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Glossary 
 

Stakeholders – Anyone who influence planning and decision-making, or those who 
are influenced by the implementation of a certain policy. 

DSS – Decision Support Systems, computerised systems to help stakeholders, 
planners, and experts compile data, documents, and knowledge to analyse input and 
variables to make a decision.  

GIS – Geographic Information Systems, computerised systems designed to 
capture, store, manage, analyse, and present spatial or Geographic Data. 

NSS – Negotiation Support Systems, computerised systems in which participants 
can either directly or indirectly exchange their preferences and proposals to reach an 
agreement. 

SDSS – Spatial Decision Support Systems, computerised systems that are built as 
a combination of DSS, GIS, and NSS 
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Summary 
Stakeholders-Oriented Spatial Decision Support System 

 

The most common method to increase stakeholders’ involvement in participatory 
planning and decision-making practices is by improving the communication between 
planners and stakeholders. Therefore, participatory planning practices mainly focused on 
expanding the capabilities of experts and planners to gather and analyse stakeholders’ 
preferences as one of the considerations in planning and decision-making. To provide an 
alternative approach towards the participatory planning practices, this research focused 
on improving stakeholders’ participation from a different perspective, which is the 
negotiation paradigm. In this paradigm, decision-making processes mainly focused on 
communication among stakeholders and their interactions to reach an agreement.  

The main objective of this research is to develop a computer-based method that 
can support stakeholders’ negotiation in a participatory planning and decision-making 
process. To achieve this objective, a computer system was developed, where 
stakeholders can make and adjust their proposals toward negotiation issues. The main 
function of the computer system in this type of decision-making process is to act as a 
human mediator that gather stakeholders’ preferences, and based on those preferences, 
give suggestions to help stakeholders improve their proposals. To enable the system to 
act as such, the Orthogonal Strategy was selected as the negotiation model.  

To explore how a computer-mediated negotiation can improve participatory 
planning, this research is focused on the spatial aspect of planning, where the 
implementation of computer systems is the most evident in planning practices. A land 
allocation problem was selected as the decision problem, which should be solved by 
stakeholders with the mediation of a computer system. The results from the conducted 
experiments show that the computer-mediated negotiation can solve the decision 
problem by moving stakeholders’ proposals closer until an agreement is reached or the 
system cannot produce suggestions that can move stakeholders’ proposals closer one to 
another. 
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Introduction 
 

 

 

1.1 Background 

Stakeholders’ involvement is an aspect that is increasingly recognised as one of 
the key factors in the domain of public decision-making, mainly because of the global 
awareness that an adequate stakeholders’ involvement can significantly improve the 
quality of planning and decision-making processes. Moreover, if the stakes of stakeholders 
are not properly collected, examined, and incorporated in planning and decision-making 
processes, problems related to conflicts between stakeholders may arise in the 
implementation of the plan or the decision (Janssen et al., 2006). Lack of stakeholders’ 
involvement will also lead to the formulation of planning documents that are not endorsed 
or is even rejected by stakeholders. 

Although the theoretical aspect of stakeholders’ involvement in planning and 
decision-making is widely explored and discussed by scholars, which lead to the 
development of various approaches to increase stakeholders’ involvement in urban 
planning, its implementations in real-world planning and decision-making are still facing 
some difficulties (Santos et al., 2006). The main reason for this problem is that 
stakeholders naturally have different preferences, which may be conflicting one to 
another. Thus, the final decision in participatory planning that completely incorporates 
the preferences of all stakeholders is relatively difficult to achieve. Furthermore, existing 
methods to improve stakeholders’ participation mostly follow the same path, which is 
aggregating their preferences without enabling them to communicate their differences. 
Therefore, a new approach is required to engage stakeholders in effective participation 
where they can exchange their preferences during the planning and decision-making 
process. 
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Recent developments in computer and information technology may provide 
planners with opportunities to improve participatory planning practices by further 
inclusion of stakeholders’ preferences during planning and decision-making. However, in 
previous implementations of computer-supported planning and decision-making, their 
effectiveness to improve stakeholders’ participation are still questionable. The main 
reason of this problem is that in spite of the rapid development of computer technology 
regarding computing power and available applications, planners have not yet fully utilised 
the diversity of methods, techniques, and models available in computer systems in 
planning and decision-making practices (Geertman and Stillwell, 2009). Despite the 
possibility to improve participatory planning by the implementations of computer-based 
decision support systems, integrated methods which combine stakeholders’ involvement 
and decision support system are still very rare (Ataov, 2007). 

To develop a new method of computer-supported participatory planning, this 
research is focused on the Spatial Aspect of planning, where implementations of computer 
systems to improve stakeholders’ involvement is the most evident compared to other 
aspects of planning such as social, economic, and legal-formal aspects. Furthermore, in 
many countries, planning and decision-making practices usually refer to the Spatial Aspect 
of planning (Hall and Tewdwr-Jones, 2011). Improvement of stakeholders’ involvement 
in the spatial aspect of planning and decision-making can be achieved by shifting the 
current objective of spatial planning from producing a decision that is considered as an 
ideal condition in the future (based on theories and planning expertise), to produce a 
decision that is accepted among stakeholders.  

In most cases of computer-based participatory planning practices, the roles of 
planners and experts are to collect, manage, analyse stakeholders’ preferences, and 
produce a solution using scientific methods. Hence, to enable stakeholders to exchange 
their preferences in spatial planning, a new role of planners and decision makers is 
required, which is as a coordinator, mediator, or facilitator of stakeholders’ interactions. 
With this new role, a spatial plan should be perceived as an accepted condition in the 
future based on results of negotiation among stakeholders. Therefore, this research 
aimed to develop a new computer-based method in Spatial Decision Support Systems 
that can improve stakeholder’s involvement, by shifting the spatial planning paradigm 
from Spatial Plan as the Ideal Spatial Characteristics in the Future to another point of 
view of planning and decision-making, which considers Spatial Plan as the Accepted 
Spatial Characteristics in the Future. 
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1.2 Motivations 

A planning and decision-making process where stakeholders play the key role can 
be seen as a bottom-up process, as opposed to a top-down process, which put the 
government, planners, and experts as the dominant role. In a bottom-up planning and 
decision-making process, it is important that the stakeholders are capable of 
communicating to reach an agreement. Even a simple negotiation and mediation support 
tool can improve urban planning if it successfully helps stakeholders to reach an 
agreement. In current practices of planning and decision-making, stakeholders’ 
participation is limited to provide their preferences about the objectives and alternatives 
of the process. Stakeholders’ preferences are considered as an input, which along with 
other information, will be analysed by planners and experts. In most cases, the 
involvements of stakeholders in planning processes are carried out when they were 
invited to attend presentations from experts or planners who develop the plan. There are 
some weaknesses in this form of stakeholders’ involvement, for example: 
1. Stakeholders may not have the opportunity to discuss their preferences and 

proposals among themselves during the public hearing. They were merely asked to 
submit their views and opinions, which then were collected by experts or planners. 

2. Final decisions are usually made after the public meeting thus it is difficult to relate 
and trace-back the decisions to the preferences of stakeholders. The most common 
method to produce the decisions is by constructing a set of criteria, in which 
stakeholders’ preferences were included as one of the considerations. 

This research explored a new way to improve stakeholders’ involvement in spatial 
planning processes by changing their role, from as the objects of planning to a better 
one, which is as the main actors of planning. Improvement of stakeholders’ involvement 
by using the support of a computer system can be achieved if the planning process 
consists of: 
1. A computer-based system that acts as a human mediator that can evaluate 

stakeholder’ proposals and provide them with suggestions to reduce the differences 
among their proposals. 

2. An interface that enables stakeholders to learn about other stakeholders’ proposals, 
update their proposals to reach an agreement and learn the possible consequences 
of their proposals. 
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1.3 Aim 

As previously explained, there is a need to develop a new method in participatory 
planning and decision-making processes, because current practices of participatory 
planning still put planners and experts as the main actors. The negotiation paradigm that 
puts stakeholders as the main actors in planning and decision-making should be 
implemented to improve participatory planning. In this paradigm, stakeholders’ 
preferences towards available alternatives must be recognised; they should be aware of 
the preferences of other stakeholders, and be able to access information regarding 
possible impacts of each alternative. Then, with the help of a computer system, they can 
exchange their preferences, make proposals, negotiate, and adjust their proposals 
accordingly. The results of the negotiation, taking into account that authorities are among 
the negotiation parties, should be selected as the solution to the decision problem.  

To support this paradigm of planning and decision-making, this research aims to 
develop a computer-based stakeholders’ negotiation method. To achieve it, four 
objectives must be accomplished, which are: 
a. To investigate the current state of participatory planning and decision-making. 
b. To investigate the available methods to develop a computer-based negotiation. 
c. To develop a new method for computer-based Negotiation Support Systems. 
d. To implement the computer-based negotiation method for solving a multi-issue and 

multi-stakeholder decision problem. 

1.4 Research Method 

This research consists of four phases. The first phase is an exploration on the 
current paradigm of stakeholders’ involvement in planning and decision-making 
processes, identification of the paradigm shifts of planning from previously top-down to 
bottom-up planning, and exploration of available methods to involve stakeholders in 
planning and decision-making. The second phase is an investigation of the available 
methods to develop a computer-based negotiation, including recent trends and previously 
applied methods. The third phase is the development of a stakeholders’ negotiation 
method in a spatial planning process, which is supported by a computer system that acted 
as mediator. The fourth phase is an implementation of the newly developed negotiation 
method to test how it can solve decision problems in spatial aspects of planning. Detailed 
explanations of each phase of research are: 



Stakeholders-Oriented Spatial Decision Support System 

5 

a) Exploration of the Current Paradigm of Participatory Planning. 
The first step towards the improvement of stakeholders’ involvement is identification 
about the latest advances in participatory planning, especially in the bottom-up 
planning paradigm as the focus of this research. Methods that were previously 
implemented in multi-issue, multi-stakeholder planning and decision-making are 
discussed, and then, weaknesses of those existing methods are explained. Available 
methods and approaches that can be applied to develop a platform for stakeholders’ 
negotiation are also explained to find which one of those methods is the best one 
to achieve research objectives. 
 

b) Investigation of the available methods to improve stakeholders’ participation. 
Because this is research focused on the spatial aspect of planning, it is necessary to 
explore the current progress in participatory planning methods in spatial planning 
and decision-making. Previous implementations of computer-supported spatial 
decision support system show that stakeholders’ involvement was limited to the 
treatment of their preferences as one of the considerations in spatial planning, along 
with other criteria, such as social, economic, and physical criteria. In the most cases 
of the implementation of Spatial Decision Support Systems, those criteria were 
overlaid one to another in a Geographic Information Systems (GIS) environment 
using a particular method, mostly Multi-Criteria Decision Making (MCDM, to produce 
an optimal solution. 
 

c) Development of a New Computer-Based Negotiation Method. 
Based on findings from point a) and b) above, a negotiation method is developed, 
which should significantly improve stakeholders’ involvement in the spatial aspect 
of planning, compared to the existing methods and practices. To achieve it, the 
Orthogonal Strategy is selected as the negotiation model, which serves both as a 
negotiation platform and as the search method for the optimum solution. A 
negotiation protocol then constructed, to re-position the role of planners, 
stakeholders, and the computer system itself in multi-stakeholder decision-making 
processes.  
 
 
 



1. Introduction 

6 

d) Implementation of the Computer-Mediated Negotiation Method. 
The core of this research is the implementations of a computer-mediated 
negotiation, along with the involvement of stakeholders, to solve the negotiation 
issues in a spatial planning context. For the negotiation issues, a land allocation 
problem is selected as an example of how a computer-mediated negotiation can 
improve stakeholders’ involvement in planning and decision-making. Three types of 
experiments were conducted to test the effectiveness of the computer-based 
negotiation.  
The first one is an experiment with hypothetical data to test whether the model is 
functional. The second is an experiment of automated negotiation, to test whether 
the model is automatically able to find an optimum solution using stakeholders’ initial 
proposals. The third experiment is an experiment using stakeholders’ proposals, 
where they have the opportunity to adjust their proposals based on suggestions 
given by the system. The results from those experiments show that the negotiation 
method is fully operational, and by involving stakeholders during negotiation, the 
method can help stakeholders to reach an agreement on negotiation issues. 

1.5 Research Scope 

Previous implementations of Spatial Decision Support Systems were mainly 
developed in the Geographic Information Systems environment, using a set of maps 
representing the value of the criteria that are considered in spatial planning processes. 
The basis of this approach is the aggregation of values of criteria, mostly using Multi-
Criteria Decision Making (MCDM) method. When stakeholders are involved, their role is 
to evaluate the criteria by comparing them one to another, and then, planners or experts 
aggregate stakeholders’ evaluation using a specific method to produce the decision. If 
stakeholders were considered to have different levels of importance in the decision-
making, a weight is assigned to each stakeholder to represent their importance. The result 
of this type of SDSS is a map of the optimal land allocation that shows where each type 
of land use should be allocated. Most cases of SDSS implementations did not consider the 
proportion of each land use type as an objective of the decision-making. Thus, the 
proportion of each land use type is considered as the result of the land allocation process. 

This research proposes a different approach to solve the land allocation problem 
in the spatial aspect of planning. The proportion of each land use type should be used as 
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the basis for land use allocation, not the other way around. Hence, the land allocation 
process should start with a decision about allocated size for each land use type, not with 
a decision about where to allocate them. Conflicts of interests that are related to the 
proportion of different land use types should be solved by negotiation. With this approach, 
it can be ensured that stakeholders agreed about the proportion of each land use type 
before moving to analyse where to allocate them. The scope of this research is focused 
on the interaction among stakeholders during the negotiation to decide the allocation of 
different land use type to ensure adequate stakeholders’ involvement in the decision. 
Comparison between state-of-the-art of Spatial Decision Support System and the 
Stakeholders’ Oriented one that proposed in this research can be seen in Figure 1.1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Proposed Improvement of Spatial Decision Support Systems 
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that bottom-up planning processes mostly consider that good communication between 
planners and stakeholders is enough to construct a participatory planning process, thus 
negating the importance of communication among stakeholder themselves. To develop a 
new negotiation method, in this chapter, available methods of stakeholders’ involvement 
are also explained, which are categorised into two main types; Individual Decision Making 
and Joint Decision Making. State-of-the-art of Spatial Decision Support Systems is 
explained, where previous implementations of SDSS show that the most common method 
used to find the solution is the Multi-Criteria Decision Making (MCDM) approaches. 
Furthermore, not all SDSSs were supporting multi-stakeholder involvement in finding the 
solution. When it exists, the preferences of stakeholders were aggregated using MCDM 
rules to produce the output. 

Chapter Three explains the Negotiation Protocol where stakeholders, with the help 
of a computer system, can interact and exchange proposals until an agreement is 
achieved. The main discussion in this chapter is related to the Orthogonal Strategy, which 
in principle is an optimum-value search strategy by moving stakeholders’ proposals from 
one point to another to reduce the distance between proposals until stakeholders reached 
an agreement or the system cannot move stakeholders’ proposals closer anymore. 

In Chapter Four, the negotiation setting is constructed, which is to solve a land 
allocation problem in Surabaya City, Indonesia. This chapter consists of three parts. The 
first part is an introduction to negotiation issues, consists of a general overview of the 
study area and land allocation problem that should be solved by negotiation. The second 
part explains the preference elicitation phase, where various alternatives are generated 
using Mixture Design rule. For each of the alternatives, each stakeholder will give their 
evaluation within a specified range. Based on stakeholders’ evaluation, a unique utility 
function then will be calculated for each stakeholder to represent their preferences 
towards negotiation issues. The third part explains the experiment of computer-mediated 
negotiation using a set of hypothetical data. Because the negotiation model developed in 
this research is an expansion of the existing ones, thus have never been implemented 
before, it is necessary to test the model before experimenting with real stakeholders to 
solve a real-world negotiation problem.  The results of the experiment using hypothetical 
data show that the model is operational, thus capable of solving a multi-issue, multi-
stakeholder negotiation problem. 

The experiments with real stakeholders to solve a real-world decision problem are 
explained in Chapter Five, which consists of two experiments. The first experiment is an 
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automated negotiation, where using the initial proposals from stakeholders, the 
negotiation model automatically seeks an optimum solution, which is when the proposals 
of stakeholders are as close as possible. This experiment is required because in the 
experiment using hypothetical data, only three hypothetical stakeholders are used. 
Hence, it is necessary to test whether the negotiation model can find a solution with a 
relatively large number of participants. The second experiment is the computer-mediated 
negotiation, where stakeholders adjusted their proposals until an agreement or the 
optimum solution is reached. Results from these two experiments show that the 
negotiation model can handle a multi-stakeholder negotiation, and stakeholders can reach 
an agreement with the support of a computer-based negotiation support system. 

Chapter Six concludes the research with a summary of all stages of the research, 
and conclusions about how a computer-mediated negotiation can improve stakeholders’ 
involvement in planning and decision-making. Future works that can be conducted related 
to this research are also discussed, to improve the scientific field of participatory planning. 
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2 

Stakeholders’ Involvement in Planning and 
Decision-making  

 

 

2.1 Introduction 

Stakeholders’ involvement, who are individuals, institutions, or organisations that 
are affected by planning and decision-making processes (Castelletti and Soncini-Sessa, 
2006), is an important aspect that increasingly recognised in the public decision-making 
processes. In other fields such as business and management, it also gained a very 
important position (Reed, 2002). On the other hand, a higher level of stakeholders’ 
involvement means that the complexity of the decision-making process will increase, and 
at a particular level, when stakeholders’ involvement cannot be handled manually, 
planners and decision makers require computer-supported participatory methods to help 
them manage stakeholders’ preferences and interactions (Ataov, 2007). 

Various approaches to increase stakeholders’ involvement in decision-making by 
using computer systems have already been developed. However, methods that improve 
the way stakeholders exchange and adjust their proposals to reach an agreement 
received less interest from both decision makers and academic communities. This chapter 
explains the paradigm shift in planning and decision-making, available methods for multi-
stakeholder decision-making, the state-of-the-art of stakeholders’ involvement, and 
recent trends in the spatial aspects of planning. Three main findings of the literature 
review phase are discussed in this chapter. First, there is a significant shift in planning 
and decision-making that put more emphasis on the involvement of stakeholders. Second, 
available methods and their implementations to improve stakeholders’ involvement in 
decision-making mainly evolved in a “communicative paradigm”, which considers that 
good communication between planners and stakeholders is the main focus to construct a 
participatory planning process, not communication among stakeholder themselves. Third, 
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in the spatial aspect of planning, the most common method used to produce a decision 
when multiple stakeholders and multiple decision issues were involved is the Multi-Criteria 
Decision-making (MCDM). Even though MCDM method has many variants, they are all 
following the same basic principle, which is an aggregation of stakeholders’ preferences, 
either equally or with different weights to different stakeholders, to produce the final 
decision. 

As an alternative to the communicative paradigm, this research investigates a 
bottom-up planning approach that focuses on negotiations among stakeholders in 
decision-making. While the concept of the negotiation in decision-making itself is not 
completely new, its implementations in bottom-up planning processes are still very limited 
compared to the communicative paradigm. The key difference between the 
communicative paradigm and the negotiation approach is the explicit understanding that 
the negotiation in the planning process aims to negotiate an outcome of the planning 
process that is accepted by all stakeholders involved.  

Developments in the field of computer science to support decision-making 
processes, widely known as the Decision Support Systems (DSS), offer the possibility to 
involve a large number of stakeholders in the negotiation-based decision-making 
processes. DSS support the involvement of a large number of stakeholders by utilising 
the computers’ capability to manage stakeholders’ preferences, providing an algorithm to 
process their proposals, and reducing the required time for negotiation. 

In the late 1980s, a new field of study, namely Negotiation Support Systems (NSS) 
emerged in a variety of domains, such as economics, social science, and psychology  (Lao, 
et al., 2010). NSS constitute a special class of group decision-making that assists 
negotiating parties in reaching an agreement by providing means of communication, 
enabling them to exchange their proposals, and help stakeholders to reach mutually 
satisfactory decisions (Bui and Shakun, 2004; Guo and Lim, 2007; Kersten and Lai, 2007). 
However, merely supporting stakeholders to exchange their proposals is not enough, 
because the computer system should have the capability to evaluate stakeholders’ 
proposals and providing suggestions to reduce the differences between them, as a human 
mediator does.  
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2.2 Paradigm Shift in Planning and Decision-making 

During the last three decades, we can observe a significant shift from Top-Down 
Planning to Bottom-Up Planning (Lane, 2005; UN-Habitat, 2009; Mohammadi, 2010; 
Crescenzi and Rodriguez-Pose, 2011; Smith, 2014) as the result of a global effort to 
increase the involvement of stakeholders in public decision making, partly in response to 
deteriorating financial positions of governments, due to successive economic crises. This 
shift of paradigm towards a more participatory planning process contributed highly to 
efforts by the United Nations and the World Bank. In turn, those efforts led to an 
increasing number of governments at various levels who begun to explore ways of taking 
more seriously the challenge of bottom-up participatory planning in setting policy and 
budgetary priorities. 

In top-down planning processes, politicians with the assistance of bureaucrats and 
planning experts formulate final planning proposals. Despite the results of top-down 
planning processes are often accessible through public libraries or government offices’ 
websites, the process is lacking transparency due to the limited involvement of 
stakeholders during the analysis and decision-making phases (van der Windt, et al. 2007). 
The implementation of top-down planning is often not supported by stakeholders, but by 
regulations, with a clear penalty for those who disregard it. Because stakeholders are 
involved in the planning process, not only during the implementation of the decision, in 
contrast to a top-bottom planning where stakeholders are only involved in the 
implementation of the decision, a bottom-up planning process may produce a decision 
that has the full support of all stakeholders. Even when some stakeholders are not 
completely content with the final decision, they acknowledge their differences and find 
an acceptable solution. Bottom-Up planning processes can be further improved when 
stakeholders can exchange their preferences. However, this may lead to the realisation 
that they have conflicting interests. In such situations, negotiation among stakeholders is 
required to resolve the conflicts of interests.  

Previous efforts to implement bottom-up planning approaches have mainly 
focused on the “communicative paradigm” (Healey, 1992; Fainstein, 2000; Märker and 
Pipek, 2000; Allmendinger and Tewdwr-Jones, 2005; Mohammadi, 2010; Hu et al., 2013), 
which argues that planning and decision making processes can be improved when 
stakeholders are provided with a means to communicate their opinions to planners 
(Innes, 1998; Appleton and Lovett, 2005; Simeonova and van der Valk, 2016). The most 
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common method of stakeholders’ involvement in communicative bottom-up planning 
practices is by inviting them in public meetings where they can interact with supra 
decision-makers such as government and planners to speak out their preferences towards 
issues of decision-making.  

Despite the significant improvement of stakeholders’ involvement when a 
communicative paradigm is implemented in bottom-up planning, some adjustments are 
still required (Fischler, 2000; Martens, 2001; Sutriadi and Wulandari, 2014). The main 
drawback of the communicative paradigm is that it is not focused on supporting 
stakeholders to communicate their differences and adjust their preferences towards 
decision problems, but rather to gather stakeholders’ opinions as much as possible to be 
evaluated by experts or planners. When stakeholders have conflicting views and interests, 
their preferences are collected, and then with their expertise and experience, planners 
make the final decision, sometimes with several public meetings during the decision-
making process. During those public meetings, stakeholders are informed about the 
progress of the planning process, and again, asked about their views. However, 
stakeholders usually are not allowed to exchange their preferences, because planners 
tend to keep stakeholders’ preferences for themselves to avoid conflicts and only present 
stakeholders with the results of the planning process. Even when they are allowed to 
defend their position, the process only supports the communication of preferences and 
underlying arguments. Thus, another approach is required to improve stakeholders’ 
participation in planning and decision making (Ataov, 2007; Khan and Swapan, 2013), 
because it is important that the stakeholders are capable of communicating to reach an 
agreement. 

Different levels of participation in planning and decision-making can be generalised 
into two forms. First, passive participation, where the public is merely informed about 
decisions made by the government. Second, interactive participation, where the public is, 
to some degree, really involved in the policy-making process (Elsasser, 2002). We can 
also distinguish two forms of relationship between government and citizens in urban 
planning and decision-making, which are; “consultation”, where government seemed to 
be open to suggestions but simply reject the ones that do not suit their preferences, and 
“participation”, where there is a certain degree of power-sharing between government 
and citizens (Bickerstaff et al., 2002).  

A more detailed description of different participation levels was made by Sherry 
Arnstein, which divided the term of participation into eight groups, Citizen Control being 
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the highest level of participation, and Manipulation being the lowest one (Arnstein, 1969). 
Arnstein argued that there are different forms of relationship between authorities and 
citizen. Participation is defined as a relationship where there is at least full partnership or 
even full control by the citizens in planning. Different levels of citizen participation from 
the highest to the lowest level according to Arnstein are: 
1. Citizen Control 

In this highest form of participation, citizens have the full control of policy and 
managerial aspects, and able to negotiate with external entities. 

2. Delegated Power 
In a delegated power system, citizens are not fully in charge in the decision-making, 
but they still have a dominant decision-making authority over plans or policies that 
will be implemented by the government. 

3. Partnership 
At this level of participation, power is redistributed through negotiation between 
citizens and government. Thus, responsibilities of planning and decision-making are 
shared among institutions such as policy board or planning committees. 

4. Placation 
At this level, the government imposed a reduced influence on the citizens in the 
decision-making. A very common method of placation is when government selected 
citizens to be members of a policy board or planning committee. In exchange for 
this position, selected citizens are obliged to give their voice to support government 
programs. 

5. Consultation 
Gathering inputs and opinions from citizens in hearing and consultation forums can 
be a starting point toward full participation, but without combining this method with 
other styles of participation, it will not ensure that citizen concerns and ideas will be 
adequately considered in the decision-making. 

6. Informing 
In this type of participation, only one-way flow of information is provided, which is 
from the government to citizens about decisions that already had been made. 
Feedbacks from citizens that can influence the decision-making process are not 
recognised by the government to minimise the chance of rejection from citizens. At 
this level of citizens’ involvement, participation can be considered minimal, if not 
exists at all. 
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7. Therapy 
In this kind of participation, citizens are treated as if they possess some disease if 
they disagree with plans or decisions to be carried out by the government. In this 
framework, discussions and meeting places are held not to hear citizen’s opinions, 
but rather to “cure” them so they can fully fit in with government decisions. 

8. Manipulation 
This lowest degree of participation puts citizens on institutions such as planning 
commissions or advisory board as a government puppet, and simply place their 
signature as a sign that whatever regime is planning or decisions have been agreed 
by citizens. 
 

Although providing a good foundation for explaining different levels of 
participation, Arnstein’s ladder of participation is not always suitable to describe how 
participatory planning is carried out in developing countries (Choguill, 1996). 
Furthermore, Choguill offered a different spectrum of participation in developing countries 
based on the degree of external institutional involvement for facilitating or carrying out 
policies of projects implemented by the government. Participation levels based on his 
arguments are: 
1. Hierarchy Level 1: Empowerment 

Highest level in developing countries should be Empowerment, where citizens have 
majority power in the formal decision-making process, even able to force the 
government to implement policies and programs when government unable or 
unwilling to achieve expected improvement. 

2. Hierarchy Level 2: Partnership 
At this level, citizens, government, and planners agree that planning and decision-
making responsibilities should be shared through institutions such as a joint planning 
board, planning committees, or an informal mechanism for resolving conflicts. 

3. Hierarchy Level 3: Conciliation 
The third highest level of participation that is considered suitable for developing 
countries is Conciliation, which exists when there is an opportunity for citizens to 
make suggestions or even corrections to government-made policies or decisions. 
This can be achieved through a series of intensive discussions between the 
government and appointed representatives of the citizens.  
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4. Hierarchy Level 4: Dissimulation 
Dissimulation is not real participation, because some citizen representatives are put 
on “rubber-stamp” advisory committees, and the government tries to change their 
opinion by various ways so that finally they simply agreed with the government’s 
policies or decisions. 

5. Hierarchy Level 5: Diplomacy 
When the government is unable to solve problems due to lack of financial resources 
or interests, they usually ask citizens to solve problems by themselves. Sometimes 
they also ask outside organisations to support them financially or technically. This 
practice seemed to be fine, but the government usually claimed the efforts as their 
achievements. 

6. Hierarchy Level 6: Informing 
This level consists of a flow of information, mostly one-way, from officials to 
communities about their right, responsibilities, and options, without allowing them 
to send feedback during the implementation of the decision. This level still falls into 
the category of Top-Down Planning, which may lead to a conflict between 
Stakeholders. 

7. Hierarchy Level 7: Conspiracy 
Conspiracy is the level of democracy where there is no participation in the formal 
decision-making process is allowed because the government without the need to 
hide it will reject any idea proposed by Stakeholders. It includes cases where 
authorities gave arguments that seem logical to support the decision, but with 
disguised motives that may give them unfair benefits. 

8. Hierarchy Level 8: Self-Management 
Self-management It takes place when the government does nothing to help 
Stakeholders solving problems by themselves, both in planning improvements for 
their neighbourhood and implementing those plans. Stakeholders work without any 
external support at all, which significantly reduced the likeliness of success. 
However, is it also possible that Non-Government Organizations (NGOs) through 
their extensive involvement completely replaced the role of the government. 

 
Although efforts to involve citizens in planning and decision-making, in theory, will 

result in better outcomes, bottom-up planning processes face some challenges that must 
be overcome, as explained in (Mohammadi, 2010), which are: 
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‐ Citizens’ participation requires financial resources and other efforts. Despite good 
participation will gains time and money in the long-term, its benefits in short-term 
implementations may be difficult to observe. Lack of resources and available time 
to conduct planning with adequate participation are most likely to be a major 
constraining factor in the implementation of participatory planning. 
 

‐ Local planners and politicians seldom have any incentive when they make an effort 
to maximise citizens’ participation. They even have to deal with more issues to 
handle when citizens are involved in the planning process. More citizens who are 
involved mean there are more opinions, preferences, and objections that must be 
taken care of.  

 
‐ Most of the participants in a participatory planning process mostly came from a 

restricted spectrum, which is those who consider the planning process will be 
beneficial for them. Citizens who view the planning process as a threat and possibly 
costly will refuse to be involved. 

 
‐ The NIMBY (Not in My Back Yard) behaviour usually became the ground for those 

who object to the results of planning. Furthermore, those objectors usually are local 
residents, who despite have a high stake in the planning process, their involvement 
was limited. The most common cause of this NIMBY problem is planning process 
sometimes more focused on the opinions of politicians, experts, and other highly 
influential figures rather than local residents. 
 

‐ Although there are sufficient reasons for planners to implement public participation 
in the planning process, one important aspect of planning, which is power structure 
and network, have rationality of their own. This power and network mostly formed 
by interests of authorities and developers. Even when a planning process was 
supported by citizens’ participation, it will never materialise if the power structure is 
not recognised and considered.  

Due to those above challenges, participatory planning seldom resulted in a quality 
planning process. Furthermore, continuous lack of quality will make citizens become 
apathy of the participatory approach in planning. This research intended to solve those 
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problems by involving stakeholders as much as possible during planning processes. Their 
interaction is formulated as a negotiation, where they can exchange and adjust their 
proposals to reach an agreement. This type of participatory planning and decision-making 
requires effective tools to facilitate stakeholders with heterogeneous backgrounds and 
interests (Steinberg, 2005). The support of a computer system is required when a 
relatively large number of stakeholders are involved in the negotiation process because 
supra-decision makers such as planners and experts usually have limited capability to 
process the input from stakeholders and provide suggestions for them. Therefore, a 
computer-supported negotiation is imperative to support the improvement of 
stakeholders’ involvement in planning and decision-making processes. 

2.3 Quantitative Methods for Stakeholders’ Involvement 

When a decision-making process involves multiple stakeholders, a particular 
method or approach is required to guide the process. It can be either a qualitative one 
or a quantitative one, depends on the setting and the objective of the decision making. 
Quantitative methods for multi-stakeholders decision-making processes can be 
generalised into three types (Raiffa, 1982), which are Individual, Separate and 
Interactive, and Joint Decision-making. The latter two types can be considered as Plural 
Decision-making methods, as seen in Figure 2.1 (Raiffa, 1982). 
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making issues, or when a decision made by a stakeholder has a negative impact towards 
other stakeholders. An individual decision making can also produce a single decision, 
which is decided by a supra decision-maker such as a government institution or a planner. 
The main drawback of this type of decision-making is that stakeholders’ preferences are 
summarised by the supra-decision maker. Hence, it is difficult to trace back, relate, or 
compare the final decision to the preference of each stakeholder.  

The second type of decision-making is Separate and Interactive decision-making. 
In this case, stakeholders made their own decision not only based on their preferences 
but also based on their interactions with other stakeholders. This type of decision-making 
refers to a situation where stakeholders are constrained to select a decision from a 
specified set of alternatives. The payoff for each stakeholder not only depends on his 
choice but also depends on the choices made by all other stakeholders. Stakeholders are 
sometimes not knowing the choice of the other stakeholders, and each of them must 
think about what are the decisions of the other stakeholders. As a result, stakeholders 
are involved in a strategic interaction and exchange of proposals, where they have partial 
control over the final payoff of the decision-making process. Similar to the individual 
decision-making, the separate and interactive decision-making can also produce different 
preferences or decisions made by individual stakeholder. A supra decision-maker then 
can also aggregate those decisions to produce a single decision.  

The Third type of multi-stakeholder decision-making is the Joint Decision-Making, 
where stakeholders come together to see whether they can come to a decision together 
as a group. In joint decision-making, a single final decision is produced as the result of 
negotiation among the stakeholders. The main advantage of this approach is that 
stakeholders are well aware of their initial preferences, differences among them, and how 
their preferences are converging during the negotiation. This advantage of joint decision-
making is very useful if we want to explore the behaviour of stakeholders involved in the 
decision-making process and use this information to improve negotiation processes.  

The main difference between the separate decision-making and the joint-decision-
making is that in separate decision-making, stakeholders individually made their own 
decisions that may influence the other stakeholders. Therefore, the payoff for each 
stakeholder is not only dependent on the decision, but also on the decisions of the other 
stakeholders. However, the consequences of the decisions, which may vary, are the 
responsibility of individual stakeholder. On the other hand, because the decision in joint 
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decision-making is made by stakeholders as a group, the consequences and payoffs are 
shared equally among stakeholders. 

2.4 Individual Decision-making Making Methods 

An individual decision-making process that involves multiple stakeholders, 
especially in a public domain, may require a supra decision-maker such as planners or 
government to settle stakeholders’ differences and chooses the final decision. This 
process requires a method to help the supra decision-maker to analyse the preferences 
or decisions made by the stakeholders. In multi-stakeholders decision-making processes, 
the final decisions were mostly produced by aggregating stakeholders’ decisions, 
sometimes with different weights assigned to different stakeholders.  

  
2.4.1. Multi-Criteria Decision-making (MCDM) 

In MCDM, a decision is made based on a set of variables. Participants assign 
weights to the variables and compare alternatives against variables (Kottemann et al., 
1994; Kersten, 1997). Decision-making with MCDM normally finished with only one round 
of participants’ involvement. In multi-stakeholder decision-making, MCDM implemented 
by facilitating different preferences of stakeholders and then automatically aggregate 
stakeholders’ preference to produce a decision (Gene, 1995) with a particular 
mathematical formula. Therefore, MCDM-based decision-making approaches result in 
generalised or aggregated preferences of participants and thus eliminate unique 
preference that participants may have. In general, the general multiple criteria decision-
making problem is formulated as  (Chandrasekaran and Ramesh, 1987): 

 

max 𝐹 𝑥 ;  𝑥 ∈ 𝑆 
 

Where 𝑥 is the value of the decision issues, 𝐹 𝑥  is the value of the objectives when 𝑥  

is selected, and 𝑆 is the set of alternatives that needs to be selected as the final decision. 

The main objective of the Multi-Criteria Decision Making is to find the combination of the 

value of the variables that can maximize the value 𝐹 𝑥 . Because 𝑆 must consists of 

possible or available combinations of the variables, it should be stated explicitly before 
the MCDM started.  
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There are extensive researches and implementations of MCDM as the underlying 
method for decision-making, which allows stakeholders to define and compare different 
criteria that must be considered in decision-making. Examples of MCDM implementation 
for decision-making method are (Teich et al., 1995; Espinasse et al., 1997; Loukopoulos 
and Scholz, 2004; Morge and Beaune, 2004; Dias and Clıḿaco, 2005; Castelletti and 
Soncini-Sessa, 2006; Janssen et al., 2006; Regan et al., 2006; Altuzarra et al., 2007; 
Wanyama and Homayoun Far, 2007; Goosen et al., 2007; Bourgoin et al., 2012). MCDM 
originally developed as Multi-Attribute Utility Theory (MAUT) (Store and Kangas, 2001), 
and in currently consists of a collection of models, which can be generalized into three 
basic groups; Weighted Sum, Analytic Hierarchy Process (AHP), and Elimination and 
Choice Translating Reality (ELECTRE) (Tzeng and Huang, 2011). Other MCDM methods 
such as Preference Ranking Organization Method for Enrichment Evaluations 
(PROMETHEE), Analytic Network Process (ANP), and The Technique for Order 
Preferences by Similarity to an Ideal Solution (TOPSIS) are considered as an expansion 
or combination of the three basic models. 

Weighted Sum is the simplest method to deal with multi-criteria decision problems 
(Mahmoud and Garcia, 2000). The first step in this method is the determination of a set 
of alternatives and numerical values for criteria to measure those alternatives. To be used 
within the Weighted Sum model, every criterion needs to be measurable, in a sense that 
it must be able to be associated with a quantitative value (Castelletti and Soncini-Sessa, 
2006). In the second step, weight is assigned to each criterion. This is the most important 
step in multi-criteria evaluation methods since weights reflect the relative importance of 
criteria. The third step of this model is a multiplication of criteria’s value with their 
corresponding weight and summing them. Thus we can calculate the payoff for each 
alternative. In this method, the best alternative is defined as the one that has the highest 
summation of criteria values and their corresponding weights by using the following 
equation (Saaty, 2003): 

𝑅 𝑎 𝑤  

Where 𝑅  is the value of the alternative i, 𝑎  is the value of the criterion j for the 

alternative i, and 𝑤  is the weight or importance of the criterion j. The solution is then 

defined as the alternative that has the highest value of 𝑅. 
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The Analytic Hierarchy Process (Saaty, 2003) is one of the most widely used multi-
criteria techniques in decision-making processes involving multiple stakeholders 
(Altuzarra et al., 2007) to model subjective decision-making processes. As oppose to the 
Weighted Sum, there are two levels of hierarchy in AHP. The First level is the definition 
of a set of alternatives that can solve the decision problem. The Second level is the 
decomposition of the decision problem into the goals and followed by decomposition of 
the goals into criteria. After that, weight is assigned to every goal and criterion. If multiple 
stakeholders are involved in the decision-making, each of them is given a weight to 
represent their importance. Stakeholders then assign weight to goals and criterion 
according to their preferences. Then, each pair of criteria is cross-compared regarding 
importance as criteria’s weight (Wanyama and Homayoun Far, 2007). The role of the 
Goal in AHP is to select which alternative that has the highest value, regarding the value 
of multiplication between each criterion and its corresponding weight. In other word, the 
alternative that produces the highest value of the goal is the one that should be selected 
as the final decision, as shown in Figure 2.2 (Bhushan and Rai, 2004). 

 
 
 
 
 
 
 
 

       Figure 2.2. Structure of AHP 
 
ELECTRE model is developed based on the nature of the decision problem, the 

importance of criteria involved in decision-making, and the preferential information 
(weights, concordance index, discordance index, veto effect) (Tzeng and Huang, 2011). 
An early form of this model (ELECTRE I) was developed to find the best alternative where 
restricted outranking relations for criteria is given. The main goal of ELECTRE I is the 
aggregation of a performance table into a choice set, which is often presented as a three-
step procedure (preference modelling, aggregation, and exploitation) (Bouyssou et al., 
2006).  ELECTRE II was introduced to overcome ELECTRE I’s inability to produce a 
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ranking of alternatives by introducing the strong and the weak outranking relations 
between alternatives (Belton, 2002; Tzeng and Huang, 2011). 

 
2.4.2. Expected Utility Theory 

The main assumption of the Expected Utility Theory is that decision-making issues 
are independent, and stakeholders can aggregate the overall utility or payoff of the 
decision issues by simple summation, producing linear utility functions. However, many 
real-world decision-making problems involve interdependent issues. The addition of such 
interdependencies greatly complicates the stakeholders’ utility functions, resulting in 
nonlinear utility function (Ito et al., 2007). Distributions of decision issues over utility 
functions have some appealing qualities for stakeholders, and quite naturally leads to the 
notion of expected utility, a concept that has been used in several different lines of 
research. Example of previous works that used Expected Utility in decision-making can 
be seen in (Srivastava and Mohapatra, 2003; Robu et al., 2005; Ito et al., 2007; 
Chevaleyre et al., 2008; Ma et al., 2010). 

Expected Utility Theory initially developed based on the assumption that in the 
two-or-more zero-sum game, players can increase their chance of winning decision-
making by predicting the likelihood of every possible outcome. Because this method is an 
extension of Game Theory, it is considered as a unique model itself, without having sub-
models as in Game Theory and MCDM. However, different approaches for this model also 
possible to construct a different point of views regarding the decision problem it facing. 
In this model, decision-making often represented in a structural hierarchy such as 
constructed in MCDM, with a finite set of possible alternatives. Each alternative may end 
up with a finite set of consequences, which then evaluated by the likelihood of occurrence 
and utility function, hence defined as Expected Utility (Danielson et al., 2007). 

According to (Boutilier, 2003), “Assume a decision scenario consisting of a finite 
set of possible decisions D, a finite set of possible outcomes S, and a distribution function 

Prd  ∈Δ(S), for each 𝑑 ϵ D. The term Prd(s) denotes the probability of outcome s being 

realized if the system takes decision 𝑑. Prd(s) can be viewed as a vector 𝑝  whose 𝑖th 

component is 𝑃𝑟 𝑠 . A utility function 𝑢 : S → ℝ associates utility 𝑢 𝑠  with each 

outcome 𝑠.  We can consider that 𝑢 is a |S|-dimensional vector 𝑢 whose 𝑖th component 

𝑢  is 𝑢 𝑠 .” 
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The expected utility of 𝑑 with respect to 𝑢 is calculated using equation: 

 

𝐸𝑈 𝑑, 𝑢  𝑝 𝑢 𝑃𝑟 𝑠 𝑢  

 
Because each of the stakeholders has unique utility values that correspond to 

different decisions, it is possible to construct a utility function for each of the stakeholders 
(Zeng and Sycara, 1998).  

 
2.4.3. Cognitive Theory 

The Main assumption of previous methods is that stakeholders made decisions 
within a logical framework, which is by structuring decision problems, defining objectives, 
and creating alternatives. However, in many cases of decision-making, stakeholders are 
not always stuck to the logical structure of thinking when making a decision (Raiffa, 
1982). Cognitive Decision-making defined as an intensive exchange of information among 
participants, thus requiring them to share their knowledge to reach an agreement. In 
situations with structural uncertainty, cognitive process among participants can be very 
helpful. According to (Kersten, 1997), structural uncertainty exists when the decision to 
be made is new and without familiar clues, relatively high complexity, or yield 
contradictory outcomes for different participants. 

Social and behavioural psychology also plays an important role in the behaviour of 
participants in decision-making. Participants are usually going to pursue equal gain in the 
decision-making process, especially when social identity is important for them and they 
feel accountable to other parties in the decision-making. Accountability is a self-
awareness concern because participants seek approval from other participants to appear 
competent, co-operative and fair, but in some conflict of interests need to be seen as 
tough and competitive (Agarwal, 2008). Another aspect of decision-making that is 
unresolved by other decision-making methods is stakeholders’ particular geographies and 
histories characteristics. This aspect will influence social, economic, and political 
preferences of involved stakeholders in decision-making. Thus, generating a pattern of 
behavioural roles, and cultural system, that finally shape the distribution of power during 
decision-making (Ruming, 2009). 



2. Stakeholders’ Involvement in Planning and Decision Making 

26 

2.5 Plural Decision-making Methods 
Plural decision-making does not require a method to analyse and aggregate 

stakeholders’ decision as in individual decision-making, but rather requires an interactive 
platform that can help and guide stakeholders to interact during the decision-making. 
Quantitative methods for plural decision-making were designed to improve the interaction 
among stakeholders to reach a decision by allowing them to exchange preferences and 
proposals to reach an agreement.  

  
2.5.1. Game Theory 

Game Theory is a theory about multi-stakeholder decision-making, in which the 
stakeholders involved may have conflicting preferences, and their decisions are 
interdependent one to another. Therefore, the outcome of their decisions must be 
determined by stakeholders’ decisions as a whole (Samsura et al., 2010). Game Theory 
can also be considered as a general term for describing human behaviour when 
confronted with situations that may lead to a conflict of interests. We can even say that 
whenever human beings interact with each other, they are playing a particular type of 
game (Binmore, 2008).  By translating human behaviour into decision-making processes 
into “rules of the game”, more desirable outcomes in decision-making might be achieved 
(Damme, 1995). As a field of research, Game Theory consists of a collection of models. 
The following short discussions are based on (Myerson, 1997; Osborne, 2004).  

 
A. Strategic Games  

Strategic Game is a model of Game Theory that enables stakeholders to interact 
and exchange offers. When each stakeholder has a set of possible actions (action 
profile), this model can capture interactions among them. Then, it will enable each 
stakeholder to be influenced by other stakeholders’ actions. Based on the 
assumption that stakeholders are rational decision-makers, they will choose the 
best available action that gives them the highest payoff.  
However, in a strategic game, the best action for each stakeholder also depends 
on the actions of others. When a stakeholder chooses an action, he also must 
consider what actions another stakeholder will choose, thus form a belief about 
other stakeholders’ actions, which is constructed while playing the strategic game, 
and this belief is sufficient that each stakeholder knows how others will behave.  
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The outcome of a strategic game is A Nash Equilibrium, which is an action profile 
that no stakeholder should be able to increase his payoff in the continuation of the 
game by changing his action while other stakeholders keep their current actions 
(Sergiu, 2006). Decision makers then can consider that an alternative that meets 
equilibrium values are the one that should be selected.  
 

B. Extensive Games  
Strategic Game model of Game Theory disregards the sequential structure of a 
decision-making process. When applying a strategic game to a situation where 
stakeholders move sequentially, the model assumed that after stakeholders choose 
their actions, they are committed to it and cannot modify it as the interaction 
progressed. In contrast, Extensive Game models the sequential structure of 
decision-making explicitly while allowing stakeholders to change their actions 
during a game. Another difference between Strategic Games and Extensive Games 
is a strategic game model a situation in which, whenever a stakeholder took action, 
other stakeholders are observing, thus took action to counter it, although this 
action is not relevant to their payoff. In contrast, extensive games model a 
situation where stakeholders only took action to counter the other stakeholders’ 
action that relevant to them.  
An extensive game models a situation in where stakeholders when choosing an 
action knows all actions chosen previously and moves alone, not simultaneous with 
other stakeholders. The key concept of this model is a “strategy”, which specifies 
the action of a stakeholder chooses for each step after his turn to move. For each 
stakeholder, we can assign a strategy profile that will determine which one of the 
terminal histories that most likely to occurs. By using extensive games model, we 
can specify the best strategy for each stakeholder and the equilibrium of the game 
(Samsura et al., 2010), and allow us to compare stakeholders preferences as an 
input for the decision-making process. 

C. Coalitional Games 
Coalitional Game is a model of a game theory that focuses on two main themes; 
First, when stakeholders are clustered into different groups, this model evaluates 
interactions among stakeholders within a group. Because in theory, each group 
will have its objectives, agendas, and limitations, this model also evaluates 
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interactions among groups in the decision-making process. Second, what are 
alternatives and options that different coalitions have (Damme, 1995). There are 
two outcomes of a coalitional model of the game theory. The first outcome is the 
partition of all players into groups, together with a set of actions for each group. 
This outcome recognises two possible extremes; At one end, each group may 
consist of a single player, who acts on her own, while at the other end, decision-
making process resulted in a single group containing all the players. The second 
outcome, called the core, is a set of actions for a grand coalition of all players such 
that no coalition has a set of actions that give a higher payoff for all players. In a 
converged coalition, The Core has the same properties as a Nash Equilibrium (Kim 
and Roush, 1983). 

We can compare models of Game Theory on three aspects. Firstly, based on the 
type of game, there are either cooperative or non-cooperative games. In a cooperative 
game, players interact to gain the highest collective payoff, not individual payoff as in a 
non-cooperative game. Secondly, how interactions between players occur, either 
simultaneous or sequential. In a simultaneous game, players acted at the same time for 
each step of the game, while in a sequential game, a player may or may not make an 
action based on his observation of other players’ actions. Thirdly, we can compare models 
of Game Theory based on outcomes of the model, either a decision, a coalition, or both.  
Although Game Theory can provide a good platform for decision-making, this method 
only allowing stakeholders to negotiate their actions, not the logical processes that lead 
to a final decision. Many real-life decision problems require scientific approaches to reach 
a decision that cannot be solved by using Game Theory method. 

 
2.5.2. Nash Bargaining Solution 

Two or more players are engaged in a bargaining situation when they are willing 
and have a common interest to co-operate, but they have conflicting interests over a 
different set of outcomes (Muthoo, 1999). Although some authors clearly drawn a line 
between Bargaining and Negotiation (Epstein, 1966; Eric, 1995; Futrell et al., 2002), 
others (Chan, 1988; Rangaswamy and Shell, 1997; Aggarwal and Dupont, 2001; Liu and 
Andersson, 2004; Sánchez-Anguix et al., 2010) considered that bargaining approach is 
suitable to model the situation where players involved in negotiation. The Nash Bargaining 
Solution is a well-known approach to model players’ interactions in a bargaining situation. 
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This model defines the optimum (fair and social-welfare maximising) outcomes of 
negotiation, by first identifies the utility value over available alternatives for each player 
involved, then allowing players to compare their utility and adjusting them during 
negotiation rounds. Therefore, this model has been viewed as the gold standard for 
identifying a unique optimum negotiation outcome (Fujita et al., 2012). 

Potential agreements in Nash Bargaining Solution are defined as those that fall 
within a “zone of agreement”, thus not concentrating on a single outcome, but rather 
towards the set of potential solutions that negotiations might be conducted (Roth, 1985). 
However, due to the nature of real-time decision problems where outcomes are mostly 
inter-dependent, not all feasible solutions would be efficient, and not all efficient solutions 
would be equitable. The selected solution in a bargaining situation is the Nash solution 
point, or the Nash Bargaining Solution, where the product of the outcomes of negotiation 
parties are maximised (Chandrashekhar and Bhasker, 2011). The basic model of the Nash 
Bargaining Solution consists of at least two players competing over a single commodity. 
The commodity will be partitioned only when players reach an agreement. Each player, 
in turns, makes an offer as how it should be divided and the other player may decide to 
accept it or reject it. An acceptance from the other player will end the negotiation. After 
rejection, the rejecting player has to make a contra-offer and so on (Rubinstein, 1982; 
Binmore et al., 1986). 

A simplified mathematical model for Nash Bargaining Solution can be seen in (Dixit 
et al., 2009). Suppose in a bargaining situation, Player 1 and Player 2 seeks to split a 
total value V, which they can achieve if and only if they agree on a specific division. If no 
agreement is reached, Player 1 will get A, and Player 2 will get B, as a minimum accepted 
payoff or commonly known as BATNA-Best Alternative To a Negotiated Agreement (Ury 
et al., 1992), when each acting alone or in some other way acting outside negotiation. 
Often A and B are both zero, but more generally we only need to assume that A + B < V 
so that there is a positive surplus S as the result negotiation where S = (V–A–B). If there 
were no surplus as the result of negotiation, the whole negotiation would be useless 
because each player would just take up its minimum accepted payoff. If an agreement is 
achieved, Player 1 will get fraction H of S and Player 2 will get fraction K of S. The sum 
of these fractions will equal one (H + K = 1). If X represents the total sum that Player 1 
ends up with, and Y represents the total sum that Player 2 ends up with, we can formulate 
the following equations known as Nash Formulas: 
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𝑋 𝐴 𝐻 ∗ 𝑉 𝐴 𝐵  and 𝑌 𝐵 𝐾 ∗ 𝑉 𝐴 𝐵  

𝑌 𝐵
𝑋 𝐴

𝐾/𝐻 

 

 

Where; 

𝑋 = Total payoff for Player 1  𝑌=  Total payoff for Player 2 

𝐴 = Minimum accepted payoff for Player 1 𝐵 = Minimum accepted payoff for Player 2 

𝐻 = Fraction of Surplus for Player 1  𝐾 = Fraction of Surplus for Player 2 

𝑉 = Total available resources. 

Positive surplus S=(V–A–B) is divided between Player 1 and Player 2, and the proportion 
line between H and K is written in a slope-intercept form; 

 

 
Based on the above formulas, Nash Bargaining Solution can be geometrically represented 
as follows: 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.3. The Nash Bargaining Solution 

In Figure 2.3 (Dixit et al., 2009), P represents the disagreement point that can be 
achieved without negotiation. The Pareto frontier is represented by the thick line joining 
(V, 0) and (0, V). The Nash Bargaining solution is represented by the point Q, where the 
Pareto Frontier and the proportion line intersects. Q is a unique point and hence 
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constitutes a unique solution to the bargaining game. The coordinates of this point (X, Y) 
are the parties' payoffs after the agreement. 

2.5.3. Utility Theory 
Because decision-making problems in the real world often require players to agree 

not only on a single issue, multi-issue negotiation protocols have been studied widely, 
mostly with an assumption that negotiation issues are independent each other (Faratin 
et al., 2002; Fatima et al., 2004; Soh and Li, 2004). To reach an agreement during a 
multi-issue negotiation, participants can aggregate their preferences into a single 
negotiation parameter called the utility function. Preferences of players involved in 
negotiation can be represented in a graphical model to explore utility function for each 
player involved efficiently. The main reason why a graphical model can represent a 
player’s preferences is that graphical models are easier to understand and explained to 
negotiating parties. Furthermore, due to an important similarity between utility and 
probability, which is both often highly structured, utility function in negotiation can also 
be represented in the graphical model as a Utility Graph (Bacchus and Grove, 1995; Robu 
et al., 2005). Utility graph defined as a structural model to represents preferences 
dependencies over a set of negotiation issues held by players involved in negotiation 
(Robu and La Poutré, 2008). An important benefit of using utility graphs in this setting is 
scalability, in a sense that players’ utility can be visualised in a relatively similar scale. 

The basic scheme of utility-based decision-making consists of two players that have 
a conflicting preference over two issues. As in Nash Bargaining Solution, each player has 
a minimum accepted value, and the agreement will be achieved if negotiation produced 
an outcome higher than each player’s minimum accepted value. Multi-issue negotiation 
is performed using an offer that includes a value for each issue under negotiation. An 
offer is a made of one value for each issue. Players are allowed to either accept a complete 
offer or reject a complete offer. This allows trade-offs to be made between issues.  

Each issue under negotiation may or may not have a zone of agreement, thus for 
two issues negotiation there are three possible scenarios: 

 
1. Both issues have a zone of agreement. 
2. Only one issue has a zone of agreement. 
3. Neither issue has a zone of agreement.  
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                      𝑈 𝑈 𝑈  

                      𝑈 𝑅 𝐴 𝑅 𝑅 𝐵 𝑅  

In a situation where Player 1 and Player 2 seek to distribute A and B  between them, 
Player 1 will maximise his utility that satisfies the following formula (Fatima et al., 2004); 

 

 

  
Where; 

 𝑈  = Maximum Utility for Player 1 for A and B  

𝑈  = Maximum Utility for Player 1 for A 

𝑈  = Maximum Utility for Player 1 for B 

𝑅    = Player 1’s minimum accepted value for A 

𝑅    = Player 1’s minimum accepted value for B 

𝑅   = Player 2’s minimum accepted value for A 

𝑅   = Player 2’s minimum accepted value for B 

 
The agreement of the negotiation is when Player 1 and Player 2 agreed about the 

distributed values of A and B. Another variation of this approach is the Utility Graph Model, 
where each player’s preferences over available resources are represented using a utility 
function, which is a function that enables players to retain their utility for a different 
bundle of resources (Chevaleyre et al., 2008). To pursue an agreement, players are 
willingly modifying their utility function until players’ utility functions intersect at a point, 
which is defined as the agreement of the negotiation, as shown in Figure 2.4. 
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Figure 2.4. Utility Graph 
 

2.5.4. Bayesian Learning 
Evidence from both theoretical analysis and observations of human interactions 

suggests that a player’s payoff may increase if he can somehow take into consideration 
and learn what other decision makers are thinking and behave during their negotiation 
(Zeng and Sycara, 1998). When multiple players are involved, such as in negotiation, they 
also must take into account the probable choices of others. Using Bayesian classification 
is a novel approach to learn the preferences of players involved in negotiation (Buffett 
and Spencer, 2007). The ultimate goal of Bayesian Learning in negotiation is to enable 
each player to learn as much as possible about the opponent’s preferences so that they 
can engage in an effective negotiation. In a Bayesian-based negotiation, at each 
negotiation step players performs two actions (Silaghi et al., 2012): 

‐ Analyse the incoming opponent’s proposal and update the opponent’s profile. 
‐ Select and propose the next bid. 

Learning the opponent’s profile consists mainly of approximating the opponents’ 
preferences for each possible outcome. The relationship between possible outcomes and 
preferences for each player is assumed to be linear in a sense that the closer an outcome 
is to a player’s initial preference, the higher the probability that particular player will 
accept the outcome. When players are learning each other’s preferences, they make 
better offers for a more efficient negotiation process. By learning and understanding the 
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preferences of opponents, each player has a reduced search space for the alternatives,  
which leads to more efficient negotiation (Aydoğan and Yolum, 2012). An example of a 
mathematical model for implementation of Bayesian Learning in negotiation can be seen 
in (Devisch et al., 2006; Buffett and Spencer, 2007), with the Bayesian formula for each 
player; 

 

P X|Y
 P X *P Y|X

P Y
 

Where; 

P X   = Probability of Player 1 proposes X 

P Y       = Probability of Player 2 proposes Y 

P X|Y   = Conditional Probability of Player 1 proposes X when Player 2 proposes Y 

P Y|X   = Conditional Probability of Player 2 proposes Y when Player 1 proposes X 

 
 

 

 

 

 

 

 
 

Figure 2.5. Bayesian-Based Negotiation 
 
Figure 2.5 shows that based on different offers and probability of acceptance for 

each player, we can draw belief distributions, which is updated during each round of 
negotiation. In the initial state of negotiation, players have separate belief distributions, 
which indicate they have different accepted values. Each of the players has a value at 
which his probability of accepting this value as the decision is the highest. In this case, 
negotiation is required to update players’ believe distributions until they intersect at the 
highest possible probability, as shown in Figure 2.5. 
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2.6 State-of-The-Art of Stakeholders’ Involvement 

Implementations of quantitative methods in bottom-up planning to improve 
stakeholders’ participation mainly focused on the “communicative paradigm” (Healey, 
1992; Fainstein, 2000; Märker and Pipek, 2000; Allmendinger and Tewdwr-Jones, 2005; 
Mohammadi, 2010). The Communicative Planning Paradigm argues that planning and 
decision-making processes can be improved when stakeholders are provided with a 
means to communicate their opinions to planners (Innes, 1998; Appleton and Lovett, 
2005). In this paradigm, planners and experts use scientific methods to find the optimum 
solution based on stakeholders’ input, thus still put planners at the centre of planning and 
decision-making processes. 

In most practices of communicative paradigm to improve stakeholders’ 
involvement, they were invited to interact with supra decision-makers such as 
governments and planners to speak out their preferences towards issues in decision-
making. Their preferences then treated as inputs for a particular quantitative method that 
is implemented for a decision-making process. Despite the significant improvement of 
stakeholders’ involvement when the communicative paradigm is implemented in a 
bottom-up planning process, some adjustments are still required (Fischler, 2000; Martens, 
2001). The main drawback of the communicative paradigm is the lack of focus on 
supporting stakeholders to communicate their differences and adjust their preferences 
towards decision problems, but rather put more emphasis on expanding the capabilities 
of planners and experts in evaluating various planning criteria. 

Improvement of stakeholders’ involvement in planning and decision-making can 
be achieved by shifting the paradigm of planning itself, which in the present system is 
considered as an effort to formulate ideal conditions in the future that put more emphasis 
on scientific methods and planning expertise rather than stakeholders’ participation. 
There are some weaknesses if the objective of planning and decision-making is to 
formulate an ideal condition, for example: 
‐ Stakeholders are not always informed about or aware of possible conditions other 

than the one mentioned in planning documents. In current planning practices, 
stakeholders are usually directed to agree with the spatial plan, which is pre-
discussed between urban authorities and planners. 
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‐ Planning Objectives cannot always be achieved because the planning process lacks 
a method to predict whether planning policies and regulations can be obeyed by 
stakeholders. 
 
Based on the above discussions, negotiation-based planning and decision-making 

is considered as the most promising method to improve stakeholders’ involvement. 
Planning and decision-making should be focused on finding a condition that is accepted 
by stakeholders based on the exchange of preferences and agreement among 
themselves. The negotiation paradigm will bring a significant improvement to 
participatory planning practices, where stakeholders are usually only involved in the initial 
and final phase of planning and decision-making. 

While the concept of negotiation in decision-making itself is not completely new, 
its implementation in the bottom-up planning process is still very limited compared to 
communicative paradigm because negotiation-based decision-making requires an 
exchange of preferences between stakeholders. Hence, a traditional method where 
stakeholders are directly engaged in a negotiation only can support a small number of 
stakeholders to ensure an effective negotiation process. Developments in the field of 
computer science offer a possibility to have a large number of stakeholders involved in 
negotiation-based decision-making processes, especially by reducing the required time 
for negotiation.  

2.7 Spatial Decision Support System 

Planning and Decision-making practices in many countries, especially in Urban 
development and management context, usually refers to the Spatial Aspect of planning 
(Hall and Tewdwr-Jones, 2011). Therefore, the involvement of Stakeholders in Spatial 
Decision-making is also important in Urban Planning processes. For improving the 
participatory aspect of spatial planning, academic communities and planners developed 
various computer systems, which mainly focused on the development of Geographic 
Information Systems (GIS). GIS provide new visualisation tools, which made it easier for 
stakeholders from different backgrounds to understand data and information related to 
planning. The development of GIS also contributed to the development of other methods 
that can improve Stakeholders’ involvement, such as Decision Support System (DSS) and 
Planning Support System (PSS) (El Nabbout et al., 2006).  
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Integration between DSS and GIS emerged as a Spatial Decision Support System 
(SDSS), (Arampatzis et al., 2004), which is an interactive, computer-based system that 
can help stakeholders in planning and decision-making by solving semi-structured spatial 
problems (Malczewski, 1999). In general, SDSS was developed to solve spatial problems, 
which according to Committee on the Geographic Foundation for Agenda 21 (NRC, 2002) 
includes three spatial decision categories about sustainable development; 
‐ Resource allocation decisions. 
‐ Resource status decisions. 
‐ Policy decisions.  

Another category of spatial problems that can be solved by SDSS was proposed by 
(Kemp, 2008), where spatial problems are organised into four categories of spatial 
decisions, which are; Site selection, Location-allocation, Land use selection, and Land use 
allocation. The most common method for solving decision problems in Spatial Decision 
Support System is the Multi-Criteria Decision-making (MCDM) approach, with examples 
shown in Table 2.1 (Sugumaran and Degroote, 2010). 

No Purpose Author 

1 Land Use Change Assessment Sikder et al. (2002) 

2 Industrial Site Selection Eldrandaly et al. (2003) 

3 Urban Growth Modelling Compas et al. (2004) 

4 Spatial Model for Waste Landfills Leao et al. (2004) 

5 Urban Land-use Planning Scenario Analysis Pettit & Pullar (2004) 

6 Planning Public Housing Locations Barton et al. (2005) 

7 Forecasting Urban Water Requirements Rao (2005) 

8 Assisted Housing Mobility Counselling Johnson (2005) 

9 Crime Analysis Kun (2006) 

10 Multi-criteria Evaluation of Urban Quality Rinner (2007) 

11 Site Selection for a Local Park Zucca et al. (2008) 

12 Urban Green Space Planning Pelizaro (2005) 

    Table 2.1. Examples of SDSS Implementations 
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In the implementation of MCDM to solve spatial decision problems, criteria are 
grouped into two categories, factors, and constraints. Factors are variables that promote 
or demote each alternative regarding decision objectives, and they are weighted 
according to their relative importance. On the other hand,  Constraints are limitations of 
available alternatives that made them unsuitable for decision objectives (Sánchez-Lozano 
and Bernal-Conesa, 2017), as seen in Figure 2.6 (Ascough II et al., 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6. MCDM-based Spatial Decision Support System 

In GIS, each factor and constraint is represented as a unique map layer, and then 
a specific aggregation technique is implemented to combine the information of those 
factors and constraints into Land Suitability Map or Land Allocation Map, depends on the 
objective of the MCDM process. It is commonly recognised that this approach tends to 
focus more on data and the aggregation of stakeholders’ preferences, rather than 
stakeholders’ participation. As a result, plan or decision which is formulated using this 
approach often leads to negative acceptance by stakeholders (Barton et al., 2005; Zheng 
et al., 2015). 
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The main drawback of MCDM for negotiation is that it focused on finding a solution 
based on an available set of alternatives. In the most common practice of SDSS, maps 
that represent decision issues are superimposed one to another in a GIS environment to 
produce suitability maps. These suitability maps then also superimposed to produce the 
alternatives. The alternatives may also the pre-defined ones, not the results from the 
combination of suitability maps. Then, MCDM is implemented to assess the score of each 
alternative concerning decision variables. In this approach, the decision is defined as an 
alternative that has the highest score. This issue made MCDM is not suitable to be utilised 
as the negotiation platform, because a negotiation refers to a different type of decision 
problem, in which the decision issues have continuous values, and the decision is made 
by exploring a continuous solution space, not a set of alternatives. 

Another drawback of MCDM for a stakeholders-oriented Spatial Decision Support 
System is despite the widely-accepted point of view that MCDM-based spatial analysis 
can significantly improve planning and decision-making, MCDM lacks the key component 
of the participatory planning and decision-making, which is the interactions among 
stakeholders to communicate and exchange their preferences. Instead, different weights 
were assigned to each of the stakeholders during the aggregation of their preferences to 
represent their importance in the decision-making process. Based on above discussions, 
a negotiation-based Spatial Decision Support System cannot be constructed using any of 
the MCDM methods, thus to increase stakeholders’ participation in an SDSS to solve a 
decision problem, a new method is required.  

2.8 Conclusions 

This chapter discusses the latest development of how stakeholders were involved 
in planning and decision-making processes and how participatory planning practices can 
be improved by the implementation of a computerised quantitative method to analyse 
stakeholders’ preferences. Previous implementations of participatory planning show that 
bottom-up planning practices consider that the communicative paradigm, which focused 
on providing good communication between planners and stakeholders, should be 
sufficient to construct a participatory planning process. This resulted in the common 
practice of participatory planning, where communications among stakeholders were 
limited to the public gathering when they were asked their opinions. In some cases, they 
even only invited during the announcement of the results of the planning process. 
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Available quantitative methods that can be utilised to improve participatory can be 
categorised into two main types, which are Individual Decision-Making methods and Joint-
Decision Making methods. To improve participatory planning and decision-making 
processes, one of the joint decision-making methods, which is the negotiation paradigm, 
is considered as the most promising approach. In this paradigm, stakeholders interact 
and exchange their preferences to reach a decision. 

The newly developed negotiation method will be implemented in the spatial aspect 
of planning, where the implementation of computer systems in the form of Spatial 
Decision Support Systems (SDSS) to improve citizens’ participation in the most evident. 
The State-of-the-art of Spatial Decision Support Systems was explained, which show that 
the most common method used to find the solution is the Multi-Criteria Decision Making 
(MCDM) approaches. Despite the consensus that MCDM is proven useful to construct an 
SDSS, it does not focus on the exchange of preferences between stakeholders during the 
decision-making process, but on the aggregation of stakeholders’ preferences. Therefore, 
despite the wide implementations of MCDM in the development of SDSS, MCDM cannot 
be utilised to construct a Stakeholder-Oriented Spatial Decision Support System that 
focuses on the negotiation between participants to reach an agreement.   
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3 

Negotiation Protocol  
 

 

3.1 Introduction 

This chapter explains the negotiation protocol for multi-issue and multi-
stakeholder negotiations, where a computer system is utilised to support the negotiation 
process. Based on this protocol, a negotiation platform for a land allocation problem was 
constructed and discussed in Chapter 4. The general negotiation protocol in this research 
was developed based on the Computer-Mediated Negotiation approach, where a 
computer system plays a role as a human mediator that directs and provides suggestions 
to negotiating parties.  

The first step in developing a computer-based negotiation is designing how 
stakeholders are going to be involved in the negotiation. For this purpose, there are two 
general types of interactions among stakeholders in computer-based negotiations. In the 
first type, stakeholders are directly interacting with support from a computer system that 
provides data and information required in the negotiation. In the second type, 
stakeholders are not interacting directly but rather mediated by a computer system that 
guides stakeholders during negotiation. This research uses the latter type of computer-
based negotiation, which is a Computer-Mediated Negotiation, where stakeholders 
engaged in an e-negotiation to solve a land allocation problem. 

The second step is constructing a negotiation algorithm that is required by the 
computer system to be able to acts as a human mediator.  With this algorithm, the system 
will analyse stakeholders’ proposals, calculates their differences, and then gives 
suggestions for stakeholders to reduce their differences until an agreement is reached. 
For this purpose, The Orthogonal Strategy is implemented as the negotiation model, 
because this method is proven capable of handling the multi-issue and multi-stakeholder 
negotiation.   
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3.2 Computer-Based Negotiation 

Advances in computer science offer a better way to support multi-issue, multi-
stakeholder negotiation processes, especially by significantly reducing the required time 
for the negotiation. This led to the development of Computer-based Negotiations, or 
commonly known as the Negotiation Support Systems (NSS), which is a special class of 
the Group Support Systems, where computer systems were utilised to assist negotiating 
parties in reaching an agreement. The main role of a computer system in a computer-
based negotiation is providing means of communication among stakeholders, thus 
enabling them to reach mutually satisfactory decisions (Bui and Shakun, 2004; Guo and 
Lim, 2007; Kersten and Lai, 2007). Computer-based negotiations were implemented in a 
variety of domains, such as economics, social science, and psychology (Lao and Zhong, 
2010). This research is focused on developing a computer-based negotiation in the Spatial 
Context of Urban Planning and Decision-making to improve the involvement of 
stakeholders. To achieve this objective, there are two types of computer-based 
negotiations that can be applied (Kersten and Lai, 2007; Rouhshad et al., 2015), which 
are; 

 
1. Computer-Supported Negotiation 

The first type of computer-based negotiation is computer-supported negotiations, 
where stakeholders are relying on a computer system to reduce the cognitive efforts 
required in the negotiation process, thus expanding stakeholders’ ability to assess 
available alternatives and their possible implications. The main role of computer 
systems of this type of negotiation is providing stakeholders with easier access to 
data and information that are related to the negotiation issues, compared to when 
stakeholders have to access those data and information manually. In a computer-
supported negotiation, while negotiating, stakeholders can look at considerations 
such as available alternatives, possible consequences, negotiation parameters, and 
constraints, which are provided by the computer.  
This type of negotiation requires an exchange of offers among stakeholders as in 
classical negotiation where stakeholders are engaged in face-to-face negotiation 
because the final decision is built upon interactions among stakeholders, not 
calculated by a computer system. Although direct negotiation offers a better flow of 
information among the negotiating parties (Galin et al., 2007), this type of 
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negotiation often leads to an ineffective outcome (Rangaswamy and Shell, 1997; 
Wilken et al., 2013), mainly because only a limited number of stakeholders can be 
involved in this type of negotiation, to ensure an effective exchange of information 
among stakeholders. When a relatively large number of stakeholders are involved, 
the flow of information between them will become inefficient, and some stakeholders 
will influence the negotiation more than others. An illustration of this type of 
computer-supported negotiation is shown in Figure 3.1, where the computer system 
provides stakeholders with the required data and information during the negotiation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1. Computer-Supported Negotiation 

 
2. Computer-Mediated Negotiation 

The second type of computer-based negotiations is the Computer-Mediated 
Negotiation or e-Negotiation, in which computer systems act as a human mediator 
that actively influences the negotiation process. The main role of the computer 
system in this type of computer-based negotiation is to identify differences among 
stakeholders and possible conflicts. Based on the built-in negotiation model, the 
system then suggests directions to reduce differences among stakeholders. In this 
type of negotiation, stakeholders are not required to meet physically, because the 
computer system analyses their proposals. Without the direct exchange of offers 

Available Alternatives 

Consequences Parameters 

Constraints and Limitations 
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among stakeholders, they will have a higher degree of freedom to express their 
preferences, because mental boundaries that exist in the direct negotiation are 
removed. Therefore, the computer-mediated negotiation offers a more direct 
approach to support negotiation; the more objective decision may be reached by 
separating negotiation issues from personalities of stakeholders involved (Carmel et 
al., 1993; Zwaard and Bannink, 2016). 
 

 

 

 

 

 

 

Figure 3.2. Computer-Mediated Negotiation 

Figure 3.2 (Ito and Shintani, 1997; Morge and Beaune, 2004), shows how 
stakeholders are not directly interacting in a computer-mediated negotiation. First, 
stakeholders submit their proposals to the system, and then, the system produces 
counter-proposals or suggestions to reduce the differences among stakeholders’ 
proposals. Compared to the computer-supported negotiation where stakeholders are 
directly engaged in a negotiation, computer-mediated negotiation can handle a large 
number of stakeholders that are involved in the negotiation. Therefore, to achieve 
the research objective as mentioned in Chapter 1, a computer-mediated negotiation 
platform is selected as the basis of the Negotiation Protocol to improve stakeholders’ 
involvement. 
 

3.3 Orthogonal Strategy 
To enable the computer system to behave as human mediators, computer-

mediated negotiations require a built-in model within the computer system that will 
determine the fundamentals of negotiation. Previous works related to computer-based 
negotiations used various negotiation methods to model the interaction among 
stakeholders. Examples of those negotiation methods are The Nash Bargaining Solution 
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(Chan, 1988; Rangaswamy and Shell, 1997; Aggarwal and Dupont, 2001; Liu and 
Andersson, 2004; Sánchez-Anguix et al., 2010), Utility Theory (Faratin et al., 2002; Fatima 
et al., 2004; Soh and Li, 2004), and Bayesian Learning (Devisch et al., 2006; Buffett and 
Spencer, 2007). Although these models are proven useful for developing a computer-
based negotiation, they shared a common drawback, which is only a limited number of 
stakeholders and issues can be handled. For example, the Nash Bargaining Solution was 
specifically designed to handle a negotiation between stakeholders with only one 
negotiation issue possible. Bayesian Learning is also capable of handling multi-
stakeholder negotiation, but also only one negotiation issue is supported by this model. 

Real-world negotiations in the spatial aspect of planning require a model capable 
of handling a multi-issue negotiation with a relatively large number of stakeholders 
involved. Therefore, this research implements an optimum-value search method, namely 
the Orthogonal Strategy (Wu et al., 2009; Ma et al., 2010; Kamps, 2013). Previous works 
where the orthogonal strategy was implemented as the negotiation model show that it is 
capable of handling multi-issue, multi-stakeholder negotiation. The main difference 
between orthogonal strategy with other negotiation models is that while other models 
are applied with independent negotiation issues, the orthogonal strategy operates on 
utility functions with negotiation issues that are dependent to each other (Somefun et al., 
2004).  

The basic principle of the orthogonal strategy in a multi-stakeholder negotiation is 
for each stakeholder, the system will calculate a Reference Point, which is a point that is 
closest to all other stakeholders’ proposals. Then, it produces a Suggestion, which is a 
point in his indifference curve which is nearest (measured in the Euclidean distance) to 
his reference points. The orthogonal strategy reduces the differences among stakeholders 
if they are willing to make compromises by adjusting their proposals closer to the 
reference point as shown in Figure 3.3.   
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Figure 3.3. Basic Principle of the Orthogonal Strategy 
 

Previous works where the orthogonal strategy was implemented in a computer-
mediated negotiation use one of the two approaches of how the indifference curves 
represent stakeholders’ utility level. The first approach is only using one indifference curve 
for each stakeholder. During the negotiation, stakeholders moved their proposals along 
his or her indifference curve until the Pareto-optimal is reached. In theory, this method 
indicates that players stay with the same utility level or received the same payoff during 
negotiation, which is not a correct representation of a negotiation. In real-world 
negotiations, players mostly are required to adjust their accepted payoff during 
negotiation so that their proposals can move closer one to another. This process is not 
represented in implementations of Orthogonal Strategy where only one indifference curve 
is used. The second approach is to generate multiple indifference curves for each 
stakeholder that represent different levels of their utility. This approach allows 
stakeholders to move from one utility level to another during negotiation.  

Implementations of the orthogonal strategy in a computer-mediated negotiation 
mostly only using one indifference curve, such as in (Gerding, 2004; Wu et al., 2009). In 
this research, an improvement to Orthogonal Strategy is introduced, which is the 
presence of multiple indifference curves for each stakeholder to represent his or her 
different payoffs towards different bundles of negotiation issues. During the negotiation, 
players may move their proposals from one indifference curve to another to indicate they 
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accept a different level of utility or payoff. Required iteration rounds can be reduced by 
limiting the number of indifference curves for each stakeholder.  

3.4 Negotiation Protocol 

Before negotiation starts, stakeholders declare their preferences about negotiation 
issues. These preferences are then used to generate Indifference Curves that represent 
different utility levels for each bundle of negotiation issues. Negotiation starts with 
stakeholders selecting a proposal on their indifference curves. The main task of the 
computer system is to suggest a new proposal for each stakeholder in such a way that 
stakeholders’ proposals are becoming closer to one another. Whenever the system 
produced a suggestion, stakeholders have the option to accept this suggestion or keep 
their proposal. This is to ensure that human negotiators still have some degree of control 
in the negotiation process. The Negotiation protocol in the proposed system is shown in 
Figure 3.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4. Negotiation Protocol 
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3.4.1 Indifference Curve 

Orthogonal Strategy requires stakeholders to have different levels of indifference 
curves. These curves can be generated by asking them to choose between different 
options that are systematically varied according to an experimental design. The shape of 
the curve will depend on the order of the estimated utility function. Stakeholders may 
have different indifference curves, due to stakeholders’ different opinions regarding 
negotiation issues. A stakeholder may consider a higher value of an issue to yield a higher 
payoff, while another stakeholder considers the higher value of the same issue to reduce 
his payoff. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.5. Types of Indifference Curve 

 



Stakeholders-Oriented Spatial Decision Support System 

49 

Figure 3.5 shows the four possible combinations of indifference curves, based on 
stakeholders’ opinions regarding the negotiation issues, where the changes of 
stakeholders’ utility levels are directionally consistent. This means that when moving in 
one direction on stakeholder’s utility space, his utility will consistently increase or 
decreases. These four combinations of indifference curves also show regular indifference 
curves, where a change in the value of one negotiation issue always changes the resulted 
level of utility. A stakeholder may consider both negotiation issues will yield a higher pay 
off if the values of these two issues are increasing (P1), while another stakeholder 
considers that they will reduce his payoff (P3). Stakeholders can also consider that an 
increase of value in one negotiation issue will result in a higher payoff while an increase 
of value in the other negotiation issues will reduce their payoffs (P2, P4). Before 
negotiation started, stakeholders usually put their most preferred proposal on a selected 
indifference curve, thus allowing the system to calculate their initial differences about 
negotiation issues. 

The main challenge of this approach is stakeholders are required to declare their 
preferences before negotiation started. Preferences are an inherent requirement for 
Computer-Mediated Negotiation because the main role of the computer system is 
providing suggestions to reduce the differences among stakeholders (Kersten and Lai 
2007). Therefore, conflicts or at least some degree of difference among stakeholders 
must be well defined before negotiation can take place. This requirement also applies 
when using Orthogonal Strategy. However, in real-world decision-making, stakeholders 
sometimes withhold their preferences. Therefore, they have to be aware that in 
Computer-Mediated Negotiation, their preferences are an inherent requirement as the 
starting point of negotiation. 

3.4.2 Higher Indifference Curve 

After stakeholders formulate their proposals, the computer searches for a higher 
indifference curve without an intersection. If this non-intersecting, higher-utility 
indifference curve is found, the computer suggests a stakeholder move to this higher-
utility indifference curve. The logic behind this step is that stakeholders’ perceived utility 
can be changed based on other stakeholders’ perceived utility for the same bundle of 
negotiation issues. Therefore, a stakeholder should have no objection to move to a higher 
utility level if he is convinced that his utility would be higher. However, because human 
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stakeholders need to have a certain degree of control in the negotiation process, they 
should be provided with the option to move to this point or keep their original proposal. 
The difference between the indifference curve with an adjustment and the one without 
an adjustment can be seen in the figure below.  

 

 

 

 

 

 

 

 

Figure 3.6. Search for Non-Intersecting Higher Indifference Curves 

Figure 3.6 shows two possible results of the search for an indifference curve with 
a higher utility, in a negotiation between two participants, Player 1 (P1) and Player 2 (P2). 
The first one is when the P2’s indifference curves are consistently higher than P1’s, and 
indifference curves of both players have no intersection, which indicates that Player 2 
consistently perceived a higher utility than Player 1 for the same bundle of negotiation 
issues. Therefore, Player 1 needs to be informed and given a suggestion to move his 
proposal to Player 2’s indifference curve, because it cannot only increase the utility of 
Player 1 but also moves both players’ proposals closer one to another. The second one is 
when intersections between both players’ indifference curves exist, which indicates that 
there is no consistency between the decrease/increase of the value of the decision issues 
and the lower/higher utility that perceived by stakeholders. In this case, Player 1 is not 
suggested to move to Player 2’s indifference curve.  

3.4.3 Reference Points 

After all of the stakeholders submitted their proposals, the next step is to calculate 
a unique Reference Point for each stakeholder. A stakeholder’s reference point is defined 
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𝑅 𝑥 , 𝑦 𝑎𝑟𝑔𝑚𝑖𝑛
∑ 𝑥 𝑥 𝑦 𝑦,

𝑛 1
 

as a point that has a minimum average distance to all other stakeholders’ proposals. 
Equation (1) and Figure 3.7 show how the reference point is calculated. For stakeholder 

𝑖 in negotiation round t, the computer will calculate his Reference Point 𝑅 𝑥𝑖
𝑟, 𝑦𝑖

𝑟 , which 

consists of stakeholder 𝑖’s Reference Values for the negotiation issues. This reference 

point is calculated based on the proposals of all other stakeholders 𝑗 that satisfies the 

following optimization problem (Boyd and Vandenberghe, 2004; Rothlauf, 2011; Korte 
and Vygen, 2012);     

       
(1) 

 
 
Where; 

𝑥     = Stakeholder 𝑖’s Reference Value for negotiation issue 𝑥 

𝑦     = Stakeholder 𝑖’s Reference Value for negotiation issue 𝑦 

𝑥     = Stakeholder 𝑗’s Proposal for negotiation issue 𝑥  

𝑦     = Stakeholder 𝑗’s Proposal for negotiation issue 𝑦  

 
When only one stakeholder 𝑗  exists (n=1), the proposal of stakeholder 𝑗 

automatically become stakeholder 𝑖 𝑠 reference point. 

 
 
 

 

 

 

 

 

 

 

 

Figure 3.7. Reference Point Calculation 
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The objective of negotiation is to move stakeholders’ proposals as close as possible 
to their corresponding reference point until either an agreement is reached, the system 
cannot move stakeholders’ proposals closer anymore, or when a time limit is reached. 
The reference point can also illustrate the position of a particular stakeholder during 
negotiation rounds. The greater the distance between his proposal and his reference 
point, the further away his proposal differs from other stakeholders’ proposals.  

3.4.4 Suggestion Calculation 

After the system calculated the reference points for all stakeholders, it calculates 
a suggestion, which is a point on a stakeholder’s indifference curve that is orthogonal, 
thus nearest to its corresponding reference point. Each stakeholder then selects a 
proposal for (t+1) round of negotiation, either by using the suggestion as the new 
proposal, make a new proposal within a pre-specified adjustment space, or keep their 
initial proposal, as shown in Figure 3.8. 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.8. Suggestion Calculation 
 
Although the suggested proposals, in theory, will always improve the outcome of 

the negotiation, stakeholders still have the option to accept the suggested proposal, keep 
their previous proposal for the next round of negotiation, or even make a completely new 
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proposal. However, to maintain the purpose of negotiation, which is to move stakeholders’ 
proposals closer to one another, stakeholders are required to propose a new proposal 
within a pre-specified adjustment space.  

An illustration of the adjustment space, in which stakeholders can update their 
proposal without making the negotiation worse, is shown in Figure 3.9. A stakeholder 
must make a new proposal for negotiation round (t+1) inside a region that is bounded 
by his proposal for negotiation round (t), suggested proposal for negotiation round (t+1), 
and vertical/horizontal lines that connect the proposal for negotiation round (t) to the 
indifference curves where suggested proposal for negotiation round (t+1) lies, and vice 
versa.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.9. Adjustment Space 

 

The worst that a stakeholder can do is by keeping his proposal for negotiation 
round (t), not making any movement towards other stakeholders’ proposals for 
negotiation round (t+1). At any point within the adjustment space, a stakeholder cannot 
make a new proposal that worsens the negotiation progress. This means that the sum of 
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𝑂 𝑥 , 𝑦 𝑎𝑟𝑔𝑚𝑖𝑛
∑ 𝑥 𝑥 𝑦 𝑦

𝑛 1
 

distances to all proposals for negotiation round (t+1) cannot be larger than the sum of 
distances of the proposal for negotiation round (t). 

3.5 Optimum Point 

For each negotiation round (t), the Optimum Point P(t) is defined as the point that 
has the minimum average distance to stakeholders’ proposals, which mathematically 
could only be one for each round of negotiation. During the negotiation, each of the 
negotiation rounds will produce a unique optimum point that indicates the level of 
convergence for the corresponding negotiation round, thus indicates whether the 

negotiation shall continue or ends. For a 𝑛 Stakeholders with negotiation issues 𝑥 and 𝑦, 

the optimum  point 𝑂 𝑥 , 𝑦  for each negotiation is defined as a point that consists of a 

pair of values 𝑥   and 𝑦  that satisfies the following optimization problem: 

 
                                                                                                             (2) 

 
Where; 

𝑥     = Optimum point’s value for Negotiation Issue 𝑥 

𝑦     = Optimum point’s value for Negotiation Issue 𝑦 

𝑥      = Stakeholder i’s Proposal for Negotiation Issue 𝑥 
𝑦      = Stakeholder i’s Proposal for Negotiation Issue 𝑦 

𝑛     = Number of Stakeholders 

 
In this research, the objective of the negotiation is to move stakeholders’ proposals 

as close as possible, thus minimising the distance among their proposals, which is 
measured in a Euclidian distance. However, in planning and decision-making, other 
objectives can be used as the goal of the negotiation. Examples of possible objectives of 
the negotiation are maximising the utility of stakeholders and minimising the required 
time for the negotiation. Planning and decision-making processes also may consist of 
more than one objective. The illustration of the result of the calculation to find the 
optimum point can be seen in Figure 3.10. 
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Figure 3.10. Optimum Point 

In a computer-mediated negotiation, the value of the optimum points should not 
be used as an indicator to decide whether the negotiation shall continue or ends. Instead, 
the Average Value of distance between the Optimum Point and stakeholders’ proposals 
(di(t)) is used to measure the level of convergence achieved during the negotiation. When 
the average value of di(t+1) is smaller than the average value of di(t), negotiation 
continued to the next round. Otherwise, it is considered that the negotiation reaches the 
optimum solution. Thus the negotiation ends. Therefore, the optimum solution is defined 
as the optimum point at negotiation round (t) when the negotiation round (t+1) produces 
a larger average distance between the optimum point and stakeholders’ proposals.  

3.6 Conclusions 

This chapter discussed how stakeholders should be involved in a computer-
mediated negotiation. For improving stakeholders’ involvement in planning and decision-
making, the computer-mediated negotiation is considered more suitable than the 
computer-supported negotiation. Despite a direct interaction among stakeholders in a 
computer-supported negotiation, this method only effective for negotiation with a small 
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number of stakeholders involved. On the other hand, a computer-mediated negotiation 
will allow practically an unlimited number of stakeholders to be involved.  

The negotiation protocol was discussed in this chapter. The main theme of the 
negotiation protocol is where stakeholders, with the help of a computer system, interact 
and exchange proposals until an agreement is achieved. Because the computer system 
acts as a mediator, computer-mediated negotiations require an underlying model to 
simulate the thought process of a human mediator. For this purpose, the Orthogonal 
Strategy is selected as the negotiation model. Orthogonal Strategy in principle is an 
optimum-value search strategy to find a solution for the decision problem, by moving 
stakeholders’ proposals from one utility level to another to reduce the distance between 
their proposals. A series of negotiation rounds then conducted, where the computer 
system analyses stakeholders’ preferences to produce suggestions until stakeholders 
reach an agreement or the optimum solution is reached.  
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4 

Negotiation Settings 
 

 

4.1 Introduction 
In this chapter, the negotiation setting is explained, which is the implementation 

of computer-mediated negotiation as a platform of stakeholders’ involvement in the 
Spatial Aspect of Planning. This chapter consists of three main parts. The first part is an 
introduction to negotiation issues, consisting of a general overview of the study area and 
land allocation problem that should be solved by negotiation. The second part explains in 
detail about the preference elicitation phase, where various land allocation alternatives 
are generated using the Mixture Design rule. For each of the alternatives, stakeholders 
then give their judgment within a specified range. Based on stakeholders’ evaluation, a 
unique utility function is calculated for each stakeholder to model their preferences 
towards negotiation issues. The third part explains the computer-mediated negotiation 
experiment using a set of hypothetical data. This last experiment is required because the 
negotiation model developed in this research is an expansion of existing methods, and 
never been implemented before. Hence, it is necessary to test the model before 
experimenting with real stakeholders to solve a real-world negotiation problem. The result 
of the experiment using hypothetical data shows that the model is capable of solving a 
multi-issue, multi-stakeholder negotiation problem. 

4.2 Case Study and Negotiation Issues 

To evaluate how computer-mediated negotiation can improve multi-stakeholder 
decision-making, a Land Allocation issue is selected as the negotiation problem. The study 
area of the experiment is in the eastern part of Surabaya City, Indonesia. For this 
particular location, the government of Surabaya City imposed a land use plan, which will 
be valid until 2022. However, on-the-site observations show that there are new housing 
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developments that violated the plan, but they already have the required permits. 
Therefore, there is a need to reformulate land use allocation in this area to accommodate 
this new development and prevent the same violation occurring again in the future. The 
orientation of Surabaya City and the selected study area can be seen in Figure 4.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. The orientation of Surabaya City and the Study Area 

Figure 4.2 shows there is a land use deviation in the study area, where some of 
the parcels that were allocated for conservations are already changed into residential 
areas. Due to the increasing land price in this location, landowners of the conservation 
areas may change their land to residential, thus future deviations may occur again. 
However, the government of Surabaya City must maintain the conservation area, as the 
law requires it.  

1: Orientation of Surabaya City 

2: Surabaya City 

3: Study Area 
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Figure 4.2. Land Use Deviation in Study Area 

Negotiation issues to be solved are the allocations of three types of land uses, 
which are Built-Up, Fisheries, and Conservation. During the negotiation, the allocation of 
each type is considered as one negotiation issue. With the implementation of a computer 
system, the objective of negotiation is to guide stakeholders so they can reach an 
agreement towards allocation of the three land use types in the study area. Comparisons 
between planned land use allocation and the existing ones for Built-up, Fisheries, and 
Conservation in the study area can be seen in Table 4.1. 

Land use Planned  Existing  New Plan 

Built-up  19 %  7 %  
Decided By 
Negotiation Fisheries  75 %  90 %  

Conservation  6 %  3 %  

Table 4.1. Negotiation Issues 

 

In an ideal multi-stakeholder negotiation, the final decision should be made by 
stakeholders themselves, not by supra-decision makers such as government or planners. 
That is to say, government/planners are committed to bringing the outcome of the 
negotiation process to the final, formal approval stage of the planning process. To 
improve the participatory planning process, the government or planners should recognise 
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this issue, and incorporate the results of stakeholders’ negotiation into the regulation. 
Therefore, in a computer-mediated negotiation, the role of planners is shifted from the 
ones who make the final decision, as we can observe in top-down planning, to the ones 
who formulate a negotiation platform, inviting stakeholders to participate, managing 
stakeholders’ negotiation, and evaluate the results of the negotiation. The role of the 
planner and stakeholders in the computer-mediated negotiation can be seen in Figure 
4.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.3. Negotiation Setting 

Figure 4.3 above shows the roles of planners and stakeholders in a computer-
mediated negotiation. In this research, there are two main stages of the computer-
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mediated negotiation. The first one is the preference elicitation phase, where planners 
generate various land use mixtures, which will be evaluated by stakeholders. Planners 
then calculate judgments by stakeholders to generate stakeholders’ Indifference Curves 
that represent different utility levels (Beattie and LaFrance, 2005; Perloff, 2014) for 
different land use mixtures. 

The second phase of the negotiation is the exchange of proposals among 
stakeholders, where the Orthogonal Strategy is implemented to calculate a suggestion 
for each stakeholder. When suggestions can move stakeholders’ proposals closer, the 
planner/facilitator will inform these suggestions to stakeholders and asks for stakeholders’ 
new proposals for the next negotiation round. This step will be carried out in a series of 
negotiation rounds until the model cannot produce better suggestions. Thus the optimum 
solution is reached. 

4.3 Preference Elicitation 

A Computer-Mediated Negotiation requires the computer system to act as a 
mediator that understands stakeholders’ preferences toward negotiation issues. 
Therefore, a Preference Elicitation is required to enable the system to learn the 
preferences of stakeholders toward different combinations of negotiation issues. This 
phase consists of two stages. The first stage of the Preference Elicitation involves 
stakeholders to complete a mixture experimental design, which is used to measure their 
preference functions. In this stage, different land allocation scenarios are generated, 
according to the principles of mixture designs, and stakeholders choose their preferred 
scenarios. In this research, three hypothetical stakeholders are defined, and their 
judgments are assigned for each of the land use scenarios, based on assumptions about 
their preferences towards negotiation issues. For example, we assigned a high utility 
value for a property developer for land use scenarios with a high proportion of built-up 
area. On the other hand, for the same land use scenario, we assigned a low utility value 
for an environmental activist.  

The second stage of the Preference Elicitation phase is the specification and 
estimation of the utility function for each stakeholder. The Independent Variables for this 
utility function are the proportion of each of the land use types, while the Dependent 
Variable is stakeholders’ valuation towards the corresponding land use proportions.  Three 
regression models are utilized to produce utility functions, namely the 1st Degree 
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𝑃  
𝑞 𝑚 1 !

𝑚!  ∗  𝑞 1 !
 

Polynomial, the 2nd Degree Polynomial, and the Cobb-Douglas Function. Each stakeholder 
can have a different mathematical model than other stakeholders to represent their 
preferences toward negotiation issues, depending on which model has the highest 
accuracy.  

4.3.1 Mixture Design  

Estimation of the multi-attribute utility function is commonly based either on the 
direct sequential evaluation of attribute utility functions or on fractional factorial designs 
which generate multi-attribute profiles and then solicit value judgments for the generated 
set of profiles. Land allocation plan differs from this common problem in the sense that 
the decision is about different percentages of land allocation and the utility related to 
these different shares. Rather than using fractional factorial designs, this research, 
therefore, uses Mixture Designs, where discrete lattice points are generated within the 
decision space in such that the total is equal to 100% (Haughton and Haughton, 1996; 
Kamakura et al., 1996; Morey and Greer Rossmann, 2003; Dane, 2012).  In a mixture 
design approach for preference elicitation, stakeholders state their preferences towards 
different land use compositions that can be visualised using a Ternary Plot. The simplest 
mixture design would be one whose points are spread evenly over the ternary plot, 
namely a “Simplex”. A uniform distribution of points in a mixture design is known as 
“Lattice”, and a ternary plot with the degree of the mixture (m), and with some 
negotiation issues (q), is referred to as a {q, m} simplex-lattice (Cornell, 2011). The 
required P pairs of {q, m} simplex-lattice can be calculated using the formula: 

 

                                                (3) 

 
Where; 

𝑃  = Required Pairs of Mixtures 

𝑞  = Number of Negotiation Issues 

𝑚 = The Degree of the Mixtures 

 
In this research, land use mixtures for negotiation issues is generated using the 

4th degree of the mixture (m), which is considered sufficient to gather stakeholders’ 
preferences. Using the formula above, a {3,4} Simplex-Lattice ternary plot requires 15 
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mixtures. Distribution points for a three-issue negotiation, 15-points mixture design and 
negotiation constraints can be seen in Table 4.2. 

Mix.  % Built-Up % Fisheries % Conservation 
1 a 100 - c - a c 

2 a b + ¼((100 – a – c ) – b) c + ¾((100 – a – b ) – c) 

3 a b + ½((100 – a – c ) – b) c + ½((100 – a – b ) – c) 

4 a b + ¾((100 – a – c ) – b) c + ¼((100 – a – b ) – c) 

5 a b 100 – a – b 

6 a + ¼((100 – b – c ) – a) b c + ¾((100 – a – b ) – c) 

7 a + ½((100 – b – c ) – a) b c + ½((100 – a – b ) – c) 

8 a + ¾((100 – b– c ) – a) b c + ¼((100 – a – b ) – c) 

9 100 – b – c b c 

10 a + ¼((100 – b – c ) – a) b + ¾((100 – a – c ) – b) c 

11 a + ½((100 – b – c ) – a) b + ½((100 – a – c ) – b) c 

12 a + ¾((100 – b– c ) – a) b + ¼((100 – a – c ) – b) c 

13 a+ ½(100 – a– b– c) b + ¼(100 – a– b– c) c + ¼(100 – a– b– c) 

14 a + ¼(100 – a– b– c) b + ½(100 – a– b– c) c + ¼(100 – a– b– c) 

15 a + ¼(100 – a– b– c) b + ¼(100 – a– b– c) c + ½(100 – a– b– c) 

a = Minimum Built-Up (%),b = Minimum Fisheries (%),c = Minimum Conservation (%) 

Table 4.2. Mixtures for {3,4} Simplex-Lattice with Constraints 
 

Another consideration when generating land use alternatives is Negotiation 
Constraints, which is based on existing regulations and assumptions for land use 
allocation in the study area. Negotiation constraints that must be obeyed during 
negotiation, according to Surabaya City’s Spatial Plan (RTRW Kota Surabaya) are: 
1. Conservation areas are protected by law, so it is not allowed to change the existing 

ones into Built-up or Fisheries. According to regulations, the minimum area for 
conservation is 3% of the whole study area. 

2. It is difficult to change an existing Built-up area into Conservation or Fisheries 
because it is economically not feasible. Therefore, allocated Built-up areas in the new 
land allocation must not less than 7% of the study area. 
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3. Although it is economically profitable to change all Fisheries into Built-up, the Spatial 
Planning document for Surabaya City (RTRW Kota Surabaya) forces that a proportion 
of land should be allocated to Fisheries. According to this document, the minimum 
allowed land allocation for Fisheries in the study area is 20%. 

Using the distribution of points as shown in Table 4.2, a Simplex-Lattice {3,4} ternary 
plot is generated as shown in Figure 4.4 to evaluate the distribution of mixtures, using a 
method as shown in (Smith, 2005), which consists of the following steps; 
1. Defining constraints, which are the upper boundary and the lower boundary of the 

negotiation issues. 
2. Drawing straight lines on the Ternary Plot that represent those boundaries. 
3. Construction of the Constraint Region that bounded by boundaries’ lines. 
4. Construction of a {3, 4} Simplex Lattice within the Constraint Region, as seen in 

Figure 4.4. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.4. Simplex-Lattice {3,4} With Constraint 
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Based on the distribution of land use mixtures and constraint values, which are 
Minimum Built-Up Area = 7 %, Minimum Fisheries = 20 %, and Minimum Conservation 
= 3 %, land use mixtures can be seen in Table 4.3. 

Mixtures 
% 

Built-up 
% 

Fisheries 
% 

Conservation 
1 7 90 3 
2 7 37.5 55.5 
3 7 55 38 
4 7 72.5 20.5 
5 7 20 73 
6 24.5 20 55.5 
7 42 20 38 
8 59.5 20 20.5 
9 77 20 3 
10 24.5 72.5 3 
11 42 55 3 
12 59.5 37.5 3 
13 42 37.5 20.5 
14 24.5 55 20.5 
15 24.5 37.5 38 

Table 4.3. Land use Mixtures 

Stakeholders who involved in the negotiation then fill in their judgments for each 
land use mixture. This step is required to enable the system predicting stakeholders’ 
acceptance towards different land use mixtures.  

4.3.2 Utility Function and Indifference Curve 

A utility function is a mathematical model of a stakeholder’s payoff towards a 
bundle of negotiation issues (Shao-bin et al., 2007). Based on this utility function, a Utility 
Curve that shows this stakeholder’s preferences in the negotiation can be generated. In 
a substitutive three-attribute mixture where the sum of the mixtures always has the same 
value (i.e., added up to 100%), only two attributes are required to calculate the utility 
function. The values of the third attribute are dependent on the values of the two other 
attributes, thus can be omitted from the utility function. Therefore, in this research, only 
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𝑈 𝛽 𝑥 𝛽 𝑥 𝐶 

𝑈 𝛽 𝑥 𝛽 𝑥 𝛽 𝑥 𝑥 𝛽 𝑥 𝛽 𝑥 𝐶 

the allocation of Built-up areas 𝑥  and Fisheries 𝑥  are used. The allocations of 

Conservation 𝑥 , are dependent to the values of the two former attributes to sum the 

land allocation to 100%.  
After the utility function is defined, by using a set of Cut-Off Values, Indifference 

Curves that represent different utility levels for different land use mixtures (Beattie and 
LaFrance, 2005; Perloff, 2014) can be generated, as shown in Figure 4.5. 

 

 

 

 

 

 

 

 

 
Figure 4.5. Utility Curve and Indifference Curves 

Previous works related to Mixture Experiment mostly using Polynomial Regression, 
as shown in (Smith, 2005; Althubaiti and Donev, 2011; Cornell, 2011; Dane, 2012; Soares 
et al., 2013; Zhang and Wong, 2013). For 1st Degree/Linear Polynomial with two 
negotiation issues, the utility function calculated using the following equations:  

 
                                                                         (4) 
 
While for 2nd Degree/Quadratic Polynomial; 

 
                                              (5) 
 
Where; 

𝑈 = Utility    𝛽  = Coefficients 

𝑥  = Negotiation Issues   𝐶  = Constant 
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𝑈 𝛽 ∗ 𝑥  ∗ 𝑥 𝐶 

𝐶 𝐶
𝐶 𝐶

𝑛 1
∗ 𝑖 1 ;   𝑖, 𝑛 1 

Examples of the implementations of the polynomial regressions to produce 
indifference curves can be seen in (Somefun et al., 2004; Wu et al., 2009). Another 
method to generate indifference curves is the Cobb-Douglas Function (Byrns and Stone, 
1982; Train, 2003; Pavelescu, 2014), using the following formula: 

              
                                                                       (6) 
 
Where; 

 𝑈 = Utility    𝛼   = Variable’s elasticity 

𝑥   = Negotiation Issues    𝐶   = Constant 

𝛽   = Coefficients 

 

Both polynomial and cobb-douglas regressions produce indifference curves by 
following the procedure described in figure 4.5 above. First, utility curves are generated 
by each regression, and then, using a set of pre-defined cut-off values, indifference curves 
are generated. The next step is to generate the Utility Curve, which is a curve that shows 
stakeholder’s payoff based on the combination of negotiation issues. Then, indifference 
curves are calculated by projecting the utility curve on the negotiation space using pre-
specified cut-off values. Based on the input, the ideal cut-off values should be between 
the ranges of values of stakeholders’ judgments towards land use mixtures. However, too 
many cut-off values may lead to a lengthy negotiation because proposals will change only 
in a small fraction for each round of negotiation. To reduce the time required for 
negotiation, cut-off values can be reduced using the formula: 

 
                                                                                  (7) 

 
 
Where; 

𝐶      = The value of 𝑖  cutoff value 

𝑛      = How much cut-off values are used 

𝐶  = The maximum cut-off value 

𝐶  = The minimum cut-off value 
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4.4 Experiment with Hypothetical Data 

Because the negotiation model developed in this research is an expansion of the 
existing one, thus never been implemented before, it is necessary to test the model before 
experimenting with real stakeholders to solve a real-world negotiation problem. To test if 
the negotiation model works, a set of hypothetical stakeholders is constructed. The basis 
for the construction of the hypothetical stakeholders is based on real-world spatial 
planning processes. In this research, those hypothetical stakeholders are grouped into 
Government, Environmental NGOs, and Property Developers, who are the type of 
stakeholders that we can expect to involve in a spatial planning process. 

4.4.1 Input Data 

To test whether the negotiation protocol that developed in this research can solve 
a land allocation problem, three hypothetical stakeholders are used, each with their 
unique judgements towards different mixtures of land uses according to their objectives 
in land use allocation. Type of hypothetical stakeholders and their preferences are:  
‐ Stakeholder 1 = “Government”, prefers both Built-up and Fisheries equally. 
‐ Stakeholder 2 = “Environmental NGO”, prefers Conservation. 
‐ Stakeholder 3 = “Property Developer”, prefers Built-Up. 

Hypothetical judgements for each stakeholder and each land use mixture are 
shown in Table 4.4, with the values ranged between 1 (Worst Mixture) to 10 (Best 
Mixture). 

Mixtures % 
Built-Up 

% 
Fisheries 

% 
Conservation 

Hypothetical Judgments 
Stakeholder 1 Stakeholder 2 Stakeholder 3 

1 7 90 3 8 3 1 
2 7 37.5 55.5 6 5 2 
3 7 55 38 5 7 3 
4 7 72.5 20.5 3 8 4 
5 7 20 73 1 10 5 
6 24.5 20 55.5 3 8 6 
7 42 20 38 5 7 8 
8 59.5 20 20.5 6 5 9 
9 77 20 3 9 3 10 
10 24.5 72.5 3 9 2 3 
11 42 55 3 10 1 5 
12 59.5 37.5 3 10 2 8 
13 42 37.5 20.5 8 3 6 
14 24.5 55 20.5 8 3 4 
15 24.5 37.5 38 5 7 5 

Table 4.4. Input Data with Hypothetical Judgments 
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4.4.2 Utility Function and Indifference Curve 

Results of parameter estimation are shown in Table 4.5, which shows that no 
regression model can persistently produce the best Coefficient of Determination (R2) as 
the indicator of the parameter’s accuracy.  

Estimation Results Stakeholder 1 Stakeholder 2 Stakeholder 3 

1st Degree Polynomial: 𝑈 𝑎 𝑏𝑥 𝑐𝑥  
Parameter Values 

a -1.0498 12.3265 4.94122 

b 0.112653 -0.106122 0.0783673 

c 0.0930612 -0.0963265 -0.0473469 

Parameter Errors 
a 1.39355 1.47253 0.76924 

b 0.0208443 0.0220257 0.0115061 

c 0.0208443 0.0220257 0.0115061 

R2 0.73539 0.702668 0.910313 

2nd Degree Polynomial: 𝑈  𝑎𝑥 𝑏 𝑥 𝑐𝑥 𝑥 𝑑𝑥 𝑒 𝑥  
Parameter Values 

a -0.00299887 0.282583 0.242582 

b 0.000624898 -0.00219639 -0.00101852 

c 0.00229117 -0.00694285 -0.0027188 

d 0.0962694 0.294105 0.10349 

e -0.000433418 -0.00252743 -0.00096507 

Parameter Errors 
a 0.0755413 0.106042 0.0552465 

b 0.000865817 0.0012154 0.000633208 

c 0.000962929 0.00135173 0.00070423 

d 0.0490011 0.0687861 0.0358366 

e 0.000588291 0.000825822 0.000430242 

R2 0.974462 0.922908 0.980754 

Cobb-Douglas Utility Function: 𝑈 𝑎 ∗ 𝑥 ∗ 𝑥 𝑐 
Parameter Values 

a 0.226969 -0.227436 0.0739796 

b 0.428012 0.403696 1.26157 

c -0.820867 12.2478 2.81766 

Parameter Errors 
a 0.0363469 0.0367158 0.0232942 

b 0.0466733 0.0454019 0.218482 

c 1.24226 1.25721 0.643609 

R2 0.966066 0.946998 0.96751 
 

   Best Fit Utility Function 

Table 4.5. Parameters Estimation 
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Based on attribute parameters for each type of regression, a 3-D utility curves and 
indifference curves are generated, as shown in Figure 4.6.  

Stakeholder 1 Stakeholder 2 Stakeholder 3 

1st Degree Polynomial 

   

2nd Degree Polynomial 

   

Cobb-Douglas Utility Function 

   

Figure 4.6. Utility Curves 

After Utility Curves were generated, the next step is to calculate indifference 
curves for each stakeholder using pre-specified cut-off values. Based on the input, the 
ideal cut-off values should be between 1 to 10, because this is the range of values of 
judgements. However, using 10 cut-off values may lead to a lengthy negotiation because 
proposals will change only in a small fraction for each round of negotiation. To reduce 
the time required for negotiation, cut-off values are adjusted to 5 values using equation 
(7), as shown in Figure 4.7. 
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Figure 4.7. Indifference Curves 

Figure 4.7 above shows that the mathematical models of stakeholders’ preferences, 
both polynomial and Cobb-Douglas, may produce an Irregular Indifference Curve 
(Mukherjee, 2002), which is an indifference curve with a special shape, as shown in figure 
9 below (Hall and Lieberman, 2007).   
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Figure 4.8. An Irregular Indifference Curve 

 
In an irregular indifference curve, shown in Figure 4.8. A and B have the same value 

of 𝑥  but a different value of 𝑥 . According to the substitution rule, A and B should belong 

to a different indifference curve, because they have a different level of utility. Utility theory 
assumes that stakeholders’ indifference curves have a directional consistency, which is 
moving towards a particular direction in their preference space will consistently increase 
or decrease their utility. Utility Theory also requires that each pair of stakeholders’ 
preferences must yield a unique utility level. Thus, changing one value of stakeholders’ 
preference will result in a different level of utility.  

In reality, stakeholders may have different perception about negotiation issues 
(Byrns and Stone, 1982), and stakeholders’ preferences may also be inconsistent with the 
change of value, i.e., shows all-or-nothing behaviour (Chen, 2012). Therefore, even 
though utility theory requires a regular indifference curve (Beattie and LaFrance, 2005; 
Fuleky, 2006; Perloff, 2014), irregular indifference curves should be still accommodated 
to model the preference of stakeholders. 

4.4.3 Negotiation 

To test how the negotiation model can handle proposals from stakeholders and 
provide suggestions for them, a computer-mediated negotiation was conducted based on 
the previously described decision problem. Each stakeholder in negotiation round (t), 
made a proposal. Using Orthogonal Strategy, a suggestion for each stakeholder is 
calculated, thus used as a proposal for negotiation round (t+1), as shown in Table 4.6. 
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Stakeholder 
Proposals 

Reference  
Point 

Suggestion 
For Round 1 

Utility 
Compromise 

X Y X Y X Y 
Stakeholder 1 60 36 24 20 24 21 3-Level Lower 
Stakeholder 2 4 18 61 31 63 29 3-Level Lower 
Stakeholder 3 64 16 20 23 23 23 2-Level Lower 

Table 4.6. Negotiation Round 0 
 
Graphical representation of the negotiation process can be seen in Figure 4.9. 

After all stakeholders made their proposal, the system will calculate a unique reference 
point for each stakeholder, which is a point closest to all other stakeholders’ proposals. 
After that, a suggestion for that particular stakeholder is defined as a point on one of his 
indifference curves that is nearest to the reference point. 
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Figure 4.9. Orthogonal Strategy for Negotiation Rounds 

 

Proposal Reference Point Suggestion 

Stakeholder 1 Stakeholder 2 
Negotiation Round 0 

Stakeholder 1 Stakeholder 2 Stakeholder 3 
Negotiation Round 1 

Stakeholder 1 Stakeholder 2 Stakeholder 3 

Negotiation Round 5 (Optimum solution) 

Highest Utility Level Lowest Utility Level 

Stakeholder 3 
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The values of the optimum point and average distance between proposals and 
optimum point for each negotiation round the experiment can be seen in Table 4.7. 

Negotiation 
Rounds 

Optimum Point Average Distance Between 
Optimum Point and Proposals (%) Built-Up (%) Fisheries (%) 

Round 0 56.1 25.9 25.4 
Round 1 33.4 20.5 15.9 
Round 2 41.1 25.4 4.45 
Round 3 42.2 24.3 2.77 
Round 4 43.2 24.2 1.48 
Round 5 42.9 23.8 0.64* 
Round 6 40.5 22.1 1.6 

  *Optimum solution 

Table 4.7. Negotiation Summary 

Because stakeholders’ proposals are updated based on the suggestions, their utility 
levels also changed. Before negotiation, stakeholders’ proposals gave them the highest 
utility level. During the negotiation, their proposals moved from one indifference curve to 
another, which also changed their utility level, as shown in Table 4.8. 

Participant 
Utility Level 

Before Negotiation After Negotiation 

Stakeholder 1 10 5.41 

Stakeholder 2 10 5.38 

Stakeholder 3 10 7.67 
Table 4.8. Utility Compromises 

 

Changes in stakeholders’ utility levels can be seen in Figure 4.10. Before 
negotiation, stakeholders’ proposals are located on their highest-level indifference curve. 
After negotiation, their proposals yield a lower utility, but the average distance between 
the proposals and the optimum point is reduced until the optimum solution is reached. 

 

 



4. Negotiation Settings 

76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10. Optimum Points 

Optimum Point Stakeholders’ Proposals 

Before Negotiation Negotiation Round 1 

Negotiation Round 2 Negotiation Round 3 

Negotiation Round 4 Negotiation Round 5 



Stakeholders-Oriented Spatial Decision Support System 

77 

  𝑂 𝑥 , 𝑦 𝑎𝑟𝑔𝑚𝑖𝑛
∑ 𝜔 ∗ 𝑥 𝑥 𝑦 𝑦

𝑛
 ;  Σ𝜔 1 

Figure 4.10 shows that stakeholders’ proposals moved closer one to another after 
the Orthogonal Strategy is applied. Therefore, the negotiation model developed in this 
research is capable of finding an optimum solution, which is a point that is nearest to all 
of the stakeholders’ proposals.  

4.5 Sensitivity Analysis 
In the implementation of the computer-mediated negotiation, two negotiation 

parameters can be adjusted by a supra decision-maker who set up the negotiation. The 
First one is stakeholders’ importance during negotiation, and the Second one is the 
number of cut-off values for each stakeholder’s indifference curves. Changes towards 
those two parameters may influence the two important outcomes of the negotiation, 
which are the convergence of proposals and required negotiation rounds to reach the 
optimum solution.   

4.5.1 Stakeholders’ Importance on Negotiation  

In real-world negotiations, stakeholders may have various degrees of importance 
that will influence the results of the negotiation. In this case, the more important a 
stakeholder is, the closer the decision should be to his proposal. Therefore, stakeholders’ 
importance is represented by assigning a weight to each stakeholder. The optimum point 

with the weights assigned to stakeholders consists of a pair 𝑥  and 𝑦  that must satisfy 

the optimization problem: 

                                                                                                             
     (8) 

 
 
Where; 
𝑥     = Optimum point’s value for Negotiation Issue 𝑥 

𝑦     = Optimum point’s value for Negotiation Issue 𝑦 

𝑥    = Stakeholder i’s Proposal for Negotiation Issue 𝑥 
𝑦      = Stakeholder i’s Proposal for Negotiation Issue 𝑦 

𝜔       = Weight for Player 𝑖 
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To evaluate the negotiation model’s sensitivity towards stakeholders’ influence 
during negotiation, the next rounds of negotiation were conducted, but this time with 
different weights for each stakeholder. The weighting schemes were designed by 
assuming that a stakeholder has higher or lower importance compared to other 
stakeholders, as shown in Table 4.9.  

Weighting  
Scheme 

Weights 
Stakeholder 1 Stakeholder 2 Stakeholder 3 

1 0.5 0.25 0.25 
2 0.2 0.4 0.4 
3 0.25 0.5 0.25 
4 0.4 0.2 0.4 

Table 4.9. Negotiation with Stakeholders’ Weight 
 
The First weighting scheme considered Stakeholder 1 is more important than the 

others are, thus the weight of this stakeholder was set twice than the other stakeholders. 
Therefore, as the result of the negotiation, the values of the decision are closer to the 
proposals of stakeholder 1, whom assigned a higher weight compared to other 
stakeholders. Differences between stakeholders’ proposals and the optimum point for 
each negotiation round are shown in Table 4.10. 

Negotiation 
Rounds 

Optimum Point Average Distance Between 
Optimum Point and Proposals (%) Built-Up (%) Fisheries (%) 

Round 0 47.05 28.00 15.22 
Round 1 37.95 22.88 8.45 
Round 2 39.58 26.13 4.69 
Round 3 40.80 25.78 2.88 
Round 4 42.84 24.40 0.42* 
Round 5 42.78 23.8 0.85 

  *Optimum solution 
Table 4.10. Negotiation with 1st Weighting Scheme 

Results of the negotiation, where Stakeholder 1 was considered more important 
than the other stakeholders, can be seen in Figure 4.11. For each of the negotiation 
rounds, the optimum point is located closer to the proposal of Stakeholder 1.  
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Figure 4.11. Negotiation Rounds with 1st Weighting Scheme 
 

Before Negotiation Negotiation Round 1 

Negotiation Round 2 Negotiation Round 3 

Negotiation Round 4 

Optimum Point 

Stakeholder 2 & 3’s Proposal 

Stakeholder 1’s Proposal 
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Figure 4.12. Optimum Points with 1st Weighting Scheme 
 
Figure 4.12 shows that weight assignment where Stakeholder 1 was given higher 

importance resulted in a reduced required number for the negotiation to reach the 
optimum solution. Without weight assignment, five negotiation rounds were required to 
reach the optimum solution, while when Stakeholder 1 was given the weight twice as 
much as others, only four negotiation rounds were required. 

The Second Weighting Scheme assumes that Stakeholder 1 has less importance in 
the negotiation. Therefore, this stakeholder is given a smaller weight compared to other 
stakeholders. The results of the negotiation with a lower weight for Stakeholder 1 can be 
seen in Table 4.11 and Figure 4.12. 

Negotiation 
Rounds 

Optimum Point Average Distance Between 
Optimum Point and Proposals (%) Built-Up (%) Fisheries (%) 

Round 0 34.1 20 30.4 
Round 1 43.5 29.2 16.9 
Round 2 38.1 26.9 6.6 
Round 3 43.3 24.4 5.8 
Round 4 42.5 24.7 0.8* 
Round 5 43.05 23 1.7 

  *Optimum solution 
Table 4.11. Negotiation with 2nd Weighting Scheme 
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Figure 4.13. Negotiation Rounds with 2nd Weighting Scheme 

Before Negotiation Negotiation Round 1 

Negotiation Round 2 Negotiation Round 3 

Negotiation Round 4 

Optimum Point 

Stakeholder 2 & 3’s Proposal 

Stakeholder 1’s Proposal 
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Figure 4.14. Optimum Points with 2nd Weighting Scheme 

Figure 4.14 shows that a lower weight that assigned to Stakeholder 1 also resulted 
in the improvement of the negotiation process, both by reducing the required negotiation 
rounds and the differences between stakeholders’ proposals and the final decision.  

The Third weighting scheme is where Stakeholder 2 was considered more 
important than other stakeholders were, thus the weight for this stakeholder was set 
twice as much as other stakeholders. The results of the negotiation rounds where 
Stakeholder 2 was considered more important can be seen in Table 4.12 and Figure 4.15. 

Negotiation 
Rounds 

Optimum Point Average Distance Between 
Optimum Point and Proposals (%) Built-Up (%) Fisheries (%) 

Round 0 33 22 29.3 
Round 1 45.6 26 17.6 
Round 2 37.2 26.9 5.8 
Round 3 41.7 24.8 1.5* 
Round 4 42.2 24.8 1.7 

  *Optimum solution 

Table 4.12. Negotiation with 3rd Weighting Scheme 
 
Higher weight assignment for Stakeholder 2 also resulted in the improvement of 

the negotiation, both in term of required negotiation rounds and in the average distance 
between the optimum point and stakeholders’ proposals.  
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Figure 4.15. Negotiation Rounds with 3rd Weighting Scheme 

Before Negotiation Negotiation Round 1 

Negotiation Round 2 Negotiation Round 3 

Negotiation Round 4 

Optimum Point 

Stakeholder 1 & 3’s Proposal 

Stakeholder 2’s Proposal 
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Figure 4.16. Optimum Points with 3rd Weighting Scheme 

 
Figure 4.16 shows that the required rounds of negotiations were significantly 

reduced when Stakeholder 2 were given higher importance than the others were. With 
higher weight for Stakeholder 2, the model only requires three negotiation rounds to 
reach the optimum solution, compared to the negotiation without weighting, which 
requires five negotiation rounds.  

The last weighting scheme for the sensitivity analysis is when Stakeholder 2 was 
considered less important than other stakeholders were, thus given a lower weight. The 
results of the negotiation with this weighting scheme can be seen in Table 4.13 and Figure 
4.17. 

Negotiation 
Rounds 

Optimum Point Average Distance Between 
Optimum Point and Proposals (%) Built-Up (%) Fisheries (%) 

Round 0 47.5 24 14.6 
Round 1 36.9 24.5 8.8 
Round 2 40 26.1 2.9 
Round 3 41.6 25.6 0.7* 
Round 4 43 24.6 0.8 

  *Optimum solution 

Table 4.13. Negotiation with 4th Weighting Scheme 
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Figure 4.17. Negotiation Rounds with 4th Weighting Scheme 

Before Negotiation Negotiation Round 1 

Negotiation Round 2 Negotiation Round 3 

Negotiation Round 4 

Optimum Point 

Stakeholder 1 & 3’s Proposal 

Stakeholder 2’s Proposal 
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Figure 4.18. Optimum Points with 4th Weighting Scheme 

Figure 4.18 shows that the Weighting Scheme where Stakeholder 2 was 
considered less important resulted in fewer negotiation rounds and reduced distance 
between the optimum point and stakeholders’ proposals. With reduced weight for 
Stakeholder 2, the model only requires three negotiation rounds to reach the optimum 
solution, compared to the negotiation without weighting, which requires five negotiation 
rounds. The results of the sensitivity analysis with various weight assignments show the 
improvement of the negotiation process, both by reducing the required negotiation 
rounds and the differences between stakeholders’ proposals and the final decision. 
However, in participatory planning’s point of view, the level of participation may become 
compromised, because some stakeholders have higher influences towards the final 
decision compared to others.  

4.5.2 Cut-off Values 

Another negotiation parameter that may be adjusted by planners is the number of 
cut-off values for stakeholders’ indifference curves. In the previous experiments, each 
stakeholder has five levels of indifference curves. To evaluate the impact of cut-off values 
adjustment toward the result of negotiation, reduced cut-off values are given. This time 
instead of five levels, each stakeholder now assigned four cut-off values to represent their 
different levels of payoffs. The results of this adjustment can be seen in Table 4.14. 
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Negotiation 
Rounds 

Optimum Point Average Distance Between 
Optimum Point and Proposals (%) Built-Up (%) Fisheries (%) 

Round 0 34.11 20.42 25.39 
Round 1 48.03 22.78 10.60 
Round 2 36.12 26.00 7.05 
Round 3 39.95 25.65 5.60 
Round 4 42.63 28.15 3.90 
Round 5 42.22 28.15 3.36* 
Round 6 43.02 24.06 7.14 

  *Optimum solution 

Table 4.14. Negotiation with Reduced Cut-off Values 

Comparisons between negotiation with five cut-off values and four cut-off values 
can be seen in Figure 4.19. In both negotiations, the optimum solution was achieved in 
the sixth round of negotiation. Therefore, we can consider that reducing the number cut-
offs from five to four did not change the required iterations. On the other hand, it worsens 
the results of the negotiation, because the differences between Optimum Point and 
stakeholders’ proposals are increased. Therefore, as a rule-of-thumb, the more cut-off 
values are being used, the better the result of negotiation will be. However, too much 
cut-off values might result in a lengthy negotiation that does not fit the provided time for 
the negotiation. Examples of the negotiation rounds with reduced cut-off values can be 
seen in Figure 4.20 

 

 

 

 

 

 

 

 

 

 

Figure 4.19. Optimum Points with Different Cut-off Values 



4. Negotiation Settings 

88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20. Negotiation with Reduced Cut-Off Values 

Stakeholder 1 Stakeholder 2 Stakeholder 3 
Negotiation Round 0 

Stakeholder 1 Stakeholder 2 Stakeholder 3 
Negotiation Round 1 

Stakeholder 1 Stakeholder 2 Stakeholder 3 
Negotiation Round 5 (Optimum solution) 

Highest Utility Level Lowest Utility Level 

Proposal Reference Point Suggestion 
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4.6 Conclusion 
This chapter discusses the negotiation settings where a computer system is 

implemented to solve a multi-issue and multi-stakeholder decision problem. A selected 
case study to illustrate a computer-mediated negotiation (e-negotiation) in the spatial 
aspect of planning is a land allocation problem in Surabaya City, Indonesia. To enable the 
computer system to learn stakeholders’ preferences and provide suggestions to reduce 
the differences among stakeholders, the Orthogonal Strategy is implemented as the 
negotiation model.  

Compared to the traditional negotiation methods where stakeholders are engaged 
in a face-to-face negotiation, computer-based negotiation using orthogonal strategy 
requires an additional pre-negotiation phase, which is the preference elicitation. This is 
an inherent requirement of the orthogonal strategy because this method requires learning 
the preferences of stakeholders to be able to give them suggestions.  

The result of the preference elicitation phase is a unique utility function for each 
stakeholder, which represents his payoff towards a particular land use mixture. Based on 
each stakeholder’s utility curve, indifference curves then generated using cut-off values. 
In a computer-based negotiation using orthogonal strategy, the decision problem is 
solved by moving stakeholders’ proposals from one indifference curve to another that 
represent changes of their payoff during negotiation, in a series of iterations until the 
optimum solution is reached.    

Results from the experiment indicate that no clear relation between required 
iterations to find the optimum solution and the number of attributes and stakeholders 
involved in the negotiation. In the experiment using hypothetical data, the optimum 
solution is reached after five negotiation rounds. In theory, continuous negotiation rounds 
may occur, because of the system unable to find a solution after extensive iterations. In 
this case, other indicators can be used as the deciding factor to conclude the negotiation, 
such as the available time and maximum allowed negotiation rounds.  

Results from the sensitivity analysis show that careful consideration should be 
taken into account when deciding different levels importance of stakeholders during the 
negotiation. Assigning higher importance to one or more stakeholders may improve the 
results of the negotiation, but in the point of view of participatory planning, the level of 
participation may be compromised. 
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5 

Experiment With Stakeholders’ Involvement 
 

 

5.1 Introduction 

This chapter explains the two experiments where the negotiation method was 
implemented to solve a decision problem in the spatial aspect of planning. The First 
experiment is an automated negotiation, where the computer system automatically seeks 
for an optimum solution using the initial proposals from stakeholders. This experiment is 
required because the experiment using hypothetical data explained in Chapter 4 only used 
three hypothetical stakeholders. Therefore, it is necessary to test if the negotiation model 
can find a solution with a relatively large number of participants. The Second experiment 
is the computer-mediated negotiation, in which stakeholders are collaborating with the 
help of a computer system to reach a decision. In this type of negotiation, stakeholders 
are adjusting their proposals using suggestions from the computer system until an 
agreement point or an optimum solution is achieved. The main role of the computer 
system is to acts as a mediator, which evaluates stakeholders’ proposals and provide 
suggestions to assists them to reach a decision. There are two main outcomes of the 
computer-mediated negotiation experiment. The First outcome is an agreement point, 
where stakeholders reached a consensus about the solution of the decision problem. If 
the computer system continues to update stakeholders’ proposals automatically, it can 
produce a second outcome, which is the optimum solution, where the system cannot 
produce suggestions to reduce the differences among stakeholders anymore. 

5.2 Preference Elicitation 

Using the negotiation settings explained in Chapter 4, stakeholders are invited to 
be involved in the e-negotiation experiment. There are three main groups of stakeholders 
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that accept the invitation and committed to involved in the negotiation process, as shown 
in Table 5.1.   

No Type of Stakeholders Participants 

1 Staffs from Municipality 10 
2 Academics from Local University 4 

3 
Role-Playing University Students 
- Local Residents 
- Fishpond Owners 
- Property Developers 

 
14 
22 
13 

 Total Participants 63 
Table 5.1. Participants for Negotiation Experiment 

 
The First group of stakeholders consists of staffs from the Municipality of Surabaya 

City, as the authority who held the responsibility to prepare spatial planning documents 
for the study area. They are well aware that the existing spatial planning document is no 
longer compatible with the current land use in the study area, and support the idea that 
a new land use plan should be formulated. The Second group of stakeholders is experts 
in the field of spatial planning from the local university in Surabaya City. They are staff 
members of the Department of Urban and Regional Planning, Institut Teknologi Sepuluh 
Nopember, Indonesia. The Third group is role-playing university students from the same 
university as the second group of the stakeholders. They are involved in the experiment 
to simulate the behaviour of stakeholders who own land parcels in the study area in the 
e-negotiation process. Role-playing students are groups of Local Residents, Fishpond 
Owners, and Property Developers.   

The different number of persons within each group may lead to an unbalanced 
outcome of the negotiation. However, this issue cannot completely be avoided, because 
this is what we might expect in urban planning and decision-making processes. For 
example, it is logical that the number of staffs of the municipality is much fewer compared 
to its residents. One way to counter-balance this issue is to assign weights to a different 
group of stakeholders. Staffs from municipality can have higher individual weights 
compared to individual weights of the residents, to make the preferences of those two 
groups somewhat equal. To help stakeholders give their judgements during the 
preference elicitation phase, they are presented not only with the value of land use 
mixtures, but also land use parameters and illustration map of each land use mixture. 
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Land use parameters for each mixture are calculated using the parameters shown in Table 
5.2. 

No Land use Parameters Values 
1 Built-Up Area Hectares 
2 Fisheries Hectares 
3 Number of Housing Units 250 m2/unit 
4 Paved Roads 5% of the Built-Up Area 
5 Annual Property Tax - Housing: IDR. 2,000/m2 

- Fisheries: IDR.   500/m2 
6 Annual CO2 Emission 1.83 Tonnes/Individual 

Table 5.2. Land use Parameters 
The values of land use parameters then calculated for each of the land use 

mixtures, shown in Table 5.3. The number mixtures in a {q,m} mixture design is 
calculated based on the number of negotiation issues (q), and the degree of the mixture 
design (m). For a decision problem with two negotiation issues (Allocation for Built-Up 
and for Fisheries), the 4th-degree mixture is considered sufficient. A {2,4} mixture design 
requires 15 mixtures that must be judged by stakeholders, as explained in Section 4.3.  

Mixture Built-Up 
(Hectares) 

Fisheries 
(Hectares) 

Households 
(Units) 

Paved Roads 
(Hectares) 

Property Tax 
(Rp. Millions) 

CO2 Emission 
(Tonnes/Year) 

1 5,234 67,298 2,094 262 44 19,157 
2 5,234 28,041 2,094 262 24 19,157 
3 5,234 41,127 2,094 262 31 19,157 
4 5,234 54,212 2,094 262 38 19,157 
5 5,234 14,955 2,094 262 18 19,157 
6 18,320 14,955 7,328 916 44 67,051 
7 31,406 14,955 12,562 1,570 70 114,945 
8 44,491 14,955 17,797 2,225 96 162,839 
9 57,577 14,955 23,031 2,879 123 210,732 
10 18,320 54,212 7,328 916 64 67,051 
11 31,406 41,127 12,562 1,570 83 114,945 
12 44,491 28,041 17,797 2,225 103 162,839 
13 31,406 28,041 12,562 1,570 77 114,945 
14 18,320 41,127 7,328 916 57 67,051 
15 18,320 28,041 7,328 916 51 67,051 

Table 5.3. Parameters’ Values of Land Use Mixtures 

As an addition to the land use parameters for each of the land use mixtures, 
illustration maps were also presented to stakeholders to give them a rough estimation 
about the spatial pattern of each of the land use mixtures, as seen in Figure 5.1 and 
Figure 5.2. 
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 Land Use Mixture 1 
 

Land Use Mixture 2 

 
Land Use Mixture 3 

 

Land Use Mixture 4 

 
Land Use Mixture 5 

 

Land Use Mixture 6 

 
Land Use Mixture 7 

 

Land Use Mixture 8 

 

Figure 5.1. Land Use Mixtures (Mixture 1 – Mixture 8) 
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Land Use Mixture 9 

 

Land Use Mixture 10 

 
Land Use Mixture 11 

 

Land Use Mixture 12 

 
Land Use Mixture 13 

 

Land Use Mixture 14 

 
Land Use Mixture 15 

 

 

Figure 5.2. Land Use Mixtures (Mixture 9 – Mixture 15) 

  

Built-Up Area 

Fisheries

Conservation 
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Using land use compositions, parameters, and illustration maps, stakeholders were 
invited to give their evaluation for each land use mixture using a web-interface, as seen 
in Figure 5.3. In the web-interface, stakeholders can get information about the spatial 
pattern of different land use compositions. They can also evaluate social, economic, and 
environmental impact for each of the land use allocations. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.3. Web-Interface for the Preference Elicitation Phase 
 

Figure 5.3 shows how the stakeholders were provided with the required 
information during the preference elicitation phase. Before giving their judgment for each 
of the land use mixtures, stakeholders can evaluate the spatial pattern, the land use 
composition, values of land use parameters, and the assumptions that were being used 
to generate land use parameters. Stakeholders then fill their judgements for each of the 
land use mixtures with the value ranged between 1 (Worst Mixture) to 10 (Best Mixture). 
At the end of the web-interface, stakeholders were asked to fill their proposal for the 
desired land use allocation. The distribution of stakeholders’ initial proposals and the 
optimum point, which is a point that is nearest to stakeholders’ proposals, shown in Figure 
5.4.   
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Figure 5.4. Stakeholders’ Initial Proposals 

The next step is to generate a utility function to model stakeholders’ payoff for a 
specific land use mixture. For each stakeholder, three utility functions are calculated, 
which are the 1st Degree Polynomial, 2nd Degree Polynomial, and the Cobb-Douglas 
Function. The utility function with the highest Coefficient of Determination (R2) then 
selected as the best-fit model to represent stakeholders’ payoffs towards negotiation 
issues. Stakeholders’ best- fit model based on their judgments towards land use mixtures 
are shown in Table 5.4. 

Best Fit Model Stakeholders 
The coefficient of Determination (R2) 

Average Maximum Minimum 

2nd Degree Polynomial 46 0.972268 0.997539 0.882992 

Cobb-Douglas Utility 17 0.960724 0.995505 0.874087 

Table 5.4. Regression Models 
 
The table above shows that the 2nd Degree Polynomial utility function is the best 

fit model for most of the stakeholders. Using each of the stakeholder’s best-fit utility 
function, indifference curves are generated to represent a different level of payoffs, as 
explained in section 4.3.2.    

Stakeholders’ Proposals 

Optimum Point 
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5.3 Automated Negotiation 
After indifference curves for each of the stakeholders are generated, the next 

stage of this research is to conduct an automated negotiation. The main objective of this 
experiment is to test whether the negotiation model is capable of producing an optimum 
solution with a relatively large number of stakeholders involved. In an automated 
negotiation, the computer system automatically updates stakeholders’ proposals with a 
new proposal that will move their proposals close one to another until the optimum 
solution is reached. An illustration of how the computer system calculates a new proposal 
for each stakeholder can be seen in the following figure. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5. Proposal Updating 

Figure 5.5 above shows how the computer system produces a new proposal for 
each of the negotiation rounds. In negotiation round (t), for Stakeholder Pi, a reference 
point is calculated as a point that is nearest to all other stakeholders’ proposal. The system 
then seeks for a point in one of stakeholder Pi’s Indifference Curves which is nearest to 
the reference point, then use this point as stakeholder Pi’s proposal for negotiation round 
(t+1). With this method, stakeholders’ proposals are moving closer one to another 
throughout negotiation rounds. The distributions of stakeholders’ proposals during the 
automated negotiation experiment are shown in Figure 5.6. 
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Figure 5.6. Proposals for Each Negotiation Round 
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Negotiation 
Round 

Optimum Point Average Distance 
To Optimum Point Built-Up Fisheries 

0 38.52% 32.32% 23.98% 
1 31.53% 46.55% 9.52% 
2 26.24% 37.06% 7.40% 
3 22.59% 39.31% 6.70% 
4 21.97% 38.97% 6.61%* 
5 21.10% 40.90%   7.27% 

*Optimum Solution    
 

Table 5.5. Summary of Automated Negotiation 
 

Summary of the automatic negotiation can be seen in Table 5.5. The optimum 
point of stakeholders’ initial proposals before the negotiation started is 38.52% Built-Up 
and 32.32% Fisheries. The average distance between stakeholders’ proposals is 23.98%.  
After the optimum solution is reached, the optimum point is changed to 21.97% Built-Up 
and 38.97% Fisheries, with the average distance between stakeholders’ proposals 
reduced to 6.61%. 

  

 

 

 

 

 
Figure 5.7. Utility for Negotiation Rounds 

Figure 5.7. above shows that utilities for stakeholders are changed because of the 
negotiation. Before negotiation, the average value of stakeholders’ utility is 7.68 and then 
reduced to 5.79 after negotiation. Stakeholders’ utility loss also changed during 
negotiation. In the first round of negotiation, the average utility loss is 1.96, while in the 
last round of negotiation the average utility loss was -0.05. The automated negotiation 
experiment shows that the negotiation model developed in this research is capable of 
finding optimum solutions with a large number of stakeholders are involved. Thus, in the 
next stage of this research, stakeholders are involved in negotiation rounds until the 
agreement, or the optimum solution is reached.  



Stakeholders-Oriented Spatial Decision Support System 

101 

5.4 Negotiation with Stakeholders’ Feedbacks 
Although the experiment with automated negotiation shows that the negotiation 

model is capable of finding a solution to the negotiation problem automatically, 
stakeholders should be involved in each round of negotiation to improve their participation 
in planning and decision-making. This section explains an e-negotiation phase, where the 
same stakeholders who provided their judgments in the preference elicitation phase were 
invited to join a computer-mediated negotiation. Stakeholders were involved in e-
negotiation using a web-interface where they are presented with the suggestions from 
the system to improve their proposals. They also can evaluate the impact of specific land 
allocation, and then submit their new proposal for the next round of negotiation, as shown 
in Figure 5.8.  

 

 

 

  

 

 

 

 

 

 

Figure 5.8. Web-Interface for e-Negotiation 
 
The figure above shows the outline of the web-interface in which stakeholders can 

update their proposals for the next round of negotiation. Before submitting a new 
proposal, stakeholders can evaluate the impact of a specific bundle of land use allocation 
to the land use parameters. The results of e-negotiation are shown in Figure 5.9 until 
Figure 5.11. 
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Figure 5.9. Negotiation Round 0–2 
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Figure 5.10. Negotiation Round 3–5 
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Figure 5.11. Negotiation Round 6–7 

 

Optimum points of Stakeholders’ Proposals, suggestions for each of them, and the 
average distance between proposals and suggestions in each negotiation round can be 
seen in Table 5.6.  
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Negotiation 
Round 

(t) 

Optimum Point of Proposals 
In Negotiation Round (t) 

Optimum Point of Suggestions 
For Negotiation Round (t+1) 

Built-Up Fisheries di(t) Built-Up Fisheries di(t) 

0 38.52% 32.32% 23.98% 35.00% 50.53% 8.08% 

1 35.64% 41.34% 16.10% 31.37% 42.47% 7.28% 

2 34.52% 44.15% 13.01% 43.43% 37.86% 8.24% 

3 41.80% 40.52% 11.82% 40.69% 37.82% 6.35% 

4 41.35% 41.20% 9.76% 40.61% 38.31% 6.00% 

5 41.79% 42.00% 8.88% 32.15% 38.90% 7.50% 

6 41.16% 42.70% 7.80% 34.25% 36.00% 7.51% 

7* 41.56% 42.58% 6.05% 36.97% 37.40% 7.17% 

*Optimum solution 
di(t) = Average Distance Between Optimum Point to Proposals/Suggestions 

Table 5.6. Summary of Negotiation 
 

Outcomes of the e-negotiation where stakeholders were involved during 
negotiation rounds can be seen in Table 5.6. Before the negotiation started, the optimum 
point of stakeholders’ proposals is 38.52% Built-Up and 32.32% Fisheries, and the 
average distance between the optimum point and stakeholders’ proposals is 23.98%. The 
system can produce suggestions for each of the stakeholders that can reduce the distance 
between their proposals, which is down to 8.08%. Stakeholders then update their 
proposal for the next negotiation round using the website. This process continues until 
two outcomes are reached, which are:  
‐ In the seventh round of the negotiation, the computer cannot improve the negotiation, 

because compared to stakeholders’ proposals, it produces a higher average distance 
between suggestions, which is 7.17%. 

‐ In this round, the stakeholders reached the optimum solution. The land allocation for 
this round are 41.56% Built-Up, 42.58% Fisheries, and 15.86% Conservation, with 
the average distance between stakeholders’ proposals of 6.05%. 
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During negotiation rounds, stakeholders’ utility level also changed because they 
updated their proposals to achieve agreement. This process resulted in lower payoffs 
perceived by stakeholders. However, because the main objective of the negotiation is to 
reduce the distance between stakeholders’ proposals, reduced payoffs is considered 
acceptable as a compromise to the agreement.  

 

 

 

 

 

 

 

 

Figure 5.12. Stakeholders’ Average Utility 

Figure 5.12 shows how stakeholders’ utilities are changed throughout the 
negotiation. Before negotiation started, the average utility is 7.76, and immediately 
dropped on the second round of negotiation. At the optimum solution, the average utility 
is 5.56. The average utility loss during negotiation rounds can be seen in Figure 5.13 that 
shows stakeholders’ payoffs during negotiation. Stakeholders have not always 
experienced utility loss, and in some rounds of negotiation, stakeholders in average gain 
a higher payoff.  

 

 

 

 

 

 
 
 

Figure 5.13. Stakeholders’ Average Utility Loss 
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5.5 Stakeholders’ Attitudes toward Suggestions 

One of the main roles of the computer system in a computer-mediated negotiation 
is providing suggestions to stakeholders. In the second experiment, stakeholders are 
allowed to update their proposals within a pre-specified boundary that calculated based 
on the computer’s suggestion and stakeholders’ proposals during the previous round of 
negotiation. Because stakeholders were only allowed to update their proposals within a 
certain range of Built-Up Area and Fisheries, it is important to evaluate the differences 
between computer’s suggestions and stakeholders’ new proposals. Comparison between 
suggestions and updated proposals for each group of stakeholders during negotiation 
rounds in the experiment with stakeholders’ feedbacks are shown in Figure 5.14.     

 

 

 

 

 

 

 

 

 

 

Figure 5.14. Average Differences between New Proposals and Suggestions 

Figure 5.14 above shows the average differences between stakeholders’ new 
proposals and computer-provided suggestions for land allocation of Built-Up Area and 
Fisheries. Each group of stakeholders has a different attitude towards suggestions 
provided by the computer. Academics seem to have the most lenient attitude toward 
given a suggestion. Therefore, they have the lowest average difference between the 
suggestions and the new proposals.  

On the other hand, Fishpond Owners on average have the most rigid attitude 
toward the suggestions. However, like other stakeholders’ groups, they were also willing 
to update their proposals. During negotiation rounds, the average differences between 
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suggestions and new proposals are reduced, except for academics in a negotiation round 
3 and 4, which are higher than negotiation round 2. However, in negotiation round 5, 
their differences between their proposals and suggestions from the system are 
significantly reduced. Therefore, it can be concluded that stakeholders’ attitudes toward 
suggestions show that they can accept the process of land allocation with the mediation 
of a computer system. Because the decision problem in this research consists of two 
negotiation issues, it is also necessary to analyse stakeholders’ behaviours for each of the 
negotiation issues.  

 

 

 

 

 

 

 

 

 

 
Figure 5.15. Stakeholders’ Acceptance of Suggested Built-Up Area 

Figure 5.15 shows the average differences between the proposed and the 
suggested proportion for Built-Up Area. In the two early rounds of negotiations, 
stakeholders from academics showed a high degree of tolerance, in which they are willing 
to change their proposals. However, for the next rounds of negotiation, until an 
agreement is reached, local residents are the ones who are more willing to change their 
proposals compared to other groups of stakeholders. During all negotiation rounds, 
Property Developers have shown the least acceptance towards the suggestions given by 
the computer. Stakeholders’ acceptance for given suggestions regarding the allocation of 
Fisheries can be seen in Figure 5.16.  
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Figure 5.16. Stakeholders’ Acceptance Toward Suggested Fisheries 

Figure 5.16 above shows that stakeholders from Academic background also can 
accept the suggestions from the computer, thus have the smallest average difference 
between their proposals and given suggestions. On the other hand, updated proposals 
from Fishpond Owners show that they are the ones who least willing to adjust their 
proposals based on suggestions given by the computer system.  

5.6 Conclusions 

Both experiments explained in this chapter concluded that a computer-based 
negotiation is capable of finding a solution in a multi-issue and multi-stakeholder decision-
making problem. Although the automated negotiation is more efficient in finding the 
optimum solution, lack of involvement of stakeholders during proposals updating made 
this method less suitable to improve stakeholders’ involvement in decision-making. On 
the other hand, e-negotiation with stakeholders’ feedback requires more effort to 
implement, but with a higher degree of stakeholders’ participation. Therefore, this 
approach is more suitable to implement in situations where stakeholders are put in the 
centre of a decision-making process. To make a computer-mediated negotiation 
transparent and considered trustworthy by stakeholders, during each of the negotiation 
rounds they are provided with the information about negotiation parameters, proposals 
of others, and an optimum point that nearest to all stakeholders’ proposals.  



5. Experiment with Stakeholders’ Involvement 

110 

During the e-negotiation, the mathematical model that enabled the system to 
produce suggestions was not explained to stakeholders, because they are given the 
opportunity to update their proposal based on their preferences and agendas. 
Stakeholders’ behaviour during negotiation will reflect their approval or disapproval 
towards computer-mediated negotiation. For example, when they are willing to update 
their proposals based on suggestions given by the system, it is an indicator that they can 
accept the procedure. The analysis of differences between given suggestions and 
stakeholders’ updated proposals shows that they are willing to adjust their proposals 
during negotiation rounds. Hence, it can be concluded they accept the computer-
mediated approach for solving a decision problem in the spatial aspect of planning.  

In the experiment where stakeholders were invited to submit their new proposals, 
they are willing to participate in reaching an agreement. This is not always the case of a 
computer-mediated negotiation; in theory, it is possible for stakeholders to discontinue 
their involvement in the middle of a negotiation. In such a case, other constraints, such 
as time limit, level of involvement, and degree of convergence, may be set as an objective 
of negotiation, aside than the optimum solution.  
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6 

Conclusions 
 

 

 

6.1 Summary of Research 

The main objective of this research is to develop a new computer-based method 
to improve stakeholders’ involvement in participatory planning and decision-making 
processes. Previous efforts to improve participatory planning mainly evolved in the 
communicative paradigm, which focused on expanding the capabilities of experts and 
planners to communicate with stakeholders, analyse their preferences, and produce a 
solution based on scientific principles. This research developed a new method that can 
improve stakeholders’ participation in the implementation of a negotiation paradigm, 
where a decision is formulated as a consensus among stakeholders. The negotiation 
paradigm puts stakeholders as the main actors in decision-making, and their proposals 
play the role as the fundamental source for the decision. To achieve the objectives of this 
research, a computer system then developed where stakeholders can provide their 
preferences toward negotiation issues, make proposals about the decision, and adjust 
their proposals with the mediation of the system.  

The negotiation method in this research developed based on two main 
considerations. Firstly, the exploration of stakeholders’ involvement methods from 
previous research that have been implemented to improve participatory planning and 
decision-making processes. Secondly, the exploration of possible methods that not yet 
been implemented or limited implementation in planning and decision-making. Based on 
those two considerations, the Orthogonal Strategy was selected as the negotiation model. 
Although Orthogonal Strategy already implemented in some research to model 
negotiation processes, those were limited to negotiations among computer agents, 
without the involvement of human stakeholders. Therefore, some improvements were 
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made to the Orthogonal Strategy to represents a real-world negotiation process as much 
as possible.  

To test how the newly developed method can be utilised in planning and decision-
making processes, a decision problem in the Spatial Aspect of Planning was selected as 
the case study. The decision problem took place in the eastern part of Surabaya City, 
Indonesia, where current developments of built-up area mostly violate the existing land 
use plan. Therefore, there is a need to formulate a new land allocation scheme, which is 
based on the agreement of related stakeholders for the study area. To improve the 
planning process, a computer system was implemented to help stakeholders in reaching 
agreement about the new land allocation. Previous implementations of computer systems 
in such decision problem, which called Spatial Decision Support Systems (SDSS), mostly 
used the Multi-Criteria Decision Making (MCDM) approach, where layers of maps were 
overlaid one to another to produce an optimal solution. As oppose to MCDM approach, 
this research used a negotiation approach, where the computer system plays a role such 
as a human mediator, by inviting stakeholders to submit their proposals and providing 
suggestions for them to update their proposals during negotiation rounds.  

6.2 Findings 

Some main findings are concluded as the results of this research. In general, it 
can be concluded that computer-mediated negotiations can be implemented in the spatial 
aspect of planning as a platform for a stakeholders-oriented spatial decision support 
system. The main findings of this research are:  

a. The state-of-the-art of stakeholders’ involvement in planning and decision-making 
processes is the communicative planning paradigm. The main assumption of this 
paradigm is planning and decision-making processes should be improved by 
expanding the capabilities of experts and planners in analysing parameters, criteria, 
stakeholders’ preferences, and available options related to the decision-making 
problems. Hence, experts and planners are still the focus of improvement towards 
a better planning and decision-making process.  
 

b. The most common method in the development of Spatial Decision Support Systems 
(SDSS) is a GIS-based Multi-Criteria Decision Making (MCDM), where criteria or 
attributes are represented as layers of maps that were overlaid one to another. 
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Then, using a specific calculation method, an optimum solution is produced to solve 
the decision-making problem. Stakeholders’ involvements in this approach are 
limited to providing their preferences during criteria weighting and goal prioritisation 
stage of MCDM.   
 

c. A Stakeholders-Oriented Spatial Decision Support Systems requires a different 
paradigm of planning other than the communicative paradigm, which should enable 
stakeholders to communicate their preferences and proposals for the decision 
problem. Therefore, the negotiation paradigm was selected, where the decision-
making process consisted of a series of negotiation rounds. During each round of 
negotiation, stakeholders updated their proposals using suggestions provided by the 
computer system.  
 

d. Previous implementations of the Orthogonal-Strategy show that computer-mediated 
negotiations to solve a multi-agent decision problem were useful. However, this 
method needs to be improved to be able to support negotiation with real human 
stakeholders. This research contributes to the improvement of orthogonal strategy 
by introducing fixed multi-level indifference curves for each stakeholder.     
 

e. The Results from the Automated-Negotiation experiment shows the potentials of a 
computer-based negotiation to be used as an alternative to the existing methods of 
stakeholders’ involvement in planning and decision-making. As explained in Chapter 
2, there are available methods that already implemented to improve participatory 
planning. Although the technical approach may vary, the underlying principle is the 
same, which is using input from stakeholders to produce a solution. For example, in 
MCDM approach, stakeholders gave their preferences toward the weight of criteria 
and available alternative. Stakeholders themselves were assigned with an individual 
weight to represent their importance in decision-making. The decision then 
formulated as the alternative with the highest calculated score. 

 
The same approach can also be implemented using an automated negotiation with 
orthogonal strategy. Using the input from stakeholders, which are judgments of 
mixture design and stakeholders’ initial proposals, the computer then produces a 
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decision, which is the optimum solution. Comparison of required input and how 
decisions are made, between MCDM, Game Theory, and Orthogonal-Strategy based 
Automated Negotiation can be seen in Appendix 1. 
 
It should be noted that the implementation of Automated Negotiation to solve a 
decision problem does not imply that there is an improvement of stakeholders’ 
participation in planning and decision-making. This approach is considered as a form 
of Communicative Paradigm, where experts or planners formulate the decision.      
 

f. In the experiment where stakeholders were involved during each round of 
negotiation, there are two main outcomes of the negotiation. The first one is an 
agreement point, where stakeholders accept the suggestions given by the computer 
system. In theory, there is no need to continue the negotiation process, because 
the resulted decision is accepted by stakeholders. However, the agreement point 
may not also be the optimum point of the model. Therefore, if the negotiation 
continued with an automated negotiation, the computer system may find the second 
outcome, which is the optimum point of stakeholders’ proposals. 
 
To summarise the findings of this research, it can be concluded that computer-

mediated negotiations can be implemented as alternatives to the existing methods of 
computer utilisation in the spatial aspect of planning. The main advantage of the approach 
developed in this research is stakeholders have a higher degree of participation, where 
they were involved in each round of negotiation, and actively updated their proposals 
using suggestions provided by the computer system. Thus, the decision is formulated as 
an agreement point that accepted by stakeholders, as opposed to the most common 
method of Spatial Decision Support System, which is a scientific-based result that 
calculated by planners or experts.  

6.3 Research Contributions 

The results of this research may contribute to various aspects of planning and 
decision-making other than the spatial one discussed in this research, where improvement 
of stakeholders’ participation is necessary. Furthermore, the Automated Negotiation 
method can also be implemented as an alternative to the existing method, when 
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improvement of stakeholders’ participation is not the main objective. Improvement 
towards the Orthogonal Strategy can be utilized in the field of computer systems, 
especially in the development of Negotiation Support Systems. Detailed scientific 
contributions of this research are: 

a. Participatory Planning and Decision-Making Processes. 
This research provides a mean to support participatory decision-making within the 
negotiation paradigm, using a computer system that plays a role as a mediator that 
guide stakeholders to reach an agreement. The role of experts and planners in this 
paradigm is not to solve the decision problems, but rather preparing a platform 
where stakeholders can interact one to another during negotiation. However, 
experts’ and planners’ scientific knowledge is still required in a computer-mediated 
negotiation, because stakeholders need to be informed about the consequences of 
each of the available alternatives in the decision-making. Thus, stakeholders must 
be aware of the consequences of a decision made after the agreement is reached. 

b. Quantitative Methods to Analyse Stakeholders’ Preferences. 
Chapter 2 explored the available quantitative methods of stakeholders’ participation 
in planning and decision-making processes. The Automated Negotiation method can 
be used as an alternative to the existing methods, by solving the decision problem. 
Similar to other quantitative methods, automated negotiation also requires 
stakeholders to submit a set of input, then producing a solution based on 
stakeholders’ input. However, in an automated negotiation, there is no improvement 
in stakeholders’ participation, which is at the same level as other quantitative 
methods. Compared to other quantitative methods, automated negotiation method 
has its advantages and drawbacks that must be considered by experts and planning 
during its implementation.  

 

c. Spatial Decision Support Systems (SDSS)  
This research offers a new approach to the development of Spatial Decision Support 
Systems, where the decision is formulated as the agreement point of negotiation. 
By constructing a planning policy based on accepted values by stakeholders, the 
likelihood of its acceptance by stakeholders will be increased, especially when they 
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can trace and relate back to the negotiation process in which the agreement was 
reached.  

Stakeholders-Oriented Spatial Decision Support System can also be combined with 
other methods in the spatial aspect of planning. For example, Multi-Criteria Decision 
Making (MCDM) method can be implemented to produce geographic information 
that can be used by stakeholders as parameters or criteria to help them during 
negotiation. However, as opposed to the MCDM method, stakeholders’ preferences 
toward those criteria, such as the degree of importance, ranking, etc., are not 
considered in the negotiation protocol.  Stakeholders’ preferences toward decision 
parameters of criteria should be reflected on their behaviour during negotiation, 
thus omitted in the negotiation model.  

d. The Orthogonal Strategy 
This research improved the Orthogonal Strategy by introducing fixed multiple 
indifference curves to represent changes in stakeholders’ payoffs during negotiation. 
To generate indifference curves of each participant, a new step is introduced before 
implementing the orthogonal strategy, which is the preference elicitation phase. In 
this phase, participants evaluate a set of mixtures generated with a mixture design 
approach. An example of how to implement the Orthogonal Strategy using Wolfram 
Mathematica is shown in Appendix 2.  

6.4 Limitations and Future Works 

Despite the results from experiments in this research show that a computer-
mediated negotiation in the spatial aspect of planning can help stakeholders to reach an 
agreement, some limitations must be considered if the e-negotiation approach that 
developed in this research will be implemented to solve another spatial decision-making 
problem. Those limitations and future works that can improve them are:  

a. Stakeholders’ behaviours and opinions toward the e-negotiation process.   
In the experiments, the majority of stakeholders were involved are not real 
stakeholders, but role-playing university students that each of them has an assigned 
role to represent a specific group of stakeholders. Despite being explained before 
the negotiation that they were expected to represent the behaviours of real 
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stakeholders in a real-world decision-making process, it was possible that they were 
not updating their proposals to mimic the behaviour of real stakeholders.  

During the e-negotiation process, all stakeholders were committed until the 
negotiation reaching an agreement. This was an indicator that they could accept 
that the computer-mediated approach is suitable to solve a decision problem in the 
spatial aspect of planning. This should not always be the case in the implementation 
of computer-mediated negotiations. If real stakeholders, with real interests and 
agendas, were involved, it is not guaranteed that they are all willing to engage in 
such an approach.  

b. Objective of Negotiation 
The decision problem that should be solved by the e-negotiation experiments is a 
Single Objective, Multi-issue, Multi-Participants decision problem. The only objective 
of the negotiation is to move stakeholders’ proposals as close as possible. Real-
world decision-making may consist of more than one objective. Therefore, for future 
works, other objectives can also include in the negotiation. For example, achieving 
utility level as high as possible or minimizing the required time for negotiation while 
maximizing stakeholders’ utilities can also become the object of negotiation. Thus, 
a fuzzy decision-making objective that consists of both moving stakeholders’ 
proposals as close as possible while achieving the highest possible payoffs can be 
constructed.  

c. The Preference Elicitation Phase. 
Before the negotiation, stakeholders were involved in the preference elicitation 
phase. The main objective of this phase is to generate indifference curves for each 
of the stakeholders, as the inherent requirement for the orthogonal strategy. For 
this purpose, this research implemented the mixture design, where a set of mixtures 
were generated. This research did not include an effort to improve the state-of-the-
art of mixture design because previous works show that this approach is sufficient 
to gather stakeholders’ preferences.  

The mixture design approach generated a set of mixtures using a mathematical 
formula to cover the negotiation space as evenly as possible. This method does not 
consider available or ideal alternatives a member of the mixtures. Thus, for future 
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works, other methods can also be implemented to generate stakeholders’ 
indifference curves.  
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Appendix  
Implementation of a Computer-Mediated Negotiation in Wolfram’s Mathematica 

A. Calculation of Best-Fit Model and Construction of Indifference Curves 
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B. Calculation of Suggestions 
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C. Calculation of the Optimum Point of Stakeholders’ Proposals 
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The main objective of this research is to develop a computer-based method 
that can support stakeholders’ negotiation in a participatory planning and 
decision-making process. To achieve this objective, a computer system was 
developed, where stakeholders can make and adjust their proposals toward 
negotiation issues. The main function of the computer system in this type of 
decision-making process is to act as a human mediator that gather stakehold-
ers’ preferences, and based on those preferences, give suggestions to help 
stakeholders improve their proposals. To enable the system to act as such, 
the Orthogonal Strategy was selected as the negotiation model. 
To explore how a computer-mediated negotiation can improve participatory 
planning, this research is focused on the spatial aspect of planning, where 
the implementation of computer systems is the most evident in planning 
practices. A land allocation problem was selected as the decision problem, 
which should be solved by stakeholders with the mediation of a computer 
system. The results from the conducted experiments show that the computer-
mediated negotiation can solve the decision problem by moving stakehold-
ers’ proposals closer until an agreement is reached or the system cannot 
produce suggestions that can move stakeholders’ proposals closer one to 
another.

Stakeholders-O
riented Spatial D

ecision Support System
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