines the methodology used to provide support for the
research hypothesis. The process was repeated for each of the named

systems ie. the general and parent organisations.

5.1 The hypothesis.

The research problem is to demonstrate the use of the methodology to
measure the flexibility of large scale projects and to show that the
methodology works. The methodology needs to show that by using the
systemic framework it is possible to organise knowledge and understand
situations in ways that are not possible using normal procedures. To
test the hypothesis a case study was analysed using the methodology
outlined in figure 5 - 1 above. This methodology has been developed as
an approach to studying organisational relationships and the degree to
which they support by their flexibility or restrict by their

inflexibility, organisational development. Finally by presenting
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evidence to establish an association between organisational and

project development, support for the hypothesis is sought.

The development of a new terminal at Birmingham Airport was chosen as
a case study because it was a local government project, developed
geographically near to the area of study. This situation it was felt
would facilitate access. Also it was a completed large scale project,
permitting an analysis which spanned the whole project development.
This posed some difficulties in that those interviewed occasionally
could not remember details, particularly concerning early stages in
the development. However as the fieldwork progressed it was possible
to cross reference interviews and other sources of information to

clarify details and f£ill gaps.

The background to the development will be presented in the next
chapter. It is sufficient here to say that the new terminal was a
project developed by the West Midland's County Council and the
fieldwork was carried out during the last three months before it was
dissolved. It was dissolved as a result of the national decision to
abolish metropolitan county councils at the end of April 1986. Council
officers past and present and airport officials gave their fullest
cooperation, being responsive to all requests. Without this help it
would not have been possible to gather the relevant data in the time

available.

In the general organisation the decision making body was clearly the
West Midland's County Council. The articulation of the options was the

result of other agencies who were also interested and concerned with
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the outcome. The problem could have been perceived from the interests
of the BAA ( major consultants for option development). They would
have had their own objectives and perhaps within those objectives, the
fact of having a better West Midland's airport was a relevant factor.
In the research the study was concentrated on the perspective of one
institution the West Midland's County Council, because they were the
decision making body. The important point is that the methodology is
meaningful only through the viewpoint of the observer. In the research
the viewpoint implied that the objectives of interest were those of
the West Midland's County Council and the case study was structured

from that perspective,

The appropriateness of the case study comes from the scale of the
project, the complexity of the task, the ill defined nature of the
organisation concerned with the development and the communication and

control problems associated with a complex human activity system.

5.2 Structuring the case study.

To establish consensus about a system made up of objects is not
difficult. A hard systems approach, used frequently in operational
research, is useful when defining such a system. However when naming
organisations as systems, viewpoints may differ. As the methodology
used in the research unfolds it will become clear that because of the
illdefined nature of the systems named in the development of the large

scale project, a soft systems approach has been used. The general and
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parent organisations are viewed as soft systems requiring a variety of

participant viewpoints to describe organisational relationships.

It is important to note that the systems, the general organisation and
the parent organisation, were named by the research and did not exist
independent of that viewpoint. However the transformations implied by
each named system and the relationships between participants did exist
in the development of the airport terminal. To structure the case
study it was therefore necessary to obtain data from participants and
relevant county files, to determine for each named system the
activities implied by the transformation and the relationships which
existed between participants carrying out and controlling those

activities.

The soft systems approach to study human activity systems (Checkland
1981) sees the structuring of the problem or the naming of systems as
an important aspect of the work of a researcher independent of their
particular purpose. He sees the naming of systems in practice as an
important methodological problem and suggests the use of 'root
definitions' as a means to name systems. He defines a root definition

as

"a concise, tightly constructed description of a human activity
system which states what the system is".

Espejo (1986) gives the idea of a root definition a different status
than that of a hypothesis concerning the eventual improvement of a
problem situation, ie. as a shorthand to describe the real world as

perceived by a viewpoint. Instead of talking about root definition he
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prefers to talk about names relevant to a situation. These he says are
the 'names of both the transformation and participants that a
viewpoint perceives as relevant with reference to the situation'.
Although the system does not exist independent of a viewpoint, the

transformation may exist independent of that viewpoint.

In the context of the case study the naming of each of the two

systems, the general and parent organisations should make explicit:

Transformation - what input was transformed into what ocutput?

Actors - who carried out the activities implied by the transformation?

Customer - which institutional parts were the beneficiaries or wvictims

of the transformation?

Owners - who controlled the transformation?

Actors, customers and owners are the participants implied by the named
system. The initial phase in the data collection was to establish who
these participants were. It involved eliciting from different
participants the system viewed as concerned with option formulation
and selection ie. the general organisation and the system concerned
with the development of the selected option ie. the parent

organisation.

Initial access was obtained at the airport itself and there most of

the names of the key participants in the project development were
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identified. Other names were added as a result of information gained
during interviews. These included airport personnel past and present,
West Midland's County Council members and officers past and present
and managers of consultancy and construction firms who participated in

the development.

The next phase was to determine the relationships that existed between
the participants, constituting the general and parent organisation. To
do this it was necessary to confirm or establish the role of each
participant in the terminal development, the tasks they performed and
the communication channels that existed between them and other
participants both written and in person, to enable them to perform

their tasks.

The interviews were partially structured to acquire this data. In
addition personal views were obtained on the way decisions were taken,
the contribution individuals felt they had been in a position to make,
in both providing the support for council's decision making and
controlling implementation, and the perceived causes of events during
project development they felt were related to organisational

communication and control problems.

Personal views on certain issues produced discrepancies which were
eventually reconciled by an overview of all the relevant interviews
and by reference to committee and steering group files that were made
available. Whenever it became apparent that a discrepancy existed,
questions in subsequent interviews were designed to obtain other

views, in an attempt to make clearer actual relationships which
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existed and events which took place. The reasons for discrepancy
cannot be determined although there were indications of personality
problems between certain participants and instances of self interest.
However this goes beyond the concern of the research. It is sufficient
to say that by cross referencing interviews with each other and with
policy and steering group files it was possible to obtain the data
necessary to develop a rich picture of the general and parent

organisations as they are perceived in the research.

5.3 Studying the cybernetics of the named systems.

In developing a large scale project the organisation is attempting to
achieve a project outcome in the shortest time and at the lowest cost
without causing detrimental effects to participants from the
experience of taking part in the project. The aim should be to have a
system to give people a chance to put themselves into the project
without overstretching themselves, participating in the process in a
way that people feel they are making useful contributions and not
working in a vacuum. These aims are realised through the level of
requisite variety each systemic function has with reference to the

complexity implied by its organisational role.

If the requisite variety of the systemic functions permits a high
level of performance, in their interactions, organisational
relationships can be described as flexible, allowing each function to
respond to other relevant functions. If the requisite variety of one

or more systemic functions produces an inadequate response capacity,
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then variety in systemic interactions will be lost. Loss of variety
could result for example in the loss of opportunities or loss of

control capacity.

According to Beer's first principle of organisation:-

" Managerial, operational and environmental varieties, diffusing
through an institutional system tend to equate; they should be
designed to do so with minimum damage to people and to cost."™ (Beer S.
1985)

The tendency to equate is an observation drawn directly from Ashby's
law of requisite variety ie. "Only variety can absorb variety." 1In
terms of the development of a large scale project, the named system
whether it is the general or the parent organisation will have variety
diffusing through it. Requisite variety will exist anyway between
systemic functions within the named system and between the named
system and its relevant environment. Performance will depend on how
well the requisite variety which exists meets the complexity of the

situation.

As the first principle of organisation above states, all managerial,
operational and environmental varieties diffusing through the named
system will tend to equate and therefore the cybernetics of the
situation implies that the mechanisms for communication and control
between all systemic functions within the named system should be
designed to avoid the costs incurred when variety is lost. Wherever
variety loss occurs, flexibility of response by systemic functions is
lost and logically the possibility of project failure or partial

failure with reference to project objectives increases.



o i

The management of complexity, requisite wvariety and mechanisms for
control and communication, were discussed at length in the previous
chapter. It is sufficient here to say that once a rich picture has
been established of each named system from the data collected it is
necessary to introduce these concepts to permit the production of

models of the real world situation.

5.4 Producing models relevant to the named systems.

In the context of human activities, models are descriptions,
simplifications, abstractions,... of real world situations. The
emphasis in describing the two organisations, is in the relationships
and not in the parts. Mechanism is defined as any stable form of
communication or interrelation between systemic functions that permit
them to work as a whole. The structure of an organisation is defined
by the systemic functions and the actual communication channels in
existence and not by the parts of an organisation and lines of

authority formally defined by, for example, the organisational chart.

Producing models which describe the interrelationships between
systemic functions implies that it is possible to identify within the
model, which systemic function individual participants belong to. This
was done by determining through interviews the role of each
participant. For example in the model of the general organisation, if
a participant was part of a study group created to discover

opportunities presented by the development of certain options, then it
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is clear that he would be part of the intelligence function. Having
identified which systemic functions capture the role of individual
participants, the mechanisms describing the interaction between
functions can be identified by eliciting from the participants their
relationship to other participants, such as contact through reports,
committee meetings, personal contact, guidelines etc. and the

frequency of the wvarious forms of contact.

During the development of a large scale project the roles of
participants may change. In the development of the terminal at
Birmingham Airport role changes occurred for a variety of reasons.
Changes occurred when:- the stage in the development required a
change; organisational restructuring or personnel changes brought
about role changes; the participant's perception of their role

changed.

During the interviews it became clear that there had been changes in
the roles of certain participants. As these changes in role appeared
to have an effect on communications within the two organisations at
different stages in the project development, the occurrence of changes
in role and the effects this had on mechanisms used for communication
and control, were carefully recorded and taken into consideration when

producing models of the general and parent organisations.

There have been two mechanisms described in the previous chapter which
are used in the research to structure systemic models of the general
and parent organisations as they existed in the real world situation.

These are the mechanism for adaptation and mechanism of monitoring -
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control. The models are descriptions of the systemic functions and the
interrelations between them, which would permit each of the two

organisations to work effectively as a whole.

The general organisation is viewed in the research as a system whose
purpose is to formulate options and select a preferred option. This is
an example of a system which needs to learn and adapt, in order to
develop desirable and feasible options with reference to the
objectives of the institution/s concerned. It is therefore a
metasystem to the relevant parts of the institution/s ie. the parts
that have an interest and will be affected by the project outcome. The
model of this system as a metasystem will describe the systemic
functions of policy, intelligence and control and the interrelations

between them.

The parent organisation is viewed in the research as a system whose
purpose is to control the implementation of the selected option to
steer the development towards a desirable outcome. To be able to steer
the project development it was made clear in the previous chapter that
both mechanisms are involved ie. adaptation, and monitoring - control.
The parent organisation is viewed as a metasystem to the project
organisation. The focus of interest will again be on the mechanisms

that existed to permit interaction between the systemic parts.
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5.5 Comparing with reference to criteria of effectiveness.

Having developed models of communication and control mechanisms as
they appeared to work in the general and parent organisations in the
real world they are then compared with reference to cybernetic
criteria of effectiveness. Mismatches between the 'real world' models
and the reference 'abstract' models suggest possible areas of
improvement. The real world models produced in the methodology are
descriptive models and the abstract models are conceptual models whose
purpose is to logically establish the communication and control
mechanisms necessary to provide an adequate level of requisite variety
in interfunctional relationships. The conceptual model developed in
the framework presented in the previous chapter, provides the
reference which serves to structure the descriptive model. This is

necessary in order that a valid comparison can be made.

Checkland's proposed comparison between the conceptual model and
perceptions is similar to the comparison described above but in the
research methodology the rich picture is structured within the
conceptual framework. By abstraction with reference to the conceptual
model, the descriptive model captures the cybernetics of the rich
picture and thus permits a comparison of the communication and control
mechanisms that existed in the two organisations with the criteria of

effectiveness.

Earlier in this chapter it was noted that mechanisms that supported
interaction between participants were said to have a high degree of

flexibility and mechanisms which inhibited interaction between
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participants were said to have a low degree of flexibility. Comparing
descriptive and conceptual models will suggest areas, where mechanisms
for communication and control did not appear to provide an adequate
level of requisite variety, to handle the variety implied by the
interaction between systemic functions. It is then possible to suggest
where flexibility was lost in the organisational relationships and the
influence this would have on decision making capacity in both the
general and parent organisations and the capacity to control project

implementation in the parent organisation.

5.6 Studying the outcome with reference to actual project development.

The focus of the research is to show that the methodology presented
can be used to assess how the degree of organisational flexibility
influences project development. This refers not only to the eventual
project outcome but to system outputs during the development. The aim
therefore is to associate areas which suggest that communication or
control mechanisms inhibited interaction thus reducing flexibility,
with actual events which were viewed by the participants to produce
undesirable outcomes. This includes evidence of decisions taken or
delayed decisions, which unnecessarily foreclosed options thus
limiting opportunities and the emergence of error during project
implementation which can be associated with control or communication

problems.

In order to make this comparison valid care was taken to restrict

evidence to information obtained during interviews and from policy and
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steering group files. It is a temptation as an observer to form one's
own conclusions which neatly support the hypothesis but the analysis
of the results, by giving reference to the source of the evidence in
each instance, demonstrates that 'fitting' the results to the research
did not occur. It should also be made clear that wherever possible
evidence is the product of more than one source, to overcome instances

of failing memories or wishful thinking.
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6.1 History of the airport prior to 1974.

Birmingham Airport was opened in 1939. During the Battle of Britain
and the remaining war years, Birmingham Airport was used by the
government as an airforce base. In 1960 the government handed the
airport back to Birmingham and partially in recognition of the
airport's wartime contribution, formalised an offer of financial
support in the form of a grant towards future capital development.
According to the submission of the West Midland's County Council on
the Birmingham Airport development, to the Department of Trade in
1977, this grant was to be sixty per cent of all capital expenditure.
The possibility of getting the grant ran out in 1981. It was made
clear that the grant would be still available, at that final date if a

contract had taken effect, even if building was not complete.

During the sixties incremental changes were made to the terminal
buildings but during this time the appearance of the terminal
deteriorated and when the development of the National Exhibition
Centre (NEC) was being mooted in the sixties, it was thought by
Birmingham City Council that something should be done about the
airport at the same time. Birmingham City Council were concerned with

the development of plans for a new terminal and in 1972 they were
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granted planning permission for the development in close proximity to
the British Rail International Station. The plans were for a terminal
that catered for up to five million passengers/year. Planning

permission expired for these particular plans in 1977.

Looking at the annual traffic growth figures for Birmingham Airport
from 1971 - 1972, % increase/decrease, it is clear that at the time
Birmingham City Council was developing the plans for a new terminal
there was a marked increase in the growth of total terminal
passengers. This growth continued until 1974 when there was a
noticeable slump of 10.1% compared with the previous year. This slump
which has been associated with the o0il crisis, coincided with
Birmingham Airport being taken over by the West Midland's County

Council.

Table 6 = 1

Annual Traffic Growth at Birmingham Airport 1970 - 1974
($increase/decrease)

1971 1972 1973 1974

+21.9 +11.8 +20.9 1000

Fable &= 2
Passengers Carried at Birmingham Airport 1970 - 1974
1970 1871 1972 1973 1974

686,875 837,171 936,836 1,132,661 1,016,818

Table 6 - 2 shows that at the end of 1970 the number of passengers
exceeded 500,000, which was the designed capacity of the existing

terminal. The airport was not only losing its appearance but also its
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capacity to cater for an increasing number of passengers. The reason
Birmingham City Council selected a different site within the airport
for a new terminal, was said to be because the positioning of the
runways restricted the area available on the existing site. There was
just not enough space to build a terminal which would have the
capacity to deal with projected passenger growth. In addition it was
felt that proximity to the National Exhibition Centre and the
International Railway Station would stimulate passenger growth and

promote business in the region.

By 1972 it was clear to the assistant airport director that if
Birmingham Airport was to compete with other airports such as
Manchester, it would have to be in a position to attract more
airlines, particularly from Europe. At the time European Airlines were
satisfied with their arrangements with other airports, such as
Heathrow and Manchester and could not see any advantage in coming to
Birmingham, when it was so obviously incapable of catering for the
increased air traffic and passenger numbers this would imply. In other
words it was not an attractive destination for these airlines.
Birmingham City Council influenced by the airport director viewed the
airport as a potential gateway to the region and therefore considered
ways of making it more attractive to airlines and businesses. They saw

it as an integral part of the transport infrastructure which was

already well developed with its rail and motorway links.

The success of the National Exhibition Centre was also a major factor
which influenced the City Council in its decision to develop plans for

a new terminal. Many business men coming to the NEC used small
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aircraft (General Aviation GA). These used the second runway which
followed the direction of the westerly prevailing winds. This second
runway would have had to be closed if development had taken place on
the existing site, to satisfy Civil Aviation Authority landing area

regulations.

The general conclusions of Birmingham City Council were that the
existing terminal facilities were unattractive and inadequate to cope
with passenger and airline traffic growth; the NEC was having an
effect on traffic, suggesting that a terminal with ease of access to
the NEC would be an advantage; only by moving the terminal site to the
NEC side of the main runway could they develop a terminal to cater for
projected traffic growth and retain the second runway. The plans were
not implemented at this time because Birmingham City Council could not
provide the financial support for the development, even with a
government grant. No further progress was made therefore until the

West Midland's County Council took over the airport in 1974.

6.2 The emergence of the West Midland's County Council in 1974.

A major restructuring of the system of Local Government in England and
Wales took place in 1974. The 1972 Local Government Act had created a
two tier system of metropolitan and shire authorities. County and
District authorities were created for six large conurbations
(metropolitan areas) and about forty urban-rural shires. Four types of
independent authorities emerged from this restructuring:- Metropolitan

counties, Metropolitan districts, Shire counties and Shire districts.
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In line with the new local government act, the West Midland's County
Council had fewer statutory functions in its own right in comparison
to Metropolitan districts, such as Birmingham City Council, but it had
a far more compact area with problems and needs which generally
speaking, were far more likely to be common right across the county.
The main statutory functions that were allocated to the WMCC, were
planning and transportation and public protection. The statutory
functions suggested for Birmingham City Council, Coventry City
Council, Solihull District Council etc., were development, housing,

social services, education, leisure and environmental health.

This allocation of functions between the WMCC and the District
Councils serves to illustrate that although the WMCC was particularly
well placed to promote and coordinate a total approach to the
substantial urban problems in the region, it was powerless to respond
independently in many areas. Areas in which the WMCC had discretionary
powers to develop long term strategies on a regional basis included

highways, transport planning and Birmingham Airport.

The West Midland's County Council was created on the 1st April 1974.
The original council members were seconded from Borough Authorities,
mainly from Coventry. The Airport Director, who had been up to 1974
the assistant airport director, said that this was a particularly good
council with a mix of labour and conservative members. He felt this
was good because it created debate within the council which he felt
was necessary for the effective development of council policy. In its
regional capacity the council saw its major concern as the economic

and social development of the West Midlands.
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The airport sub committee files in 1977 reflect its regional concerns
in the development of a new terminal. In its definition of the role of

the project outcome the committee includes:-

" 1. Benefit to the local community - additional flights and an
increase in the number of destinations. 2. Beneficial impact on
regional economy - the existence of an airport is one of the

considerations involved in a firm's decision to locate in a particular
area, especially the case where overseas foreign firms are concerned.
3. New airport facilities will to a large extent, provide the final
link in the provision of a comprehensive transport network. 4.
Additional employment - directly by the development of the airport. A
very subjective assessment of the project in a wider context than just
the direct use of real resocurces = the county council is of the
opinion that there are very real economic and social benefits related
to the development of Birmingham Airport."

Before 1974 the management team at the airport were aware of the
limits of the existing terminal in coping with the increasing demands
of air transport. They saw the emergence of the WMCC as an opportunity
to develop a new terminal which would be competitive with other
British airports on an international scale. The departmental structure
of the county council placed control of the airport within the
Transport and Engineering Department. The airport management therefore
communicated formally with the County Surveyor and informally with the
airport sub committee, in an attempt to gain Council support for a new
terminal development. Council approved the development of project
proposals and the county surveyor, head of the Transport and
Engineering Department was given the task of overseeing option

formulation.

Building a new terminal was an all party decision initially and
remained so even though questions were raised by council members at

times during the development, on whether a new terminal should be
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built. Interviews with both the Chief County Architect/Planner and the
Airport Director suggest that there was not at any time a serious
threat to the development through policy changes. The main threat to
project development from council members came from time constraints
they imposed to ensure a level of development was complete before
election and the DOT grant deadlines. A combined building and civil
engineering contract was awarded to J.Laing and construction started
within the deadline set, but before design was complete, early in

1981.

The airport director during an interview explained that when he first
came to the airport as assistant airport director in 1973, he felt
that it gave the wrong impression of the region. As gateway to the
Midlands it was a poor image for the Frenchmen, the Germans or any
professional people that were arriving, thinking it was a go ahead
area. That, he felt was the impetus behind thinking there must be
something done about it. Midland's industry was beginning to suffer
"the new industrial revolution". It became obvious that it was
tourism, the NEC and newer industries that were going to generate
growth in the area. Business he felt would grow by attracting money
from abroad in a different sphere. This he felt was part of what got
the terminal development going. The other part of it was that many of
the airlines they started talking to, Lufthansa, Air France, Swiss
air, SAS etc. saw no attraction in coming to Birmingham Airport,
preferring to use Heathrow or Manchester who had proved their ability

to cater for the increased traffic.
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He recognised that although his interests lay with the airport, it was
part of the regional infrastructure. In pushing the airport in
international terms, more could be done through the county council and
so in the interests of developing the airport, he became concerned
with the regional infrastructure and gained support by speaking to
those with influence in the council. He saw his role and that of his
team at the airport, as selling the airport development to those with
influence such as British Rail, BAirlines, NEC, Department of
Transport, Tourist Board, Chambers of Commerce and Trade, District
Councils and of course the WMCC whose financial support and expertise
was required. The airport management team pushed the development as a
regional issue because it was felt that only by viewing Birmingham
Airport as a regional airport and thinking big, could it develop into
valid competitor with other British airports on an international

scale.

Council members on the advise of the chief executive made the county
surveyor, head of the transport and engineering department,
responsible for the formulation of options. This is a departure from
the guidelines on the implementation of the local government act,
given in the Bains report of 1972. The Bains report suggested that
because of the overall responsibility for the region held by
Metropolitan Counties and because of the inter-relationship of
problems in the environment within which it is set, the traditional
departmental attitude within much of local government must give way to
a wider ranging corporate outlook. The report put forward the view
that the need for a corporate approach is beyond dispute if 1local

government is to be efficient and effective. Derek Hender the Chief
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Executive of the WMCC was infact noted in the report as producing
valuable articles, supporting this approach when he was a chief

officer in Coventry City Council prior to 1974.



126

6.3 Organisational Structure within the West Midland's County Council

Figure 6 - 1
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Projects other than the airport development carried out by the council

were generally small. The architectural design and planning
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departments under the one Chief Officer, Alfy Wood carried out
projects such as the building of new units for the police station,
consumer protection shops and small extensions at the airport. The
transport and engineering dept. under the chief officer Stuart Mustow
carried out projects such as minor road alterations, traffic
management and public transport route design, within the region. The
organisation of public transport was the concern of the independent
Passenger Transport Authority. Each project according to policy files
appeared to be the concern of one or the other of these two

departments, who worked with other departments as it was necessary.

Figure 6 - 2
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The transport study group shown in figure 6 - 2 had no airport
expertise. Later in 1977 an air transport study group was formed. The
significance of this will be discussed in a later chapter. It is
sufficient here to say that at the time TED was concerned with the

development of proposals for a large scale development, it did not
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have the expertise to study the regional aspects of air transport. The
Airport was in the Transport and Engineering department and the
Airport Director who had had the position of Chief Officer in

Birmingham City Council, no longer held that position.

Chief Officers from all departments met monthly to discuss with the
chief executive, agenda items, structured to discuss project
submissions made by individual officers. It was at these meetings that
the need for integration between certain departments was decided on.
All projects had to have the approval of relevant council committees
and it was generally the task of the chief executive to present
potential projects to these committees in order that resources could
be allocated. On many occasions the chief executive would be assisted
by or represented by, the chief officer concerned with the
presentation of a particular project to a committee. The policy files
show that council committees did not approve any project unless they

felt the case for such a development was conclusive.

Small projects including those at the airport tended logically to be
the concern of one of the two chief officers mentioned and little
interaction between the two departments was necessary. Large scale
projects and certainly those connected with airports were beyond the

experience of council members.

S. Mustow in an interview described how the early work on the project

proposals was the concern of his department.

"The outline plans and proposals were developed in the Transport and
Engineering Department TED. When TED had produced their proposals they



129

took them to the chief officers group. Once approved it went from
there to the airport committee. From the airport committee through
policy committee to the county council, who approved the development
in principle. Once that was done the Steering Group was formed. The
initial work leading up to the decision to develop the project took
place in this department."

The department used outside consultancies including the British
Airport's Authority, Alan Stratford and Associates who are air
transport consultants and a series of other consultancies to look at

the planning data and national government policy guidelines.

The British Airport's Authority were appointed in 1975 as:-

"consultants to advise, in liaison with senior officers of the County
Council, on the need for, form of, and location of new terminal
facilities. In accordance with the accepted view the BAA were
instructed to consider only those sites which were adjacent to the NEC
and BR Birmingham International Station."™ (Submission by the WMCC to
the Dept of Trade October 1977)

§.Mustow formed a working group led by the Assistant County Surveyor
P. Ronan to work with the BAA, looking at various options for the
development. At the end of the study period it was decided what shape
the terminal should be, where it should go and then it had to be
decided how much it would cost and what size it should be. This
exercise lasted for some time until the working group was able to
convince the Department of Trade who were giving a grant towards the
development, that the development was fulfilling the need and not
being over ambitious and that the cost yardsticks were acceptable.
Members of the working group other than the head, P.Ronan, included
P.Beney Group Architect, E.Entwistle Assistant Airport Director
Development, J. Williams the Assistant County Surveyor Transportation

and the BAA's consultancy organisation. The group also had contact
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with the Ciwvil Aviation Authority because they set the ground rules

for the airport, and the Department of Trade.

Finance

The project was financed by the sixty per cent government grant, a

European Investment Loan and the West Midlands County Council.

Table 6 - 3

Airport development expenditure for the Preferred Option (1977)

Project Cost £54,438,000
DOT 60% Grant £32,663,000
County Council Expenditure £21,775,000

"The balance of the total project cost after deduction of grant would
be financed by the County Council. Clearly, a scheme of this size
could not be met from the Council's Locally Determined Shemes
Allocation. The County Council will approach the European Investment
Bank with a view to obtaining a loan at preferential rates of
interest." (Submission by the WMCC to the Department of Trade 1977)

The Treasurer's department secured a loan from the EIB for

£18,000,000.

The selected option went to public enquiry and the options developed
were presented to demonstrate a case for the selected option. Planning
permission was obtained and structural changes were made within the
WMCC to develop the selected option. In 1979 the Steering Group was
formed bringing together as a group the Felevant chief officers and

the Airport Director.
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6.4 Project Management

Figure 6 - 3
Birmingham Airport Development Management Structure

Steering Group

County County County Airport County

Secretary Treasurer Surveyor Director Planner/

Williams Rose Mustow Taylor Architect
(Chairman) Wood

| I
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Ronan |

|

|
| I |
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————————————————————— | Project Architect
I | | | Lee
Maglev Project Resident | |
<---- Engineers--—=——===== > R e e e e
Benussi Hartley Horrell | | |
| Resident Site Structural
| Architect Engineer
| Mansfield Hancox
|
| I
Consultants Project Support
WS Atkins M&E Services Valuation&Estates Officer
Silk&Frazier Quantity Surveying Feather
Ove Arupé&Partners Engineering Treasurers
Measurement Hingley - FinancialPlanning
Henderson-Bushley Maglev Shelley - Audit
Guideway Airport
R.Simpson Signing Entwistle - Development
B.Clouston Landscape
Architecture Maglev Rapid Transit System

People Mover Group

The major role changes brought about by the reorganisation include the
Maglev engineer, J.R. Benussi, who had previously been head of the Air
Transport Study Group formed in 1977; Steering Group Chairman who was
also the County Surveyor, head of the Transport and Engineering

Department. During the development of the selected option there were



132

three changes of personnel in the role of project architect and

interviews show that each saw his role differently.

Briefly, P.Beney the first project architect saw his role as assisting
the project manager in developing methods to coordinate and control
design development. The second project architect S.Pedlow saw himself
in a management role, monitoring the needs of the airport users and
using this information to steer architectural design. When problems of
incompatability between architectural and mechanical and electrical
design threatened the whole project, the first project architect made
a brief reappearance in the role. He was brought back from general
projects to produce a global design of the terminal, to make possible
a closer relationship between the more detailed design work developed

by the various disciplines.

The problems of incompatability in disciplinary designs were first
noted by John Laing after construction had started. The technical
capabilities of P.Beney were undisputed and the architectural designs
he produced solved the incompatability problems, however he admits his
interests did not lie in management and he found that his involvement
in the development of architectural design reduced the time he had
available to manage the interaction of the various design disciplines

and construction activities which had already begun.

The next project architect was E. Lee and the first task he was given
was to design an organisational chart which would make
interdisciplinary design for the airport more manageable. Figure 6 - 4

shows the part of the organisational chart which was structured as a
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matrix. Architects were made responsible for different parts of the
airport development and were concerned with coordinating the work of

the other disciplines in their particular area.

Figure 6 - 4

The Matrix Element of the Design Team Structure after the development
of the global architectural design. 1981
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Engineering

Structural
Engineering------ |

| Project Architect
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Engineering------ |

Engineering

Terminal Piers Services Maglev &

Building Architect Building Fire Services

Architect Architect Buildings
Architect

The project was completed in May 1984. The total project cost was
£62,000,000. The West Midland's County Council was abolished at the
end of March 1986. "Airport News", in April 1986 shows the annual
total of passengers to be 1,758,492 many of which are business
travellers attracted by the new facilities at the airport. The number
of airlines and destinations has also increased. There is a clear
indication that the airport is now a profitable enterprise, catering
at the moment for over 40 airlines, serving 80 Domestic, European and

Intercontinental points.