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Summary

Negotiations in urban development projects can take a long time, going back and forward to the designer
many times, even leading to stalemate situations. Requirements can be set intuitively, without knowing what
the side effects of the constraints will be for the urban development. On top of that, approval of all stakeholders
is needed to be able to implement the design. An integral process of decision-making, with cooperation, open
communication and considering everyone’s opinion, seems to be challenging when it comes to urban develop-
ment projects.

Current decision-making methods, such as Linear Programming, are lacking in terms of cooperation be-
tween parties, only finding a feasible design for a group of stakeholders and satisfying one party. Considering
preferences helps overcome this problem. In this thesis, an a priori design optimization approach (PDOA) has
been developed as decision support system, applied and tested on a real-life urban planning case, Waelpolder.

The PDOA returns a quantitative design (Program of Requirements) for the to be developed area which
is considering preferences and wishes of stakeholders a priori, before a design is generated. By basing the
design on preferences of stakeholders, intuitively determined requirements are avoided and designs will be
more compliant to stakeholders” needs. The PDOA generates a design by optimizing on overall preference.
So, finding a feasible solution is guaranteed, on top of that the approach is able to find a most desired group
solution.

The Preferendus (based on Tetra) method, where stakeholders do not make the same amount of compro-
mises in a design, is preferred to use in the PDOA rather than the goal attainment method, where stakeholders
do the same amount of compromises. This is mainly because the Preferendus returns more extreme designs
and can better show the impact of adjustments in requirements in comparison to the more moderate designs
generated with goal attainment. In addition, the stakeholders of Waelpolder indicate that it is realistic that one
party should do more compromises than another party within a project. Therefore, the Preferendus is better
able to support decision-making and open up discussions.

The PDOA allows a new direction in decision-making, where negotiations become an open glass box rather
than a black box. Openness & transparency, which is one of the fundamentals of the PDOA, takes away strate-
gic play between stakeholders. Stakeholders are forced to express what they want upfront, before any design
is created.

The approach supports negotiations in decision-making as it provides insights in a rapid and simple man-
ner. The tool allows requirement modification, thereby showing the impact of certain requirements and pre-
senting alternative possibilities. In addition, long negotiation processes where stakeholders need to get aligned
are avoided because of the required openness and adaptability of the tool.

One of the stakeholders within Waelpolder is willing to implement the PDOA within its organization as
slip school model in urban development projects, to investigate the effects of adjusting requirements. Due
to the iterative value of the approach, the stakeholders are positive about using the approach in other area
developments, in an early stage.
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1 Introduction

The municipality of Westland is willing to implement the a priori design optimization approach (PDOA) as
decision-support system in their urban development projects, such as in the Waelpolder project. The PDOA al-
lows a new direction in decision-making, where negotiations become an open glass box rather than a black box.

Requirements are set top-down for urban development projects within governmental organizations, with-
out the policy makers knowing what the impact of certain standards will be on the possibilities for the urban
development. On top of that, wishes and requirements of other stakeholders within the project must be con-
sidered. This can lead to situations where negotiations can take a long time, going back and forward to the
designer many times, even leading to stalemate situations. An integral process of designing, considering ev-
eryone's opinion, seems to be challenging when it comes to urban development projects.

The developed PDOA is taking on another approach, where the quantitative design (Program of Require-
ments) for an area will be based on preferences and wishes of stakeholders. A design will be based on deep
thoughts rather than top-down intuitively determined requirements of which the impact is unknown. Such de-
signs will be more compliant to stakeholders' needs. In addition, the tool can instantly show the consequences
of requirements in the design.

Stakeholders within the development of Waelpolder see added value in the iterative aspect of the tool. Be-
ing able to make modi cations to requirements & preferences easily and getting insights into the consequences
for the design directly, is experienced as an advantage of the tool by the stakeholders. In Waelpolder, the PDOA
showed that more was possible than the stakeholders thought beforehand. The municipality of Westland wants
to use the PDOA as slip school model to see how far they can go with adjusting requirements.

Applying the tool to a project in an early phase makes sure that all the facets of the tool can be used to its full
capacity, resulting in concrete discussions. For this reason, the stakeholders of Waelpolder are willing to use
the approach in other area developments. In addition, they want to use the obtained PoR with accompanied
preferences to evaluate tenders.

This thesis substantiates the above-mentioned conclusions. It will provide a concise story in which all the
key elements of the PDOA development will be discussed. A more elaborated version on the emergence of the
PDOA can be found in the appendices of this document.

First, the thesis will dive into concepts such as negotiating and decision-making (instruments) and what is
already known related to that aspect in chapter 2. From this literature research, a development gap followed in
which a development goal was identi ed and the importance of developing the PDOA is addressed (chapter 3).

The working, usability, and acceptance of the invented approach is tested in two urban development cases.
Based on these applications, conclusions can be drawn regarding the developed tool. The rst two elements
(the working and usability) are addressed in a test-case called Bloemendalerpolder (BDP) and is meant to
improve the tool. The appliance to BDP will be discussed in chapter 5. The latter element (the acceptance of
the tool among stakeholders) is tested in a real-life area development case called Waelpolder and is elaborated
in chapters 6, 7 and 8.

The thesis ends with the key positive elements of the PDOA according to the stakeholders of Waelpolder
(chapter 9) and the main conclusions regarding this development. Lastly, it will discuss recommendations for
future research of the tool (chapter 11).



2 Analysis on current decision-making

In decision-making, two sides can be identi ed: a social side and a technical side. The social side is focusing
on the social processes that take place during decision-making. The technical side is elaborating on decision-
making methods that are used to accommodate decision-making. Both sides will be discussed in section 2.1.
Preference modeling will be introduced in section 2.2. An elaboration on the literature can be found in ap-
pendix A.

2.1 Social & technical side

An important element of decision-making is the negotiations between stakeholders. During negotiations,
stakeholders try to come to a joint solution. Fisher et al. (1993) describe in their book "Excellent onderhan-
delen' the method of negotiating and important aspects in negotiating in order to come to this joint solution,
ve of these aspects are described in more detail in appendix A.3.

The main idea of Fisher et al. (1993) is to involve the stakeholders early in the process of negotiating. The
feeling of involvement is perhaps the most important factor for a negotiator to accept a result since the stake-
holder will consider the new idea as something of his own. Furthermore, itis key to nd the reason behind the
goal of a stakeholder. Reasoning the stakes can lead to insights and similarities within the stakes, even though
they seem con icting at rst sight. If stakeholders nd more stakes that they share, they could be more willing
to make compromises in the agreement and to come to good terms. Being open and communicative about the
reasoning behind a goal, makes it able to nd mutual interests between the involved stakeholders. Such, they
are more likely to settle with a more favorable option for parties involved. The other way around, not sharing
their thoughts and holding their cards behind the table (black box), the solution is likely to be less favorable
than making it open box such that they nd a solution in mutual interest.

Finding a solution in mutual interest is of importance in urban development projects where a group solu-
tion needs to be found. If everyone is asked individually to choose a design, everyone would choose a di erent
design. Parties need to cooperate with each other in order to come to a group solution that is in mutual interest.

The importance of looking further than only the obvious goals of parties during negotiations can be linked
to what Kahneman (2013) is stating in his book "Thinking Fast and Slow'. Kahneman (2013) constructed a
theory in decision-making which is based on two ways of thinking. System 1 is referred to as the “fast' think-
ing and is based on intuition and emotions. It is guided by instinct and experience. It happens automatically,
like navigating to a friends' house. System 2, referred to as “slow' thinking, is more deliberate, e ortful, and
analytical. System 2 is, for example, activated when solving a mathematical calculation.

Stakeholders that are in the negotiating phase of an urban development project could be using System 1
instead of System 2. They could only express their obvious goals without sharing the reason behind it or act
out of emotion. It could become “intuition' that a stakeholder wants something for an area, based on his ex-
perience. This could, among others, lead to miscommunications, long negotiations and stalemate situations in
projects.

System 2 should be the foundation for decision-making rather than the intuitive, emotional thinking in
System 1, Kahneman (2013). Opportunities can arise when reasons behind a goal are elaborated and commu-
nicated to other stakeholders.

There are several decision-making methods that can be used to select or design alternatives based on a
thorough analysis, these are discussed in appendix A.1. An investigation into these methods show that they
all have downsides. The CBA, MCDA and LP method are not able to incorporate cooperation between parties



since they assume a focus on only one aspect, only satisfying one party instead of the entire group. In addition,
the mathematical operations that are applied in these methods are incorrect following Barzilai (2010).

2.2 Preference modeling

A way to deal with the downsides of the described analyzing methods is to incorporate preferences. By in-
corporating preferences, the underlying thoughts are considered, and decision-making can easily be based on
System 2. In addition, preferences allow cooperation and open communication between parties. Last, asking
for preferences of stakeholders gives a feeling of involvement, such that understanding for a design will be
created.

A method that incorporates preferences is PFM, invented by Barzilai (2010) and considers preferences a
posteriori. For this method, the alternatives need to be created before the scoring can start which makes it
time-consuming. It would be better to consider preferences a priori, before all alternatives are created, and
create alternatives based on preferences. This is done in the PBD method of Binnekamp (2010). However,
also the PBD has a pitfall. A “brute force' approach is used to search for the alternative with the highest total
preference since a large number of alternatives is generated and evaluated manually. Both the PFM and PBD
are not able to cope with the many alternatives, therefore there is a chance of nding a feasible solution rather
than the most desired solution which is most compliant to stakeholders’ wishes.

Opportunities lay in further investigations on the PBD method, where alternatives can be generated and
scored by the method itself automatically (a priori), rather than rate them manually.

In addition, it is interesting to investigate how stakeholders in real-world urban planning projects respond
to a preference-based approach. A preference-based method is currently (at the start of this thesis) under
development, for that development it would be interesting to test it in a real-life case with multiple stake-
holders, Zhilyaev et al. (2022). Are those stakeholders will to accept the approach since it requires openness,
transparency, and another way of thinking & expressing thoughts? Before testing this, the added value of the
advanced method should be demonstrated by showing that the method can nd a group solution which is
more compliant to the stakeholders' wishes (the most desired solution) involved in an urban development
project.



3 Development goal

The development goal of this thesis was:

To develop a non-linear preference model that enables support for urban development decisions, where the approach used
in the model is accepted by the stakeholders and generates the most desired solution in group decision making.

On the one hand, the statement addresses the model that is developed, which returns the most desired
solution when making a group decision. On the other hand, the statement focuses on the acceptance of the
approach used in the model among the stakeholders. The development is referred to as PDOA, an a priori
design optimization approach.

The PDOA is developed and tested by means of two cases. In the rst case, the PDOA is applied to a test-
case, a re-enacted urban development project (Bloemendalerpolder), to test the usability and the added value
of the tool as decision support system. Besides that, improvements could be made during the test case before
the model was applied to a real-life case.

Usability of the approach considers the ability of stakeholders to give input for the model, and an interpre-
tation of the stakeholders related to the complexity of giving input based on their preferences.
The added value relates to the di erence in overall preference score between the design generated with the
PDOA and the design obtained with LP. Added value is achieved when the PDOA returns a higher overall
preference score than the LP design. This implies that the design created with the PDOA is more compliant to
the stakeholders' needs and the approach is able to nd the most desired group solution.

The second case is focusing on the acceptance of the approach in a real-life case (Waelpolder). Since the
stakeholders have a real stake within the project, they can empathize well on the situation rather than if a
case would be re-enacted. In addition, the real-life case enables testing if the required openness, which is one
of the “pillars' of the approach, is accepted by the stakeholders that are in a negotiating phase of the design
process. The approach is assumed to be accepted if stakeholders are positive about the approach and establish
the bene t of using the approach in certain phases of a project.



4 The approach: elements & working

The PDOA is a decision-making support tool, that is based on the preferences of the involved stakeholders in a
project and can support negotiation processes by showing an outcome based on the preferences of stakeholders.
Getting stuck in long negotiations can be avoided by letting the tool decide and show the possibilities. The
nal design is the most desired quantitative program of requirements among all involved stakeholders. The
approach has a speci ed way to search for a design and needs several input elements, both will be discussed
in this chapter. A further (detailed) explanation of the working of the model and the method is given in
appendix C.

4.1 Working of the approach

Figure 4.1 shows how the model tries to nd the most desired group solution, going from preferences and
constraints to a solution space. And within the solution space, nding the most desired solution based on
the preferences. To make the working of the model comprehensible, it is explained by the means of a market
example where one has to choose between apples and oranges. A more elaborate explanation is given in ap-
pendix G.4.

One person has a preference over the number of oranges and apples, which can be translated to the curves
shown on the left, in g. 4.1. He prefers seven oranges, as his preference is increasing to the highest number of
oranges possible (100 preference), and he does not prefer zero oranges, as this results in a preference of zero.
He has an ideal number of apples (two), and after two it slowly decreases again to a preference of zero at ten
apples.

In the example two constraints are added, a budget and a weight one can carry in the bag. This results in a
solution space, shown in the middle of g. 4.1.

To nd the most preferred solution in the solution space, in this example, the preferences of one person
are put in a raster to be able to search for the square with the highest score. It optimizes on overall preference
with the use of the Preferendus?® (Zhilyaev et al. (2022)) in combination with Tetra SDM version 3.5.2., which
results in the most preferred solution.

The example in g. 4.1 only considers the preferences of one person, over two objectives, as it can be dis-
played in a 2D gure. When more preferences are considered, it would result in a multidimensional gure,
this is the case for the model, but it cannot be visualized on paper.

1To enable convergence of the optimization algorithm (Genetic Algorithm) results within Matlab two extreme alternatives were added
to each scale (0 and 100) which, compared to the current enhanced approach, is suboptimal. The enhanced approach is to make changes
to the GA solver itself to enable proper convergence. However, this requires a change of programming language and conversion of all
decision models to Python. At the time of executing the graduation project it was no longer feasible to make this change. Most important,
when verifying the results obtained by the Matlab approach to the state-of-the-art Python approach with a modi ed GA algorithm, it was
concluded that although the result di er, they can be considered an approximation.



Figure 4.1: Visualization of the PDOA

4.2 Input elements

For the model behind the PDOA seven input elements are needed to be able to generate a design, these elements
are listed below. Some of these elements are created and gathered by the System Engineers, other elements are
input of the stakeholders themselves.

Design variables : Independent variable in the model that makes up the nal design. The variables change
during the optimization process to nd the most desired design. With the data and relations, the design vari-
ables are connected to the objectives and constraints.

Constraints : The constraints enable the model to identify and exclude unacceptable designs and are de ned
by agreements made between the parties, legislation & policy or physical limitations.

Objectives : Objectives are based on the goals of the stakeholders within the project, are measurable and have
a unit.

Preferences. Stakeholders express a preference between zero (not preferred) and hundred (preferred) over
values of each of their objectives. These preferences are based on the wishes and perspectives of the stake-
holders. The preferences are the main element of the model, the design will be based on the preferences, by
calculating the overall preference.

Weights : Stakeholders assign a weight to each of their objectives, to indicate which objective is (more) impor-
tant. Those weights will be used in the nal calculation to come to a design.

Relations : Are the elements in the model that connect the other input elements and are created by the System
Engineer.

Data: Is based on information, about properties of certain elements, such as the selling prices for housing
types, or the parking norm for an area. This information is gathered by the System Engineer. The data makes
it possible to create design variables, relations and objectives.

A further explanation on the input elements will be given in appendix F.2 and G.2, where there is touched
upon the model development for both application cases.



5 Test-case BDP

Bloemendalerpolder (BDP) is an urban development project that took place 15 years ago. The project was in a
stalemate position where a trade-o between result, greenery and housing had to be made. Planmaat created a
LP model which was only optimized on one aspect: result. However, optimizing on one aspect does not show
cooperation between parties and will not ful Il everyone's needs. In addition, the LP model of Planmaat did
not come to a solution without having a major result de cit even though it was optimized on result. This shows
that the problem was mostly related to the de ned constraints.

Therefore, it can be investigated if there is added value when preferences would be involved in the model
and cooperation between parties is established, such that a solution can be found that does satisfy the group
of stakeholders. Besides, in this test-case it is investigated whether stakeholders are able to give preferences
(input) for the approach.

For the application to the PDOA, the case is re-enacted with three stakeholders: the municipality, develop-
ers and a green party. The roles of the stakeholders were ful lled by employees from Planmaat. From their
work within Planmaat, they understand (mostly) the working of LP, however working with a nonlinear pref-
erence model is new to them. The model development for application of the PDOA to BDP can be found in
appendix F.2.

During the application to BDP, three stakeholder sessions took place. Starting with a workshop (with all
stakeholders) after which an individual session followed to gather the preferences of the stakeholders. It ended
with a nal workshop to discuss the results and re ect on the approach.

5.1 Goal A: added value

In table 5.1 the outcome of the LP method and the PDOA is shown. It can be concluded that the design that
does not consider preferences (the LP solution) is di erent from the design where preferences are considered.
It shows a delta in overall preference, in which the preference score is higher in the design considering prefer-
ences. This means that this design is more compliant (more responsive to the needs of the stakeholders).
The PDOA is always able to nd a feasible solution. Besides that, it can be concluded that the PDOA looks for
a most desired group solution (most tted for purpose), compared to LP which is only able to nd a feasible
solution ('t for purpose) when optimizing on one aspect rather than preference. From these ndings, it can
be concluded that the PDOA has added value.



Table 5.1: PoR LP and PDOA optimized on preference

PoR Unit Optimization

LP model Preference
Preference - 48 74
Result Million ¢ -11 35
Total area ha 435 435
Costs Million ¢ 206 268
Revenues Million ¢ 196 303
Total amount of green ha 336 292
Gemeenschapspolder ha 196 198
Plas ha 104 73
Sport/Zorglandgoed ha 20 4
Stadspark Weesp ha 15 18
Total area housing ha 99 143
Total number of houses Houses 1859 3000
Vechtstad Houses 257 900
Weesp Houses 565 650
Tuinbuurt Houses 641 1000
Lint nat Houses 310 350
Landgoed Houses 86 100

5.2 Goal B: usability

The PDOA can also be considered as usable for the stakeholders, since the BDP case shows that stakeholders
are able to give input based on their needs and wishes. All the preference curves of the stakeholders, with
the plotted design outcome, can be found in appendix H.5. However, stakeholders still nd it di cult to give

input without seeing a possible design rst. This shows they nd it hard to step away from the regular design
process, determining what they really want after seeing a design rst. The fact that the model should be an
iterative process can help overcome this problem, as stakeholders are able to adjust their preference curves
between each iteration such that they fully re ect their wishes.

Besides that, stakeholders are willing to be transparent during the process, when it comes to expressing
goals, needs & wishes, and preferences. Being transparent undermines the possibility for strategic play and
holding the cards behind the table in such a process. It is advised to gather the preferences in individual
sessions rather than in a group session, as a preference is something personal of the individual stakeholder.
This avoids transparency issues and strategic in uence of stakeholders on each other's preferences.

5.3 Improvements

The personal preference scores of zero harmed the stakeholders in the belief of the Preferendus method, three
examples are shown in g. 5.1. The Preferendus method tries to search for a group solution, where it could be
that one stakeholder has to do more compromises than another.

The observation of zero preferences raises the question if the stakeholders are willing to accept the outcome
that is generated with a method that does not consider the amount of compromises each stakeholder makes.
Therefore, another method has been introduced to take into account in the second application. This new
method is called goal attainment and is looking for a group solution where the amount of compromises that
each stakeholder makes are considered. It tries to balance the compromises of the stakeholders by looking
for a solution where every stakeholder is making about the same amount of compromises. A more detailed
explanation on the goal attainment method is given in appendix E. It is interesting to investigate in the second
application what method the stakeholders support the most, the Preferendus method or the goal attainment
method, which is also suggested by Zhilyaev et al. (2022). This can have its in uence on the total acceptance
for the PDOA.



(a) Pen preference curve total greenery (b) Pen preference curve total houses

(c) Pen preference curve Sport- en Zorglandgoed

Figure 5.1: Examples of zero preference scores



6 Real-life case Waelpolder

In Waelpolder subarea 5 a trade-o should be made between nances, area usage and quality. Three stake-
holders were involved in the decision-making process, a nancial director of the Ontwikkelingsmaatschappij
(Development Company) “Het Nieuwe Westland' (ONW), an urban planner and a representative of the mu-
nicipality of Westland (referred to as the municipality). These stakeholders all have di erent goals in the
project related to the trade-o that should be made.

During the application of the PDOA to Waelpolder, it was investigated, with the help of decision criteria,
which method was preferred to come to a solution (goal attainment or Preferendus). Secondly, the focus was
on the acceptance of the PDOA by the stakeholders and if they establish a bene t using the approach in a phase
of a project. The outcome of both goals will be discussed in chapter 7 and 8.

The application to Waelpolder consisted of two stakeholder sessions per stakeholder, to go from goals of
the stakeholders to measurable criteria to preference curves. Besides the two stakeholder sessions, a nal work-
shop with all stakeholders took place.

The rst stakeholder session focused on gathering the goals of the stakeholders, with the use of a speaking
sheet. The speaking sheet, shown in g. 6.2, elaborated on the four main problems in subarea 5.

The goals of the stakeholders were translated to objectives, in between the sessions by the System Engineers.
The second stakeholder session started with a small summary where the stakeholders could re ect on their
goals and their objectives. With the use the PAS webtool created by Arkesteijn (2019), preferences over the
objectives were gathered.

Besides the preferences, weights for the objectives, to let stakeholders express the importance of the di erent
objectives, were gathered using the same PAS tool. More information on the usage of the PAS tool is given in
appendix D.2.

An example of a goal, translated into measurable criteria over which preferences were expressed is shown
in g. 6.1, and the relating preference curves in g. 6.3. In the example, the stakeholder aims for diversity in
housing types. Diving into this goal shows that he wants an attractive area by building diverse housing types.
The diversity is translated into measurable criteria, several housing types that can be expressed in number of
houses. The stakeholders' preference curves show that he aims for the maximum of expensive houses. Since it
is already known that there will be social and a ordable houses in the area, the stakeholder wants to have the
minimum number of these types to preserve diversity in the area.

Figure 6.1: Example of a goal translated into a criteria using PAS

During the workshop, the output of the PDOA and the working of the approach was discussed with all the
stakeholders, as elaborated in appendix G.4. Besides that, the workshop gave the stakeholders a possibility to
re ect on the entire process.

The model development for application of the PDOA to Waelpolder can be found in appendix G.2.
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Figure 6.2: Speaking sheet Waelpolder, as showed to the stakeholders
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(a) Preference curve a ordable houses (b) Preference curve expensive houses

(c) Preference curve total social housing

Figure 6.3: Examples preference curves
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7 Goal A: Preferendus vs. goal attainment

The rst goal of the application to Waelpolder was to investigate which method, Preferendus or goal attain-
ment, is suited to use to support a decision-making process. The di erences between the Preferendus and goal
attainment will rst be explained, after which the decision criteria will evaluate which method is preferred

to use. Following from this is an analysis on these criteria and a conclusion regarding the rst goal in this
application.

7.1 Dierences in method

The Preferendus and the goal attainment method di er in the amount of compromises each stakeholder makes
on the group design. Using the Preferendus method, where the overall preference score is maximized to nd
the most desired group solution, the amount of compromises per stakeholder on the solution can be far apart.
The goal attainment method is minimizing the total distance to each stakeholders' goal over di erent objec-
tives, where the compromises of each stakeholder on the group solution is more equal.

The di erence between the methods is shown in g. 7.1, where the design outcomes per method are plotted
per stakeholder in comparison to his personal best outcome. The distance to the personal goals is almost
equal for the goal attainment group design. This is di erent for the Preferendus group design, where the

distances between each stakeholders' personal goal vary and the stakeholders do not make the same amount
of compromises related to the design.

Figure 7.1: Di erence Preferendus and goal attainment

7.2 Decision criteria

To get an answer which method is most suitable for the purpose of nding the group solution, several criteria
are determined on which a conclusion can be drawn.
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The type of design refers to what kind of design the stakeholders are looking for, a design where one stake-
holder makes more compromises than another or a design where this is approximately equal. This question
could be answered by the stakeholder and was asked before the outcome was shown to them, so the answer
would only be based on the storyline of the working of both methods and not on a design outcome.

Outcome

The stakeholders chose the Preferendus method unanimously, to come to a design. They think it is realistic
to that one stakeholder should make more compromises than the other. They are looking for a unique design
which is in their opinion more likely to be obtained with the Preferendus method, rather than a moderate
design with goal attainment.

The actual amount of compromises that every stakeholder makes in the design was analyzed to verify (before
the workshop started) if the assumptions about the amount of compromises in both methods are correct. Both
designs were analyzed by looking at the overall outcome rst, comparing the designs, overall preferences and
distances. Next to that, the overall distance to the personal goal of each stakeholder was analyzed and the de-
signs of both methods were plotted on interesting preference curves. These ndings also indicate an expected
design choice for each stakeholder, based on the design.

Outcome

The following designs are generated, as shown in table 7.1, with the Preferendus and the goal attainment
method.

Table 7.1: PoR for Preferendus and goal attainment

. Optimization Optimization .
Unit with Preferendus with goal attain-
ment

Preference - 73.6393 72.3

Distance to goal - 37.9741 27.9082
Finances Revenues Million ¢, 11.7971 12.5167
Green Greenery per house m?2 / house 50 49.0253

Deviation parking norm - 0.8 0.8
Parking Houses with built-in parking % 8.2949 13.0188

Parking spaces with a roof m2 2500 2375

Total number of houses Houses 217 217

A ordable housing Houses 43 34

Total social housing Houses 144 144
Category houses Soc?al rental ) Houses 112 104

Social owner-occupied Houses 32 40

Expensive housing Houses 30 39

Single-family housing Houses 54 11

Multi-family housing Houses 163 206
Quiet neighborhood Quiet neighborhood - 0.2 0.2
Healthcare center Healthcare center Units 62 62

EG soc kp <¢194.000 Houses 21 -

EG sociale huur Houses - -

EG bereikb kp < ¢231.500 Houses 1 -

EG betaalb kp <¢310.000 Houses 4 -

EG rijwoning ¢375.000 Houses 9 -

EG 2/1kap ¢542.500 Houses 3 -

EG vrijstaand klein ¢585.900 Houses 7 11

EG vrijstaand groot ¢672.300 Houses - -
Housing di erentiation EG verandawoning ¢328.000 Houses - -

EG drive-in ¢355.000+:,25.000 Houses 9 -

MG sociale huur Houses 112 104

MG sociale kp < ¢194.000 Houses 4 40

MG kp ¢291.000 Houses 29 34

MG duur geb P Houses 2 28

MG sociale kp < ¢194.000 geb P Houses 7 -

MG kp betaalbaar, geb P onder dek Houses 9 -

MG kp ¢290.000+:20.000 alles geb P Houses - -
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Overall outcome
The outcome shows that the goal attainment design is more connected to revenues, as it shows a higher revenue
and a design with the more pro table housing types. This can be justi ed since the goal attainment calculates
the distances considering the weight distribution and the nancial director gave such a high weight to this ob-
jective (revenues). As the amount of compromises among the stakeholders should be around equal with goal
attainment, the revenues are heavily considered in the design. In addition, there is a signi cant di erence in
distribution of the housing types, where the goal attainment design shows a more moderate distribution than
the Preferendus design.

Calculating the related overall preference for the goal attainment design shows that the overall preferences
lay close to each other in the Preferendus and goal attainment design (respectively 73,6 to 72,3). This small
di erence can be related to the fact that the solution space is small in the Waelpolder case, so di erences be-
tween the methods are less visible. However, the Preferendus design shows the highest preference score (as
expected).

The distance to the goal for both designs is not relevant to compare with each other since the distance shows a
maximum distance for one stakeholder to one objective and is not an overall distance.

Personal outcomes
Figure 7.2 shows that the distances of the stakeholders are closer to each other for the goal attainment design
than for the Preferendus design. So, the amount of compromises each stakeholder makes is around equal in
the goal attainment design and less equal in the Preferendus design. Hereby, the expectations are veri ed. The
nancial director makes the most compromises in the Preferendus design so he would bene t most from when
choosing the goal attainment design.

Figure 7.2: Di erence Preferendus and goal attainment for Waelpolder

The interesting outcomes per stakeholder are discussed in the next sections. An elaboration on the out-
comes and the plotted designs on all preference curves can be found in appendix 1.4.

Financial director
As stated eatrlier, the nancial director scores better on the design obtained with goal attainment method. The
distance from his personal goal, considering all his objectives and weights, is smaller in the goal attainment
design (28) than in the design with the Preferendus (38). This outcome is expected since the revenues are
highly important for the nancial director (he assigned a weight of 90% to this objective) and the goal attain-
ment design generates the highest revenue.

Plotting both designs on the most interesting preference curves for the nancial director (where there is a
large di erence in outcome between both methods) shows indeed that he has higher preferences on objectives
with the goal attainment design.

IFigure 7.2 is not on scale, the length of the arrows is an approximation and are only to give an idea of distances.
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The nancial director scores a preference of 76.3 on the revenue objective in the goal attainment design in
comparison to 67 in the Preferendus design, as shown in g. 7.3a.

The outcomes for a ordable houses and expensive houses go hand in hand, those are almost the direct
opposite in both designs. The nancial director scores signi cantly better for both types of housing with the
goal attainment design, as can be seenin g.7.3band g. 7.3c.

(a) Revenues, nancial director (b) A ordable houses, nancial director

(c) Expensive houses, nancial director

Figure 7.3: Interesting preference curves for the nancial director ONW

Urban planner
For the urban planner, the distance from his personal goal is smaller in the Preferendus design (25) than in the
design with goal attainment (28). Based on this, it would be likely that the urban planner chooses the design
created with the Preferendus method. However, the designs are close to each other, which can also be seen in
the scoring of both designs on several objectives, that can be found in appendix 1.4.

The Preferendus design shows a better mixture between single-family and multi-family houses, which is
an important objective for the urban planner, than the goal attainment design. This is shown in g. 7.4a and
g. 7.4b where the total number of single-family and multi-family houses have a signi cant higher preference
score with the Preferendus design.

The outcomes for a ordable houses and expensive houses go hand in hand, those are the opposite between
the two designs, made with the Preferendus and the goal attainment. For the goal attainment method, the ur-
ban planner scores way better on expensive houses (shown in g. 7.4d) than on a ordable houses ( g. 7.4c).
For the Preferendus method the exact opposite holds, a high preference score for a ordable houses and a low
score for expensive houses. Leading to a large di erence between the two designs related to this objective.
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(a) Single-family houses, urban planner (b) Multi-family houses, urban planner

(c) A ordable houses, urban planner (d) Expensive houses, urban planner

Figure 7.4: Interesting preference curves for the urban planner

Municipality
Taking into account all the objectives from the municipality, the Preferendus creates a smaller distance to her
personal goal than the goal attainment design. The distance from her personal goal is 13 in the Preferendus
design compared to 18 in the goal attainment design. Based on this, it would be likely that the municipality
chooses the design created with the Preferendus. This choice is substantiated by looking at several preference
curves of the municipality.

For example, the Preferendus design has a better mixture between single-family and multi-family houses
than the goal attainment design. This is shown in g. 7.5b where the total number of multi-family houses has
a higher preference.

(a) Single-family houses, municipality (b) Multi-family houses, municipality

Figure 7.5: Interesting preference curves for the municipality

Conclusive, it can be stated that in the designs for Waelpolder subarea 5 the total amount of compromises
per stakeholder in the goal attainment method is more equal among the stakeholders than in the Preferendus
method, as expected. In addition, the expected choice for a method di ers per stakeholder.
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Next to the rstand second criterion, the actual design choice by the stakeholders is a criterion as well. Would
the stakeholders still make the same choice for a design, as argued in criterion one and two, if they did not
know which design was generated with which method? This question was asked to each stakeholder individ-
ually when showing both designs next to each other without indicating which design is generated with which
method.

Outcome

The stakeholders chose the design that suited them most, regardless from the method that is used. The pre-
ferred design was the design which was most compliant to the personal wishes. This is for the municipality
and the urban planner the design generated with the Preferendus and for the nancial director the design gen-
erated with the goal attainment method, so never leads to an unanimously answer related to a method.
Conclusive, the stakeholders will always choose a design that suits him best, even though it may hurt other
stakeholders. With respect to the third criterion, no conclusions can be drawn regarding a preferred method.

It can be idealistic to assume equal weights between stakeholders. Because, in practice, a power game between
the stakeholders can occur. Overcon dence where one thinks his contribution is more important than it is

is one of the most signi cant decision-making biases according to Kahneman (2013). Therefore, both methods
and the sensibility for a power game are tested.

Three cases were analyzed, in which each stakeholder gets signi cantly more weight than the others (re-
spectively 80%, 10%, 10%). The new designs for the Preferendus as well as for the goal attainment can be
compared to the design in which the stakeholders are assumed to be equal. By looking at the amount and the
scale of di erences in the design values, conclusions were drawn which method is most sensitive for a power
game. These conclusions gave insights in which method to use in a negotiation process. The criterion can be
seen as a veri cation step for both methods.

Outcome

Table 7.2 and table 7.3 show, for both methods, a comparison between the regular design and the designs with
a di erent weight distribution between the stakeholders. Some numbers that di er signi cantly with the reg-
ular design are colored red to be able to compare the designs easily.

Preferendus
Comparing the designs shows that all designs di er a lot with the regular design created with the Preferendus.
Especially the designs where the municipality and the urban planner have more weight di er from the regu-
lar design, there is alarger di erentiation in housing types when those two stakeholders are given more weight.

All three designs generate a higher overall preference and show a design in line with expectations, looking
at the weights of the stakeholders' goals and objectives. The design focusing on the nancial director shows
higher revenues. The design of the municipality shows a high green norm and a housing distribution accord-
ing to her wishes (low total number of houses and high number of social houses). The urban planner's design
shows a high green norm, and the parking related subjects (deviation in parking norm and houses with built-
in parking spaces) have values as expected.

The di erences in the designs show that the Preferendus is sensitive for changes in weight distribution

between the stakeholders. It shows di erences related to all subjects in the PoR, which indicates extreme out-
comes.
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Table 7.2: Sensitivity to powergame Preferendus

Unit Preferendus Prefgrendus Fi- Preferendus Mu- Preferendus  Ur-
nancial 80% nicipality 80% ban planner 80%

Optimization value - 73.6393 82.2108 80.4368 77.1306
Finances Revenues Million ¢ 11.80 14.35 8.40 6.76
Green Greenery per house m2 / house 50 5.01 49.98 50

Deviation parking norm E 0.8 0.85 0.8 0.81
Parking Houses with built-in parking % 8.29 6.91 22.43 50.23

Parking spaces with a roof m2 2500 0 400 75

Total number of houses Houses 217 217 214 217

A ordable housing Houses 43 44 45 38

Total social housing Houses 144 144 169 179
Category houses Social rental Houses 112 122 130 104

Social owner-occupied Houses 32 22 39 75

Expensive housing Houses 30 29 - -

Single-family housing Houses 54 52 82 106

Multi-family housing Houses 163 165 132 111
Quiet neighborhood Quiet neighborhood - 0.2 0.0 0.2 0.5
Healthcare center Healthcare center Units 62 93 62

EG soc kp <¢194.000 Houses 21 3 24 -

EG sociale huur Houses - 16 57 103

EG bereikb kp < ¢231.500 Houses 1 - - -

EG betaalb kp <¢310.000 Houses 4 - 1 2

EG rijwoning ¢375.000 Houses 9 - -

EG 2/1kap ¢542.500 Houses 3 6

EG vrijstaand klein ¢585.900 Houses 7 16

EG vrijstaand groot ¢672.300 Houses - 7
Housing di erentiation EG verandawoning ¢328.000 Houses - 4 - 1

EG drive-in ¢355.000+:25.000 Houses 9 - - -

MG sociale huur Houses 112 106 73 1

MG sociale kp < ¢194.000 Houses 4 16 11 -

MG kp ¢291.000 Houses 29 28 - 1

MG duur geb P Houses 2 -

MG sociale kp < ¢194.000 geb P Houses 7 3 4 75

MG kp betaalbaar, geb P onder dek Houses 9 11 23 11

MG kp ¢290.0004,20.000 alles geb P Houses - 1 21 23

Goal attainment

For the goal attainment design, the design mostly changes when the municipality gets more weight, es-
pecially in the category of houses that are generated. The design is least sensitive to a heavy weight for the
nancial director. This is as expected since the nancial director has a high weight on his objective for revenue
(90%) which means the regular goal attainment design already takes this into account strongly.

All three designs generate a smaller distance and show a design in line with expectations, looking at the
weights of their goals and objectives. The design focusing on the nancial director shows higher revenues. The
design of the municipality shows a high green norm and a housing distribution according to the wishes (low
number of expensive houses and a high number of social houses). The urban planner's design also shows a
high green norm, and the parking related subjects (deviation in parking norm and houses with built-in parking
spaces) have values as expected.

Besides the changes in goals when a stakeholder gets more weight, the designs also show a shift in hous-
ing types. The designs show that when the urban planner gets more weight, there is more di erentiation in
housing types compared to when the other stakeholders get more weight. The housing di erentiation where
the nancial director gets more weight comes closest to the housing di erentiation in the regular design with
goal attainment. This can again be explained by the fact that the regular design considers the nancial director
strongly.

Overall, there are more di erences between the designs and the regular design generated with the Prefer-
endus than with the designs and the regular design generated with goal attainment. The Preferendus shows
more extreme outcomes rather than the goal attainment method showing moderate outcomes. For a model
supporting negoatiations, the Preferendus method is assumed to be a better t since it can show extreme out-
comes and consequences of changes in values and requirements. The impact of changing values becomes more
apparent when using the Preferendus rather than using goal attainment with moderate outcomes. Therefore,
the Preferendus is better able to support negotiations and discussions than the goal attainment where changes
in the requirements return moderate outcomes.
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Table 7.3: Sensitivity to powergame goal attainment

. . Goal attainment Goal attainment
Goal attainment Goal attainment
Unit equal weights Financial 80% P‘revfergnce Mu- Preference Urban
nicipality 80% planner 80%

Optimization value - 27.9082 5.0787 5.4901 9.6478
Finances Revenues Million ¢ 12.52 14.36 11.07 8.15
Green Greenery per house m2 / house 49.03 5 50 49.99

Deviation parking norm - 0.8 0.8 0.8 0.8
Parking Houses with built-in parking % 12.9 226 0 46.5

Parking spaces with a roof m2 2375 0 2637.5 725

Total number of houses Houses 217 217 217 217

A ordable housing Houses 34 34 66 34

Total social housing Houses 144 144 150 144
Category houses Soc!al rental . Houses 104 104 144 104

Social owner-occupied Houses 40 40 6 40

Expensive housing Houses 39 39 1 39

Single-family housing Houses 11 32 38 79

Multi-family housing Houses 206 185 179 138
Quiet neighborhood Quiet neighborhood - 0.2 0.2 0.0 0.5
Healthcare center Healthcare center Units 62 62 93

EG soc kp <¢194.000 Houses - - 1 2

EG sociale huur Houses - - 12 67

EG bereikb kp < ¢231.500 Houses - - - 1

EG betaalb kp <¢310.000 Houses - - 24 -

EG rijwoning ¢375.000 Houses - - - 1

EG 2/1kap ¢542.500 Houses - - - -

EG vrijstaand klein ¢585.900 Houses 11 32 1

EG vrijstaand groot ¢672.300 Houses - -
Housing di erentiation EG verandawoning ¢328.000 Houses - - - 3

EG drive-in ¢355.000+;25.000 Houses - - - 5

MG sociale huur Houses 104 104 132 37

MG sociale kp < ¢194.000 Houses 40 - 5 -

MG kp ¢291.000 Houses 34 32 42 -

MG duur geb P Houses 28 7 - 33

MG sociale kp < ¢194.000 geb P Houses - 40 - 38

MG kp betaalbaar, geb P onder dek Houses - 2 - 3

MG kp ¢290.000+;20.000 alles geb P Houses - - - 27

7.3 Conclusions regarding goal A

Based on the results of the decision criteria it can be stated that the Preferendus is best t for purpose as
supporting negotiations tool. Stakeholders think it is realistic that one party should do more compromises
than another party within a project. In addition, the Preferendus returns more extreme designs and can show
the impact of adjustments in requirements better in comparison to the more moderate designs generated with
goal attainment.
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8 Goal B: Acceptance of PDOA

The second goal for Waelpolder was to test the acceptance of the PDOA. Investigating the acceptance is linked to
the entire process of the PDOA, starting with the input and ending with a PoR. The approach is accepted if the
stakeholders establish added value to use the approach and are able to give input related to their preferences.
Acceptation is not linked to the acceptance of the outcome of the model, which the stakeholders could not
answer in this case. Since, in this project, the stakeholders are the not the ones that create such a detailed
design. They are the ones that de ne the outlines for a tender. Within the boundaries of the tender, they want

to see what a company will create as a detailed design. Therefore, the stakeholders are not in a position that
they would or would not accept the PoR of the model. So, the outcome of the model is only used to give them
answers on the considerations that the stakeholders had to make for this project, taking into account everyone's
preferences.

8.1 Input

During the application to Waelpolder, the stakeholders were able to give input for the model. But there are
three struggles for the stakeholders regarding the construction of the preference curves. They all relate to
the fact that the impact of their preferences curves is unknown as the input is gathered before the outcome is
shown.

It occurred, when creating a preference curve, other criteria than purely the single criterion itself were kept in
mind by the stakeholders. The preference curve over the criterion then becomes a so-called “proxy' curve: a
curve where the stakeholder shapes the curve in such a way that it will be bene cial for another objective. For
example, the municipality used the green standard as the basis for the de nition of her preference curve for
the total number of houses, this curve is shown in g. 8.1. She wants the minimum number of houses, so it
will leave enough space for greenery. However, greenery is already another objective for this stakeholder. It
is di cult for the stakeholders to look purely at one criterion without thinking how this objective can help in
reaching another objective.

Figure 8.1: Example proxy curve
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The fact that stakeholders nd it hard to only focus on one objective alone is the reason for some parabolic
preference curves. This does not mean that every parabolic curve is based on more than one objective, like the
curves for single-family and multi-family houses of the urban planner, the urban planner just wants to have a
mixture between the two, as can be seenin g. 8.2aand g. 8.2b.

The municipality's preference curve for revenues ( g. 8.2¢) has a parabolic shape. One could argue that it
is odd that a stakeholder would not be happy with more revenues if the focus would be solely on the nancial
aspect. However, the municipality already thinks one step ahead and knows that the high revenues can only be
reached when expensive houses are built. She lets the curve raise up to 10 million since that is the point from
where she will be satis ed (one objective). She lets the curve drop after 10 million revenues because she does
not want expensive houses in the area (another objective). In this way, a parabolic curve appears. It seems
di cult for the stakeholders to only think about one objective, and not let two or more objectives de ne one
curve.

(a) Single-family houses, urban planner (b) Multi-family houses, urban planner

(c) Revenues, municipality

Figure 8.2: Examples of parabolic curves

It was observed by the System Engineer that the stakeholders nd it a technical challenge to determine their
preference curve because they do not know what the impact will be on the outcome. They nd it di cult that
they do not know what the outcome would look like. The issue that the stakeholders do not have a clue what
the impact on the outcome will be, has an impact on the determination of the intermediate preference point
on the curve. Stakeholders nd it di cult to determine an intermediate point that de nes the shape of their
curve. The impact of their curve is not known yet, so they are "guessing' on the intermediate point. Statements
as"Just set the number of houses around 100 houaestommon, as shown in g. 8.3. Here, the System Engineer
plays an important role, helping the stakeholder to identify the intermediate point because a stakeholder nds
it di cult to identify this by himself. The System Engineer translates the statements about an objective of a
stakeholder into a certain shaped preference curve, after which the stakeholder con rms if this shape re ects
what he is thinking.
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The fact that the System Engineer takes on a helping role could mix up the roles between a stakeholder
and a System Engineer. It can let the stakeholders give the feeling as if the System Engineers generates an
outcome. This is in contrast with the approach, where the model outputs the best design based on the input
of the stakeholders.

(a) Single-family houses, municipality (b) Multi-family houses, municipality

Figure 8.3: Examples of curves with guessed intermediate point(s)

8.2 System 2 thinking

The PDOA is able to show the stakeholders what happens when intuition is left behind and the design would
be based on the rational thinking and preferences of the stakeholders. The PDOA enables this, two-folded shift
between intuition and rationality.

On the one hand, stakeholders often do not know exactly what they want speci cally, but they have an
idealistic thought which relates to one aspect only. For example, the urban planner wants to have as much
quality in the area as possible. Quick thinking would say the urban planner only focuses on quality. However,
what does quality mean exactly? By thinking through and let the urban planner express what he wants in
multiple preferences, System 2 will be activated. The PDOA ensures that System 2 can be activated in an easy
way, which will help in the negotiations in the design phase in urban development projects.

On the other hand, the tool tackles decision-making based on intuition (System 1 thinking). If stakeholders
think fast (System 1), they could immediately draw the conclusion that something is not possible. For exam-
ple, intuition was leading to a discussion about the minimal green norm and seemed to be a big issue during
the negotiations within Waelpolder. The intuition of the stakeholders let the discussions go about this minimal
value. However, the con dence to trust those intuitions, even when that intuition is wrong, is a problem ac-
cording to Kahneman (2013). The model showed that the amount of greenery was not a problem at all, since
almost every design showed that the minimal green norm was easily met. So, the model showed there was
more possible than thought of beforehand and the intuition related to this aspect was not accurate.

One of the strategies that Kahneman (2013) suggests for better decision-making is to not trust people, but
trust algorithms. Algorithms tend to be signi cantly more accurate than human beings, as it takes away intu-
ition, acting out of emotion and fast thinking, and should be used when possible. The PDOA is an example of
a model that takes on that approach, including algorithms.

8.3 Transparency

The stakeholders in Waelpolder were willing to be transparent and open during the entire process. This trans-
parency made the stakeholders accept one of the fundamental elements in the PDOA. The transparency avoids
strategic play during negotiations, as stakeholders should be clear and open about their goals and preferences
in the project. This made the approach usable as preferences were gathered without any problems.

With the change in thinking (from System 1 to System 2) and accepting to be transparent when giving

preferences over their objectives, stakeholders are able to give input for the approach. However, the problems
described in section 8.1 could occur. Two suggested ways to cope with these problems that the stakeholders
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experienced while giving input for the approach, are that it should be used as an iterative tool and (start) in
an early phase of a project.

8.4 lIterative and early phase usage

For the stakeholders within Waelpolder, the PDOA has added value if it is used at the beginning of the process
where a group of stakeholders comes together and wants to develop an area. Urban design processes are it-
erative, so the model should be iterative as well. It should be used continuously throughout the process, with
additions and adjustments in requirement and constraints. The urban planner stated during the workshop: I
nd the method interesting to use at the beginning of a project, with the agreement to repeat and update the process and
model from time to time Since the input is concrete, as System 2 of Kahneman is stimulated when stakeholders
are giving input, the output is concrete as well. The concrete outcome (PoR) makes it easier for the stakehold-
ers to de ne their expectations on certain aspects within the project.

The urban planner mentioned that normally, a design process can be " oaty' and unclear as a masterplan
for an area will be elaborated which contains vague terms as “develop in line with the market' ( marktconform
uitwerker). There may be several interpretations on these vague terms. As the outcome of the PDOA is con-
crete, stakeholders are able to see whether their expectations are taken into account in the design.

Stakeholders accept the approach when it is iterative. The construction of preference curves before seeing
a design is experienced as di cult. The stakeholders are still slightly attached to the regular process of de-
signing, in which a design will be assessed after it is being created and stakeholders will start to think what
they wish for from that moment on. This makes it even more important for the process to be iterative so the
preference curves can be changed after seeing the outcome of the rstiteration. Stakeholders see the approach
as an iterative process where it is important to still adjust preference curves later on in the process such that
they fully re ect the stakeholders' wishes.

In addition, an iterative process makes sure that the model can be updated and consider external changes
(for example rising housing prices), leading to a design that is aligned to the current conditions.

8.5 Insights into consequences

The stakeholders appreciate that the model can give insights into the consequences of certain choices con-
sidering requirements, in an e ortless and quick manner. The model gives insights in the possibilities when
the xed, hard standards in the cooperation agreement would be loosened. These insights let the stakeholder
doubt about some of the values of the standards that are set in the agreement because the stakeholders saw
that more is possible than thought of beforehand. Examples of the values that the stakeholders have doubts
about are the parking norm and the maximum number of houses, that are set in the cooperation agreement
and zoning plan. The model showed that a lower parking norm could lead to more greenery, this opened the
discussion among the stakeholders, how to lower the parking norm. That discussion leaded to some creative
solutions, like sharing cars. Increasing the number of houses would be interesting but cannot be done in this
phase of the project, due current zoning plans.

Another example where the model showed that it can give insights easily is the healthcare center. Stake-
holders had long negotiations with each other, about the e ects of a healthcare center, before the stakeholders
agreed on building one. In contrast with the PDOA, which showed a design related to this consideration in an
easy and quick manner.

Being able to play with the model (with other words: play with the constraints in the model) is therefore
seen as important added value for the stakeholders. The nancial director stated during workshop: The pos-
sibilities to turn the knobs and the (added) information value of seeing the consequences of those changes, makes it a good
tool to come to a decision together
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9 Key positive elements of the PDOA

The key positive aspects that substantiate the conclusions are listed below.

The stakeholders are positive about the ability to play with the constraints within the model. This ability
gives the stakeholders insights into the consequences of adjustments in needs and constraints, in an ef-
fortless and quick manner, so that long negotiations about the considerations and thereafter tting those
adjustments into a design are no longer needed. This ability to play with the model, and rapidly gener-
ating a design related to those changes, is one of the elements that adds value to the use of the PDOA for
stakeholders.

The representative of the municipality Westland wants to use the PDOA within her organization to show
what possibilities arise when certain norms are adjusted. She wants to use it as slip school model to be
able to see how far the di erent departments within the municipality can go with adjusting the norms.
The tool can be able to shift the static way of thinking within governmental organizations to an open and
deliberate way of thinking, where they think in opportunities rather than impossibilities. The idea behind
using the PDOA within governmental organizations is to get all di erent departments of the municipality

in line with each other.

The stakeholders of Waelpolder want to explore opportunities to use the PDOA for other subareas in
Waelpolder. Especially since negotiations in other subareas did not start yet, so the PDOA can be used
in an early stage of the project. In this early phase the stakeholders see added value for the PDOA as
requirements still need to be set since the tool enables to de ne speci ¢ expectations. Because the outcome
of the approach is concrete, it makes it easier for stakeholders to set clear expectations at the beginning of
a project. Since the tool can be used in an iterative way, it would be a good t to use it at the early phase
of a project.

The stakeholders would like to use the PoR, created with the PDOA during the tender phase, to evaluate
the received tenders. As subarea 5 of Waelpolder is currently in the tender phase. Stakeholders are
investigating the possibilities to use the PoR and/or the generated preference curves, that are supplied
by the stakeholders, to evaluate the tenders.
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10 Conclusions

The PDOA is considered to be useful as decision support system during negotiations in urban development
projects. It makes the negotiations an open glass box rather than a black box where all stakeholders got
something in reserve. The tool allows to leave intuition behind in decision-making and base choices on deep
thoughts and preferences of stakeholders in an easy manner.

With the PDOA, nding a feasible solution is guaranteed, on top of that it is able to nd the most desired
group solution. A design optimized on preference (using the PDOA) shows a higher overall preference score
than a design optimized on rather one objective with the use of LP modeling. This implies that a design opti-
mized on overall preference, considering multiple objectives, is more compliant (more responsive to the overall
needs of the stakeholders).

The Preferendus method is preferred to use in the PDOA rather than the goal attainment method. This is
mainly because the Preferendus returns more extreme designs and can better show the impact of adjustments
in requirements in comparison to the more moderate designs generated with goal attainment. So, the Prefer-
endus is better able to support negotiations and open up discussions, since the impact on the design becomes
more apparent than with goal attainment. As the Preferendus generates more extreme outcomes, this method
is a good t when the PDOA is used as a slip school model. In addition, stakeholders think it is realistic that
one party should do more compromises than another party within a project.

As established by the stakeholders of Waelpolder, a key component of the PDOA is that it provides insights
in a rapid and simple manner. The tool allows requirement modi cation thereby showing the impact of certain
requirements and presenting alternative possibilities. The possibility to make adjustments shows the iterative
value of the tool, especially when using it in an early phase of a project.

The stakeholders of Waelpolder accept the PDOA and are willing to use it in the future. Not only for future
development projects of other subareas in Waelpolder. The municipality wants to use the PDOA (as slip school
model) within governmental organizations to open up the discussions about norms and requirements that are
set.

The PDOA ensures openness & transparency which avoids strategic play among stakeholders during ne-
gotiations. Openness & transparency, which is seen as one of the pillars of the PDOA, is accepted by the stake-
holders. The stakeholders were willing to share their ideas and thoughts by giving up preference curves and
start discussions about the design in a workshop. In addition, the PDOA enables thinking in System 2 rather
than in System 1. The model of Waelpolder showed the stakeholders that more was possible than thought of
beforehand, based on their intuitions.

However, to let the stakeholders give input successfully, the approach should be iterative. An iterative
process helps the stakeholders to give input for the model as they (possibly) see the changes in designs in
the di erent rounds. Due to the di culties stakeholders experienced in constructing preference curves before
seeing a design, parabolic curves and proxy curves were created by the stakeholders, this could be avoided
when the process is more iterative. Besides that, an iterative process helps the stakeholders since they are used
to a regular design process of assessing a design after creation. Last, making the process iterative, gives the
opportunity to be able to adapt to external circumstances within the long process of an urban development
project.
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11 Recommendations

There are several recommendations for future research regarding the PDOA.

The approach used in this thesis should be applied to more urban development projects, that are larger
in size but also have more stakeholders. It should be investigated if the stakeholders are willing to use this
approach, because there is more at stake and there are more “enemies' to share knowledge with when trans-
parency is needed. By applying the PDOA to a larger project, it can be tested once again if one of the foundations
(openness & transparency) with a larger group of stakeholders is accepted.

It is recommended to apply the PDOA to a project that is in an early phase, such as subareas in Waelpolder
that still need to be developed, to test the iterative element within the PDOA. Appliance of the PDOA to a
project where the involved stakeholders did not come to a cooperation agreement yet, allows to use one of
the key components of the tool, the easy requirement modi cation. When using the tool as decision support
system in an early phase, it can be investigated how stakeholders experience the approach.

The tool should be tested during higher level negotiations in organizations where the tool can operate as
slip school model, considering the input of the municipality of Westland. The tool can provide insights which
helps in establishing standards and reaching compromises between di erent departments.

To be able to draw harder conclusions between the preferred method (goal attainment or the Preferendus),
it is recommended to test both methods again in a case where the solution space is more open. A larger solu-
tion space could cause a bigger di erence in designs between the two methods, in which the working of the
methods and the di erences in design will more visible.
Besides testing the goal attainment and Preferendus on a case where the solution space is larger, both methods
should also be tested on a project with more stakeholders (10-20). As with a few stakeholders not that many
compromises need to be made, but when there are many stakeholders more compromises should be made to
come to a group solution with both methods. It should be further investigated if the designs between the two
methods di ers, when they are applied to a project with more stakeholders.

Another recommendation is regarding the input of the preference curves and determining the boundary
values of an objective. In this thesis, the minimal and maximal value were established by the model, mini-
mizing and maximizing on each objective. However, another method can be used to establish the boundaries
for the objectives. By letting the stakeholders decide what (idealistic) the minimum and maximum should be
based on their needs. This is another approach as it is suggesting that stakeholders should set the boundaries
from an idealistic point of view, rather than let the model decide what the boundaries could be considering all
constraints (realistically).

Within the mathematical models, options are used to get the optimization solvers running. During this
thesis these options are chosen after a search for the best combination of running time and ability to nd a
“global' optimum. It could be the case that an even better global optimum could be found with another set of
options. More extensive research should be carried out to state that the (real) global optimum is found. On
the other hand, changing those options such that they will search more extensively, will probably mean that
the running time of the model (where the Preferendus is used) will exceed two hours. These two hours were
the time limit that was set during this thesis, to keep everything within a reasonable time limit.

Due to the longer running time it was not possible to run the model during the stakeholder meetings, but the
stakeholders would like to see what happens to the design as input changes. It would be interesting to inves-
tigate if the model could be changed in such way, or with more advanced hardware, to decrease the running
time of the model.

For the second application the Surrogate optimization solver was used, as the Generic Algorithm was not
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able to nd the global optimum for this optimization problem. Due to that, the Preferendus was only used after
the search for an optimum was done, as the Preferendus can only optimize in combination with the Generic
Algorithm. To be able to use the Preferendus for optimization in any case in the future, it is advised to use
the Python version of the Preferendus as it gives a better result, where the MATLAB version only gives an
approximation.
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A Literature study

The literature study will focus on several decision-making methods that can be used to select or design alterna-
tives based on a thorough analysis, which does not consider preferences. Following from that, special attention
will be paid to methods that incorporate preference modeling into decision-making. The methods all have a
connection to negotiating since this plays a role in the selection of a design for an urban development. Section
Negotiating of the literature study is discussing the most important aspects and di culties in negotiating. The
last section is elaborating on a development gap and will address opportunities for a new development.

A.1 Methods to accommodate decision-making

A way to evaluate alternatives is doing a cost-bene t analysis. During such an analysis, all criteria are de ned

on amonetary basis. A limitation to this method is that in reality one criterion can be more di cultto monetize

than other criteria. Besides that, it is depending on who performs the analysis and if the analysis is performed
by one or more parties (Pearce, 1983). Di erent people have di erent understandings for monetary value of

di erent aspects, like for the ecological value of one square meter of greenery. It starts to get di cult when the
values of di erent parties need to be combined to an overall value. In addition, the design is chosen based on
the best result (Boardman et al., 2018). This choice is only based on one aspect, money. However, more aspects
can play a role during the decision making. These other important aspects are expressed in terms of money,
but this does not mean they are expressed in a right way.

A method that is not based on monetizing all criteria is Multi Criteria Decision Analysis (MCDA). In a
MCDA, every alternative gets a score, instead of expressing all alternatives in terms of money. In this method,
as well as in the cost-bene t analysis, all alternatives need to be generated upfront, and after creating the alter-
natives they get scored. The alternative with the highest score is chosen (Stewart, 1992). When there are many
alternatives, the process of scoring the alternatives can be time consuming. Next to that, the overall score in
the MCDA is based on weights and a weighted average is calculated and compared between the alternatives.
The weights are often assigned randomly, without a proper foundation (Binnekamp, 2010). Furthermore, the
weights that are de ned are re ecting one party, however they should be re ecting the preference of a group.

The most important drawback of MCDA is that the algorithm for aggregating is not correct. Mathematical
operations (summation and multiplication) are applied where they are not de ned, this leads to an in nite
number of non-equivalent outcomes (Barzilai, 2010).

Another method that is used to look and choose for an alternative is Linear Programming (LP). LP is a
method that searches for feasible alternatives in a solution space. A solution space is a space lled with all
feasible solutions, considering the requirements that are set (constraints). LP uses optimization to look for a
feasible solution in the space by optimizing on a criterion, such as revenues. The method can only optimize
on one criterion, which means that the solution is always at the extremes of the solution space. This can lead
to a solution that does not satisfy all parties. So, LP is struggling with the multi-objectives in group decision
making. Therefore, it is not suited for group decision making. Optimizing on one criterion would mean that
there is a zero-sum game within the group, one stakeholder gets what he wants (the criterion on which is op-
timized) and all other stakeholders get “nothing'. The result is an advantage for one party, where on the other
side the result is an equivalent loss for another other party since he needs to make concessions on the result
and cannot optimize on his preferred criterion. The multi-objective problem is also addressed by Arkesteijn
(2019), who is stating that a selection of the best alternative is not dependent on only one aspect. She suggests
that all stakeholders should be involved in the process and more than one criterion should be addressed.

There is lack of cooperation in LP models, by optimizing on only one aspect and satisfying only party. This
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issue is currently solved is by doing many iterations and optimizations on di erent criteria to nd a solution
that, in the end, satis es the group (Van Loon et al., 2008). But this takes time and is rather arbitrary as trial
and error is used, to nd a feasible solution for the group, but not the most desired solution since there is a
chance of “‘missing' the most desired one.

Another malfunction of a LP method is that constraints divide the solution space into a feasible or infeasible
part (Binnekamp, 2010). Solutions that lay a little outside the solution space, the so called “gray' solutions, will
not be considered. It is, however, not stated that the decision makers would not accept such decisions. For
example, a solution that is one euro over budget will not be considered as a feasible solution with LP. How-
ever, this may be a solution that the stakeholder will accept. This feasibility problem makes it hard to look for
compromising solutions (Arkesteijn et al., 2015).

In addition, sometimes, no solution with LP modeling will be found at all since the solution space is too
small if all constraints are considered.

A.2 Preference modeling

The step from going from a or no feasible solution to a most desired solution for the group can be done by
considering preferences of the parties in the model. This way of thinking/method is investigated by, among
others, Barzilai (2010) and Binnekamp (2010). Preferences can be used to enable cooperation between parties.
This section elaborates on considering preferences. First, it is dived into what a preference means. After that,
it will be discussed how preferences are considered (a posteriori and a priori) in several methods.

In order to further discuss preferences, rst the de nition of a preference must be elaborated. Barzilai (2010)
describes preferences as a non-physical, subjective variable. “Physical properties', such as money, can be con-
verted into “non-physical properties' that are subjective, such as preferences. Someone's preferences are at-
tached to the person, not to an object. Preferences are therefore subjective per de nition (Barzilai, 2010).
Choosing things that one prefers makes a preference similar to a choice (Arkesteijn, 2019). According to Bin-
nekamp (2010), preferences come back in a design process since choices need to be made when a design is
created. He states that the choice between certain designs in a design process is dependent on preference.
Considering preferences should therefore be incorporated in a design process (Arkesteijn, 2019).

Barzilai created a methodology for the "measurement of subjective variables' such as a preference, in a
mathematically proper manner. Following Barzilai, the mathematical foundation of socio-scienti ¢ disciplines
should not lack in application of mathematical operations to subjective properties (Barzilai, 2010). He inves-
tigated decent preference scales for these variables to be able to apply mathematical operations to, like mul-
tiplication and addition, which was lacking in the other value function methods (like MCDA) (Binnekamp,
2010). Barzilai rebuilt the foundation for measuring preference by creating proper preference scales always
including zero (not preferred) and hundred (preferred) and called this methodology Preference Function
Modeling (PFM). He developed a software tool Tetra that is able to apply this new methodology.

PFMis based on adding a preference to design alternatives that are created after which the most desired design
alternative, based on the preference scores, can be selected. With the use of Tetra software, the alternatives can
be evaluated according to these preferences (Binnekamp, 2010). For this method, the alternatives need to be
created before the scoring can start (a posteriori).

Problems can arise when too many alternatives are created (Arkesteijn et al., 2015). The manual search for
an optimal solution in a combinatorial explosion of alternatives is time-consuming. When there are too many
options, it can be hard to choose the best alternative since all alternatives need to get an overall preference score
of the stakeholders.

A method to deal with the large amount of alternatives could be the “satisfying' principal of Simon (1979,
1996), this only looks at the alternatives that each individual stakeholder prefers the most. In a group decision
process, this could mean that the best alternative for the group is left out, since it is not the most preferred
one by the stakeholders individually. The satisfying principal has a problem; the chance of leaving the most
desired solution untouched.
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A better method would be investigating the preferences of the stakeholders before starting the optimization
process and use the preferences to create an alternative (a priori). By integrating preferences early in the de-
sign process, the alternatives can be created considering these preferences. Preference Based Design (PBD) is
a method suggested by Binnekamp (2010) where the design alternatives are based on a preference and could
save a lot of time.

PBD combines PFM and the earlier discussed optimization method LP. The problems related to LP can be
overcome by incorporating PFM. On the one hand, the feasibility problem can be overcome by incorporating
PFM methodology in LP models since it will only look for the “grey' solutions if a preference is considered
(Binnekamp, 2010). By considering preferences, it can open the solution space.

Constraints are limitations on the values of some aspects in the design of the project, which de ne the
solution space. In most cases they are clearly de ned by the stakeholders, before creating a model of the
problem (Arkesteijn, 2019). There are two types of constraints are hard and negotiable constraints. The hard
constraints enable the model to identify and exclude unacceptable designs and are de ned by legislation and
policy or physical limitations. The gray solutions, that lay a little out of the solution space refer to the negotiable
constraints, as stakeholders still could accept a solution that is over this constraint. So, negotiable constraints
are constraints that can be rede ned and adjusted during the design process and are imposed by a stakeholder.

On the other hand, preference modeling can help in looking for the most desired group solution since the
model can be optimized on preference rather than one objective. All objectives can be expressed in a prefer-
ence, so it can consider multiple objectives. The design represents a group solution and not a solution in the
favor of only one party.

Within the PBD method, a preference curve is created for each decision variable. The preference is measured
over a scale from 0 to 100 and cannot exceed this scale in both directions. There are di erent methods to shape
a preference curve. Some curve tting techniques will return a function that exceeds 100 or drops below 0,
like the Lagrange polynomial or Cubic spline (Moler, 2012). For this reason, Binnekamp uses Bézier curves
(Binnekamp, 2010). The shape of the curve will be determined by four prede ned points. Each preference
point is linked to a value of the variable:

" The value of the decision variable that is least preferred is given a preference of 0.

The value of the decision variable that is most preferred is given a preference of 100.
~ Two control points with values between the least and most preferred values, to give the curve a shape.

The downside of this Bézier curve is that the data points are not on the curve itself, but only used for the
shape of the curve. The preference curve in this case is not a function of the variable, and therefore the curve is
not precise. Binnekamp used only a limited amount of Bézier curve shapes, due to the complexity, which does
not fully re ect the preference of a decision maker (Arkesteijn, 2019). Suggestions are made for the future to
investigate a user-friendly interface so preference curves can be shaped directly according to the stakeholders'
wishes.

A second drawback of the PBD method of Binnekamp relates to the method to search for the alternative
with the highest total preference score. It is still the same as in the PFM method a “brute force' approach, in
which the number of possible alternatives equals the number of decision variable values to the power of the
number of decision variables. This gives a large number of alternatives. Evaluate and score each alternative in
a manually proper way, will then take too much time to complete.

A preference-based method that incorporates preferences a priori and searches for a solution automatically,
the Preferendus, is currently (at the start of this thesis) under development, for that development it would be
interesting to test it in a real-life case with multiple stakeholders, Zhilyaev et al. (2022).
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A.3 Negotiating

One of the goals of this thesis is to investigate how to convince the stakeholders of the new approach and what
needs to be taken into account in order to increase the chance they will accept the approach. The described
analyzing methods can take away the negotiations by implementing important aspects of negotiating into the
method. Therefore, it is interesting to investigate what is important to come to a joint solution and what they
expect when sitting around the table together.

Fisher et al. (1993) describe in their book "Excellent onderhandelen’ the method of negotiating. There are a
few things that they describe that are important to take into account during a negotiation process:

~ Discuss each other's point of view
A way to deal with di erent viewpoints of parties is to tackle them by addressing and discussing the
viewpoints. Conversations can bring understanding and insights to take other parties seriously. Some-
thing unimportant for one party can be really important for the other party.

Get a party involved in the outcome by making sure the party participates in its creation

Fisher et al. (1993) state that if people are not involved in the realization of the result, they are less will-
ing to agree on the result. If you want a stakeholder to agree to an unpleasant conclusion, it is of vital
importance that he is involved in the realization of that conclusion. If a stakeholder has the feeling, he
is involved in the realization process, he will be more willing to agree on the unpleasant conclusion. A
stakeholder will consider the new idea as something of his own. In the end, the result consists of so many
suggestions of all parties that they have the feeling the design is theirs.

If you want to involve another party in the process, it is good to do it in an early stage. Fisher et al.
(1993) state that the feeling of involvement in decision-making is perhaps the most important factor in if
a hegotiator accepts a result.

For a sensible/prudent solution you need to reconcile interests, not positions

Conversations during negotiations are often about a con ict over the positions (hierarchy) and getting
into agreement on the positions rather than on the issue. This can also happen in area development
projects. For example, the parties that are paying for the project could consider their position and aspects
as more important than the other parties (such as nance over quality). The parties should try to stay
away from the con ict regarding the positions they have in hierarchy and try to focus on the con ict there

is in interests.

Behind con icting positions are not only con icting interests, but also shared and compatible interests

That the positions of parties di er during negotiations does not mean that the stakes are con icting as
well. Further elaboration on the stakes can lead to insights and similarities within the stakes.

For example, at rst sight, a tenant and landlord can seem to have con icting stakes; a rent as low as
possible and as high as possible. However, the two could have a deeper common stake: the tenant wants
stability to get a house and the landlord wants stability to have a permanent tenant. If they nd more
stakes that they share, the parties could be more willing to make compromises in the agreement and to
come to good terms. This example emphasizes the importance of looking further than only the obvious
goals of parties during negotiations. Also, parties could have more than one goal. Finding the reason
behind the goal is seen as important since it makes the interests and goal of a party clearer.

Finding a solution in mutual interest

Fisher et al. (1993) describes that solving a solution can be hindered by the quantity assumption: the
less you get, the more | get (zero-sum game). This assumption is claimed to be incorrect by Fisher.
The identi cation of common interests can help solving problems in a creative way. This can be done
by identifying common goals or by intertwining di erent interests. A common example that is used to
demonstrate the importance of intertwining di erent interests is the example of the orange. Two people
can be ghting for an orange which will most of the time end up in a situation where the orange is cut in
two and split among both people. However, if both interests for the orange would have been identi ed, it
could become clear that one party wants the peal of the orange to bake a cake with and the other party is
looking for the orange fruit that is inside of the peal. If both parties do not communicate with each other
what their interest is, they will not nd a solution that is in mutual interest since they will settle for half

an orange (feasible solution). The example shows that they also could have gotten what they wanted
(most desired solution) if they elaborated on the common goal: getting the orange.

The viewpoints of Fisher et al. (1993) show that cooperation between the parties is important. It seems
important during negotiations to get to know each other's viewpoints, to gain understanding for other parties'
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viewpoints. In this way, parties are taken seriously and will respect each other during the negotiations. Fur-
thermore, all stakeholders should be involved in the process of designing the solution. Then they will have
more understanding for the solution since they get the feeling that they delivered input for the nal design
which will increase the chance of accepting the process to come to a solution.

It is important to see the other parties as colleagues to collaborate with and not as opponents, since the
group of stakeholders want to achieve something together. The parties should try to stay away from the con ict
regarding the positions they have in hierarchy and try to focus on the con ict there is in interests. Identifying
interests turns out to be an important aspect of negotiating in order to understand each other well and to come
to a compromising solution. This should be provided by an analyzing method. Finding the reason behind the
interest of a party is also key. When interests are revealed, the problem becomes clear, and a solution can be
sought. The focus should be on a group solution rather than on only one objective of one stakeholder.

A.4 Development gap

The methods described in the literature study are lacking on important aspects which lead to several devel-
opment gaps. The rst point is related to the MCDA and CBA method. Both methods are fully dependent on
who completes the analysis and assigns the values to an aspect, since everyone can have a di erent interpreta-
tion. Besides that, it is hard to quantify certain elements in terms of money or a score. Those two methods are
mathematically not correct, as mathematical operations that are used are not de ned.

It seems that cooperation between parties and being able to nd out each other's interests and viewpoints
to gain understanding needs to be considered in the analyzing methods in order for the stakeholders to sup-
port a decision. Thinking further than obvious goals during negotiating is also encouraged by Kahneman
(2013). Decision-making should, according to him, be based on System 2 rather than System 1. Not the intu-
ition, emotion and experience but the more deliberate, analytical way of thinking should be the foundation in
decision-making.

Cooperation and activating System 2 thinking during decision-making can be accommodated by consider-
ing preferences in the analyzing method. By incorporating preferences, the underlying thoughts are consid-
ered, and decision-making can easily be based on System 2. LP is not considered as suitable technique for a
decision-making method. As LP is lacking in cooperation in group decision making since it only optimizes on
one aspect, pleasing one stakeholder. In addition, the method needs trial & error to nd a feasible solution that
suits the group, instead of nding the most desired solution for the group.

All methods in the literature study that are considering preference measurement are rather time consum-
ing. All alternatives are created after which they should be scored, like the PFM method. Here, the problem
of trial & error to nd a feasible and not the most desired solution occurs again. It would be better to have a
scoring system before all the alternatives are generated, making it possible to generate alternatives based on
the scores (like PBD).

Itis interesting to investigate if a new advanced approach lays in considering preference modeling early in
the decision process. By letting stakeholders express their preference over objectives to create alternatives, the
time to come to a solution can be reduced and methods like brute force approaches can be avoided. As the
alternatives will be directly based on the preference (a priori) instead of giving the alternatives a preference
score after they are created (a posteriori). Besides that, when all stakeholders give their preference and include
cooperation in the method, nding the most desired solution for the group would not be a process of trial &
error. Using preference modeling avoids the problems described by for the CBA and MCDA, as all physical
and non-physical criteria can be expressed in preference. Also, the criteria related to money, pro t and cost are
expressed in preference. By expressing every criterion in preference, the mathematical operation problems are
avoided as well.

To summarize, there is a development gap for a more advanced method than PBD, where alternatives can
be generated and scored by the method itself (a priori), rather than rate them manually. A method that can
cope with nonlinear preference curves which better re ects the wishes of stakeholders so cooperation and
negotiating between them is considered in the method. Therefore, the Preferendus (Zhilyaev et al. (2022)) can
be tested in a real-life case that includes multiple stakeholders.
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B Method

A new, advanced approach that builds upon PBD is created in this development. The new approach is an a
priori design optimization approach and will be referred to as PDOA in the thesis. The approach considers
preference measurement, as the PBD method from Binnekamp. However, it is a more advanced approach than
the PBD since the model that is using this approach is able to generate alternatives in by itself way rather than
generating alternatives manually (as with PBD).

B.1 Design method

The method according to which a design is created follows the line of reasoning of the Open Design Methodol-
ogy. Open designis based on the idea of the output being a re ection of the input, where the input is considered
as a stakeholders' interests (Binnekamp, 2010). The stakeholders' interests are translated into preferences on
which mathematical operations can be applied so the output is a re ection of the input. The entire design pro-
cess is open and transparent, which is seen as one the fundamentals of the open design approach (Van Loon,
1998). The black box is taken away by incorporating the interests (preferences) of stakeholders. Based on their
input, an output will be generated which re ects their wishes.

The development of the PDOA will be a preference optimization in which the model that is created will be
tested and evaluated. The model will be optimizing a design process for urban development projects.

B.2 Respondents

The model that is needed to test this approach, will be constructed with the help of experts. The acceptance
and working of the approach are investigated among experts and tested and evaluated in two cases.

The PDOA will be applied to two cases: BDP and Waelpolder. Both cases concern an area development in
the Netherlands. BDP concerns an area development of 15 years ago, so the case will be re-enacted. The PDOA
is tested in this case on a group of employees of Planmaat, a company specialized in solving urban planning
problems mathematically. All the knowledge and feedback that was gathered on the BDP case is taken into
account in the second application. The PDOA is tested in Waelpolder on three stakeholders, which are looking
for consensus in the area development project. Here, the approach will be evaluated by stakeholders from a
real-life project.

B.3 Instruments

For the development of the model that supports this approach two mathematical programs are used. First, a
mathematical model that supports the PDOA is created in a software called MATLAB which enables to model
in a non-linear way. MATLAB is a mathematical coding program which is be able to code in a non-linear way;,
the model has an optimization solver package that can calculate the most desired outcome.

Second, the MATLAB model is linked to an Excel le which consists of all the input data for the model. The
input data consisted of multiple tabs and holds the values for the constraints and preference values.

The preference values (input data) are gathered from the stakeholders. In order to make it more user-
friendly and understandable for them, two methods of visualizing the preferences are tested, one in each case.
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B.4 Phasing

The development of the PDOA consists of a social and a technical cycle that go hand in hand. The steps that
are followed in the thesis can be explained according to the owchartin g. B.1.

Figure B.1: Flowchart activities thesis

The owchart shows an overview of activities that together ensured the construction of the PDOA model
and the testing of the mathematical model in area development projects. The activities that are blue consider
the activities from the technical cycle; the yellow blocks represent the activities from the social cycle.

Before any of the shown activities started, other supportive decision-making instruments and their down-

sides were investigated. This included an investigation into the problems with LP models. Literature has been
used for the investigation into other techniques.
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The rst activity in the BDP case considers an investigation into preference curves and how they are con-
structed. Following from this is the speci cation of the variables, relations, and constraints for BDP in the
model. After the basic elements of the model were constructed, the preferences of the stakeholders could be
added. The preferences needed to be gathered during a workshop with the group of stakeholders and an in-
dividual session with each stakeholder.

The gathering of preferences consisted of two steps. It was chosen to already conduct pencil preferences
before talking to the stakeholders. Pencil preferences are ctive preference curves that could represent a stake-
holders' wish and goal, based on information about the case that is known in advance. Constructing the pencil
preferences was done for two reasons: to test the working of the model when adding preferences and to help
the stakeholders get an idea how a goal (or a wish) could be translated into a preference curve. During the
workshop and individual session, the pencil preferences were converted into a pen preference: a preference
curve which truly represents the objective of a stakeholder, based on statements the stakeholder made during
these sessions.

When the preferences were known, the model could run in order to generate an output. The output was
discussed during a second workshop, from which the added value of the PDOA can be tested.

In the BDP case, the development of the model for the approach started from scratch as nothing related to
the model and the approach was de ned. BDP was used to test the approach and test if this approach has added
values. Besides that, the convincing story towards stakeholders about the PDOA is practiced and improved.
There was no need to talk to the stakeholders about which variables, constraints or relations were present
within the BDP case since the model was based on an old LP model. So, all these model elements were already
known beforehand. The rst workshop in this case covered the activities from collecting the preferences and
changing some constraints. After the rst session, it turned out to be more useful to gather all preferences in an
extra individual session. The model was further developed after information was added. Lastly, the outcome
was discussed in a second workshop in order to get extensive feedback on the entire process, the convincing
story regarding the PDOA and the gathering of the preference curves, to test the usability. This can be seen as
the validation part within BDP. Showing the added value of the PDOA refers to the veri cation part within BDP.

In Waelpolder, the model development considered less activities since the basis of the model was already
set. In this case, it was needed to talk to the stakeholders to set up variables, relations, objectives and constraints
for the model. This was done with individual sessions where the goals and constraints of the stakeholders
were discussed. The model was constructed based on these individual sessions and information documents
that were available from the municipality Westland about the project. After the model construction, the pref-
erences over objectives were gathered from the stakeholders. These preferences were added to the model such
that the outcome could be discussed with them in a workshop. Since it is an iterative process, especially in this
real-life case, some adjustments were made on the discussed outcome, and this design was sent to the stake-
holders afterwards. Waelpolder is considered as a validation of the approach since the PDOA will be tested on
the stakeholders.
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C Model development

A mathematical nonlinear programming model was created to meet the development statement. This model
includes preference measurement. Following (Ragsdale, 2008), there are di erent types of mathematical mod-
els; prescriptive, predictive and descriptive. The type of model that is used in this thesis is a prescriptive model,
as the functions between the (design) variables, relations and objectives are well known, and the value of the
variables are known or controlled by constraints. These constraints are setup or known by the decision makers
as they relate to physical limitations, policy or legislation.

C.1 Whatis needed for a PDOA model?

The PDOA model is created in two di erent ways for both cases. For BDP, a LP model in Excel is translated
to a model in MATLAB, using coding. MATLAB is a program that is based on self-written codes. Where LP
models su ce with the use of Excel, which is a user-friendly mathematical tool. To go from a LP model to a
PDOA model, nonlinear preference curves are needed. The preferences of the stakeholders will be gathered
during a workshop and individual sessions. The goal of the model is to create a solution with the highest
overall preference, the most desired solution for the groups. This also should result which results in a solution
with the largest support among the stakeholders. The ability to be able to optimize on (overall) preference
and include all preference curves, is the main di erence between a LP model and the PDOA model. Besides
that, the model enables to see what the preference score of each stakeholder is. Due to that, it is among others
possible to see on which objective the stakeholders do not agree on with each other.

Another approach was used in the Waelpolder case to create a PDOA model. There was no LP model to
continue from in Waelpolder, which means that there were no variables or relations to start from. Goals were
translated into objectives by the stakeholders and that formed the basis for the model.

C.2 Preference curves

Preferences are expressed over the measurable goals of stakeholders, the objectives. Preferences of stakeholders
over their objectives within a project are gathered and then transformed into a curve. A preference is expressed
over objectives in a scale from 0 to 100, where 0 is the least preferred value of that objective and 100 is the most
preferred value of the objective. To create a curve with a nonlinear shape, extra preference points (that are
positioned on a nonlinear line) can be added to other values of the objective. The idea behind a nonlinear
curve is that it can fully represents the wishes of a stakeholder rather than estimating it on a linear line. After

the preferences are gathered, a curve can be tted through the datapoints. A datapointis formed by an objective
value (x-axis) and a preference value (y-axis).

The di erent preference curves need to be merged in order for the model to create a design. The preference
curves of di erent objectives are to be summed based on weighting.

A curve must be tted through the preference datapoints (x,y), to be able to generate the values in-between
the given datapoints. The curve tting technique that is chosen is Piecewise Cubic Hermite Interpolating Poly-

nomial (PCHIP) (Mathsworks, nde). The PCHIP method is chosen in this development because the curve ts

smoothly through the given data points and does not exceed 0 and 100 (overshoot), within a given range of
the objective values, as argued by Zhilyaev et al. (2022).

39



The PCHIP function returns a vector of interpolated values between a range that is given. This range is
de ned by the minimum and maximum value of an objective, that is given in the datapoints. So, PCHIP gen-
erates more datapoints between the existing datapoints. The PCHIP function uses the given datapoint values
as 'query points', which are coordinate values. PCHIP can interpolate for the corresponding y value with an
X value generated in the optimization, so with the use of PCHIP a preference can be linked to a variable value
(Mathsworks, nde). This is done by means of the number of datapoints that were given by the stakeholders.

The total preference score is based on the summation of the separate preference scores for all objectives of
di erent stakeholders multiplied by the corresponding weights. There are two methods of aggregating pref-
erence curves with di erent units.

First of all, the simplest method: taking the weighted average. In this method, the preference scores are
summed up by multiplying the preference score with the weight, of the objective for a stakeholder, combina-
tion. The formula for the weighted average is shown below. This function will be used as optimization function
(in MATLAB called objective function) in optimization algorithm in MATLAB to maximize on the total pref-
erence, by maximizing P Veighted average

For any alternative athe aggregated weighted mean preference P,Veighted average can phe de ned as follows:

X0
P;/Veighted average _ (W Pa) (C.1)
i=1
Where:
i is the index of an objective
w; is the weight of the objective i
P, is the preference score for the alternative a on the objective i

This method is however seen as an approximation by Binnekamp (2010). It is not correct the way of sum-
mation, as mathematical operations are applied where they are not de ned and it generates an in nite number
of non-equivalent outcomes (Barzilai, 2010).

The second method refers to the Preferendus, developed by Zhilyaev et al. (2022), where the Tetra tool
is used that Barzilai created. The main di erence between the weighted average method and this method is
the applicability of mathematical operations that are needed to come to the overall preference. According to
Barzilai (2010), preference does not have an absolute zero point as it is subjective, soitis a 1D a ne space. In
order to apply mathematical operations such as addition and multiplication, an objective must have an absolute
zero point. Since the mathematical rules of addition and multiplication only apply in a 1D vector space, these
operations cannot be applied to preference without interference of Tetra. To apply mathematical operations
to preferences it needs to be measured on a scale between 0 and 100. Tetra is a tool that can scale preference
between 0 and 100 when preferences are aggregated and make it a 1D vector space.

Within this thesis and the models, Tetra is used within the Preferendus method, to generate alternatives
based on the preference curves that are given by the stakeholders. In the Preferendus method, the alternatives
are generated after the preference is given, a priori.

The weights that are used in the Preferendus method to calculate the total preference are explained in the ap-
plication parts of this thesis. The sum of the weights per objective per stakeholder, should be equal to 1 to be
able to use them in the Preferendus. In both applications the stakeholders are assumed to be equal to avoid
discussions about weight distributions between the stakeholders.

Van Loon (1998) states that for the type of design methodology that is used in this thesis, the fundamental
should be transparency and openness. Stakeholders should be open in the design process as much as what
is achievable. Tempering and misuse of "knowledge power' should be prevented. Therefore, he claims that
stakeholders should have equal weights in a design process. Based on the statements of van Loon, it is decided
that the weights between the stakeholders are equal. Further investigations into di erent weight distributions
between stakeholders are outside the scope of this thesis.
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The tetra solver, the Preferendus, in combination with the Generic Algorithm (Mathsworks, ndb) is used as
optimization solver within the MATLAB model to optimize on overall preference, Zhilyaev et al. (2022). Due
to some technical issues with the Preferendus, as it was still under construction, there were three ways of using
it in this thesis; directly as the only optimization function, in a loop combination with another method, and
one solution as input for the Preferendus.

Directly as the only optimization function

In the rst case, the Preferendus is used as optimization function with the use of the Generic Algorithm as
optimization solver in MATLAB. It searches like a normal optimization function would do, slightly increasing
the overall preference (of a design) while searching for the most desired solution, with the highest overall
preference.

In a loop

Due to some technical di culties with the newer version of the Tetra solver, the Preferendus was not able to
search in a proper way, as it did before, like a normal optimization solver in MATLAB would do. To help the
Preferendus in the searching process, a loop was created in combination with the weighted average. In the rst
part of the loop, the weighted average is used for the optimization. This gives an optimized solution, which is
then sent to the Preferendus as initial point to start the search in the second part of the loop. So, the weighted
average is helping the Preferendus to start looking in a certain direction in the solution space where the most
desired solution will probably be. In this second optimization, the Preferendus optimizes on overall preference
score, and after several iterations the Preferendus comes with a nal design. This nal design is created with
the correct mathematical operations as the Preferendus is used.

It was noticed that this nal design, created with the Preferendus, did not deviate from the solution that
was generated with the weighted average, the only thing that di ered was the preference score of both out-
comes. The Preferendus method gave a slightly lower preference score than the weighted average (a delta of
maximum 2).

Because of this observation, it was tested more intensively (around a hundred times for the BDP case) if
the design would change between the two methods or that there was only a di erence in preference. During
these tests it became clear that the design did not change at all, only the preference score changed between the
weighted average and Preferendus.

In parallel , it was tested what would happen if only the optimized solution of the weighted average was
send to the Preferendus (one time), without using the Preferendus for further optimizations (in a loop). This
led to the conclusion that both ways, using the Preferendus in a loop with many iterations and using the
Preferendus only once, resulted in the same overall preference.

One solution as input for Preferendus

Therefore, it was decided to not use Preferendus within the optimization of MATLAB but only send the op-
timized solution to the Preferendus to get the nal overall preference in the second application. In addition,
doing the optimization in this way helped in running time of the model since the webserver of the Preferendus
got really slow at this point.

Besides that, in the second application it was even harder for the Generic Algorithm to nd the global
optimum. Due to that, it was chosen to use the Surrogate optimization solver for the second case instead
of the Generic Algorithm, appendix G.2.3 a more detailed explanation for this decision is given. However,
using Surrogate optimization (Mathsworks, ndd) as a solver came with the problem of not being able to use
the Preferendus as optimization function, as it only works with the Generic Algorithm. So, in the second
application, the optimized solution was run with Preferendus only once.
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D Stakeholder engagement

The stakeholders are giving the input for the model and are the ones that will or will not support the approach
that is developed. Therefore, the social cycle focuses on getting the stakeholders on board regarding the design
approach, meaning they understand which input is required, and they see the advantage in the way of working

in this approach to come to a design.

Obtaining and documenting the right information of the stakeholders should happen in a structured way.
In addition, giving input, such as preferences, should be user-friendly for them. It needs to be clear for the
stakeholders what is expected of them in terms of input for the model. The stakeholders must give the right
input, in order for the model to fully return the most desired group outcome based on all the stakeholders'
wishes. Visualization of the input can help stakeholders in this process and is discussed in appendix D.1. The
process until acceptance of the design by all stakeholders is an iterative process. Arkesteijn (2019) states that
since the outcome re ects the stakeholders' input, the input need to be changed when stakeholders do not
support the outcome. When the process of determining stakeholders' preferences is done again, after looking
at the outcome, the stakeholders understands the e ect of their input on the design better.

Arkesteijn (2019) conducted a study which is focusing on obtaining and documenting the right information
this led to the development of PAS (Preference-based Accommodation Strategy), which will be discussed in
section PAS (D.2).

Last, the outcome needs to be showed in such a way, that is it understandable for a stakeholder that does
not have a background in a preference-based optimization approach. This will be discussed in appendix D.3.

D.1 Visualizing the input

It is important that the stakeholders at least understand the basic principles of the approach in order to give
the right information and accept the approach. Clear diagrams, where information can be entered, and visual-
izations can contribute to the right input for the model. Next to that, showing results of the model in a simple,
understandable manner can contribute to the acceptance of the approach. Both the gathering of information
for the preference curves and showing the design outcome need to be accompanied by a clear explanation to
the stakeholders before and during the consultation.

For the BDP case, the model was built upon an existing LP model so the variables in this case were already
set. The model for the Waelpolder case is built without knowing the goals of the stakeholders in advance.
This means that extra attention has to be paid to the collection of information about the problems, goals and
objectives in Waelpolder.

In addition, the stakeholders in BDP were already known with concepts as LP modeling. Since the prior
knowledge of stakeholders and the information known beforehand di er in both cases, the visualizations and
explanations di er for both cases. More information on the visualization of the input for BDP can be found in
appendix F.2.3. The visualizations for Waelpolder will be discussed in the next section (D.2).

D.2 PAS

All the stakeholders have di erent interests, goals and preferences within the project. These di erent per-
spectives need to be identi ed to use them properly as input for the decision support model. PAS, invented
by Arkesteijn (2019), helps in transforming goals and ambitions of stakeholders into measurable criteria on
which a preference can be expressed in a structured and in a user-friendly way. PAS, the Preference-based
Accommodation Strategy, is a design and decision approach in corporate real estate alignment. PAS helps in
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creating and choosing the right portfolio that has the most added value for an organization and focuses among
others, on gathering preferences from the stakeholders. The “stakeholder & activities' element of PAS will be
elaborated and is from here on referred to in the thesis as PAS.

Since a model needed to be built from scratch in Waelpolder, where nothing of the stakeholders was known
yet, it is chosen to use PAS in Waelpolder to gather information of the stakeholders in a structured way. PAS
has not been used in BDP.

The preferences are gathered following a certain structure which will be discussed in the subsections of this
paragraph. First, the goal and subgoals of the stakeholders are gathered. From this, measurable objectives or
criteria are de ned that the stakeholder would like to achieve. Following are the preference curves that could
be de ned over the objectives. Last, weights are identi ed between the goals and objectives.

When using the PAS tool, two roles can be identi ed. There is a facilitator, called the System Engineer, that
is responsible for facilitating the process to come to decent preference curves. This person manages the sys-
tem during conversations with the stakeholders and helps the stakeholders when needed. Next to that, there
are decision-makers, represented by the stakeholders of a project. Arkesteijn (2019) states that in PAS, the
stakeholders can choose, among others, their own criteria (objectives), preference curves and weights. Since
the alternative with the highest overall preference score is chosen based on these aspects, she argues that the
stakeholders determine the chosen solution and can therefore be called decision-makers.

In PAS, each stakeholder has his own page in which all the information per stakeholder is gathered. The
overview of the selection of a stakeholder is shown in g. D.1. The information per stakeholder consists of
three elements: Goals & Criteria, Preferences and Weights (g. D.2). All elements will be discussed in the
following subsections.

Figure D.1: Selection stakeholder in PAS

Figure D.2: Stepsin PAS
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The rst step is to collect information about the goals for a stakeholder within the project. The goals are brie y
described in one word. If the goals are hard to establish, there can be touched upon problems that the stake-
holder has in the current situation, according to Arkesteijn (2019). An explanation of the goal follows under
the problem tab, where the problem that is experienced related to the goal, is described if applicable. Other-
wise, a more detailed explanation of the goal is given.

Following from the goals are criteria (or objectives) that represent that goal. The criteria are expressed in
units, which makes them measurable and gives the possibility to assess the goals. Figure D.3 shows an example
of the Goals & Criteria sheet in PAS, where two goals and their corresponding criteria are shown.

Figure D.3: Goals & Criteria in PAS

Inthe second step, preference curves are de ned for each criterion. Arkesteijn states that the number of de ned
datapoints of the curve should be around three (or as low as possible), to make it simple and understandable
for the stakeholder (M. Arkesteijn, personal communication, March 10, 2022).

An explanation of PAS and a preference curve should be given to the stakeholders before they can be gathered.
This is explained as follows to the stakeholders:

A preference is de ned over a criterion that is related to a goal. A preference curve is a line that represents
which values of an objective are preferred and which are not preferred. A preference of 100 means that
someone becomes very satis ed when that value of a criterion is obtained, and 0 means that someone
becomes very dissatis ed.

A preference curve can be shown in a graph on which the y-axis always represents the preference, and

the x-axis represents the value of the objective. The objectives on the x-axis can change per objective, the
preference on the y-axis with a range from 0 to 100 can never change into something else than preference.

A graph will be shown in the PAS tool as soon as a criterion is selected.

3-6 datapoints on the curve need to be assigned in order to give a shape to the curve. A preference curve

should at least have values where the preference is 0 and 100.

First, the value where the stakeholders' preference is 100 is determined. This is the top preference.
After that, the bottom preference is determined, which is the value that the stakeholder links to a
preference of 0.

To get a minimum of three datapoints, the stakeholder can identify an intermediate preference, a
value that is linked to a preference value between 0 and 100. While doing this, a curve appears,
and the stakeholders can play with the shape of the curve until he is satis ed. More intermediate

preference points can be added if desired by the stakeholder. This process is repeated for all the
criteria with all stakeholders.
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~ There are multiple shapes for the curves possible for a preference. Arkesteijn (2019) states that preference
curves can have several shapes, such as a parabola or a concave/convex form.

The examples of shapes that were presented to the stakeholders in this development are shown in g. D.4
and g. D.5. The stakeholders were free to shape their own curve.

In some situations, the stakeholder cannot create a curve for a criterion because there are several prede-
ned alternatives within the criteria (so-called discrete choices). In that case, a preference is given over a
choice. An example of a criterion that has a preference over a choice in Waelpolder is the healthcare cen-
ter. The healthcare center could only be generated in certain amounts of units. Therefore, the preference
curves are expressed in a di erent way ( g. D.7).

(a) S-curve decreasing (b) S-curve increasing
(c) Descending decreasing (d) Descending increasing
(e) Ascending decreasing (f) Ascending increasing

Figure D.4: Examples preference curves part 1
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(a) Parabola with a minimum (b) Parabola with a maximum

(c) Parabola long peak

Figure D.5: Examples preference curves part 2

An example of the Preference sheet in PAS is shown in g. D.6 and g. D.7 (regular and discrete preference

curve). The stakeholder de nes the points on the curve in the table on the left and the associated curve is
demonstrated on the right, in both gures.

Gathering information of stakeholders is an iterative process. Since the technique and way of looking at

such a problem is new to the stakeholders, Arkesteijn experienced that multiple sessions with stakeholders
were needed before the right information was gathered.
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Figure D.6: Preferences in PAS

Figure D.7: Preferences over choices in PAS

The stakeholder assigns weights over the goals and criteria to express the importance of one aspect in relation
to another aspect. An example of the Weights sheet is shown in g. D.8.

The goals can be weighed, where the total of the weights need to be summed up to 100%. The same division
can be done for a goal that is represented by more than one criterion. Again, the weights of the criteria within
one goal need to be summed to 100%. Relative weights (shownintherightin g.D.8) are determined according
to the weight distribution: the weight that one criterion has times the weight of the associated goal.
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Figure D.8: Weights in PAS

D.3 Outcome display

One of the goals of the development concerns the acceptance of the approach among the stakeholders. The
stakeholders should be convinced of the design as the most desired group solution and should be explained
how that solution is obtained. This convincing story di ers for both applications, therefor it will be elaborated

on in the appendices of both cases (appendix F.3.1, F.4.1 and G.4.1). Convincing the stakeholders also concerns
the way in which the outcome is presented to the stakeholders. The visualization of the outcome should be
clear and simple. The visualization of the output of the model has the same layout in both applications.

The MATLAB model consisting of a written code and will not be shown to the stakeholders, since this can
work in a deterrent way. The outcome of the model (a PoR) will be shown in an Excel sheet. The PoR consists
of values for the objectives that are set by the stakeholders. The outcome is dependent on the preferences that
are given by the stakeholder. Therefore, the outcome can change with every change in a preference curve or
constraint. The outcome of every run of the model will be shown in the Excel sheet, so the di erences between
the outcomes can be shown easily. Every run shows the overall preference score of the group which can be
compared as well. An example of multiple outcomes in Excel are shown in g. D.9.

The visualization of the output does not only show the design. It also exists of a sheet where the personal
preference scores of the stakeholders are shown ( g. D.10). Here, stakeholders can see what their individual
preference scores on their objectives in the design are. One could say this can work in a deterrent way. If a
stakeholder sees that he does not score high in preference score on certain objectives, it could occur that he
is not satis ed, and he will be less likely to accept the outcome. On the other hand, if a stakeholder sees that
he scores well on aspects that he nds important, it will be more likely for him to accept the outcome. Even
though he does not score high on objectives that are not so important for him, he could still be willing to accept
the outcome since he is satis ed with the preference scores on variables that he nds more important. It is
chosen to show the stakeholders the individual preference scores. The BDP case will be used to test whether
this is the right approach.
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Figure D.9: Example outcomes in Excel

Figure D.10: Example stakeholder outcome in Excel
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E Goal attainment

The feedback of the stakeholders during the second workshop of BDP addressed the issue about the large
amount of zero preferences on objectives among the stakeholders, as described in appendix F.6. Some stake-
holders scored well on their objectives (a preference of 100) and others ended far away from their goals (a
preference of 0). The stakeholders of BDP were discussing whether the amount of compromises should be
more equally divided among the stakeholders.

Therefore, another method (goal attainment), where the compromises on a design between the stakehold-
ers are equally distributed, was introduced. The goal attainment method should rst be tested, technically,
before it is compared with the Preferendus in the second application. It is only tested on BDP to be able to use
it in a proper way in the second application. Therefore, the results are not shown to the re-enacted group of
stakeholders of BDP again.

Goal attainment tries to search for a solution where every stakeholder makes around the same amount
of compromises. This can be done according to two methods, method A and B. In this chapter, it will be
investigated in which method the compromises of the stakeholders in the design are closest to each other. That
method will be used in the second application to compare with the Preferendus method, such that di erences
between the Preferendus and goal attainment will become most apparent.

E.1 Method A

The three stakeholders as one group together means that all the preferences are taken together and then the
distance to the goal (100) is tried to be minimized. The total distance for the entire group is calculated as
follows:

Multiplying the weight per objective (as shown in table F.4) and the weight per stakeholder for alternative
a gives Wi 4

The distance of a stakeholder to one objective: 100 minus the preference score per objective per stake-
holder for alternative a(Pj,a;)

Multiplying the weight per objective per stakeholders (W |,) by the distance of a stakeholder to one
objective

The total distance is the summation of all the distances per objective per stakeholder where weights are
considered

The optimization solver will try to minimize the distance of the entire group.

0 1

XX
Total distance = @ (100 Pjai) Wiqi )A (E.1)
j=1i=1

Where:
j = the number of stakeholders
i = the number of objectives per stakeholder

The results of testing method A can be found in table E.2.
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E.2 Method B

In this method, each stakeholders' distance is calculated separately. With the idea that each stakeholder ended
up with the same amount of compromises on their goal (distance from the goal). Those compromises can be
made on di erent objective(s) but also in di erent ways. Compromising all on one objective (one objective
with a O preference, other objectives "all' a 100 preference) or on each objective a little bit (not scoring a 100
preference on all objectives).

In this case the goal attainment method tries to minimize the distance from the goal per stakeholder. The
goal for each stakeholder is to get the best preference score (100) on each objective. The total distance of a
stakeholder considering all his objectives is calculated by:

~ The distance of a stakeholder to one objective: 100 minus the preference (R;) per objective for alternative
a

~ Multiplying the distance of a stakeholder per objective by the weights (W ;) he divided among his ob-
jectives. The weights in this goal attainment method are somewhat di erent as the three stakeholders
now sum up to 3 instead of 1 (as they did in the Preferendus and method A of goal attainment which is
described above). The distribution between the objectives is still the same, the new weights are shown in
table E.1.

The optimization solver will try to minimize the sum for the distance per stakeholder. The optimization value
(the value that is returned by the model) is the largest total distance one of the three stakeholders has.

X
T otal distance = (100 Py) W) (E.2)
i=1
Where:
i = the number of objectives per stakeholder

The results of testing method B can be found in table E.2.

Table E.1: Weights for goal attainment

Objective Sub objective Municipality Developers  Green party
Result 0.166667 0.166667 0.200000
Total amount of greenery 0.166667 0.166667 0.200000
Total number of houses 0.166667 0.166667 0.200000
Gemeenschapspold 0.076667 0.076667 0.092000
Greenery Plas 0.038333 0.038333 0.046000
Sport/Zorglandgoed 0.015000 0.015000 0.018000
Stadspark Weesp 0.036667 0.036667 0.044000
Total area housing 0.166667 0.166667 0.200000
Vechtstad 0.026667 0.026667 -
Weesp 0.050000 0.050000 -
Housing Tuinbuurt 0.051667 0.051667 -
Lint nat 0.031667 0.031667 -
Landgoed 0.006667 0.006667 -
Total for each stakeholder 1 1 1

E.3 Chosen method with goal attainment

Method B shows that the distances of the stakeholders are closer to each other in comparison to method A, as
indicated in table E.2.

So Method B, where all three stakeholders are considered separately, leads to an design where 'all' stakeholders
make around the same amount of compromises on their individual goal. Therefore, this method will be used
in second application to compare with the Preferendus.
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Table E.2: Comparison between method A and B

Method A Method B
Objective Sub objective Municipality Developers  Green party | Municipality Developers  Green party
Result 1.23 5.56 0.00 0.47 11.97 0.00
Total amount of greenery 1.88 3.54 1.88 0.57 1.67 0.68
Total number of houses 1.08 5.06 5.56 1.77 3.43 20.00
Gemeenschapspold 0.04 0.00 0.59 0.00 0.00 0.03
Greenery Plas 1.33 1.01 0.00 0.50 1.28 2.03
Sport/Zorglandgoed 0.53 0.10 0.53 1.50 0.00 1.80
Stadspark Weesp 1.29 1.18 1.29 0.00 0.01 0.00
Total area housing 0.27 2.29 0.00 0.00 1.22 0.00
Vechtstad 0.94 0.94 - 0.02 2.48 -
Weesp 1.76 1.44 - 5.00 191 -
Housing Tuinbuurt 1.82 0.00 - 5.10 0.07 -
Lint nat 0.00 0.00 - 0.00 0.00 -
Landgoed 0.00 0.24 - 0.67 0.00 -
Total distance per stakeholder 12.17 21.35 9.86 15.59 24.05 24.54
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Appendix Bloemendalerpolder

This part elaborates on the test-case BDP
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F Test case: Bloemendalerpolder

This appendix elaborates on the Bloemendalerpolder case and supports the conclusions of the main document
related to the test-case. In the next chapters the BDP case will be explained in more detail by the means of the
steps that were made in this case. This includes an introduction to the case itself (appendix F.1) and the model
development (appendix F.2). Besides that, the setup of the stakeholder sessions and outcome of those sessions
will be evaluated in appendix F.3 and F.4 (workshop 1 and 2). Last, the detailed conclusions and remarks,
including adjustments are touched upon.

F.1 Introduction of BDP

In this chapter, the application to Bloemendalerpolder will be introduced. First, some basics of the case will

be elaborated, and the infeasibility of the case will be discussed. After that, the stakeholders that play a role
in the case will be discussed. The steps that are taken to come from an existing (LP) model to a model that
is designed according to the PDOA will be discussed in the last section. Appendix F.2.1 will discuss in more

detail what the existing (LP) model for the Bloemendalerpolder case looks like.

The goal of the rst application is to investigate if the PDOA has added value and to test how the approach can
be explained to stakeholder such that eventually, the approach and outcome is accepted by the stakeholders.
The goal can be reached by applying PDOA on a case called Bloemendalerpolder (BDP).

Bloemendalerpolder (shownin g. F.1) is an urban development project, redeveloping an agricultural area,
in the municipality of Weesp, Noord-Holland. The total plan area is 435 hectares, this area will be used for

housing and nature development. The main idea was to create a vibrant living area including nature and
ecology as this area is near "Het Groene Hart'.

Figure F.1: Bloemendalerpolder overview
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Around 10-15 years ago Planmaat was invited to create a linear programming model for BDP, as ve designs
were already created but none were accepted by the involved stakeholders. The latest design included a plan
to build around 1850 houses. However, the design could not be completed without a major result (revenues
costs) de cit. From that moment, Planmaat was involved. The idea of Planmaat was to get the conversation go-
ing again with the help of an LP model, convincing the involved parties that the constraints within the project
did not de ne a feasible solution space. The LP model had to convince the stakeholders that the constraints
had to change to come to a solution.

The LP model of Planmaat was optimized on result. The solution of Planmaat does not show cooperation
since the optimization of the model was only focusing on one aspect, result. However, in order for the project to
succeed, all parties should be involved. Optimizing only on result would not ful Il every stakeholder's needs
and leading to not accepting the outcome. The green party would for example not be satis ed with an outcome
that only focuses on result, since that means that there will be more space assigned to housing in the area than
to green (houses generate revenues and green does not). Stakeholders should have the feeling that everyone
makes some concessions in order to come to a solution.

In addition, the LP model of Planmaat did not come to a solution either, without having a major result de cit,
even though it has been optimized on result. This shows that the problem was mostly related to the constraints
that de ned the limits of nancial result. The result de cit was too high to get all the parties involved and
therefore constraints should be adjusted.

It is interesting to investigate what would happen if the preferences of the stakeholders would be included
in this issue. The model can be optimized to a group optimum by adding their preferences. This means that
cooperation between the parties will be included in the outcome. Besides that, including preference measure-
ment could give the model more solution space by adjusting the negotiable constraints of the project. There-
fore, it is possible to investigate the added value of the PDOA on BDP in comparison to another method where
cooperation is not included.

The model that is created, will consider three stakeholders: Municipality, Developer(s) and a green party. The
goals of di erent developers and landowners are considered as one in this model, as their main goals are the
same within the project. The main goal of each stakeholder is as follows:

" Municipality : BDP has to become a vibrant, diverse and accessible area, where multiple functions come
together, such as living and recreation.

" Developers and/or landowners : BDP should be as pro table as possible. The area has to increase in
value as much as possible, so that the land value rises and thus generates more pro t. This should be
done by primarily building houses.

" Representative of greenery (Green party) : BDP has to become an area where greenery has the most
important role, contributing to nature/ecology and recreation.

BDP is a case that took place more than ten years ago, therefore the role of the stakeholders was ful lled
by employees from Planmaat. From their work with Planmaat, they understand (mostly) the working of LP.
However, working with a non-linear preference model is new to them. The municipality and the green party
are represented by one stakeholder each, the developers are represented by two stakeholders.

An overview of the steps that are taken in this application is shown in g. F.2. Some steps need to be made to
be able to show that the PDOA approach has added value compared to basic LP modeling. First, the LP model
need to be converted into a PDOA model. The steps that guide this process are described in the next sections.

An important milestone is the veri cation of the PDOA model, before it is used during the workshops.
Within the testing phase, pencil preferences are created to be able test the technicalities of the model. The
next step is to gather preferences from the stakeholders of the project, this will be done during a workshop and
individual session with the stakeholders. A second stakeholder workshop was initiated to discuss the outcome
(design) and to re ect on the entire process in order to ful Il the goals of this application.
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