Policy Research for Local Government     
IOR1967LocalGovExeter.doc

POLICY RESEARCH FOR LOCAL GOVERNMENT

A Paper Presented at the OR Society’s Annual Conference

Exeter, September 1967.
J.K. Friend, Institute for Operational Research

Summary
This paper discusses some of the general findings which are emerging from a research project concerned with the development of an O.R. approach to the processes of planning and policy formation in local government.

The paper first outlines the decision making structure of an urban local authority, with special reference to Coventry, where the field work for the project has taken place. Then, by means of examples relating to shopping and transportation, it introduces some concepts relating to the analysis of uncertainty, the definition of problem boundaries, and the choice between alternative courses of action to improve the basis for decision. An attempt is made to formulate certain basic requirements of methodology for a decision process in which commitments of a strategic nature may develop only slowly over time, and in which the decision-makers' perceptions of their problems may undergo a succession of changes as new influences are brought to bear and new information comes to light. Certain opportunities for the application of O.R. techniques are reviewed in the light of these requirements, and emphasis is placed on the need for long-term experimentation in the development of such techniques, within a framework sufficiently broad to allow all participants in the decision process to make their own distinctive contributions.

Background

In a city, the processes of physical and social change are influenced by the decisions of many agencies, but among them the local authority occupies a dominant position because of the wide range of responsibilities it carries and the many different powers it possesses for intervention in the affairs of the community within its boundaries. What are the processes through which the local authority arrives at its decisions, particularly at the more strategic end of the decision-making spectrum? To what extent can the O.R. approach be of value in making these processes more effective, bearing in mind the special difficulties of defining "effectiveness" in a field where so many interests can be affected by a single decision, where so many diverse value systems are in operation, and where party politics have such a crucial role to play?

These are questions with which the I.O.R. has been particularly concerned in the research project which was launched in late 1963 under the title of "Policy Research for Local Government", supported by a grant from the Nuffield Foundation. The setting for the research has been an intensive study of one local authority rather than an extensive survey of many; although this approach carried with it a risk that excessive weight might be given to any idiosyncratic features of the authority concerned, it did create an opportunity to study the processes of decision-making over an appreciable period of time and at a depth that would not otherwise have been possible. The Institute was fortunate in obtaining the agreement of Coventry City Council to provide a base for such a study, and to give the research team unimpeded access not only to all information which might help them in their task, but also to all meetings of committees and other groups where strategic problems were likely to come under discussion. In an assignment of this type, it was clearly particularly important that the O.R. approach should be reinforced by a contribution from the social sciences, and this was provided through the help of colleagues in the Tavistock Institute of Human Relations.

The Participants in the Decision Process

In the setting of local government, the distinction between "decision-taking" (the theme of this conference) and "decision-making" (a more familiar variant, at any rate in O.R. circles) is a significant one. Although decisions may be formally "taken" through a vote in the council chamber or in the committee room, the more far-reaching decisions tend in practice to be "made" through processes which are much less clearly defined: processes within which alternative courses of action are gradually sifted and re-sifted at various different levels of the organisation, and problems are formulated and re-formulated as differing perspectives are brought to bear, until eventually a particular strategy generates a sufficiently wide measure of support among the various groups of participants to enable a formal declaration of commitment to be made. This highly diffuse pattern of decision-making is of course by no means unknown in other forms of organisation; it is however especially characteristic of local government in Great Britain and, to understand why, it is necessary to take a brief look at the unusually complex organisational structure within which the system is required to operate.

In its internal organisation, Coventry is fairly typical of cities of its size in the United Kingdom. Control rests formally with 72 elected members of whom 75% are directly elected councillors and the remainder are indirectly elected aldermen. The various responsibilities and powers of the Council are apportioned (somewhat unevenly) among 19 committees, most of which consist of eleven members: each elected member is required to serve on at least two and at most four committees. Although the formal system nowhere recognises the existence of political parties, the political allegiance of an elected member is in practice all-important, and whichever party obtains a majority on the Council seeks to make its control complete through its power to determine the allocation of committee. places and to nominate Chairmen and Vice-Chairmen.

The committees, meeting at monthly or two-monthly Intervals, exercise direct control over the various departments of the corporation, and each committee and each department tends to be jealous of its traditional autonomy within its own particular sphere of responsibility. However, many of the more strategic problems of the local authority tend to cut across traditional committee and departmental boundaries, and it is not surprising that there is a constant preoccupation with the search for ways of achieving fuller co-ordination between the components of the decision-making system. A few local• authorities have experimented with novel approaches such as that of appointing a "City Manager", but the attempt to graft innovations of this kind onto an established system of decision-making with a high degree of structural decentralisation has usually tended to create so many ambiguities of authority and control that their value must as yet remain open to considerable doubt.

In Coventry, as in other cities, the recognition of the need for greater co-ordination in decision-making has led to the gradual development of various informal arrangements at several different levels of the organisation; some at the purely professional level, some at the purely political level, and some at the level of "interface" between the professional and the political.

At the "interface" level, Coventry has for some years had one senior committee - widely regarded as a form of cabinet for the majority party on the Council - with the power to resolve differences between other committees, and to provide guidance in matters of general policy. This machinery has from time to time been supplemented by special meetings of chairmen and vice-chairmen of different committees, convened either on an ad hoc basis or at recurring intervals in order to review particular aspects of the Council's policy: however, the powers of all such groups have tended in practice to be limited by the understanding that any particularly controversial issue should be referred outside the official decision-making system altogether to the full membership of the majority party at one of their regular group meetings. This has the advantage that the most critical of the decisions for which the party members are collectively accountable become matters for their collective judgement: however it also has the disadvantage that, meeting in a politically charged atmosphere and deprived of the guidance of their professional advisers, the members run the risk of passing resolutions which will subsequently prove difficult to translate into practical courses of action.

On the other side of the interface, it is of course inevitable that meetings between officers, both within and between departments and at various levels of seniority, should play an important part In the formative stages of the policy-making process; officers will argue that many problems at a strategic level are of such complexity that the ground must be very carefully prepared in departmental and interdepartmental discussions before an issue can be subjected to the somewhat capricious forces of the committee room.
The co-existence of so many different groups contributing to the policy-making process meant that we heard many conflicting statements as to where policy was "made", and also many conflicting opinions as to where policy ought to be "made". For instance, some officers would complain that their rational and carefully-balanced proposals were too often subject to arbitrary rejection by the elected members on purely emotional or party-political grounds, while some elected members would complain that their basic prerogative of choice was being eroded by the presentation to them of an unnecessarily narrow range of alternative courses of action.

As observers with opportunities to penetrate behind the scenes at both professional and political levels, it was apparent to us that policy was in fact often being "made" in both the departmental and the political settings in parallel, in the sense that alternative courses of action were all the time being formulated, evaluated and rejected, while group commitments were gradually shifting or becoming more clear-cut.  Sometimes, there appeared to be little appreciation on one side of the fence of the special preoccupations of the other side, so it was not surprising that when the two sides came together in the committee room - often only at a stage when the formulation of a proposal by the officers was well advanced - there were sometimes some painful mutual adjustments to be made.

It was against this background of a highly diffuse and often ill-defined system of decision-making and control that we had to assess the potential contribution of O.R. to the problems of strategic choice in local government. We will now turn to consider some of the general characteristics of these more strategic decision problems (taking examples mainly from the fields of shopping and transportation), and to introduce some concepts which will help us in our attempt to develop a realistic line of approach.
The Basis of Decision
We will consider as our first example a decision problem which arose in Coventry shortly after our research began. The choice concerned was superficially a straightforward one, but it raised some important strategic questions relating to the future of the city as a regional centre.

The Department of Architecture and Planning in Coventry was at that time in the process of carrying out a comprehensive review of its development plan, and this involved among other things a re-assessment of the provision to be made for future shopping development in the central area. The method by which this reassessment was carried out is explained in a document (1) which was written not only to provide a basis for decision within the Council, but also as a means of provoking a wider public discussion of the issues concerned.

In figure 1, we trace the derivation of the planners' recommendation for additional retail floor space in the city centre through the device of an "information tree"; in other words a diagram showing the step-by-step merging of different "blocks" of information drawn from a wide range of sources until the final statement of preference is reached at the base of the tree.
Figure 1

Derivation of Statement of Preference for Additional Shopping Provision in City Centre
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In figure 1 we have only reproduced some of the later stages in the argument, and the analysis can in fact be pursued further by extending some branches of the tree further in an upward direction. For instance, the derivation of the information in block F was in itself quite complex, in that the existing allocation of expenditure between shopping centres was estimated by somewhat indirect means and also, in projecting this into the future, certain explicit allowances were made for the gain in attractiveness of the city centre expected to result from the Council's intentions to improve road access and car parking facilities.

The subsequent discussion of the document in the committee room, in the council chamber and in the columns of the press, demonstrated clearly that many of the assumptions made in deriving this particular recommendation were regarded as open to question by the various other participants in the decision process. For instance, doubts were expressed as to how far the effects of Coventry’s intentions to increase the accessibility of its city centre were in fact likely to be counterbalanced by competitive actions by neighbouring towns, and also as to whether or not the proposed standard of £50 of turnover per square foot of floor space was likely to lead to an overprovision of shopping facilities.

These reactions helped to underline the main inference we draw from our analysis: that the problem of assessing future shopping provision would have to be regarded as one of decision-making under a high degree of uncertainty, an uncertainty compounded from information derived from many different sources.  In this instance, the explicit form of model used to derive a final statement of preference makes it possible to use the principle of risk analysis (2) to estimate the total degree of uncertainty attaching to this recommendation, given some measure of the degree of uncertainty associated with each contributory assumption.  For instance, if one were to assume in blocks C, F and H, a range of alternative estimates giving a spread of ± 10% from the estimates quoted, and in block D a range of alternatives giving a spread of ± 5% in each of the population estimates, then (taking these limits as 2 sigma points of independent normal distributions) one arrives at a range of possible values in block I from about 1,350,000 to 1,850,000 square feet, with a probability of about 1 in 4 that the estimated future requirement of shopping facilities will actually turn out to be less than that already existing or planned.

One can, of course, question the whole approach to decision-making which is implied by the introduction of a prescriptive standard in block H of figure 1: this has been referred to by McKean as the "requirements approach" (3) and has the disadvantage of suppressing any direct consideration of alternative courses of action, and any re-distribution of costs and benefits which these might imply. Of course it is doubtful whether in this case a cost-benefit evaluation of alternative strategies would have produced any more clear-cut statement of preference, although it might at least have exposed more clearly some of the underlying conflicts of interest, for instance the conflict between the shopping public with their interest in variety of shopping opportunities and the existing traders with their interest in security of future trading conditions, or the conflict of interest between competing shopping centres within the region.

The main point which we wish to illustrate through this example is that the more strategic problems of choice in local government, even when they are restricted by definition of the problem to the selection of a single scalar variable, are liable to be sensitive to the choice of many different types of assumption, not all of which are of a purely predictive nature. Some of the assumptions exposed by the information tree in figure 1 relate to the underlying value judgements of the city council: others relate to the assumed intentions of the council in respect of fields other than shopping. We found it useful in this and other similar analyses to adopt a broad classification of all assumptions according to the following three categories:

(a) the set of assumptions [aE] defined to include all assumptions which are made - either explicitly or implicitly - about the planning environment, i.e. about its existing structure, its expected patterns of future change, or its expected response to any possible interventions by the local authority. (In figure 1, such assumptions enter particularly into blocks B, D and F).

(b) the set of assumptions [aI], defined to include all assumptions which are made either explicitly or implicitly about associated planning intentions, i.e. about future choices in respect of all variables under the control or partial control of the local authority apart from the particular area of choice now under consideration. (in figure 1, such assumptions enter to some extent into block D, in that the local authority has certain powers of intervention in other fields which may influence population growth within its area, and to some extent into block F, in that by its actions in respect of road development and car parking the local authority has some influence over the attraction to shoppers of the city centre).
(c) the set of assumptions [aV], defined to include any assumptions which are made either- explicitly or implicitly about the relative values to be attached to the various social implications of the choice under consideration.  Such assumptions may relate not only to the trade-offs between different categories of cost and benefit, but also to any aggregation of similar costs and benefits between different sectors of the population or between different periods of future time.  (in figure 1, assumptions of this kind are implicit particularly in the ratio of turnover to floor space introduced in Block H).

The reference-in definition (b) above to variables under the 'partial control' of the local authority does of course raise certain difficulties of demarcation.  At this stage, we would suggest merely that there is a case to be made for interpreting the phrase sufficiently widely to include the possibility of a degree of collaborative decision-making between the local authority and certain other planning agencies - notably Ministries, Regional Councils or neighbouring local authorities, but perhaps also including certain dominant plan-making organisations in the private sector.  In other words, we must in certain cases be prepared to consider the local authority as one component in a 'multi-organisation' as defined in the recent paper by Stringer (4).

We have so far laid the basis for a very generalised approach to the analysis of uncertainty through consideration of a somewhat limited case-example, relating to the choice of a single parameter for inclusion in a design brief for a city centre land use plan.  However, the same basic approach was found in practice to be applicable to the analysis of other policy recommendations whose justification was recorded in documentary form, even though the chain of argument leading to the final recommendation was in some cases very much less clear-cut than in the shopping study.  For instance, another of the issues which arose in connection with the review of Coventry's development plan concerned the choice of a broad pattern of design of the city's future network of primary roads. This issue again was the subject of a document produced as a basis for both internal and external discussion (5).  In this case, the model used to predict future demand was considerably more sophisticated than that used in the shopping study, reflecting what was then the latest American experience in transportation studies; this prediction was used to select two alternative designs for evaluation against the existing road pattern; and in order to put forward a final statement of preference between the alternatives, certain quantitative estimates were made of their construction costs and effects on traffic congestion, together with some qualitative assessments of their implications for the environment.

The drawing up of an 'information tree' to show the steps through which this recommendation was reached made it clear that assumptions of relative value [aV] were implicit not only at this final stage of selection between the 'short-listed' alternatives, but also in the earlier and more intuitive processes through which this short-list was itself selected; that assumptions relating to other planning intentions [aI] were implicit in the particular plans for residential and industrial- development which were used as a basis for estimating future traffic flows: and that assumptions relating to the planning environment [aE] were involved not only in the initial predictions of future changes in parameters such as car ownership rates, but also in the implicit assumption that these predictions would not be significantly modified by the choice of any particular road pattern.

Many of the uncertainties affecting the choice of a future road pattern were in fact acknowledged by the authors of the document and the protracted debates which followed its publication once again revealed a widespread awareness of these uncertainties among the other participants in the decision-making system.
Much of the internal discussion pivoted around the recognition that the choice of road pattern was particularly sensitive to the assumptions [aI] made about the council's choice of future strategy in relation to public transport, and there were suggestions that the road problem and the public transport problem could only be considered together as part of a more general problem of developing an integrated strategy for the city's transportation system as a whole.

The Boundaries of Choice

This last case-example illustrates one of the most marked characteristics which we were able to observe in the decision processes of the local authority; that the decision-makers often found it by no means easy to agree as to where the boundaries of any particular problem should be set, in a situation where large numbers of different choices were seen to be inter-related.  In order to consider this aspect of the decision process more fully, we will now introduce some general concepts relating to the consideration of problems of multiple choice.
In a situation where k different choices are seen to be inter-related, it is possible to express the total field of choice in the form of a "strategy graph" in which the nodes represent the various specific areas of choice or "decision areas" A1, A2, ......Ak and the links between the nodes indicate a perception of some form of interdependence between particular decision areas. This concept has been developed more fully by Luckman and colleagues in another paper (6). To consider a comparatively small-scale example in which k = 5, the strategy graph relating to a local problem of road design in one sector of the city might at some point in time be perceived as follows:

Figure 2
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The problem of choice may now be defined as one of selecting, if possible, a preferred strategy in relation to all the decision areas taken together, in the form of a vector Sk = (xl, x2, .... xk) in which each element xj represents a specific option drawn from a different decision area Aj within the strategy graph. More explicitly, the problem may be expressed as one of selecting a preferred Sk from some known or partially known set [Sk] of alternative strategies which are feasible in that they do not include any logical inconsistencies between pairs or sets of the xj.

Other participants in the decision process might, however, argue that the strategy graph should be extended by the addition of one or more further decision areas: for instance, it might be suggested that the choice of alignment in A1 should be considered in relation to certain explicit alternatives in the choice of programme date, because certain plots of land might be more freely available in the less Immediate future, or that the choice of route in A5 should be related to the choice of a site for a local school.  It is of course often possible to argue that this process of enlargement of the strategy graph should be extended indefinitely, until it embraces all possible fields of choice which may be open to the local authority either now or in the future: however, in practice a line must be drawn somewhere, and it will always be necessary to leave open certain options which are known to have some marginal relevance to the problem under consideration, if only to keep the number of possible combinations within reasonable bounds.

We have so far considered the multiple choice problem as essentially a "static” problem of design, in that we have assumed that a simultaneous selection is to be made from each of the k decision areas. However; in the planning process - as distinct from the more clearly specified process of designing a building or a machine - we are concerned essentially with the choice of a series of interventions over time in a changing and only partially-controlled environment, and so some of the decision areas in the strategy graph may at any time have a higher degree of urgency than others. It may therefore in some cases be sufficient to make a clear choice within some of the more urgent decision areas Aj (thereby reducing the size of the strategy graph), while leaving certain options open within the remaining Aj until a later stage of the decision process when the range of uncertainties may, with luck, be reduced. (This is, in fact, no more than an expression of the kind of flexibility in planning that it is proposed to encourage by means of the forthcoming legislation in relation to the machinery for preparation and submission of local development plans (7)).

Choice of Actions to Reduce Uncertainty

We have now reached a stage where we can formulate the range of actions which may be considered by any individual or group who is faced at some particular point in time with a set of strategies [Sk] about which he finds it hard to make any clear declaration of preference.  As we have just discussed, he may, of course, decide to take a risk in committing himself to specific options in respect of some of the Aj, because outside pressures appear to place a premium on early decision; on the other hand he may decide to initiate a search for further alternative strategies Sk based on options not so far considered within Sk, in the hope that a clearly preferable solution will emerge; or he may decide to initiate measures to reduce his level of uncertainty in expressing a preference between existing alternatives; or he may opt for some combination of these three kinds of action.  If he decides to embark on action to reduce the overall level of uncertainty, then three distinct possibilities arise, corresponding to the three categories of assumption we have already defined:

(i) he may suggest that an attempt be made to reduce uncertainty in the [aE] by obtaining more reliable measurements or predictions of some of the more critical characteristics of the planning environment - perhaps involving a certain amount of experimentation either with the environment itself or with models which simulate its behaviour.  In practice, this suggestion often tends to be expressed in the form of the demand "we must have more research as a basis for our decision”.

(ii) he may suggest that an attempt be made to reduce uncertainty in the [aI] by examining one or more additional decision areas Ak+j (i ≥ l) in association with the [Sk] (i.e. by extending the strategy graph). In practice, this suggestion often tends to be expressed in the form of the demand "we must have more co-ordination in our decision-making with other departments/ committees/public authorities".

(iii) he may suggest that an attempt be made to reduce uncertainty in the a V by going to the people to whom he is accountable, in order to explore their relative  values or trade-offs between different types of consequence. In practice, this suggestion tends often to be expressed in the form of the demand "we must have more clear-cut guidance on policy".

These three approaches need not all be mutually exclusive; however, it has been our experience that in any given situation the particular approach which is considered to be most desirable as a means of reducing uncertainty in decision-making is liable to vary considerably according to the perspective of the individual or group concerned.  For instance, when faced by an inability to choose between two alternative traffic management schemes for a particular district, a traffic engineer might be particularly conscious of a need to reduce uncertainty in certain of the [aE], through more sensitive measurements or projecttons of traffic flow; a town planner might see the problem principally in terms of a need to reduce uncertainty in the [aI] through collaborative working on the wider problem of environmental management of which he sees traffic management as only one component: and a chief officer or committee chairman might see the problem predominantly in terms of a need to reduce uncertainty in the [aV] by obtaining more clear-cut policy guidelines from his committee or party group.
In our experience, many of the stresses which arise between the components of the decision-making system can be attributed to a failure to bring about some reconciliation between such variations of perspective at a formative stage of the decision process. Extreme emphasis on the need for research (in the limited sense used in (1) above) can lead to an attenuation in time of the whole decision process, and perhaps also to an undue preoccupation with some of the more tangible variables; extreme emphasis on the need for co-ordination with other areas of choice can lead to the drawing together of more and more decisions under the umbrella of a single grand design or master plan, so that it becomes very difficult in the later stages to review any alternative courses of action without calling the whole balance of the plan into question; and extreme emphasis on the need for policy determination can lead to resentment in some quarters that an issue should be taken out of the hands of specialists and resolved at a political rather than an analytical level.  There is, of course, general agreement that "research", "co-ordination" and "policy" are all good things to have (and good things to have more of). What is perhaps not so generally appreciated is that there may be certain tendencies within the decision-making system which operate in such a way that, the more emphasis is placed in any one of these three dimensions, the more difficult it will become to place sufficient emphasis in the other two.

The challenge which begins to emerge from this diagnosis can be expressed as follows.  Is it possible to develop a more conscious approach to the "planning of planning°: more specifically, is it possible to -suggest procedures by means of which, at any point in time, the dominant causes of uncertainty in stating a preference between alternative strategies can be appraised, and appropriate courses of action selected, without being unduly dependent on the bias associated with the special perspective or any particular individual or group within the decision-making system? In the following section, we will offer some suggestions as to how this and other problems relating to the "strategy of decision-making" can be approached within the context of a continuous planning process such as we have been able to observe in Coventry.

Foundations of a Decision Process

We have now reached a point where we can attempt to put forward certain basic requirements of methodology for a decision process in which commitments of a strategic nature may develop only slowly over time, and in which the decision makers' perceptions of their problems may undergo a succession of changes as new influences are brought to bear and new information comes to light.  One can expect that these requirements will already be being met, at an implicit level and with a variable degree of success, by any decision-making system which has evolved over time to deal with a continuing planning task of the kind we have seen in Coventry; however, if the requirements can be formulated more explicitly, then it becomes possible to review the opportunities for introducing a more systematic approach of key points in the decision process.  We will therefore formulate the basic requirements of a decision methodology as follows:

(1) Methods for making comparisons between alternative strategies, given only incomplete information as to the various social effects of each alternative, so that statements of preference or indifference can be made between them.

(2) Methods for assessing the dominant causes of uncertainty in circumstances where it is found difficult to express any clear preferences within some set of strategies [Sk].
(3) Methods for assessing what courses of action should be selected in order to reduce the total level of uncertainty in the circumstances defined in (2) above.

(4) Methods for assessing whether one has at any time sufficiently wide set of alternative strategies [Sk] from which to choose, i.e. whether one has reasonable confidence that there exists no other S outside [Sk] such that it will be clearly preferable to any member of [Sk].
(5) Methods for assessing to what extent, given some set of alternative strategies [Sk] firm decisions can be made in respect of the more urgent of the k decision areas while leaving a sufficient range of options open within the remaining decision areas.

(6) Methods for planning in advance the sequence of activities in a long-term decision process.

What methodologies are likely to be most appropriate to the development of a more explicit approach to these various requirements?  It is not possible - without a good deal more experimentation than we have been able to carry out in Coventry - to offer more than certain broad pointers to what might be achieved. We will do this by consideration of an example in which we will assume that a group of decision-makers faces a problem of choosing a basic road pattern for a city, given a set of three alternative designs SAk, SBk and SCk (in this example, we draw from our experience of the road design problem in Coventry, but the data we use are fictitious).

We will first assume that the principal effects of each pattern have been estimated as follows:

TABLE 1








SAk

 SBk 

SCk 

Effects measure A: construction cost

     (lOM, 12M)
      (17M, 25M)
       (21M, 28M)

Effects:measure B: improvements in traffic flow
     (15T,.25T)         (30T,  65T)           (85T, 90T)
Effects measure C: improvement in environment
      (05E, 10E)         (60E, 75E)           (55E, 70E)

Effects measure D: ..................

For each effect measurement under each alternative, this tabulation quotes not a single best estimate but a pair of measures representing lower and upper bounds of confidence, assumed to have been supplied by whichever participants are considered to be in the best position to make assessments.  It is here assumed that effect A is estimated in terms of a monetary unit M (e.g. £million capital expenditure), while effects B and C are estimated in terms of bounded interval measures which are specific to the type of effect: for instance, for the traffic effect a traffic engineer might be asked to assess the effect of each alternative along a scale (0, T) where 0 might represent his assessment of the future deterioration in traffic conditions over time if no new road works take place (we can call this the "null strategy"), and T might represent the expected effects of a "most ambitious" strategy so conceived  as to produce near-ideal conditions of traffic flow.  A similar scale (0, E) might be conceived (with rather more difficulty) for environmental factors.  The advantages and disadvantages of bounded interval measures in obtaining personal judgements of relative values are discussed more fully in Fishburn (8).

We may note that in this case part of the traffic engineer's uncertainty in making assessments over the scale (0,T) might arise because he is uncertain as to the values to apply in dealing with different future times or different categories of traffic; more detailed experiments might therefore be necessary to estimate the proportion of his uncertainty which is attributable to the value assumptions aV arising within the measurement of effect B.  Alternatively, the effects measure might be broken down further, for instance:

effect B1 (scale O,T1): improvement in traffic flow at peak hours

effect B2 (scale 0,T2): improvement in traffic flow outside peak hours.

Of course some particularly crucial value assumptions arise as soon as it is sought to reduce the information in Table 3 to a common measure, whether this measure be financial or political (the implications of various financial and political criteria have been discussed elsewhere by Foster (9)).  Assuming in this case that the monetary measure M is selected, it becomes necessary either to go directly to those accountable for policy (i.e. the elected members) and find out how much money they would be prepared to pay for certain alternative levels of traffic or environmental improvements, or else to make direct assessments of the limits within which their trade-offs can be expected to lie.

Given some level of awareness of the value system with which they are expected to conform, then the decision-making group can begin to make comparisons between pairs of strategies, to determine whether there is sufficient information to allow any clear preference to be expressed between them.  In this case, we will assume that they are at this stage able to make a series of statements of the type:

Advantage of SAk over SBk lies between -2M and +4M.

Advantage of SAk over SCk lies between -8M and +2M.

These limits must of course make allowances for ay additional uncertainty arising from the assumptions of value used in conversion to a common unit.  Complications may also arise in that the various confidence limits assumed in the analysis may not be independent as between strategies or as between effects.  However, provided that all the basic steps in the process leading up to the final assessment of relative advantage between pairs are logically well-defined (and this may be a difficult proviso to meet in practice), then it becomes possible to consider using the principles of risk analysis in order to generate a final distribution of error by "Monte Carlo" sampling from whatever probability distributions are assumed to apply to the various component "blocks" of information.  
In our example, the estimated probability that SCk would - given fuller information - be preferred to SAk is of the order of 80%, if it is assumed that the limits quoted represent ± 2 sigma points of a normal distribution. Whether this is considered sufficient evidence for the immediate rejection of SAk will depend partly on the pressures for a quick decision, and partly on the difficulty or cost of acquiring further information which will help to reduce the total level of uncertainty.
This is where we move from the first to the second of the requirements listed earlier in this section, and it becomes necessary to consider how the total measure of uncertainty can be broken up into components relating to (1) uncertainty in the environment (which might be reduced through further exercises in measurement or prediction), (2) interdependence with other decision areas (which might be reduced through enlargement of the strategy graph to give a new set of alternative strategies [Sk+r], and (3) uncertainty as to relative values (which might be reduced through further involvement of those accountable for policy, i.e. the elected members). Again, given a sufficiently` well-defined model for the estimation of effects, it may be possible to estimate the relative magnitudes of these components through risk analysis, this time applied to induce random variations in the [aE], the [aI] and the [aV] one at a time.  If a sufficient basis for risk analysis does not exist, it may be necessary to place reliance on subjective judgement in order to estimate the overall components of uncertainty: a limited amount of experimentation to establish the feasibility of this more subjective approach has been carried out with the collaboration of relevant officers in Coventry (10).
In order to decide what means should be adopted to reduce the total level of uncertainty, it is not of course sufficient to be able to identify those factors which make the greatest contributions to the total uncertainty measure: for instance, while the holding of further traffic surveys might be expected to reduce uncertainty to a greater extent than the enlargement of [Sk] to include public transport options, it would not necessarily bring about this reduction at a lesser cost. This brings up the need, in order to meet requirement (3), for a means of making comparative evaluations (even if only at a very broad and imprecise level) of the cost of alternative measures to reduce uncertainty, a cost which may be measurable primarily in terms of the time spent by various participants in research, co-ordinative or policy-making activities but might also possibly have to take into account less tangible factors.

Turning to requirement(4), the problem of choice within the set [SAk, SBk, SCk] raises the question of whether there is any possibility that a more clearly preferred strategy might in fact be found by looking beyond the confines of the particular set.  Where the number of feasible strategies is not easily enumerable, this raises a problem of the cost versus the expected effectiveness of any procedure for generating alternative "good" solutions, whether this might involve simply bringing in fresh minds to "think up a new design" or, less conventionally, the use of computer programmes based on methods such as integer programming or AIDA (6).

Our fifth requirement introduces the important practical question of partial resolution of a set of interconnected decision areas, where some of them have a higher degree of urg6rey than otters.  An interesting approach to this type of problem has recently been suggested in a paper by Gupta and Rosenhead (11) in relation to a problem of sequential decisions in capital investment.  In this approach, a large number of solutions to a multistage decision problem is first generated, and a near-optimum subset is selected according to a criterion of expected long-term value, as estimated from a limited amount of existing information.  Each option within the most urgent area of choice is then examined according to a criterion of "robustness" which indicates the extent to which it leaves later areas of choice open for resolution at a time when more reliable information should be available.

The final requirement we have formulated relates not to the immediate course of action to be selected in some particular situation, but to the longer-term planning of a co-ordinated programme of decision-making and associated activities leading to some desired outcome: in certain circumstances, this kind of exercise may be important as a basis for allocating resources to the decision-making process. For instance, in late 1965 when Coventry faced a problem of proceeding from its studies of alternative road patterns to a wider study of the city's transportation system as a whole, it was necessary to form some estimate of the resources required and so an attempt was made jointly by the I.O.R. and the officers of the corporation to design a. programme of decisions and of associated activities using some of the principles of network analysis. The broad methodology suggested by the I.O.R. is illustrated by the following extract, relating to the public transport "stream" of the initial exploratory phase of the overall programme:
Figure 4

stream of programme relating to public transport
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In this representation, the "eggs" represent the main points of decision while the 'boxes" represent various intervening activities designed to improve the information available as a basis for decision. at the time this programme was drawn up, many of the concepts presented in the present paper had not yet been formulated, but it is nevertheless possible to identify from the diagram certain points in the programme where there is a proposed reduction in the range of alternative strategies [Sk] carried forward, where there is a proposed broadening out of the strategy graph, and where there is a conscious attempt to reduce uncertainty in the [aE] or the [aV].  

Of course, there are limits to the extent to which it is possible or even desirable to attempt to specify the course of an exploratory programme of this kind in advance, and the later phases must inevitably be more tentative than the earlier ones. Nevertheless, the officers of the corporation were able an these lines to draw up a formal critical-path network for the complete 4½  year programme, and use this to assess manpower requirements. The first stage of the programme is now under way with the support of a grant from the Minister of Transport.

Problems in Implementation

We have now put forward a number of suggestions as to the types of methodology which we believe to be relevant to the more systematic guidance of a planning process in a setting which is complicated not only by the nature of the problems with which it has to deal, but also by the variety of participants In the decision-making system.  In the previous section, we considered the requirements of the decision process from a methodological rather than an organisational point of view, but clearly each requirement also has its organisational implications, as the action considered by one group of participants at one stage of the process will often determine which participants should be involved in the following stage.

How far is it likely that methods of the kind we have discussed can in future be of real value to local government, or to any other type of planning agency operating in a similar environment?  There seems to us little doubt that a good deal of systematic experimentation will be necessary before any attempt can be made to answer this question with any degree of confidence.  Although the amount of experimentation we have been able to carry out within the terms of our relationship with Coventry has been extremely limited, we have nevertheless been able to form certain insights into the decision process at an observational level which suggest the conditions under which such experimentation is most likely to produce a successful outcome.  Firstly, the experimentation requires to be conducted in relation to ongoing problem situations, concentrating on certain key points in the decision process at which the pay-off from a more systematic approach is likely to be high; and secondly it requires to be conducted in such a way that it can involve all relevant participants in the decision-making system, and not just some delegated advisory group. This in itself raises difficult organisational problems; the present structure of local government provides many obstacles to attempts at experimentation on an inter-departmental or inter-committee scale.

Local government is, however, currently undergoing a period of accelerated change; the recent report of the Maud Committee on management structure (12) will within a year or so be followed by the report of a Royal Commission which may recommend a radical revision of the geographical boundaries and the patterns of accountability of local government as it is now known. It seems unlikely, however, that changes of management structure, of geographical boundaries and of patterns of accountability will themselves be sufficient to establish conditions under which local authorities can discharge wisely and humanely their responsibilities of strategic choice on behalf of the communities they represent: equally important in our view will be the experimental development of new "technologies of decision" at such a level of the organisation that all participants in the decision process can have a more creative role to play.
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