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better support Defence decision-making. This paper was written in response to HPGA's request 
for advice on the potential role of Operations Research (OR) and analysis in such a framework. A 
broad interpretation of OR is proposed that includes qualitative analysis of problems that are not 
amenable to the quantitative methods with which OR is more traditionally associated. Cultural 
and ownership issues that must be addressed if OR is to be successftdly incorporated into 
Defence's decision-making processes are discussed. It is argued that OR and analysis should be 
condticted with a decision perspective, and that analysis should be embedded in all aspects of a 
strategic planning framework. Working definitions of terms and concepts are presented to 
provide a common lexicon for those involved in the development of long-range plaiming. 
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The Role of Operations Research and Analysis 
in Concept-led Long-Range Planning 

Executive Summary 

Head Policy, Guidance and Analysis (HPGA) and Director-General Military Strategy 
(DGMS) seek to build a strategic planning framework that will provide improved decision 
support for senior Defence committees and decision-makers. This paper has been written 
in response to their request for advice on the potential role of Operations Research (OR) 
and analysis in this framework, 

OR is "the appMcation of the methods of science to complex problems involving hiraian 
and technical factors, with the aim of unproving decisions"^. Abroad interpretation of OR 
is proposed to include qualitative analysis of problems that are not amenable to the 
quantitative methods with which OR is more traditionally associated. Witti this 
interpretation, OR is cor^idered as a rigorous and structured approach to providing 
decision support, where the nature of the analysis, the tools used and the characteristics of 
the answers are dependent on the type of problem to be addressed. For a concept-led long- 
range planning framework many of the problems to be addressed are not likely to be 
amenable to quantitative analysis, but can be addressed rigoroiisly with qualitative 
analysis. In contrast, resoiu"ce decisions to be made by senior committees are more Hkely 
to require quantitative analysis. In either case, the broader interpretation of OR can 
provide value by bringing rigour to the development of decision support information. 

The incorporation of OR and analysis into the long-range planning process raises 
ownership and culttiral issues. These issues are various, depending upon how OR is 
incorporated into the organisation. Of particular significance are: the degree to which 
objective and impartial analysis is desired by the organfeation, the arrangements for 
maintaining an analytical capability and the degree to which the organisational culture 
allows open and robust debate. 

The argument is niade that OR can provide the greatest contribution to the long-range 
planning framework if a decision perspective is adopted. That is, analysis is performed 
with explicit links to actual or potential decisions. In practice, this means that analysis is 
focussed on providing decision support information of direct relevance to decision- 
makers, rather than simply for purposes of discovery. Embedding analysis in aU parts of 
the long-range planning process will assist in achieving that aim. 

' Agrell, P.S. "Operational Research at the National Defence Research Institute of Sweden", Omega, Vol 13 
No. 2, p    121-124 1985 
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1. Introduction 

1. Head Policy, Guidance and Analysis (HPGA) and Director-General Military Strategy 
(DGMS) seek to build a strategic planning framework that will provide improved decision 
support for senior Defence committees and decMon-makers. Specifically, the focus is on 
producing a concept-led long-range planning process, HPG A's view is that fhe framework 
will build on extant activities and experience as far as possible. It may be necessary to 
optimise existing elements of the framework and ttieir interrelationships, and to 
implement and develop elements that do not currently exist. 

2. The ambitious nature of this undertaking, together with the fact that there is not a 
"clean slate" to work with, means that HPG A/DGMS need to drive the development and 
implementation of the framework hard and fast to ensure that it has sufficient momentum 
and progress to stirvive beyond the current posting cycle. They have requested DSTO to 
provide information to help focus PGA, DSTO, Services and private sector effort in 
developing and implementing the framework. 

3. This information/discussion paper is provided in response to a request from 
HPGA/DGMS for advice on the potential role of operations research and analysis in a 
long-range planning process. 

4. Scope. This paper presents a discussion of what is meant by the term "Operations 
Research", how it could contribute to long-range planning in Defence, some organisational 
implications of operations research and how it might be integrated into a concept-led long- 
range planning framework. The paper also presents definitions of terms and concepts that 
are intended to provide a common lexicon for those involved in tiie development of long- 
range planning. 

5. Aim. The aim of this paper is to provide HPGA and DGMS with information and 
discussion that will inform their decisions on the potential role of operations research and 
analysis in the development and implementation of a framework for concept-led long- 
range planning in Defence. 

2. Definitions 

6. Operations Research (OR): "the application of the methods of science to complex problems 
involving human and technical factors, with the aim of improving decisions"^. 

7. OR had its origins in analysing military operations at the tactical level during the 
Second World War. It has since been applied beyond the military sphere to include the 
private and civilian public sectors, and in the realm of strategic decision-making. 
Distinctior^ are often made between the terms Operations Research, Operations Analysis, 
Operational Analysis, Operational Research, System Analysis, and Management Science, 
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but these are somewhat academic, and for the pvirposes of this paper they are taken to be 
interchangeable. 

8. Scientific Method: "the process of reasoning—using methods of induction, deduction and 
intuition informed through observation and experience—to formulate, test, analyse and review 
hypotheses (and/or posited explanations) about the nature of the world in order to generate 
understanding'?- 

9. Further discussion of the scientific method is given later in the text. 

10. Decision: "a determination arrived at after consideration of several possibilities"'^. 

11. In the Defence context, the term "decision" often refers to specific senior committee 
considerations such as those that occur at well-defined points during ttie acquisition of a 
new capability. In the context of Defence long-range planning, and for the purposes of this 
paper, the term will be taken to have a wider meaning to include potential decisions that 
are not yet on any current decision schedule. 

12. Defence Long-range Planning: "a process that investigates possible future operating 
environments and produces a strategy to best fit the Defence organisation to those environments, 
given a host of constraints, including financial ones"\ 

13. The timeframe encompassed by the phrase "long-range" is not precisely defined, but is 
related to how long it takes to make changes in the system and the length of time those 
changes will have effects on the system. It wiU be different for each sector of Defence, 
depending, for example, on how long it takes to make changes to organisational structures 
or to bring new platforms into service, or the expected service life of a given platform. In 
the Defence context this might typically be a 10-30 year horizon. Defence long-range 
planning will usually include considerations of the context within which the plan will 
operate, concepts that inform possible ways for the organisation to operate now and into 
the future and ttie capability implications of the context and concepts. 

14. Hypothesis: "supposition made as a basis for reasoning, without assumption of its truth, or as 
a starting point for further investigation from known facts".^ 

15. In the present context, "hypothesis" includes suppositions that are appropriate for 
discovery and exploration, not just those that can be used for statistical interpretation of 
"hard" (quantitative) experiments. It also includes the idea of "layered hypotheses", in which 
subordinate hypotheses of increasing detail or focus are proposed so that experiments can 
be designed to examine several aspects of a problem. 

16. Experiment: "procedure adopted to test hypothesis or demonstrate known fact".^ 

17. The design of experiments (the natiire of &\e methodology adopted and the 
experimental tools used) should be guided by the nature of the hypothesis or questions to 
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be addressed. Experiments may be conducted using back-of-the-envelope calculations, 
computer models, simulations, seminar games, campaign models, wargames or any 
number of other experimental tools. The essential point is that the hypothesis should drive 
experimental design, not the other way arotind. 

18. Analysis: "separation of a whole, whether a material substance or any matter of thought, into 
its constituent elements as a method of studying the nature of a thing or of determining its essential 
features"7 

19. "Analysis" in this context is any activity that contributes to the understanding of a 
system. The dominant paradigm in Defence appears to be that analysis is a separate 
activity that occurs after an experiment is conducted. This paper takes the view that 
analysis should be embedded throughout the concept-led long-range planning process, 
and that one of its major functions is to guide experimentation. 

20. Model: "simplified description of any system etc. to assist calculations and predictions" P 

21. Modeb are frequently misunderstood to embody some truth or reaMty about the 
system they describe. They should be regarded as a representation of the phenomenon 
being studied that is adequate for the purpose of the study. While some models may be 
expressed in a mathematical form, many are non-mathematical. 

3. What is Operations Research? 

22. A more expansive description of OR is: 

"a systematic approach to helping a decision maker choose a course of action by investigating 
his full problem, searching out objectives and alternatives, and comparing them in the light of 
their consequences, using an appropriate framework ...to bring expert judgment and intuition 
to bear on the problem. This suggests that a cycle consisting of definition of objectives, 
exploration and evaluation of alternatives in terms of their costs and effectiveness needs to be 
considered. The cycle may be repeated in the light of new information required while redefining 
the objectives and identification and evaluation of alternatives, till the total spectrum is 
completely understood."^ 

This is an application to the decision-making process of the scientific method iKed by 
scientists to investigate natural phenomena. 

23. The scientific method^ starts by performing an analysis of the system under 
examination. This means that the system is split into manageable parts that can be 
observed and investigated independently. These observations tmderpin the formulation of 
a model that explains the system's behaviour. This model is then tested via experiment for 
agreement with the facts, and adjusted as necessary. This cycle continues, in an attempt to 
eventually completely explain the behaviour of the system. It is important to note that the 
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model is constantly re-evaluated against observations made, and if fotind lacking, is 
modified. A model should be viewed as a dynamic item within the experimental process. 

24. An aspect of the culture of science is the principle of opermess. "The method and 
tradition of science require that results be openly arrived at, so that any other scientist can 
retrace the same steps, and get the same results"." This openness allows science to be self- 
regulating, in ttie sense that all scientific work should be peer reviewed, so that 
assimiptions and methodology can be discussed. The open publication of scientific work 
aids in achieving the goal of objectivity, where questions of the validity of results can be 
raised by anyone, regardless of their relative position or standing. This leads to the 
creation of an atmosphere where robust debates can be had about the solution to 
problems. The nature of scientific debate is such that potential solutions to problems are 
discussed objectively and without prejudice, meaning for example that novel, innovative 
and "out of Ihe box" solutions can be debated, and not dismissed out of hand. 

25. How can this analytical cycle and ctilture be applied to assist decision-makers in long- 
range Defence planning? Firstly, the reason or reasons for a decision needing to be made 
are analysed. For example, a decision of whether or not to adopt the concept of Network 
Enabled Operations (NEO) would be driven by the possibility that it is a better way of 
performing combat than the currently used concepts. This statement of a decision's 
"trigger" puts the decision into context, and helps direct the subsequent analysis. In the 
NEO example, tiie analysis would be directed towards defiiting exactly what "better" 
might mean, and how it can be measured. 

26. Furthermore, decisions made in long-range planning will by definition have long-term 
effects, and will subsequently have consequences for other parts of an organisation. 
Therefore the decision needs to be examined within ti\e system of which it is a part. This 
brings to light aU of the factors that need to be analysed, and brought to the attention of 
the decision-maker. As OR endeavotirs to investigate systems and understand the way 
they operate, the scientific process does add great value and clarity at this stage. 

27. Once the nature and scope of the decision have been clearly defined, the key 
arguments relevant to the decision can be developed. This allows the step of performing 
research and collecting data to begin. The value that OR can bring at this point is the 
rigorous and unbiased fashion in which data can be collected. The scientifically minded 
investigator should be able to find and evaluate data independently of current wisdom. 
Depending on the decision to be supported, these data may range from performance 
specifications at ihe "hard" OR end of the spectrum, all the way through to collecting 
expert opiiuon at the "soft" OR end. "Hard" and "soft" OR refer to quantitative and 
qualitative OR, respectively. The nature of the decision will also determine the granularity 
of data required. 

28. After the data have been collected and analysed, hypotheses regarding the factors that 
will affect the decision can begin to be formed. This stage is intellectually equivalent to the 
forming of a model in the cycle of scientific investigation. In some cases it is appropriate to 



i:«rO-CR-0282 

build hard matiieraatical modeb of the system, and use the model to investigate the effects 
of potential changes. This generally works quite well for operational questions, such as the 
best way to organise logistics. The questions tiiat arise in higher-level strategic decisions 
may not be so amenable to mathematical modelling. Questior^ at this level typically 
contain "soft" issues, such as a high level of behavioural content for which there is Uttle 
theory. There abo may simply not be enough facts about the problem to produce a good 
malhematical model. Both of these situations could apply to tiie problems considered by 
long-range planners. 

29. OR deals with this situation by t^ing took that are appropriate to tiie task. The 
approach is still to formulate a representation or model of the question imder 
consideration but this model may be expressed in the form of an influence diagram, rather 
than mathematics. What is common to both the "hard" mathematical and the "soft" 
models is that, whatever tools and techniques are used to build and articulate them, they 
wiU be developed following a scientifically sotmd procedure. 

30. Models developed in a scientifically sound fashion are built upon a set of hypotheses. 
Hypotheses must be formulated in such a way that tiiey are testable by experiment. It is 
important to note that no hypothesis can be proven true, but they can be proven false. In 
practice, this means that the results of an experiment can provide support for a hypothesis 
but not proof of its correctness. As soon as experimental evidence is found tiiat contradicts 
the hypothesis, a new hypothesb must be formulated that is consistent with the new 
results whilst still being consistent with all previous observations. 

31. The way an experiment is nm should be determined by the hypothesis that needs 
testing, and the level of detail that is required. Hypotheses flow from investigation into a 
particular question, and the level of detail required will depend on the decision to be 
supported. Therefore, it is important that any experimentation activity have a clear 
purpose, in the form of a decision that it will support of knowledge that it will seek to 
discover. It is possible to engage in imdirected activities in the hope that some interesting 
information will appear, but this is usually an inefficient and wasteful use of resources 
tiiat has a low chance of success. Having a decision to inform also means that relevant 
metrics or measures of performance can be proposed, and it will be clear where the 
information gained from the experiment is to be used, 

32. Experimental design should be done in a fashion tiiat allows the actual hypothesis to 
be tested independentiy of other factors. For example, a seminar wargame to test a new 
concept intioduces extra variables, such as the concrete force structure to be used for the 
purposes of the game, and the judgments of the players. The experimental procedure 
should ideally include a method for factoring out these variables, so that only the value of 
the concept is tested. Doing this may require the appUcation of several experimental 
techniques, rather than being limited to one. Because a good scientific methodology keeps 
track of any extra variables introduced into an experiment, it is valuable to have an OR 
analyst involved in the experimental design. 
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33. Producing a good and robxist experimental procedure does not happen by magic. Prior 
to an experiment being performed, a quantity of analysis must be done to guide and 
inform the subsequent experimentation. This analysis, which might be referred to as pre- 
experimental analysis, should concern itself with several issues. Firstly, it should take a 
system perspective, articulating all of the factors that will influence the decision. This 
provides a clear statement of what the research and experimentation should set out to 
achieve, and provides the link between experimentation and ti\e decision. Secondly, a 
hypothesis needs to be expressed in a form that can be tested. Formulating a hypothesis 
requires analysis of the information understood prior to an experiment being run. This 
hypothesis may contain many assumptions and unknowns, but without a hypothesis, no 
meaningful experiments can be performed. The final piece of analysis involves the 
definition of metrics or measures of performance. These should be related to ihe 
hypothesis tinder consideration in an experiment, and the drivers of the decision. 
Performing this pre-experimental analysis is vital to informing experimental design. 

34. At the end of a set of experiments, the post-experimental analysis should lead to the 
hypotheses imder corisideration being adjusted to accoimt for ttie observations that arise, 
and to inform subsequent experimentation. The cycle of analysis, experimentation and 
revising hypotheses can, in principle, continue indefinitely. However, at some point the 
conclusions of the research and experimentation will be presented. Due to time and 
resource constraints, all of the hypotheses made might not have been tested. In addition, 
there will always be factors and variables that caimot be measiured completely. Thus any 
results wiU contain some level of imcertainty, whether that be in the form of assumptions, 
expert opinions, or the like. A well structured OR study will keep track of these 
uncertainties and present them along with the conclusions, by providing some comment 
on the level of confidence of the results. A good study will also perform a sensitivity 
analysis, which asks the question: how much do my conclusions change if some variables 
in the model were to change? 

35. Including this last step is vital as it expresses the level of risk in a given decision. For a 
decision-maker, a part of risk involved in pursuing a given option is related to what is 
unknown. The conclusions of an OR study should include the pros and cons, as weU as the 
level of risk associated with each. These factors can then be evaluated by the judgment of 
the decision-maker. Note that OR does not remove the need for judgment in a decision, 
but it should provide the decision-maker with a more robust appreciation of the drivers of 
the decision, arid a greater imderstanding of the advantages and risks associated with a 
given course of action. This understanding allows the decision-makers to have a robust 
debate regarding the options based on as much fact as possible, rather than relying solely 
on judgments. 
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4. Organisational Implications of Operations Research 

36. Decision-making Culture. The desirability of a structured and rigorous approach to 
decision-making is self-evident to most OR practitioners and strong arguments from a 
practitioner's perspective can be mounted to support this position. However, it is by no 
means clear iiiat senior decision-makers share this point of view. The recently-retired Vice 
Chief of the Defence Force, LTGEN Des Mueller, has expressed this in blunt terms: 

"You should therefore remind yourselves that decisions on major matters... will be made at 
levels where intuitive judgement and not detailed analysis, with the possible exception of 
financial analysis, tends to prevail. The reality of this has precipitated deep despair in the 
heart of many an operations research analyst. "'^^ 

37. While this may be starkly expressed for effect, the history of quantitative OR support 
provided directly to senior decision-makers through the cormnittee process^has not been 
encouraging for the OR community, and lends some weight to LTGEN Mueller's 
sentiment. Figure 1 illustrates the decline in the number of quantitative analysis providing 
such support to central Defence decision-makers that has occurred over the last twenty- 
odd years. Whether the decline has occurred because the quality or focus of the analyses 
were not appropriate, or that the results were at odds witii political imperatives, or the 
decision-making environment was not suited to the use of analysis (or any number of 
other reasons) is not clear. This decline does seem to indicate that, over time, the decision- 
making culture of Defence has moved away from using analysis. OR is more likely to have 
a positive impact if this trend can be reversed. 

38. OR could be incorporated into an organisation's decision-making processes in a 
number of ways and with a variety of expectations. Each of these have implications for the 
organisation (and for the OR analysts) that need to be understood and considered before 
implementing any particular OR regime. If the implementation is done well, it could help 
reverse the trend mentioned above. 

39. What is independent analysis?i3 Because it is an application of the scientific method, 
OR should provide support to decision-makers that is objective and impartial. However, the 
related issue of independent analysis can have a significant impact on the ability of OR to 
provide useful support to decision-makers. There are several dimensions to independent 

The data in Figure 1 refer to the number of analysts whose work was represented directly at committee by a 
two-star position. This was initially Controller Military Studies and Operational Analysis, then Controller, 
Projects and Analytical Studies, then Controller, External Relations, Projects and Analytical Studies, then FAS 
Force Development and Analysis, then Head Capability Plans and Resource Programming, then Head, 
Strategic PoHcy and Plans (in actuality, DEPSEC S) and finally FAS Capability Investment and Resources. 
Governance arrangements for the input of analytical advice from DSTO to the committee process are 
fundamentaDy different, as the accountability goes via the sponsor's desk officer. This is related to the gradual 
downgrading of DSTO's position on the relevant committee from "accountable for various inputs" to 
"advisory" only, and its general thrust as a support organisation. 
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analysis, each of which can lead to dysfunctional conditions for providing sound advice 
appropriate for the Defence organisation as a whole if fliey are not handled appropriately. 
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Figure 1: Number of analysts providing quantitative analytical support directly to central Defence 
decision-makers through the committee process as a function of timeM The 
organisational units that were responsible for providing quantitative analysis are 
indicated at the top of the graph. 1974-75 marks the period of the Tange reviews and the 
formation of the Department of Defence. Data for the years prior to 1974 refer to 
analysts in the Department of Supply. 

40. Firstly, if the decision-makers consider the advice they get as irrelevant and only good 
for "cosmetic" purposes, the value of the advice is botmd to be minimal. Under such 
circumstances the OR analysts could be said to be too independent, in that the decision- 
makers of flie organisation do not see the advice to be of relevance to them. In this case the 
independence has become mutual and absolute, and is definitely counterproductive to 
generating favourable conditions for OR-based advice. 

41. Secondly, generation of good advice requires free access to aU relevant input data and 
critical assumptions, £in ability to make sound judgements on their validity and 
appropriateness, and the freedom to exercise the analyst's best professional knowledge 
and judgement. This aspect of analytical independence implies an ability to formulate and 
assess the goals of the orgarusation, expressed in terms suitable for analytical purposes. 
Parts of an organisation that perceive that the results of an analytical approach may 
threaten their comfortable status quo may decline to provide information (or even provide 
misinformation) for analysis, and thereby imdermine the validity or usefulness of the 
analysis. Another potential barrier to objectivity is that the requirements of a military 
command structure may hinder the open debating of hypotiheses and results, with the 
possible result that potentially fruitful solutions might never be considered. 
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42. Thirdly, perhaps the most important factor to be considered is that of resource 
independence. In every organisation resources are limited and priorities must be made 
both between OR and all other activities in the organisation, and within the broad range of 
possible OR projects. The dysfunctional conditions that are of greatest concern here are 
those that can arise when the priorities for OR work are affected by the actual results of 
analyses and the content of advice given as a result. The most obvious example would be 
for the organisation to link future priorities of work to getting the "desired" results from 
present analyses, or to put it blimtly: buying the analyst needed to support a priori 
conditions. 

43. If OR is to support a planning framework it must be able to survive within the political 
environment of which it is a part. The nature of objective analysis means that at some 
point OR activities will undoubtedly create terwion with other areas of Defence (it is not 
possible to please all of the people all of the time). In a large bureaucratic organisation 
such as Defence, thfe is guaranteed to generate poUtical attacks on the OR group. If OR 
and analysis are to be incorporated as an essential part of a long-range planning 
framework there must be sfrategies in place to deal with fliese pressures. 

44. What is the value of independent analysis?i3 If an organisation is to develop and 
improve to remain relevant and competitive as the world around it changes, it must have 
mechanisms in place that will allow it to innovate. It is vital that conventional wisdom is 
challenged and new concepts and radical solutions are raised and fhorou^y discussed. 
Good OR can make significant contributions to these forces of potentially beneficial 
change within an organisation, by providing the forum for a robust, scientific debate of 
questions and their solutions. Enabling this debate would be useful for long-range 
planning, as it helps in the process of achieving cultural change by providing the means to 
escape the limits of accepted wisdom. In doing so, however, the advice provided by 
aiialysts is very often not wanted by those parts of the organisation ttiat mi^t be 
candidates for change: change can be difficult and uncomfortable. If the OR group is 
dependent on those elements of the organisation for the conduct of its analyses, or even for 
its continued existence, unwanted but relevant advice may be a rare deliverable, 

45. The utility for the organisation as a whole of OR contributions to planning and 
decision-making hinges on arrangements that sectire the production and delivery of all 
relevant results and advice, irrespective of the degree to which it is wanted by the 
organisational elements in question. This imphes that the organisational culture is sudi 
that open and robust debate and questioning is not only acceptable but encoiu-aged. It can 
pose a significant challenge to management to encoiuage such a culttue to flourteh if it is 
not already doing so, but without it Ihe value of OR is imlikely to be realised. It should be 
noted Ihat the propensity to repel certain types of advice is by no means a "constant of 
nature" in organisations. Indeed, it varies from one organisation to another, and also 
varies over time as a function of the internal "climate" of the organisation, 

46. Independent scrutiny vs doing the analysis. Analysts can provide an independent 
review function within an organisation, essentially providing an assessment of the rigour 
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of a process and ttie conclusions that are drawn from it, or they can be an integral part of 
developing processes and conducting analyses. If analysts have provided advice, assisted 
in the development of processes and/or conducted analyses, it is not possible for them 
then to provide an assessment or review of the rigour of the work wittiout a real or 
apparent conflict of interest. The organisation for which the analysts work must be very 
clear about what role the analysts are expected to play: "doers" or "reviewers", but not 
both. If both roles are required, the organisation should identify two distinct groups of 
analysts to perform the two functions. 

47. Impartial analysts or advocates?^^ Ethical dilemmas can arise as a result of the manner 
in which OR analysts present the results of their work. Three general cases can be 
envisaged: 

• the analyst presents tiie facts in an objective and vmbiased manner and do not 
advocate any particular position; 

• the analyst has a moral responsibility for the effects of his own involvement; and 
• the analyst works openly as an advocate for a particular position. 

48. As scientists, OR analysts usually find themselves in the first situation, presenting 
objective analyses and leaving it to the decision-maker to make their judgements. When 
working in policy areas, however, analysts often find themselves operating in the second 
of these regimes and because of the nature of the work must take great care that personal 
biases are not embedded or implied in the analysis. When the analyst works explicitly as 
an advocate, for example as an expert witness or adversary, he is guided principally by his 
personal code of ethics. There is no imperative to volimteer all the relevant information in 
this situation, oiUy that which supports the position being advocated. The analyst needs to 
know whether he is employed as an impartial provider of analysis, or an advocate, or 
something in between. It is also important for both the analyst and the organisation for 
which he works to vinderstand the potential pitfalls that may arise when the analyst is 
operating at any given point on this continutim. 

49. Tool development vs analysis. Anecdotal evidence^^ suggests that there are 
approximately 200 OR practitioners currently employed by Defence, principally in DSTO. 
The majority of these are tool development oriented, providing support to projects, tactics 
development or training rather than engaged in providing analytical support for decision- 
makers. The question arises as to where to place the balance of the OR effort for long-term 
planning, into tool development for long-range plaiming, or into actually doing the 
analysis. 

50. Quantitative vs qualitative analysis. In the preceding discussion it has been implicitly 
assvimed that "hard" and "soft" (quantitative and qualitative, respectively) OR are of 
essentially equal value to the decision-making process. Whilst the characteristics of a 
structured scientific approach to both quantitative and qualitative analysis might be 
similar, the problems to which they are applied, the tools that might be used and the 
results that can be expected are not. Quantitative OR is more applicable in situations 
where models are predictive to a reasonable extent, while qualitative OR applies where 
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modek are more exploratory in nature. Quantitative OR often results in numerical data 
that are useful for underpinning decisions about relatively concrete issues (the resulte of 
the EO Stockholding study are an example), while qualitative OR can provide clarity and 
insights into a problem but rarely provides numerical support for decisioiw (analysis of a 
future warfighting concept might be an example). The nature of the decisions to be 
supported will to some extent dictate which end of the analytical spectrum is appropriate. 

51. Analysis should be conducted with rigour regardless of whether it is at the qualitative 
or quantitative end of fee spectrum. However, rigour should not be coiA^ed with 
accuracy or precision. Acciuacy relates to ti\e degree to which results accord wifli reaHty, 
while precision refers to the definiteness with which an answer is given. An example of a 
precise and accurate model is one that makes numerical predictioi^ that are in very close 
agreement with subsequent observations. It is entirely possible, however, to achieve 
accxuracy without precision, and precision witiiout accmracy. QuaHtative analysis wil 
almost certainly be less precise and less accurate tiian quantitative analysis. The critical 
point is that the nature of the analysis conducted to support a particular decision should, 
as far as possible, match the decision-maker's needs for accuracy and precision. Some 
decisions, for example, can be informed using qualitative analysis and don't require high 
degrees of certainty (eg. futtu-es analysis) but the analysis should stil be conducted with 
rigour, 

52. The reality is that all forms of analyse will have some level of imprecision and 
inaccuracy involved, if for no other fact than models are just representations of the real 
world rather than reaHty itself. The way that this can be dealt with fe by expressing some 
measure of the confidence of the concltisions or the outputs. In quantitative analysis, this 
can be done relatively easily, in tt\e form of error bars or confidence intervals. For 
quahtative analysis this is somewhat more diffictilt. QuaHtative methods such as 
wargaming represent complex systems usually involving human interaction, and running 
through a scenario just once is unlikely to provide an accurate answer. The way that 
quahtative and quantitative analysis can deal with imcertainty should have some 
influence over which types of analysis are used. 

53. What decisions are to be supported? Senior committees and decision-makers have a 
legal obhgation to make year zero resoiu-ce decMons and to provide assurance that further 
year funding will be adequate to support the results of those decisions, h making these 
decisions, senior executives are responsible for ensuring that they are coi^istent with 
Goveniment guidance and for presenting a range of options and recommending or 
proposing the most cost effective option in net present value terms for Government 
consideration. They are also not to mislead Government when providing assurance of 
further year funding to operate whatever is implemented. However, the in-year resource 
decisions appear to be accorded a higher priority and importance than the assiurance of 
future affordability, possibly because subsequent decisions can address problems caused 
by previous assurances of affordabiHty that turned out to be inaccurate. 
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54. Because long-range planning has a time horizon significantly beyond the immediate 
year zero resource decisions that the senior executives are f ocussed on, it can be difficult to 
engage them in such planning and for them to see immediate value in it. It is also possible 
that the analytical commimity has done a poor job of articxilating the implications of long- 
term issues for decision-makers or of breaking down the uncertainty by exploring the 
future space systematically. 

55. OR has the potential to add value to decision support when resource constraints are 
expUcitly addressed in the analysis. It could do this through application of realistic 
resource constraints in the initial development of optiorw or through some form of cost- 
effectiveness analysis of options, regardless of how those optioiis were developed. 

56. How much OR is enough? For OR to have relevance to decision-makers it must 
dehver results tiiat could make a material difference to the decision in time to inform the 
decision. The academic 110% solution delivered 3 years after the decision is made is of no 
use, but an 80% solution delivered in reasonable time may offer useful decision support. 
This issue of delivering timely advice is crucial, because of the nature of Defence's 
decision-making process, which is influenced by the rapidly changing policy environment. 

57. All decisions will involve both judgement and analysis. For seruor executives the 
balance lies towards judgement, while for analysts the balance lies towards analysis. For 
senior executives to place more emphasis on the results of analysis in making their 
decisions the analysis will have to demonstrate its value. Perhaps the principal way it can 
do that is to provide them with objective and transparent decision support material to 
underpin and augment their judgements. This would provide a more readily auditable 
basis for decisions that could more readily be commxmicated with Government, which 
currently has Uttle corvfidence in many of the decisions taken by Defence. 

58. Resources. There are never enough resources to do everything. The cyclic nature of the 
scientific method means tiiat not insignificant resources might be required to do OR well. 
ReaUstic choices must be made regarding the scope and scale of activities to be 
undertaken. The question to be answered here is where the best value can be obtained for 
ti\e limited resoxurces available for analysis. 

5. Integrating Analysis into Concept-Led Long-Range 
Planning 

59. The cultvual and ownership issues discussed previously need to be dealt with if 
analysis is to be integrated into an orgaiusation. The solutions to these problems wiU 
depend to a large extent on how analysis is incorporated into the planning framework (if 
at all) and what the orgaiusation expects to gain from analysis. What we wish to present is 
a possible miadset regarding analysis and experimentation that will help guide its position 
in a planiiing framework. We also argue that this mindset will take steps to dealing with 
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some of the above cultural problems. The key element to this mindset is that the analysis 
should take a decision perspective (see Figure 2), 

Possible decision 

Key arguments 
ik 

Hypotheses _, 
1 i 

1 

1 r 

Research and analysis, 
including experiments 

Figure 2: A structured approach to analysis in support of decision-maMngA'^ 

60. The idea behind taking a decision perspective is that research and analysis should be 
directed towards possible decisions, rather than searching for knowledge generally. It 
should guide the analysis to provide the understanding that decision-makers need in 
terms of both breadth and depth, and explicitly discuss risk. Note that the framework 
indicates possible rather than actual decisions. The reason for this is that tiie lead-time to 
provide appropriate material for decision support may be lengthy, so analysis may need to 
pre-empt decisioi^. This approach will also support analysis for long-range planning, 
where the issues considered may have little immediate committee visibiMty. What an 
analytical procedure should do is imagine a possible decision that might ar^e, and refine 
its methodology to provide information relevant to the key argumente, that is, the factors 
affecting a decision. 

61. The way this can be achieved is to make hypotheses regarding the key arguments, and 
use research and experimentation to test these hypotheses. For example, a decision on 
whether to adopt a new warfighting concept would be based on its relative effectiveness. 
The hypothesis to be tested would be that the new concept is more effective than those 
currently in use. A program of experimentation and analysis could then be developed to 
test this hypothesis. Because the hypothesis has been linked to a possible decision, the 
analysis and experimentation done should be useful to long-range planning. Allowing the 
cultiu-e of science to work here should also encourage robust debate to take place, which 
helps the development of new ideas, and hence good solutions to problems. 
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62. Because decision-makers should consider the implications of a decision for the entire 
organisation, analysis and experimentation linked to a decision should also take a system 
perspective. This simply means that analysis should take into accotmt the whole system, 
from the strategic level, through to capability considerations if appropriate. There should 
also be considerations of the long-term effects of current decisions. Clearly the way a 
particular piece of analysis considers the system will depend on the decision. However, 
taking a system perspective has implicatioiw for the tools and techniques used. Ideally, a 
family of appropriate models, simtdations and analytic methods could be developed and 
integrated, so titat knowledge at different levels and from different perspectives could be 
readily used to give an overall description of the implications of a decision. This would 
require analytical tools to break a system down into manageable parts that can be studied 
more or less independently, tools to do exploratory analysis for breadth, tools to test high 
resolution hj^otheses, and finally, integrative techiuques to build up the entire picture. 

63. One analytic method that could be used to break down problems into manageable 
pieces is to use the idea of layered hypotheses. For example, the NEO concept would 
involve measxiring its effectiveness. The NEO concept is made up of several smaller 
building blocks, such as the ability to conduct sectire commvmications, and the ability to 
filter information appropriately to avoid information overload. These requirements may in 
turn depend on other lower level factors. All of these lower levels could be analysed, and 
title combination of these different levels cotild be used to develop an overall pichire of tiie 
viability of the concept. Performing these different levels of analysis will require a 
significant investment of resources, in terms of development of appropriate analytical 
techniques, and the performance of the analysis itself. It may be necessary to develop tools 
on an ad hoc basis, depending on the decision and tihe hypothesis, rather than relying on a 
suite of predefined methods. 

64. An example of the way taking the decision perspective drives tiie resource 
requirement for analysis is the issue of robustness. For example, a positive decision on a 
new capability is unlikely unless it can be demonstrated to be flexible and robust. Analytic 
activities should then be directed towards testing a capability vinder a range of conditions. 
Experiments could be based on hypothetical situations, in order to stretch options and see 
where they break. For example, an NEO force structiue may be hypothetically placed in 
situations where enemy jamming has disrupted friendly communications, or a wargame 
may include a Red Team fighting in an innovative way. Therefore, tiiere may need to be a 
wide range of experiments for a single decision, adding to the resource requirements. 

65. Finally, this approach creates the need for analysis to be embedded in the long-range 
plaiming process. Adopting the decision perspective mindset means tihat there is a 
requirement for analysis to be done at each of the above stages, so that the factors driving 
a possible decision can be broken down to the point where experimentation can be 
usefully applied. 

66. A consequence of adopting the decision perspective is that the analysis performed will 
have greater chance of being considered useful, as it will be better directed, ie. focussed on 
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providing information that the decision-maker might require. It may also assist in raising 
the profile of strategic issues by explicitly linking them to current decisions. 

67. The structured approach to analysis illustrated in Figure 2 makes no assumptions 
about the nature of the planning process: it is equally applicable to a variety of plaiming 
philosophies, such as top-down, bottom-up or resource-constrained. What wUl be different 
in these cases is the nature of the decision, and the meats by which they are generated. A 
concept-led long-range planning process, however, will be an explicitly top down 
approach, and if it is to be integrated into the organisation, must interface with tiie bottom- 
up and resource-constrained processes that already exist, notably in Capability Systems. 

68. This approach to analysis is, of coiu-se, no guarantee of success. There will still be 
resistances to OR being involved in Defence's planning, be it long-range or otherwise, 
some of which have been outlined in the previous section. Having the analysis done with a 
decision perspective though is vital to giving it any chance of survival. 

6. Conclusions 

69. This paper has discussed what OR aims to do: that is, use the intellectual rigour of the 
scientific method in support of decision-making. The scientific method follows a 
continuotis cycle, using analysis to form hypotheses, testing hypotheses in experiments, 
and analysing experimental results to form new hypotheses. This cycle means that 
analysis should guide experimentation, rather than the current practice of performing 
experimentation not linked to clear questiois. Ideally, experimentation should be 
incorporated into the methodology of doing analysis, rather than existing as a separate 
activity. 

70. Analytical work done to aid any plaiming framework should take a decision 
perspective. Establishing a link to a possible decision focuses the analysis on producing 
information that the decision-makers might find useful, by forcing the analytical 
methodology to adjust itself to the decision-maker's perepective. It also allows analysis to 
be done for any decision that needs to be informed, meaning that it is possible to embed 
analyse in the planiung process. We would argue that embedding rigorous analysis and a 
culttue of open debate in the process is important, as it create an environment in which 
novel and innovative solutiom to problems can be dfacussed in a way that helps lead to 
organisational improvements. In long-range planning, this could help the debate 
regarding new concepts. Embedding analyst wiH also be required for the decision 
perspective as analysis will need to be done at each level from splitting the decision into its 
key argtmients, through to actually performing experiments. 

71. There are several decisions to be made regarding the role of analysis in long-range 
planning, including among other things the independence of the analysts. Those issues 
wiU all have some influence on the value that OR can add to the planning process, both in 
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terms of quality of work, and value to the decision maker. One consideration that wiU 
need to be dealt with if analysis is to be included in ttie framework at all is that of 
resources. Producing good analysis and rurming a useful program of experimentation 
requires people and dollars, and for long-range planning, a commitment over a long time. 

72. There are elements of orgaiiisational culture within Defence and the analytical 
community that currently mitigate against getting full value from analysis. It is clear from 
Figure 1 and the comment from LTGEN Mueller that senior executives currently see little 
point in using the results of OR as it is currently practised to inform their deliberations. It 
also appears tixat long-range decisions receive less attention than immediate resource 
decisions, a sihiation that has implications for a long-range planning framework in its 
entirety. However, OR has the potential to contribute significantly if incorporated 
appropriately into the long-range planning process, and if it can demonstrate its utility 
may be a catalyst for changes in the decision-making culture. 
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