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Abstract

Decison-makers are often asked to evaluate a range of projects in order to select the
dterndtive that, within given resource condraints will best achieve ther
organization's combined objectives. When faced with this gtuation, it is uncommon
for a dngle project to saidfy dl of the conflicting objectives represented by
individuds on the evduaion team. As a result, trade-offs between the competing
objectives of the organization must be made. In practice, these trade-offs can be
difficult to make and hard to judtify to others, because they often require consderation
of a lot of subjective data. This paper will discuss how Multiple Objective modelling
techniques have been used to successfully fadilitate trangparent and auditable
evauation decisons. It introduces Logical Decisions® decision support software to
demondrate this approach, and includes a case study of work undertaken for
Infrastructure Auckland to evduate dormwater projects for funding. Multiple
Objective moddling has been used widdy in Europe and the U.SA for the evaudion
of projects, programmes and overdl policy framework decisons. In Audrdasa it has
been used to evaluate environmentad policy and defence spending, to sdect training
programmes and information technology vendors, and to dlocate grants to drategic
projects.

I ntroduction

In today’s fag moving environment, organizations are finding that they must develop
new drategies, projects and programmes to keep pace with the changing needs and
heightened demands of the individuas that they serve. These demands are often the
product of changes in technology, socid dtitudes or government legidation, and they
can be conflicting in naure. For example, consumers are continudly demanding
costly technologica improvements to products and services, a a reduced price to the
end usr. Members of the public ae smilarly demanding community projects that
smultaneoudy promote economic, socid and environmenta sudtainability, rather
than soldy promoting economic growth.

Few organizations have the resources or funds avalable to implement Srategies or
projects that achieve all of their objectives. Indeed, no solution may actudly exis that
equitably addresses dl conflicting demands. As a reault, prioritisation and trade-offs
of objectives must be made, to determine the best courses of action from the wide
range of possble dternaives Many organizations ae now finding that thar
traditional decison-making processes are not adequately addressing the complexity of
these trade-offs. As a reault, they often resort to focusing on what they dready know,
or they over amplify the decison by usng a dngle objective such as “least cost.”
Thisinevitably leads to sub-optima decisions being made.
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Justifying the Decision

While decisons made on individud intuition or “gut fed” would appear to be one
way to resolve complexity difficulties this is dso an increesingly unacceptable route
for organizations to take. The accountability demanded by today’s public and media
requires decison-makers to explain and justify every step of the process that led them
to therr fina decison. Boards, representatives and the generad public are cdling for
more and more input into key decison-making processes. These interest groups
increesingly want to audit the process undertaken to evaluate a project. The process
undertaken must therefore be highly transparent and robust; especidly with regard to
the way it identifies and vaues the intangible benefits of the project.

Dealing with Facts & Value Judgments

For complex decisons, internd project teams and externd advisors can often spend
months evauaing different projects or strategies and predicting possible benefits and
pay-offs.  When evauaing dternate courses of action, the decison-makers must
condder many conflicting value judgments, dong with more essly quantifisble
consderations such as codts, timeframes, and daidtica facts. Vaue judgments can be
wide ranging, and may include assessments of culture, sustainability, community well
being, or other perceptuad atributes. Vaue judgments are subjective and can be open
to individud interpretation if they are not clearly defined, measured and agreed upon
by dl decisonmakers. They can lead to disputes, time wastage or extreme difficulty
reaching consensus and afind decison.

Why Use a Structured Evaluation Process?

The Evauation Process presented in this paper has been developed to address the
difficulties described a@ove. Usng Multiple Objective modeling (or “ multi-attribute
utility theory”) techniques, it is designed to keep decison-making on course. Used in
conjunction with Logicd Decisons for Windows® (LDW) software, the process has
been tested and proven to offer the following benefits:

» Provides a dructured framework that bresks the evduation down into
manageeble seps. It dlows decison-makers to work through the problem
together, and in alogica way.

= Records an “audit trail” tha provides people who are not directly involved in
the evauation process, with a clear ingght into the steps and deiberaions that
were undertaken to reach the decision.

= Creates a common scale of measurement that dlows quditaive vaues, dong

with quantifiable values (expressed in dollars, minutes, kilograms or other scaes),
to be compared and weighted side by side.
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= Filters large quantities of information. In today’s information age, the problem
is not that organizations can't access enough information to make a decison, but
that they are often overloaded with information and can't “see the wood for the
trees” The Evauation Process not only helps decison-makers to look at the data
asociated with their choices, but dso enables them to organize it in a way that is
more useful than asmple database of raw information.

Promotes consensus. Complex decisons often involve many decison-makers
with opposing points of view. These people could be stakeholders or experts from
different fields or divisons within the organization. This agpproach dlows eech
participant to contribute their objectives and to have their say about what is most
important or preferred, without creating conflict. Their feedback is captured in
red time with decison support software, and live onscreen andyss throughout
the decision-making meeting(s).

Overview of the Evaluation Process

The firg gep in the process focuses on setting a common overdl objective, then
breaking this down into more detailed “gods’ and weighting the importance of each.
Every decison-maker then individualy scores or “measures’ each possble course of
action againg the weighted set of goals, by usng a scde that has been developed and
agreed by the group. At each stage of the process, the LDW software aggregates the
individua judgments into a common unit or utility score. The software displays red-
time graphs and daidtics that show the combined decison-makers prioritised goas
and measures, and which of the project dternatives best correlate with these. Vauable
ingght is gained usng LDW's grgphical dynamic sensitivity function, which dlows
the group to tet whether dterations to certan god weghts will affect the find
decison outcome. This gdructured process saves vauable time by hdping to quickly
and accurately define a decison problem, and by then “zeroing in” on key objectives
and points of contention.

To minimize persond bias and promote consensus, the process works best when
every decisonrmaker has an equa input into the objective/god seiting and weighting,
measurement setting, and find evaduation of each dternative. This is achieved with
the guidance of an experienced meeting facilitator. The facilitator leads the
discusson, dicits responses from the group and then inputs the results into the single-
user verson of LDW software. The LDW software, in turn, tracks and analyses this
information and displays it on ascreen at the front of the meeting room.

However, in gtuations where debate is dominated by certain individuds, or the
decison is highly sendgtive or controversd; a “groups version” of the LDW software
can be employed. This verson runs over a Locad Area computer Network (or LAN).
Every paticipant a the medting is assgned ther own computer termind and they
input their judgments and feedback directly into this. The groups version of LDW
then dgmultaneoudy collects and aggregates the group's information, and
communicates the results to al participants over the LAN. If desred, each individua
in the group can even submit their feedback on aconfidential bassusing LDW.

The diagram below outlines the process used for evauating projects, programmes or
policies/'sirategies when there are multiple conflicting objectives.
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The Evaluation Process for Multiple Objective Decisions

PHASES STEPS
1. “Scoping & framing” session
Decision 2. Team selection and briefing

Structuring 3. Objective & goal development

4. Define measures and scales

. 5. Develop the alternative set

Alternatives 6. Conductresearch

7. Prepare detailed report of identified alternatives

8. Score alternatives

9. Refine measurement scales

Model 10. Conversion to common units

Development 11. Weighting

12. Evaluation

13. Risk analysis

14. Dynamic sensitivity

Decision
Communication

15. Selection & debriefing
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Case Study — Evaluating Stormwater Projectsfor Funding
Introduction

One of the many applications of this process has been the development of a ganting
mode and decision framework for Infrastructure Auckland (1A). 1A is a public sector
organisation whose principle function is to make grants towards projects in the
Auckland Region for the purposes of providing:

= Land Transport

= Any passenger service

»  Any passenger transport operation
= Stormwater infrastructure

IA has dlocated NZ $100 million of its fund for sormwater projects, to be distributed
ove a five-year period. Grants are made to stormwater projects bi-annudly via
funding rounds. The first grants were made in November 1999. Since then there have
been three subsequent funding rounds and grants to the value of $11,190,647 have
been made using this process.

Goals Hierarchy

IA is governed by a Deed dipulating eeven criteria that must be considered when
making any grant. It was necessary to include these as well as any other reevant
criteria when evauating sormwater projects. In order to do this, a ‘gods hierarchy’
was developed that set out 1A’s objectives with respect to stormwater projects. At the
top of the hierarchy is the overdl objective. Beow this gts the key gods. These can
broadly be described as:

= Economic — Contribute to the economic growth of the region.

= Environmental — Mantan and improve the physcd and naturd
environment of the region.

= Social — Make the region a better place to live, work and play.

Gods hdp describe what we want to achieve but tend to be quite nebulous in nature
and difficult to measure. In order to be meaningful, measures must be provided for
each god that informs the evauator about the degree to which a particular project
contributes towards the attainment of that goal. For each of the three gods, a st of
measures was developed that encompassed dl reevant criteria and informed the
evauation team about the impact of projects on each god. Beow is a lig of the
measures used in this process.

= Economic
= Project Efficiency
= Regiona Economic Growth
= Environmental
=  Water Qudity
Change in Effects
Changein Vaues
Area
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Trestment Efficiency

= Air Qudity

» Visud and Landscape
= Socid
Community |dentity and Belonging
Awareness of Conservation
Sense of Safety
Public hedlth consequences of water-based recreation
Opportunities for water-based recreation
Opportunities for land-based recreation

The gods hierarchy for |A’s scormwater processisincluded as Appendix 1.

In addition to these gods and their measures, there are a number of filters that a
project must pass before it can be evaluated. A filter is something that must be
achieved and is wudly expressed as a “yes’ or “no” question. For example, one filter
in the stormwater grants process is whether the project is not incondgtent with
goplicable Regiond Strategies.  If the project is incondgtent then it will not be
evduated. Evauding projects that can never be funded can cause bias in the mode
as well as consume vauable time and resource. A filter is indicated when there is no
diginct direction of preference. In our example, we are only concerned with whether
a project is consstent or not with the Regiond Strategies, not the degree to which it is
consgent or not. As al projects evauated are either consstent or not, this would not
be a useful measure for distinguishing between the qudity of each project.

Common Units

Subject matter experts from within IA, and from other specidist organizations,
developed the measures for each objective. Each subject matter expert was asked to
provide a set of measurements within the evauation context, and to provide a possble
range of outcomes on each measure from least preferred to most preferred. It is this
range of outcomes that enables a utility function to be developed for each measure, in
order to compare al measures. Each measure is provided in its own natura scde (eg.
dollars), usng a consructed scale (eg. Project Storm Water Model), or as a
quditative labd (eg. Sonificant Pogdtive Impact, Medium Podstive Impact, Sight
Positive Impact, No Impact, Negative Impact).

The diagram beow shows an example of a continuous utility function for “Change in
Effects’ which is a measure of Water Qudity. The utility scde is shown on the
vertical axis and is out of 100. (Utility measurement usudly uses a O to 1 scae but
we have scaded this to 100 as this is a more intuitive range for most people to work
with). The horizonta axis represents the range of possible outcomes for the ‘Change
in Effects measure. This ranges from a change of O; the least preferred (Utility Score
= 0), to a change of 5, the most preferred (Utility score = 100). The shape of the
curve represents 1A’s preference for different changes such that the dope of the curve
is steeper between 0 and 1 than it is between 4 and 5. This is because the preference
for improvements becomes margindly diminished as you go higher up the scde, due
to a digproportionate amount of the benefit being created by the initid change.
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100

Jtility

Change in Effects (new units)

Weights

Once dl measures have been given a utility function they can be weighted. Weights
were calculated for the process usng a vaiety of techniques. This involved severd
sessions with the internd Project Review Committee (PRC) as wel as sessons with
IA’s Board of Directors (the end decison-makers). The man technique employed
was ‘swing weighting using the Logicd Dedisions® software.  This is a process
where al measures are set to their least preferred point. Each person is then asked to
choose which measure they would move fird to its most preferred point, and to
dlocate that measure a swing weight of 100. The process is then repested and the
second mogt important measure is sdected and given a swing weight that reflects the
degree to which it is less important than the previous measure. For example, if the
second measure were considered to be haf as important as the firs measure chosen, it
would be given a swing weght of 50. If it were egualy as important, then a swing
weight of 100 would aso be given to this measure.  This process is repeated until dl
measures have been given swing weghts. This is a ratio scde that creates a ranking
of each measure by importance as wel as the degree of difference in importance.
Once dl swing weights are obtained, percentage weights are inferred from the ratios.

Origindly, weights were dlocated on a top down bass for this process Usng this
process, weights were caculated for the three gods (Economic, Environment, Socid).
This created a basket of weights that was then alocated to each of the measures below
it. For example, if the Economic objective received a weight of 25%, then the two
measures below it are congrained by this top down dlocation. This approach is often
easser for people to work through as the weighting process is broken down into
sndler and more managedble tasks. Origindly, the process had more measures than
it currently has, and this was a consderation in selecting the above approach.
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Care must be taken as the top-down gpproach may result in some surprising weights
on the individuad measures.  The dructure of the ‘gods hierarchy’ can have an effect
here, due to the number of measures that St beneath each god. More recently,
weights have been derived from the bottom up, where al measures are consdered at
once and compared to each other. The only exception to this being Water Quadlity,
which is agrouping of three measures.

Application

In each funding round, applications ae received from various organisations
respongble for the ddivery of stormwater infrastructure in the Auckland region.
Applicants use a manua and quedionnaire provided by IA to compile ther
submission. The quedionnaire contains each of the measures liged above.
Information is taken from the applicant’s questionnaire and entered into the Logicd
Decisons software. Each answer is evauaed by a subject area specidist and must
provide adequate supporting information to verify the cdam. Once dl answers have
been assessed and the data entered into the moddl, a ranking is produced and various
sengtivity tests are performed which enable 1A to understand which projects perform
bet. Funding will be on the basis of acceptable levels of benefit and on the tota
amount of funds available at each round.

Example of a Project Ranking Graph showing the performance on each goal.

Project Utility
Project A 55.8

B
Project B 40.8 |

ProjectC 343 L

StatusQuo  15.0 e

Il Environmenta Outcomes [l Social Outcomes [l Economic Outcomes
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Summary

The Evdudion Process described above has been successfully employed by
Infrastructure Auckland to help the organization make grants to stormwater projects.
A large amount of information was collected for each project, and the Logicd
Decisons® software alowed this data to be organised in a meaningful way. The
overdl process provides a consstent decison-meking framework and an audit trail
that can be eadly followed. Furthermore, it has enabled the important quditative
features of each project (which are unable to be adequately monetised), to be
rigoroudy evauated dongsde more quantitative factors. This approach has enabled
the evaluation team to consider al aspects of the projects presented.

The Multiple Objective modelling techniques used in the process are proven to be
extremdy effective when there is a large amount of both quditative and quantitative
data, multiple objectives that conflict, and a need for a condgent, transparent and
auditable decision process.
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Appendix 1 — Goals Hierarchy

Best Outcome For Auckland Region

Economic Outcomes

Project Efficiency

Regional Economic Growth

Environmental Outcomes

Visual Landscape Outcomes
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Social Outcomes

Community identity and belonging

Opportunitiesfor LBR

Opportunitiesfor WBR

Promoting awar eness of conservation

Public Health Consequences of WBR

Sense of Safety
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”
Changein Effects
Changein Values

Treatment Efficiency
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