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Abstract. Previous efforts to improve stakeholders’ involvement in planning and 

decision-making processes mostly put planners and decision-makers as the ones who 

decide which solution is the best for the decision problems. In bottom-up planning and 

decision-making processes that supposedly involve stakeholders as much as possible, 

the most common practice is that when stakeholders have different preferences about 

the decision issues, supra decision makers such as planners and experts gather 

stakeholders’ preferences, and then, using their expertise and experience, decide what 

is the best choice for stakeholders. We approach the involvement of stakeholders in 

planning and decision-making not by relying on planners’ expertise, but from a 

negotiation perspective. 

Previous works related to stakeholders’ negotiation mostly requires stakeholders to 

engage in a face-to-face negotiation that seldom involves a computer system to improve 

the process. In this paper, we develop a negotiation system to support multi-issue and 

multi-stakeholder decision-making problems. In our approach, stakeholders do not 

directly interact with each other. Their proposals are submitted to a system that 

produces counter-proposals to reduce the differences among stakeholders’ proposals. 

Therefore, stakeholders do not exchange their preferences directly, but rather 

preference elicitations are mediated by the system. This approach is called Computer-

Mediated Negotiation. The system itself is based on the principle of an Orthogonal 

Strategy.  

Our computer-mediated negotiation protocol consists of two main phases. The first 

phase is the Preference Elicitation phase, which measures stakeholders’ utility 

functions. The second phase is the e-negotiation phase, in which stakeholders make 

their proposals and the computer system provides suggestions to improve them. To 

simulate real-world negotiations where stakeholders make proposals and counter-

proposals in a series of negotiation rounds, we implemented the Indifference Curve 

approach to enable stakeholders to make incremental changes of their proposals during 

negotiation. The results from our experiment suggest that our method can produce an 

optimum solution for a multi-issue and multi-stakeholder decision problem by moving 

stakeholders’ proposals closer to one another. 

Keywords: Stakeholders, Negotiation, Computer, Mediation  
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1. Introduction 

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. 

In top-down planning processes, politicians with the assistance of bureaucrats and 

planning experts formulate final planning proposals. Although the results of top-down 

planning processes are mostly accessible through public libraries or government 

offices’ websites, the process is lacking transparency due to limited involvement of 

stakeholders during the analysis and decision-making phases (van der Windt, Swart and 

Keulartz, 2007). The implementation of top-down planning is often supported more by 

regulations, with a clear penalty for those who disregard it, rather than by stakeholders. 

In contrast to a top-down planning where stakeholders are only involved in the 

implementation of the decision, a bottom-up planning process may produce a decision 

that has full support of all stakeholders because stakeholders are also involved in the 

planning process. 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 realization 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, de Roo and Lu, 

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 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 



 

 

2 

 

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 to communicate to reach an agreement. Even a simple negotiation and 

mediation support tool can improve urban planning if it successfully helps stakeholders 

to reach agreement. 

As an alternative to the communicative paradigm, we propose a bottom-up planning 

approach that focuses on negotiation among stakeholders in decision-making. While 

the concept of negotiation in decision-making itself is not completely new, its 

implementation in a bottom-up planning process is 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 aim of the planning 

process is to negotiate an outcome that ultimately is explicitly supported by all 

stakeholders involved.  

Considering the relevance of negotiation in modern public private partnership 

planning processes and the virtual lack of examples of negotiation support systems in 

urban planning, the goal of our project is to develop a negotiation support system that 

not only provides a platform of communication but also includes an approach where 

the computer system can evaluate each stakeholders’ proposals and generates 

alternative proposals that have a higher chance of being accepted by other stakeholders, 

increasing the efficiency and effectiveness of the negotiation process. In this paper, we 

show an example of how this system solves a multi-stakeholder, multi-issue decision 

problem.  

To illustrate our negotiation model, a land allocation problem is used as an example 

of a planning decision problem. The most common method for solving such problem is 

the combination of Geographic Information Systems (GIS) and Multi-Criteria 

Decision-Making (MCDM) (Sugumaran and Degroote, 2010). This approach 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, 2006; Zhang, Li and 

Fung, 2012). In this approach, criteria are grouped into two categories, factors and 

constraints. Factors are variables that promote or demote alternatives against decision 

objectives, weighted according to their relative importance. Constraints are limitations 

that make some alternatives infeasible (Ascough II et al., 2002; Sánchez-Lozano and 

Bernal-Conesa, 2017). Then, 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, which depends on the objective of the MCDM process. It is commonly 

recognized that this approach tends to be focused more on data and the aggregation of 

stakeholders’ preferences, rather than stakeholders’ participation. As the result, plan or 
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decision which is formulated using this approach often leads to negative acceptance by 

stakeholders (Barton, Plume and Parolin, 2005; Zheng et al., 2015). 

We try to solve a land allocation problem using a different approach, which is by 

stakeholders exchanging their proposals until an agreement is reached, using the 

support of a computer system that acts as a mediator. To enable a computer system 

mediating the negotiation, a negotiation model is developed, which is an expansion of 

an existing method, namely the Orthogonal Strategy (Kamps, 2013). 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 negotiation, stakeholders moved their proposals along his or her 

indifference curve until the agreement 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 to one another. This process is not represented in 

implementations of Orthogonal Strategy where only one indifference curve is used. The 

second approach is to generate a 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 computer mediated negotiations 

mostly only using one indifference curve (Gerding, 2004; Wu, Weerdt and Poutre, 

2009). In this paper, 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 negotiation, 

players may move their proposals from one indifference curve to another to indicate 

they accept a different level of utility or payoff.  

To test whether the negotiation model can solve multi-issue, multi-stakeholder 

negotiation, we formulate three hypothetical stakeholders with different utility 

functions. Thus, for each stakeholder, we generate hypothetical preferences toward 

different bundles of negotiation issues. We also assign a stakeholder’s pre-negotiation 

proposal towards the desired land allocation. Based on the hypothetical 

preferences/utility functions, indifference curves are calculated for each stakeholder, 

and an automatic negotiation is conducted by moving stakeholders’ proposals from one 

indifference curve to another to test whether the model can produce an optimal solution. 

 

2. Negotiation Setting 

There are two types of computer-based negotiations (Kersten and Lai, 2007; Rouhshad, 

Wigglesworth and Storch, 2015). The first type is computer-supported negotiations, 

where stakeholders are relying on a computer system to reduce the cognitive efforts 

required in negotiation, thus expanding stakeholders’ ability to assess available 

alternatives and their possible implications. The main role of computer system in this 

type of negotiation is to provide stakeholders with information related to negotiation 

issues, thus providing an easier access toward the values of parameters or indicators 
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that are considered in the negotiation. In 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, Gross and Gosalker, 2007), this 

type of negotiation often leads to an ineffective outcome (Rangaswamy and Shell, 1997; 

Wilken, Jacob and Prime, 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 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Computer-supported Negotiation 

The second type is computer-mediated negotiation or e-negotiation, where 

stakeholders are not directly engaged in negotiation, but rather mediated by a computer 

system. The role of the computer systems of this type of negotiation is to identify 

differences among stakeholders, and make suggestions to reduce any differences. These 

computer-mediated negotiations may help stakeholders to reach a higher degree of 

objectivity, because the negotiation issues are separated from how stakeholders view 

themselves and one another (Carmel, Herniter and Nunamaker, 1993; Zwaard and 

Bannink, 2016), and a large number of stakeholders can be involved in this type of 

negotiation. This type of negotiation can be seen in figure 2. 
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Figure 2. Computer-mediated Negotiation 

 

Figure 2 (Ito and Shintani, 1997; Morge and Beaune, 2004) above shows that 

stakeholders do not directly interact. Instead, their proposals are submitted to the 

system, which then produces counter-proposals to reduce the differences among 

stakeholders’ proposals. 

In this paper, we discuss an example of a computer-mediated negotiation to improve 

stakeholders’ involvement in planning and decision-making process. The focus of this 

paper is the Spatial Aspect of planning and decision-making, 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. To demonstrate how the computer system can play a role in solving a decision 

problem in spatial planning, a Land Allocation issue is selected as the negotiation 

problem. The study area of our experiment is the eastern district of Surabaya City, 

Indonesia. For this location, the government of Surabaya City imposed a land use plan 

that will be valid until 2018. However, on-site observations show that new housing 

developments violated the plan, while they already have the required permits. Hence, 

there is a need to reformulate the land use allocation in this area to accommodate this 

new development and prevent the same violation occurring again in the future. Figure 

3 shows the land use plan, and the deviation between existing and planned land use. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Land use plan and the deviation in the study area 
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In this paper, a stakeholders’ negotiation approach is implemented to help 

stakeholders solving a land allocation issue. Instead of using GIS and MCDM, 

stakeholders were invited to negotiate the new proportion of each land use type to 

generate a new land use plan. Thus, to enable stakeholders exchanging their proposals 

in a participatory decision-making process, the new role of planners and decision-

makers is defined as mediator that collect stakeholders’ preferences toward negotiation 

issue, construct them to a mathematical model, and then develop a computer system 

that can provide suggestions to reduce the difference among stakeholders’ proposals. 

Negotiation Issues in this paper are the allocations of three types of land uses, which 

are Built-Up, Fisheries, and Conservation. Built-Up area consists of housing, 

commercial, and other facilities. Fisheries consists of fishpond and shrimp nursery 

pond, and conservation consists of mangrove forest. The objective of the negotiation is 

to help stakeholders reach agreement towards allocation of those three land use types. 

Comparison between planned land use allocation and the existing ones for Built-up, 

Fisheries, and Conservation in the study area can be seen in Table 1.  

Table 1. Negotiation Issues 

Land use  Planned  Existing  New Plan  

Built-up  19 %  7 %  

Decided by Negotiation Fisheries  75 %  90 %  

Conservation  6 %  3 %  

 

Negotiation constraints are based on existing land use and regulations, with the 

following assumptions: 

1. Conservation areas are protected by law, so it is not allowed to change the existing 

ones into Built-up or Fisheries. 

2. It is difficult to change an existing Built-up area into Conservation or Fisheries 

because it is economically not feasible. 

3. Although it is economically profitable to change all Fisheries into Built-up, there is 

a regulation that forces a proportion of land to be allocated to Fisheries.  

 

In a multi-issue and multi-stakeholder decision-making, one can expect that 

differences among stakeholders may exist. The final decision should be the result of 

exchange of preferences and negotiation among stakeholders, not decided by supra-

decision-makers such as government or planners. Ideally, government and planners are 

participating in the negotiation process. Thus, government/planners are committed to 

bring 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 recognize this issue, and incorporate the results of stakeholders’ 

negotiation into the formal plan or 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 
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evaluate the results of the negotiation. The overview of negotiation can be seen in 

Figure 4 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Negotiation Overview 

Figure 4 shows the proposed roles of planners and stakeholders in the computer-

mediated negotiation. To enable the computer system to calculate suggestions for 

stakeholders to improve their proposals, the Orthogonal Strategy is selected as the 

negotiation model. Orthogonal Strategy works on stakeholders’ Indifference Curves, 

that represent all combinations of two or more negotiation issues that yield an equal 

payoff for each particular stakeholder (Hall and Lieberman, 2007; Tresch, 2015).  

During the preference elicitation phase, planners generate various land use 

mixtures, which will be evaluated by stakeholders to produce a unique indifference 

curve for each stakeholder. During the e-negotiation phase, we use Orthogonal Strategy 

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 the value of stakeholders’ proposals for the next negotiation 

round. For each round of negotiation, an Optimal Point is calculated, which is a point 

that has a minimum average Euclidian distance to all stakeholders’ proposals. When 

the average distance between the optimal point and stakeholders’ proposals in a 

negotiation round is smaller than the previous round, the negotiation continues. On the 

other hand, when this distance is larger than the previous round, it means that the system 

cannot produce suggestions that can move stakeholders’ proposals closer to one another 
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anymore. Therefore, it is considered that the optimum solution is reached, thus the 

negotiation ends.  

 

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 toward negotiation issues. For example, we assigned a high utility value for 

a property developer for land-use scenarios with 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 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.  

 

3.1. Mixture Design 

Estimation of multi-attribute utility function are commonly based either on 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 use Mixture Designs, where discrete lattice points are generated 

within the decision space in such that the total is equal to 100 percent (Haughton and 

Haughton, 1996; Kamakura, Kim and Lee, 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 visualized using 

a Ternary Plot. The simplest mixture design would be one which 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 number of negotiation issues (q), is referred to as a {q, m} simplex-lattice 
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� =  �� + � − 1
!�!  ∗  ��� − 1

! 

(Cornell, 2011). The required P pairs of {q, m} simplex-lattice can be calculated using 

formula: 

                                                                            

                                                   (1) 

 

Where � is the required pairs of mixtures, � is the number of negotiation issues, 

and � is the Degree of the Mixtures. In this paper, we constructed a {3,4} Simplex-

Lattice ternary plot, which according to the formula above requires 15 mixtures. We 

also consider a minimum accepted allocation as constraints for Built-Up, Fisheries, and 

Conservation. Then, a ternary plot is generated, as shown in Figure 5 to evaluate the 

distribution of mixtures, using a method (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 is bounded by boundaries’ lines. 

4. Construction of a {3, 4} Simplex Lattice within the Constraint Region, as seen in 

figure 5 below; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Simplex-Lattice {3,4} With Constraints 

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 2. 
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Table 2. Land use Mixtures 

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  

 

To evaluate how negotiation would be implemented in the land allocation problem, 

three hypothetical stakeholders are used, each with their own unique judgements 

towards different mixtures of land use 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 3, with values between 1 (Worst Mixture) to 10 (Best Mixture). 

Table 3. Land Use Mixtures with Hypothetical Judgements 

Mixtures 

Hypothetical Judgments 

Stakeholder 

1 

Stakeholder 

2 

Stakeholder 

3 

1 8 3 1 

2 6 5 2 

3 5 7 3 

4 3 8 4 

5 1 10 5 

6 3 8 6 

7 5 7 8 

8 6 5 9 

9 9 3 10 

10 9 2 3 

11 10 1 5 

12 10 2 8 

13 8 3 6 

14 8 3 4 

15 5 7 5 
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3.2. Utility Function 

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. 

Then, 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 6 below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Indifference Curves for Preference Elicitation 

 

Previous works related to Mixture Experiment mostly used Polynomial Regression 

(Smith, 2005; Althubaiti and Donev, 2011; Cornell, 2011; Dane, 2012; Soares, Quina 

and Quinta-Ferreira, 2013; Zhang and Wong, 2013). For 1st Degree/Linear Polynomial, 

the mathematical equation is;  

 

    (2) 

 

While for 2nd Degree/Quadratic Polynomial; 

      

(3) 

 

Where  is the predicted payoff from the model, �� are the independent variables, � is 

polynomial coefficients, and � is the model’s constant. Indifference curves are 

produced through implementations of polynomial regressions (Somefun et al., 2004; 

Wu, Weerdt and Poutre, 2009). Another method to generate indifference curves is the 

Cobb-Douglas Function (Byrns and Stone, 1982; Train, 2003; Pavelescu, 2014), using 

the following formula: 

 

                                                      (4) 

 

Where  is the predicted utility from the model, �� are the independent variables, � is 

polynomial coefficients, and � is the model’s constant. Both polynomial and Cobb-
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Douglas regression produce indifference curves by following the procedure described 

in Figure 6 above. First, utility curves are generated by each regression, and then, using 

a set of pre-defined cut-off values, indifference curves are generated. In a substitutive 

three-attribute mixture where the sum of the mixtures always has a 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 to the values of the two other attributes, thus 

can be omitted from the utility function.  

In this paper, only the allocation of Built-up areas ���
 and Fisheries ���
 are used. 

The allocation of Conservation ���
, is dependent to the values of the two former 

attributes to sum the land allocation to 100%. Based on Hypothetical judgments as 

shown in Table 4, three utility functions are generated using Least Square Fitting 

method, which minimises the difference between the observed values and the predicted 

values by the model (Rawlings, Pantula and Dickey, 1998; Martin-Fernandez, 2004; 

Bates and Watts, 2007), and the results are shown in table 4 below. 

Table 4. Parameters’ Values 

Estimation Results Stakeholder 1 Stakeholder 2 Stakeholder 3  

1st Degree Polynomial:  = � + ��� + ���  

Parameter Values  
a -1.0498 12.3265 4.94122  

b 0.112653 -0.106122 0.0783673  

c 0.0930612 -0.0963265 -0.0473469  

Goodness of Fit (R2) 0.73539 0.702668 0.910313  

  

2nd Degree Polynomial:  =  ��� + ����
� + ����� + ��� + ����
�  

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  

Goodness of Fit (R2) 0.974462 0.922908 0.980754  

  

Cobb-Douglas Utility Function:  = � ∗ ����
 ∗ ���
��� 
� + �  

Parameter Values  

a 0.226969 -0.227436 0.0739796  

b 0.428012 0.403696 1.26157  

c -0.820867 12.2478 2.81766  

Goodness of Fit (R2) 0.966066 0.946998 0.96751  
 

  Best Fit Utility Function 

 

Results of parameter estimation for 1st Degree Polynomial, 2nd Degree Polynomial, 

and Cobb-Douglas Function can be seen in Table 5, which shows that no regression 

model can persistently produce the best Coefficient of Determination (R2) as the 

indicator of their accuracy. Based on attribute parameters for each type of regression, 

3-D utility curves are generated, shown in Figure 7. 
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Figure 7. Utility Curves 
 

After Utility Curves are generated, the next step is to calculate indifference curves 

for each stakeholder using pre-specified cut-off values, as shown in figure 5. Too many 

cut-off values may lead to a lengthy negotiation because proposals will change only in 

a small fraction from one negotiation round to the next. Thus, cut-off values are set to 

5 values using formula; 

 

                                                        (5) 

 

Where & indicates how many cut-off values are used,  �' is the value of ',ℎ
 cut-off value, ����  and ��'& are maximum and minimum cut-off values respectively. Using this 

formula, indifference curves for each stakeholder are shown in Figure 8.  
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Figure 8. Indifference Curves 

 

4. Orthogonal Strategy 

Computer-mediated negotiation requires a negotiation model to have a built-in 

capability to evaluate stakeholders’ proposals, and suggest a counter-proposal to enable 

stakeholders reaching an agreement. For this purpose, we implement Orthogonal 

Strategy (Wu, Weerdt and Poutre, 2009; Ma et al., 2010; Kamps, 2013). Orthogonal 

Strategy is a negotiation model which operates on stakeholders’ indifference curves 

(Somefun et al., 2004). Based on all stakeholder’s proposal and each indifference curve, 

Orthogonal Strategy will produce a suggestion for each particular stakeholder. The 

implementation of Orthogonal Strategy will enable the system to produce suggestions 

for stakeholders that will move their proposals closer to each other. The basic principle 

of Orthogonal Strategy in a multi-stakeholder negotiation is that for each stakeholder, 

the system will give a suggestion to improve his proposal, as a point on one of his 

indifference curves, which is orthogonal to his reference points, as shown in Figure 9. 
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Figure 9. Orthogonal Strategy 

 

The reference point for a particular stakeholder is a point that has the minimum 

average distance to all other stakeholders’ proposals, as seen in Figure 10. For 

stakeholder ' in negotiation round t, the computer will calculate his Reference Point .! 
that consists of a pair of the value of negotiation issues (�!, /!) based on the proposals 

of all other stakeholders 4 that satisfies the following optimization problem (Boyd and 

Vandenberghe, 2004; Rothlauf, 2011; Korte and Vygen, 2012);                                     

 

                                       
(6) 

 

 

where; �!    = Stakeholder '’s Reference Point for negotiation issue �  /!    = Stakeholder '’s Reference Point for negotiation issue /  �9    = Stakeholder 4’s proposal for negotiation issue �  /9    = Stakeholder 4’s proposal for negotiation issue /  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Reference Point Calculation            
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If implemented to all stakeholders throughout the entire negotiation process, 

Orthogonal Strategy enables them to make compromises by moving their proposals 

closer to one another. For each round of negotiations, an Optimum Point O(t) as shown 

in Figure 11 is calculated, which is a point that has a minimum distance to all 

Stakeholder’s proposals. For an & number of Stakeholders with negotiation issues � 

and /, the optimum point for each negotiation is defined as a point that consists of a 

pair of values �=  and /= that satisfies the following optimization problem: 

 

                                   (7) 

 

 

where; �!   = Stakeholder i’s Proposal for Negotiation Issue � /!   = Stakeholder i’s Proposal for Negotiation Issue / �=  = Optimum point’s value for Negotiation Issue � /=  = Optimum point’s value for Negotiation Issue / 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Optimum Point Calculation 

 

In a computer-mediated negotiation, the value of optimum points should not be used 

as an indicator to decide whether the negotiation shall continue or end. Instead, the 

Average Value of the 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), the 

negotiation continues to the next round. Otherwise, the negotiation reaches the optimum 

solution, thus the negotiation ends. Therefore, the optimum solution is defined as the 

optimum point during negotiation round (t) when negotiation round (t+1) produces a 

larger average distance between the optimum point and stakeholders’ proposals.  
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5. Computer-Mediated Negotiation 

To test how our model can handle proposals from stakeholders and provide suggestions 

for them, we conducted a computer-mediated negotiation 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). An example of this procedure, for Negotiation 

Round 0, is shown in Table 5. 

 
Table 5. Negotiation Round 0 

Stakeholder 
Proposal 

Reference 
Point 

Suggestion 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 

X = Allocation for Built-Up Area, Y = Allocation for Fisheries 

The results of the negotiation that we conducted in our experiment can be seen in 

Table 6, which shows the optimum point for each negotiation round. The average 

distance between the optimum point and stakeholders’ proposals is also calculated to 

indicate the degree of convergence of the negotiation. 

 Table 6. Negotiation Summary  

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 

 

Because stakeholders’ proposals are updated, their utility levels also change. Before 

negotiation, stakeholders’ proposals gave them the highest utility level. During 

negotiation, their proposals were moving from one indifference curve to another, which 

also changed their utility level, as shown in Table 7.  

 

Table 7. Utility Compromises 

Participant 
Utility Level  

Before Negotiation After Negotiation 

Stakeholder 1 10 5.41  

Stakeholder 2 10 5.38  

Stakeholder 3 10 7.67  
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6. Sensitivity Analysis 

When implementing a computer-mediated negotiation to solve a decision problem, two 

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. In this section, the 

sensitivity of our negotiation model towards changes of those two negotiation 

parameters is discussed.  

 

6.1. Stakeholders’ Importance 

In real-world negotiations, stakeholders may have various degrees of importance that 

will influence the results of the negotiation. In this case, we consider that the more 

important a stakeholder is, the closer the decision should be to his proposal. Therefore, 

we represent stakeholders’ importance by assigning a weight for each stakeholder 

during the calculation of the Optimum Point. The optimum point with the weights 

assigned to stakeholders consists of a pair �= and /= that satisfies the optimization 

problem: 

                                                                               

                                 (8) 

 

 

where; �!   = Stakeholder i’s Proposal for Negotiation Issue � /!    = Stakeholder i’s Proposal for Negotiation Issue / �=   = Optimum point’s value for Negotiation Issue � /=   = Optimum point’s value for Negotiation Issue / >!      = Weight for Player ' 
 

To evaluate the negotiation model’s sensitivity towards stakeholders’ influence 

during negotiation, we conducted other rounds of negotiation, but this time with 

different weights for each stakeholder. The weighting schemes were designed by 

assuming that a stakeholder has a higher or lower importance compared to other 

stakeholders, as shown in Table 8. 

Table 8. Negotiation with Stakeholders’ Weight 

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  

 

By assigning different weights to each stakeholder, optimum points of negotiation 

rounds will be located closer or further away from a stakeholder with a higher or lower 

weight respectively. Comparisons between negotiation with and without stakeholders’ 

weighting can be seen in Figure 12. In the negotiation without weighting, the optimum 
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solution was achieved in the fifth round of negotiation. One the other hand, with 

stakeholders’ weighting, the required number of rounds for the negotiation to achieve 

the optimum solution was reduced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Optimum Points with Stakeholders’ Weight 

Weight assignment 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. However, from a 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.  

6.2. Cut-off Values 

Another negotiation parameter that may be adjusted by planners is the number of cut-

off values for stakeholders’ indifference curves. In previous experiments, each 

stakeholder has five levels of indifference curves. This time instead of five levels, each 

stakeholder is assigned four cut-off values to represent their different payoff levels. 

Comparisons between negotiation with five cut-off values and four cut-off values can 

be seen in Figure 13. In both negotiations, the optimum solution was achieved in the 

sixth round of negotiation. Therefore, reducing the number of cut-off values has no 

impact on the required iterations to reach the optimum solution. 
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Figure 13. Optimum Points with Different Cut-off Values 

Reducing the number of cut-offs from five to four did not change the required 

number of 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 being used, the better 

the result of negotiation will be. However, too many cut-off values might result in a 

lengthy negotiation that does not fit the time provided for the negotiation.  

7. Conclusions 

In this paper, we discuss how a computer-mediated negotiation system is implemented 

to produce a solution in multi-issue, multi-stakeholder decision-making by moving 

stakeholders’ proposals closer to one another in a series of iterations until an optimum 

solution is reached. We argue this approach can be used as an alternative method to the 

existing ones to increase the involvement of stakeholders in planning and decision-

making. The main advantage of our method is that stakeholders have the opportunity 

to update their proposals during negotiation, either by accepting suggestions or by using 

their own new proposals.  

Compared to the common negotiation methods where stakeholders are directly 

involved, our method requires an additional pre-negotiation phase, which is the 

preference elicitation. This is an inherent requirement when developing a computer-

mediated negotiation, because the system needs to learn the preferences of stakeholders 

to be able to give them suggestions. The result of this step is the capability of the system 

to recognize stakeholders’ attitude towards negotiation issues, thus offering suggestions 

accordingly.  

Orthogonal Strategy is proven a useful model to search for the optimum solution. 

In theory, continuous negotiation rounds may occur, in the sense that the system is 

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 number of negotiation rounds. Results from the sensitivity analysis 

show that assigning higher importance to one or more stakeholders may improve the 
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results of the negotiation, but from the point of view of participatory planning, the level 

of participation may be compromised. 

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

closer to each other as much as possible, until the optimum solution is reached. 

However, at this point, despite the minimized differences, the changes in stakeholders’ 

utility is not necessarily on the same level. Some may consider this to be the main 

drawback of our approach, which focuses on reducing the differences among 

stakeholders’ proposals. On the other hand, the condition is also rarely met in reality.  

Since the stakeholders, preferences, and proposals in this paper are hypothetical 

ones, it is irrelevant to analyse stakeholders’ acceptance towards our proposed approach 

and the applicability of our method here. Therefore, for our future work, we are 

planning involve real stakeholders. With the involvement of real stakeholders in 

computer-mediated negotiation, empirical evidence about the applicability of the 

method can be assessed. Furthermore, stakeholders’ acceptance toward computer-

mediated negotiation can be evaluated, and we can get insight into the trust issue that 

stakeholders may have toward a non-direct interaction among themselves.   
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