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Preface

The annual conferences on Group Decision and Negotiation have become an important
meeting point for researchers interested in the many aspects of collective
decision-making. What started out as a one-time event at the beginning of the mil-
lennium has developed into a series of conferences that have been held (with one
exception) every year since 2000. GDN is a truly global conference uniting researchers
from all over the world, which to date has been held in four continents: Once each in
Australia (Perth 2002) and South America (Recife 2012), four times in North America
(Banff 2004, Mt. Tremblant 2007 and Toronto 2009, all in Canada, and Bellingham,
USA 2016), and 11 times in Europe (Glasgow 2000, La Rochelle 2001, Istanbul 2003,
Vienna 2005, Karlsruhe 2006, Coimbra 2008, Delft 2010, Stockholm 2013, Toulouse
2014, Warsaw 2015, and Stuttgart 2017).

GDN in 2018 came to Asia for the first time, and we are very grateful to the Nanjing
University of Aeronautics and Astronautics for hosting this conference. In total, 143
papers grouped into 23 different streams were submitted for the conference, covering a
wide range of topics related to group decisions and negotiations. Particularly large
streams were, for example, conflict resolution (23 papers), preference modeling in
GDN (13 papers), complex systems and decision analysis (13 papers), and consensus
processes in decision-making (11 papers).

Out of these 143 papers, 15 papers were selected for inclusion in this volume based
on a thorough review process. We have grouped these papers into three main areas:
theoretical concepts of GDN, decision support and behavior in GDN, and applications
of GDN.

The section on theoretical concepts of GDN contains three papers that present
formal models intended to support groups of decision makers in various tasks. Xiaomei
Mi and Huchang Liao in their paper “Hesitant Fuzzy Linguistic Group
Decision-Making with Borda Rule” combine an innovative approach from soft com-
puting, hesitant fuzzy sets, with one of the oldest methods of social choice, the Borda
rule, to obtain a flexible and powerful tool of group decision-making. An important
aspect in this kind of decision is data uncertainty, which is at the focus of the paper “A
Multistage Risk Decision-Making Method for Normal Cloud Model Considering Three
Reference Points” by Wen Song and Jianjun Zhu. Finally, Zhexuan Zhou,
Xiangqian Xu, Yajie Dou, Yuejin Tan, and Jiang Jiang address this issue in the specific
context of the selection of multiple decision alternatives in a portfolio setting in their
paper “System Portfolio Selection Under Hesitant Fuzzy Information.”

The papers in the second section deal with empirical studies of various methods to
support groups and negotiators in their decision-making processes, and the behavioral
effects that such support might have. In their paper “Representative Decision-Making
and the Propensity to Use Round and Sharp Numbers in Preference Specification,”
Gregory E. Kersten, Ewa Roszkowska, and Tomasz Wachowicz look at an interesting
bias phenomenon that might occur when supporting negotiations. Negotiation support



models need a description of the negotiator’s preferences; however, the elicitation
process for these preferences could be distorted because users tend to provide “easy”
numbers rather than exact information. The paper by Lucia Reis Peixoto Roselli,
Eduarda Asfora Frej, and Adiel Teixeira de Almeida on “Neuroscience Experiment for
Graphical Visualization in the FITradeoff Decision Support System” represents a new
development in behavioral research on decision-making: Rather than just observing
decisions and behavior, researchers begin more and more to measure the physiological
processes during decision-making. As the authors show in their paper, physical data
can indeed be used to, for example, better measure the cognitive effort in the decision
process. Often, negotiators bargain on behalf of some institution or a principal, and
then it is important that they are able to understand and follow the preferences of the
group they are representing. The paper “On the Impact of the Negotiators’ Culture,
Background, and Instructions on the Representative Negotiation Process and Out-
comes” by Tomasz Wachowicz, Gregory E. Kersten, and Ewa Roszkowska studies
whether negotiators’ ability to follow such instructions is dependent on their culture.
The last two papers in this section study behavioral effects and preferences of nego-
tiators in different application settings. Marta Dell’ovo, Eduarda Frej, Alessandra
Oppio, Stefano Capolongo, Danielle Morais, and Adiel de Almeida describe the
complex elicitation of preferences in a real life application in their paper “FITradeoff
Method for the Location of Health-Care Facilities Based on Multiple Stakeholders’
Preferences.” Parmjit Kaur and Ashley Carreras in their paper “Capturing the
Participants’ Voice: Using Causal Mapping Supported by Group Decision Software to
Enhance Procedural Justice” focus on an earlier phase of the decision process, the
conceptual modeling of the decision problem, and study whether usual approaches to
this modeling are fair in the sense that viewpoints of all participants are adequately
taken into account. In the final paper of this section, Rustam Vahidov deals with an
interesting way of influencing negotiator behavior. The paper shows that providing
different images for an artificial opponent in human–computer negotiations will lead to
different behavior on the side of the human negotiator.

The last section combines papers on specific application areas of group decisions
and negotiations. The first two papers in this section are related to China’s new silk
road initiative. Shawei He, Ekaterina Flegentova, and Bing Zhu in their paper “Ana-
lyzing Conflicts of Implementing High-speed Railway Project in Central Asia Using
Graph Model” study potential conflicts that might arise in creating the necessary traffic
infrastructure, and how GDN tools like the graph model of conflict resolution might
help to overcome them. A similar question is addressed in the paper “Strategic
Negotiation for Resolving Infrastructure Development Disputes in One Belt One Road
Initiative” by Waqas Ahmed, Qingmei Tan, and Sharafat Ali. The graph model is also
applied to another global conflict in the paper “Attitudinal Analysis of Russia-Turkey
Conflict with Chinese Role as a Third-Party Intervention” by Sharafat Ali and
Haiyan Xu. The paper “Behavioral Modeling of Attackers Based on Prospect Theory
and Corresponding Defenders Strategy” by Ziyi Chen, Chunqi Wan, Bingfeng Ge,
Yajie Dou, and Yuejin Tan combines game theoretic analysis and the behavioral
concepts of prospect theory to provide a more realistic model of a conflict situation.
Last, but not least, the paper “A Multi-Stakeholder Approach for Energy Transition
Policy Formation in Jordan” by Mats Danielson, Love Ekenberg, and Nadejda
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Komendantova deals with conflicts and group decisions in the energy transition that
many countries have to undergo.

The preparation of the conference and of this volume required the efforts and
collaboration of many people. In particular, we thank the general chair of GDN 2018,
Gregory Kersten, for his continuous support and effort that helped us to select the right
papers for this volume and to carry out the review process within a short time. Special
thanks also go to all the reviewers for their timely and informative reviews: Irene
Abi-Zeid, Meng Chen, Shuding Chen, Ana Paula Costa, Suzana Daher, Xiao Deng,
Luis Dias, Qingxing Dong, Love Ekenberg, Mohammad Feylizadeh, Michael Filzmoser,
Amanda Garcia, Dorota Górecka, Masahide Horita, Zihan Jiang, Ginger Ke, Mark
Kersten, Sabine Koeszegi, Tobias Langenegger, Jichao Li, Kevin Li, Xiaoning Lu,
Philipp Melzer, Rafał Mierzwiak, Danielle Morais, Iván Palomares, Leandro C.
Rego, Ewa Roszkowska, Yinxiaohe Sun, Liangyan Tao, Adiel Teixeira de Almeida,
Ofir Turel, Tomasz Wachowicz, Junjie Wang, Liangpeng Wu, Yi Xiao, Fang Yinhai,
Bo Yu, Pascale Zaraté, Hengjie Zhang, Shinan Zhao, and Jinhua Zhou.

We also are very grateful to Ralf Gerstner, Alfred Hofmann, and Christine Reiss at
Springer publishers for the excellent collaboration.

May 2018 Ye Chen
Gregory Kersten
Rudolf Vetschera

Haiyan Xu
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Hesitant Fuzzy Linguistic Group Decision
Making with Borda Rule

Xiaomei Mi and Huchang Liao(&)

Business School, Sichuan University, Chengdu 610064, China
mixiaomei2017@163.com, liaohuchang@163.com

Abstract. Hesitant fuzzy linguistic term set is an efficient tool to represent
human thinking in decision making process. Borda rule is a powerful approach
to aggregate opinions of a group members and it has been extended to several
versions. In this paper, we investigate the Borda rule in the hesitant fuzzy
linguistic context from both broad and narrow perspectives which are based on
the possibility degree and the score function of the hesitant fuzzy linguistic term
set. Moreover, we take into account the confidence level of linguistic evalua-
tions with a parameter being generated from the evaluations. Finally, a
numerical example is given to illustrate the efficiency of the Borda rule in group
decision making within hesitant fuzzy linguistic information.

Keywords: Group decision making � Borda rule
Hesitant fuzzy linguistic term set � Confidence level

1 Introduction

Group decision making is a process in which the collective wisdom is used for the
purpose of making a decision. Linguistic variables, first proposed by Zadeh [1], play a
key role in describing human thoughts in group decision making process. For example,
when judging the age of a person, linguistic terms such as “young”, “middle-aged” or
“old” are less specific but more flexible than numerical values (see Fig. 1). Under some
conditions, using only simple linguistic terms is not enough to depict the opinions of
decision-makers. In this case, decision-makers cannot give accurate or precise term(s)
for the alternatives but can give their evaluations using linguistic expressions such as
“at least young”, “between young and very young” [2].

To fill this gap, the Hesitant Fuzzy Linguistic Term Set (HFLTS) was proposed in
Ref. [3]. HFLTS allows the hesitation over several linguistic terms, which is much
more powerful in expressing humans’ ideas than simple and singleton linguistic term. It
is much more applicable than traditional fuzzy linguistic approach and thus becomes to
be an interesting research topic [4–6].

Borda rule was first proposed by Borda [7] for the social choice problems in the
process of developing welfare economics in western countries. Considering the
uncertainty of group decision making process, Borda rule has been extended to several
circumstances, such as the fuzzy Borda rule [8], the hesitant fuzzy Borda rule [9] and
the linguistic Borda rule [10]. García-Lapresta et al. [11] proposed the broad Borda rule
and the narrow Borda rule in linguistic environment, which are different from the

© Springer International Publishing AG, part of Springer Nature 2018
Y. Chen et al. (Eds.): GDN 2018, LNBIP 315, pp. 3–13, 2018.
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original Borda rule, as they transformed the linguistic evaluations into trapezoidal
fuzzy numbers for the simplicity of comparison.

However, such a transformation may lose original information. By contrast, the
HFLTS can capture principal concepts and ideas of decision-makers. As far as we
know, there is little research with respect to the Borda rule [7] with hesitant fuzzy
linguistic information. To fill these gaps, we try to propose the Borda rules with
hesitant fuzzy linguistic information for group decision making. The Borda rule with
hesitant fuzzy linguistic information is designed to tackle the uncertainty, fuzziness and
indeterminacy existing in group decision making process, which broadens the appli-
cation area of traditional Borda rule. The contributions of this proposal can be sum-
marized as follows:

(1) We investigate the Borda rule in the hesitant fuzzy linguistic environment and call
it Hesitant Fuzzy Linguistic Borda (HFL-Borda) rule. Considering that the
HFLTS is an efficient tool in expressing the uncertainty existing in
decision-making process, the fusion of these two useful tools makes the Borda
rule more applicable.

(2) We consider the HFL-Borda count based on the possibility degrees and the score
functions of the Hesitant Fuzzy Linguistic Elements (HFLEs). We define a new
possibility degree formula of HFLEs for better comparison.

(3) Motivated by the Borda rule in linguistic decision making context, we extend the
HFL-Borda rule to broad and narrow aspects based on the scores of HFLEs.

(4) We consider the confidence level varying with the lengths of HFLEs. The con-
fidence level is derived from the hesitant fuzzy linguistic evaluations directly
rather than from another evaluation scale given by the decision-maker again.
Thus, it is very efficient in deriving the final results.

The paper is organized as follows: Sect. 2 reviews the Borda rule and the HFLTS.
Section 3 introduces the hesitant fuzzy linguistic Borda rule based on the possible
degree and score function of the HFLEs, respectively. Section 4 illustrates the calcu-
lation process. The paper ends in Sect. 5 with concluding remarks.

Age

Young Middle-
aged Old

1 0.8 0.6 0.4 0.8 0.7 0.6 0.8 0.9 1

20 25 30 35 55 60 65 70

Fig. 1. The fuzzy linguistic variable “Age”
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2 Preliminaries

In this section, some preliminary knowledge about the Borda rule and the HFLTS are
introduced to facilitate further discussion.

2.1 The Borda Rule

The Borda rule [7] is designed for the social choice problems. Suppose that there are n
alternatives fA1;A2; � � � ;Ai; � � � ;Ang under evaluation by decision-makers. For each
decision-maker, the preferences on alternatives shall be shown in their judgements. For
each alternative, according to the judgements of decision-makers, the Borda count of
each alternative could be obtained, and it has two forms, broad and narrow [10].
Supposing that alternative Ai gets the #th rank by a decision-maker, then, in the view of
this decision-maker, the Borda count of alternative Ai is n� #þ 1. The larger the value
of the Borda count is, the more superior the alternative should be.

2.2 The Hesitant Fuzzy Linguistic Term Set

Let S ¼ fs0; s1; � � � ; ss�1; ssg be a set of Linguistic Term Set (LTS). Rodríguez et al. [3]
first introduced the HFLTS to represent the hesitation over several linguistic terms. For
better understanding, Liao et al. [4] put forward the mathematical definition of HFLTS
as:

H ¼ fðx; hSðxÞÞjx 2 Xg ð1Þ

where hSðxÞ ¼ suðlÞðxÞ
��suðlÞðxÞ 2 S; l ¼ 1; 2; � � � ; L� �

is a HFLE representing the pos-
sible linguistic terms of x. The score of a HFLE hS is defined as [4]:

1ðhSÞ ¼ 1
L

XL

l¼1
suðlÞ ¼ s1

L

PL

l¼1
uðlÞ ð2Þ

where uðlÞ is the subscripts of the linguistic term suðlÞ and L is the number of all
linguistic terms in hS.

3 Hesitant Fuzzy Linguistic Borda Rule

In this section, the Borda rule is investigated in the hesitant fuzzy linguistic environ-
ment from broad and narrow perspectives. Firstly, we consider the narrow perspective
on Borda rule based on the possibility degrees of HFLEs. Afterwards, we investigate
the broad and narrow Borda rules motivated by the idea of Ref. [10] based on the score
function of HFLEs. The individual and group HFL-Borda rules are given as well. In
addition, we study the confidence level of each HFLE to represent the belief degree of
each judgment.

Hesitant Fuzzy Linguistic Group Decision Making with Borda Rule 5



3.1 The Hesitant Fuzzy Linguistic Borda Rule Based on Possibility
Degree

The possibility degree of HFLE has many forms as overviewed in Ref. [2]. One
representative formula is defined as follows [11]:

Pdðh1S � h2SÞ ¼
h1S � h2S

�� ��
h1S � h2S

�� ��þ h2S � h1S
�� �� ð3Þ

where h1S � h2S
�� �� is the number of terms satisfying si � sj; si 2 h1S and sj 2 h2S.

It is not difficult to find that the denominator of Eq. (3) is greater than
h1S [ h2S

�� ��þ h1S ¼ h2S
�� ��þ h1S\h2S

�� �� in the case that there are some common linguistic
term(s) between h1S and h2S. Given that h1S [ h2S

�� ��, h1S ¼ h2S
�� �� and h1S\h2S

�� �� are the
complete relationships between h1S and h2S, motivated by Eq. (3), we can propose a new
formula to represent the possibility degree of h1S being greater than h2S as follows:

Pðh1S [ h2SÞ ¼
h1S [ h2S

�� ��
h1S [ h2S

�� ��þ h1S ¼ h2S
�� ��þ h1S\h2S

�� �� ð4Þ

Correspondingly, the possibility degree of h1S being greater than or equal to h2S can
be calculated by

Pðh1S � h2SÞ ¼ Pðh1S [ h2SÞþPðh1S ¼ h2SÞ ¼
h1S [ h2S

�� ��þ h1S ¼ h2S
�� ��

h1S [ h2S
�� ��þ h1S ¼ h2S

�� ��þ h1S\h2S
�� ��

We can find that Pðh1S � h2SÞ is greater than Pdðh1S � h2SÞ in the case that there are
some common linguistic term(s) between h1S and h2S, because the denominator of
Pðh1S � h2SÞ is less than Pdðh1S � h2SÞ. Moreover, the denominator of Pðh1S � h2SÞ is more
reasonable than Pdðh1S � h2SÞ as Pdðh1S � h2SÞ counts the equivalent terms twice.

Another possibility degree formula is defined as [3]

Pðh1S [ h2SÞ ¼
max 0;uðh1þS Þ � uðh2�S Þ� ��max 0;uðh1�S Þ � uðh2þS Þ� �

uðh1þS Þ � uðh1�S Þ� �þ uðh2þS Þ � uðh2�S Þ� � ð5Þ

This formula is too simple and is not able to tackle the condition in which the same
linguistic term(s) appears in two HFLEs. For instance, let h1S ¼ fs1; s2g and
h2S ¼ fs2; s3; s4g, by Eq. (5), we obtain Pðh1S [ h2SÞ ¼ 1,Pðh1S\h2SÞ ¼ 1. It is not difficult
to find that the results calculated by Eq. (5) are unreasonable. While using Eq. (4), we
havePðh1S [ h2SÞ ¼ 0;Pðh1S ¼ h2SÞ ¼ 1=6;Pðh1S\h2SÞ ¼ 5=6, which aremore reasonable.

Compared with Eqs. (3) and (5), the proposed possibility degree formula, Eq. (4),
shows advantages in comparing HFLEs. Therefore, in the following presentation, we
use Eq. (4) to calculate the possibility degree of a HFLE being greater than the medium
linguistic term to obtain the Borda count in hesitant fuzzy linguistic decision making
context.
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Suppose that there are n alternatives fA1;A2; � � � ;Ai; � � � ;Ang judged by m
decision-makers {DM1, DM2, …, DMk, …, DMm} over the LTS, S ¼ fs0; s1; � � � ;
ss�1; ssg. Considering the efficiency of HFLTS in expressing hesitant fuzzy linguistic
opinions, we assume that the decision-makers give their judgements in pairwise com-
parisons over the alternatives with linguistic expressions. For example, suppose that

decision-maker DMk gives the linguistic expression llijðkÞS towards alternative Ai over
alternative Aj. Based on the transformation function [3], the linguistic evaluations of the

decision-makersDMk onAi over Aj can be transformed to the HFLE hijðkÞS . In this way, we

can construct the individual linguistic evaluation matrix LLðkÞS and the individual hesitant

fuzzy linguistic decision matrix HðkÞ
S ¼ hijðkÞS

� 	
n�n

of the decision-maker DMk.

To derive the group decision result, we introduce some definitions related to Borda
rule under the hesitant fuzzy linguistic environment.

(1) The Hesitant Fuzzy Linguistic Individual Narrow Borda Count (HFL-INBC) is
defined as

HFL�INBCðkÞ
1 Aið Þ ¼

Xn

j¼1
PðhijðkÞS [ ss=2Þ; k ¼ 1; 2; � � � ;m ð6Þ

where PðhijðkÞS [ ss=2Þ represents the possibility degree of hijðkÞS being greater than
the medium linguistic term ss=2.

(2) The Hesitant Fuzzy Linguistic Group Narrow Borda Count (HFL-GNBC) is
defined as

HFL�GNBC1 Aið Þ ¼
Xm

k¼1
HFL�INBCðkÞ

1 Aið Þ ð7Þ

Hesitant Fuzzy Linguistic Group Decision Making with Borda Rule 7



Example 1. There are two decision-makers DM1 and DM2 evaluating three alternatives
A1, A2 and A3 with HFLTSs. The evaluations of these decision-makers over three
alternatives are shown as follows:

Hð1Þ
S ¼

fs3g fs4; s5; s6g fs5; s6g
fs0; s1; s2g fs3g fs1; s2; s3g
fs0; s1g fs3; s4; s5g fs3g

0
@

1
A

Hð2Þ
S ¼

fs3g fs2; s3; s4g fs4; s5; s6g
fs2; s3; s4g fs3g fs3; s4g
fs0; s1; s2g fs2; s3g fs3g

0
@

1
A

By Eq. (6), we can calculate the HFL-INBC of the alternatives related to DM1 as

HFL�INBCð1Þ
1 A1ð Þ ¼ 2, HFL�INBCð1Þ

1 A2ð Þ ¼ 0, HFL�INBCð1Þ
1 A3ð Þ ¼ 2=3. The

HFL-INBCs of the alternatives related to DM2 are 4/3, 2/3 and 0, respectively. Fur-
thermore, we can calculate the HFL-GNBCs of the alternatives by Eq. (7):
HFL�GNBC A1ð Þ ¼ 10=3, HFL�GNBC A2ð Þ ¼ 2=3, HFL�GNBC A3ð Þ ¼ 2=3. Thus,
A1 is superior to A2 and A3, but the tie happens between A2 and A3 even though the
evaluations of two decision-makers over these two alternatives are different. This
weakness is due to the fact that the HFL-INBC and the HFL-GNBC, which are based
on the possibility degrees of the hesitant fuzzy linguistic judgments that are greater than
the medium linguistic term, involve only the simple counts of the relations between the
linguistic terms and the medium linguistic term, without considering the intensity of
their relations. That is to say, the superiority or inferiority degree of each element over
the medium linguistic term is not considered in the above Borda counts. To overcome
this disadvantage, in the next subsection, another form of HFL-Borda rule considering
the intensities of superiority and inferiority degrees is introduced.

3.2 The Hesitant Fuzzy Linguistic Borda Rule Based on Score Function

Motivated by the Borda rule in the linguistic decision making context [12], we can
introduce some definitions of Borda count under the hesitant fuzzy linguistic envi-
ronment based on the score function of HFLEs.

(1) The Hesitant Fuzzy Linguistic Individual Broad Borda Count (HFL-IBBC) of
alternative Ai is defined as

HFL�BBCk
2ðAiÞ ¼ 1

n

Xn

j¼1
1ðhijðkÞS Þ ð8Þ

The broad Borda count defined as Eq. (8) represents the overall relationship of
alternative Ai over the others. It involves all the preference levels, including the
superiority, the inferiority and indifference.

8 X. Mi and H. Liao



(2) The Hesitant Fuzzy Linguistic Individual Narrow Borda Count (HFL-INBC) of
alternative Ai is defined as

HFL�INBCk
2ðAiÞ ¼ 1

q

Xn

j¼1; 1ðhijðkÞS Þ[ ss=2
1ðhijðkÞS Þ ð9Þ

where q represent the number of alternatives that satisfy 1ðhijðkÞS Þ[ ss=2.
The narrow Borda count defined as Eq. (9) refers to the overall relationships of
alternative Ai being greater than the others (whose scores regarding to Ai are

greater than the medium term ss=2, i.e., 1ðhijðkÞS Þ[ ss=2). We should note that
HFL�INBCk

2ðAiÞ could be zero in the case where there is no term greater than
ss=2.

(3) The Hesitant Fuzzy Linguistic Group Broad Borda Count (HFL-GBBC) of
alternative Ai is defined as

HFL�GBBC2ðAiÞ ¼
Pm

k¼1 wk � HFL�IBBCk
2 Aið ÞPm

k¼1 wk
ð10Þ

where wk is the weight of the DMk.
(4) The Hesitant Fuzzy Linguistic Group Narrow Borda Count (HFL-GNBC) of

alternative Ai is defined as

HFL�GNBC2ðAiÞ ¼
Pm

k¼1 wk � HFL�INBCk
2 Aið ÞPm

k¼1 wk
ð11Þ

where wk is the weight of the DMk.

There are three ways to get the final rankings of alternatives. The first one only
considers the HFL-IBBCs, the second one considers the HFL-INBCs, while the third
one considers the HFL-GBBCs and the HFL-GNBCs of alternatives. The rankings
derived from the HFL-IBBCs denote the whole degrees of superiority and inferiority
over other alternatives, and the rankings derived from the HFL-INBCs only denote the
superiority degrees over other alternatives. The third rankings with respect to the values
of the HFL-GBBCs and the HFL-GNBCs of alternatives are the overall dominance
ranking of the alternatives.

3.3 The Confidence Level of the HFLE

In the linguistic decision making context, the Borda rule has been extended by the
confidence level of each evaluation value given by decision-makers (please see Refs.
[12, 13] for details). The confidence level multiplying the given singleton linguistic
term can be used to represent the real evaluation of the decision-maker. With the help
of the confidence level, the cognitions of the decision-maker can be expressed much
more comprehensively than only using the linguistic term. In this paper, we also use
this way to represent the decision-makers’ opinions and then aggregate the confidence
levels and their associated evaluations. However, it is not difficult to find that two times

Hesitant Fuzzy Linguistic Group Decision Making with Borda Rule 9



evaluations over two variables wastes time and effort, especially when the number of
alternatives is large. Therefore, we try to use a parameter, which varies with the length
of the HFLE, to replace the confidence level, shown as:

dðhSÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
#S�#ðhSÞ½ �= #S� 1ð Þ#S�#ðhSÞ½ �p ð12Þ

where #S and #ðhSÞ are the lengths of the LTS S and the specific HFLE hS,
respectively.

The #S�#ðhSÞ the root of the number #S�#ðhSÞ½ �= #S� 1ð Þ is the confidence
level of HFLE hS. Other functions in Ref. [14] can also be used for obtaining the
confidence level, which is an interesting research topic for future work.

When #ðhSÞ ¼ #S, the linguistic judgement given by decision-maker is the
complete LTS. That is to say, the decision-makers could not formulate the results of
their thinking process clearly and thus the confidence level dðhSÞ¼ 0. While#ðhSÞ ¼ 1
implies that the decision-makers do not hesitate over the linguistic terms, so the lin-
guistic judgement hS should be considered fully without any discount and thus we let
hS ¼ 1. The confidence levels related to the well-known seven-valued LTS are listed in
Table 1.

Let S ¼ fs0; s1; � � � ; s5; s6g be a LTS and hS ¼ fs4; s5; s6g. The confidence level of
hS is dðhsÞ ¼ 0:9036. With the confidence level, the score of hS can be modified as
10ðhSÞ ¼ s

1
L

PL
l¼1

uðlÞ
� dðhSÞ ¼ s4:518. As 10ðhSÞ\1ðhSÞ, the multiple hesitant linguistic

terms included in hS weaken the confidence degree of the evaluation information.

4 Numerical Example

Suppose that three decision-makers DM1, DM2 and DM3 give the evaluations of three
alternatives A1, A2 and A3 in linguistic expressions. The LTS S is the same as that in
Example 1. The hesitant fuzzy linguistic decision matrices are shown as follows:

Hð1Þ
S ¼

fs3g fs4; s5; s6g fs5; s6g
fs0; s1; s2g fs3g fs1; s2; s3g
fs0; s1g fs3; s4; s5g fs3g

0
@

1
A

Hð2Þ
S ¼

fs3g fs2; s3; s4g fs4; s5; s6g
fs2; s3; s4g fs3g fs3; s4g
fs0; s1; s2g fs2; s3g fs3g

0
@

1
A

Table 1. The confidence levels related to seven-valued LTS

#ðhSÞ 1 2 3 4 5 6 7

dðhSÞ 1 0.9642 0.9036 0.7937 0.5774 0.1667 0
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Hð3Þ
S ¼

fs3g fs5; s6g fs0; s1; s2g
fs0; s1g fs3g fs6g

fs4; s5; s6g fs0g fs3g

0
@

1
A

The HFL-IBBCs and the HFL-INBCs of the decision-maker DM3 can be calculated
by Eqs. (8) and (9) as follows:

HFL�IBBCð3Þ
2 ðA1Þ¼ s3:17;HFL�IBBCð3Þ

2 ðA2Þ ¼ s3:17;HFL�IBBCð3Þ
2 ðA3Þ ¼ s2:67:

HFL�INBCð3Þ
2 ðA1Þ ¼ s5:5;HFL�INBCð3Þ

2 ðA2Þ¼ s6HFL�INBCð3Þ
2 ðA3Þ ¼ s5:

The different Borda counts introduced in Sect. 3 can be calculated by Eqs. (8)–(11)
and tabulated in Table 2.

It is not hard to figure out that the group prefers A1 to A2, and prefers A2 to A3 from
the results of the HFL-GBBCs. But the results of the HFL-GNBCs, show tie between
A2 and A3. Considering these two Borda counts together, the ranking A1 [ A2 [ A3

can be derived. Moreover, the results considering confidence levels are shown in
Table 3.

Comparing with the results in Table 3, the same ranking A1 [A2 [A3 is obtained
from the values of HFL-GBBCs and HFL-GNBCs of alternatives without ties. It is not
hard to find that the confidence level plays a prominent role in reducing the ties.

Table 2. The different Borda counts and ranks of the alternatives

DM1 DM2 DM3 Group

Bð1Þ R Nð1Þ R Bð2Þ R Nð2Þ R Bð3Þ R Nð3Þ R B R N R

A1 s4:5 1 s5:25 1 s3:67 1 s4:5 1 s3:17 1 s5:5 2 s3:78 1 s5:08 1
A2 s2 3 s3 3 s3:17 2 s3:5 2 s3:17 1 s6 1 s2:78 2 s4:17 2
A3 s2:5 2 s4:5 2 s2:17 3 s3 3 s2:67 3 s5 3 s2:45 3 s4:17 2

Note. BðkÞ and NðkÞ refer to the HFL-IBBCs and HFL-INBCs of alternatives,
respectively. R means the ranking of alternatives in different situations.

Table 3. The different Borda counts with confidence levels and ranks of the alternatives

DM1 DM2 DM3 Group

B
0ð1Þ R N

0ð1Þ R B
0ð2Þ R N

0ð2Þ R B
0 ð3Þ R N

0ð3Þ R B
0 R N

0 R

A1 s4:1626 1 s4:7439 1 s3:4096 1 s4:518 1 s3:0689 1 s5:3031 2 s3:5741 1 s4:855 1
A2 s1:9036 3 s3 3 s3:0285 2 s3:3747 2 s3:1607 2 s6 1 s2:6976 2 s4:6874 2
A3 s2:3655 2 s3:6144 2 s2:1047 3 s3 3 s2:506 3 s4:518 3 s2:3254 3 s3:8775 3

Note. B
0 ðkÞ and N

0ðkÞ are the HFL-IBBCs and HFL-INBCs of alternatives with the confidence
level, respectively. R means the ranking of alternatives on different situations.
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The same evaluation was provided by the second decision maker Hð2Þ
S in Example 1

and this numerical example. However, in Example 1, A2 and A3 cannot be distin-
guished because of lacking the no-confidence level combined Borda rule. Hence, it is
necessary to use the confidence level which contributes to breaking ties.

5 Conclusion

This paper proposed the Borda rule in the hesitant fuzzy linguistic decision making
context from the broad and narrow perspectives. To calculate the Borda counts, two
different ways, possibility degree based method and score function based method, were
adopted. Considering the flexibility of HFLTSs, the confidence level was taken into
consideration, which varies with the lengths of evaluations given by decision-makers.

In the future, two-dimensional work should be considered. From the practical
perspective, hesitant fuzzy linguistic group decision making with Borda rule can be
used in voting for the chairman or other elections. Different functions [14] to obtain
confidence level of linguistic judgements can be compared to get an appropriate
function in group decision making. From the theory level, group decision making with
Borda rule can also be extended into the probabilistic linguistic environment [15].
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Abstract. Decision making problems become more complicated due to the
dynamically changing environment. Consequently, decision making methods
with reference points are increasing. Reference points provide a good basis for
decision makers. This paper proposes a multistage risk decision making method
for normal cloud model considering three reference points. Firstly, the setting
method of three reference points is proposed considering the dimensions of
multistate, development and promotion. The value function is defined based on
the characteristics of three reference points. Secondly, the aggregation methods
for different prospect values are proposed with the preference coefficients, which
are calculated by the synthetic degree of grey incidence. Thirdly, a two-stage
weight optimization method is proposed to solve the attribute weights and stage
weights based on the idea of minimax reference point optimization. Finally, a
numerical example illustrates the feasibility and validity of the proposed
method.

Keywords: Multistage risk decision making � Three reference points
Normal cloud model � Two-stage weight optimization method

1 Introduction

Multistage risk decision making (MSRDM) methods aim to rank alternatives or select
the best alternative(s) by the aggregation of multistage risk decision-making (DM) in-
formation. MSRDM problems include risk, uncertainty and dynamics. Psychological
factors of the decision-makers need to be taken into consideration to solve the risk DM
problems. Decision-makers often consider the gain and loss under a reference point due
to the bounded rationality. The fairness and satisfaction of DM is significantly influ-
enced by a single reference point. In dynamic and uncertain conditions, using a single
reference point will lead to the loss of some of the information about the distribution of
the results. In the DM process with risk and dynamics, the psychological behavior of
decision makers is inconsistent. In this context, the consideration of multiple reference
points helps decision-makers to uncover the dynamic and risk characteristics of
MSRDM problems, thus making a reasonable and comprehensive assessment of
results.
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Work on MSRDM methods have been increasing recently. In a multistage DM
problem of finite-state automaton, a new optimization method stochastically develops a
solution step-by-step in combination with a simulated annealing [1]. In an optimal
investment problem with several projects, a new methodology is proposed based on
experts’ evaluations. It consists of three stages [2]. The multistage one-shot DM
problems under uncertainty are studied based on scenario [3]. A multi-stage technical
screening and evaluation tool is proposed to determine the optimal technique scheme
under fuzzy environment [4]. A multistage assignment model is presented for rescue
teams to dynamically respond to the disaster chain [5].

With the increasing complexity of DM problems, more effective methods are
developed to support decision makers’ judgments. DM methods considering reference
points are one kind of resourceful methods. TOPSIS [6, 7] is widely used in MCDM
problems. The idea of TOPSIS is to compare each solution with the positive ideal
solution and the negative ideal solution, which are actually the two reference points.
VIKOR methods [8] are also dependent on the positive and negative ideal solution,
which are similar to the TOPSIS methods. Kahneman and Tversky [9, 10] presented
the Prospect Theory to solve the risky DM problems.

The actual utility is obtained from comparison with a reference point. Due to the
limited rationality of decision-makers’ thinking, it is difficult to judge by the evaluation
value. The consideration of reference points can provide the basis for decision makers,
and lead to better informed and well-reasoned decisions. DM methods considering the
reference point have been gradually enriched. A prospect theory-based interval
dynamic reference point method has been proposed for emergency DM [11]. A risk
DM method has been proposed considering the dynamic reference point, the external
reference point and the internal reference point [12]. A new method based on the
concept of ideal solution has been presented as a possible variant of TOPSIS and
VIKOR methods [13]. The newsvendor’s pricing and stocking decisions have been
studied considering the impact of reference point effects [14].

Decision information often shows different forms, such as fuzzy numbers [2],
interval numbers [12], linguistic sets [15], cloud models and so on. Due to the dynamic
continuity of MSRDM process and the risky DM environment, information often
shows fuzziness and randomness at the same time. The transformation between qual-
itative concepts and quantitative concepts is often needed to be dealt with. Linguistic
set is usually used to express the decision maker’s judgment. However, linguistic sets
are often ambiguous and uncertain, and very difficult to form accurate information [15].
In this context, Li presented cloud models to propose conversion between qualitative
concept and quantitative representation [16]. Many new approaches to cloud models
have been proposed to solve existing problems. Cloud Hierarchical Analysis (CHA) is
an extension of AHP [17]. The Cloud Delphi hierarchical analysis has been presented
for practical multi-criteria group DM problems [18]. DM methods combining linguistic
sets and cloud model have been investigated [19]. Cloud model has been widely used
in many problems, such as water quality assessment [20], image segmentation [21], and
clustering problems [22].

This paper makes contributes to the MSRDM problems for normal cloud model
with three reference points.
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(1) The new setting method for three reference points is proposed based on the data in
different states and stages.

(2) The aggregation method for different prospect values is proposed based on the
synthetic degree of grey incidence.

(3) A two-stage weight optimization method is proposed to solve the attribute weights
and stage weights.

The rest of this paper is organized as follows. In Sect. 2, some related concepts and
definitions are reviewed. Section 3 presents the MSRDM method for normal cloud
model with three reference points. Section 4 provides a case followed by its analysis.
Section 5 concludes the paper.

2 Preliminaries

This section briefly reviews the basic concepts and definitions associated with normal
cloud model and prospect theory, and describes the problem addressed in this paper.

2.1 Basic Concepts and Definitions

Due to the complexity and uncertainty of DM problems, DM information often shows
fuzziness and uncertainty. Normal cloud model provides an important background to
represent fuzziness and randomness at the same time. Many scholars [18, 20, 23, 24]
have carried out studies using normal cloud model.

Definition 1. [23] Let U be the universe of discourse and ~A be a qualitative concept in
U. If x 2 U is a random instantiation of concept ~A that satisfies x�N Ex;En02ð Þ;
En0 �N En;He2ð Þ; and the certainty degree of x belonging to ~A satisfies

y ¼ e
� x�Exð Þ2

2ðEn0Þ2 ð1Þ

The distribution of x in the universe U is called the normal cloud model and x can be
called a cloud drop. The normal cloud model can effectively integrate the randomness
and fuzziness of a concept through three parameters: Expectation Ex, Entropy En and
Hyper Entropy He. Expectation Ex is the mathematical expectation of the cloud drops
belonging to a concept in the universe. It can best represent the qualitative concept.
Entropy En represents the uncertainty measurement of a qualitative concept. It is the
measurement of randomness and fuzziness of the concept. Hyper Entropy He is the
uncertain degree of entropy En [23].

Given two normal cloud models CiðExi;Eni;HeiÞ and CjðExj;Enj;HejÞ. Certain
operation rules between two normal cloud models have been included in [18, 20].

(1) Ci þCj ¼ Exi þExj;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
En2i þEn2j

q
;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
He2i þHe2

p� �
:

(2) Ci � Cj ¼ Exi � Exj;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
En2i þEn2j

q
;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
He2i þHe2

p� �
:
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(3) Ci � Cj ¼ Exi � Exj; ExiExj
�� �� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Eni
Exi

� �2
þ Enj

Exj

� �2r
; ExiExj
�� �� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Hei
Exi

� �2
þ Hej

Exj

� �2r !
:

(4) Ci � Cj ¼ Exi
Exj

; Exi
Exj

��� ���
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Eni
Exi

� �2
þ Enj

Exj

� �2r
; Exi

Exj

��� ���
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Hei
Exi

� �2
þ Hej

Exj

� �2r !
:

(5) kCi ¼ kExi;
ffiffiffi
k

p
Eni;

ffiffiffi
k

p
Hei

� �
:

(6) ðCiÞk ¼ Exki ;
ffiffiffi
k

p
Exk�1

i Eni;
ffiffiffi
k

p
Exk�1

i Hei
� �

:

When applying normal cloud model, the similarity between two normal cloud
models is commonly used.

Definition 2. [24] Let CiðExi;Eni;HeiÞ and CjðExj;Enj;HejÞ be two normal cloud
models. The similarity between two normal cloud models based on shape and distance
is defined as:

simcðCi;CjÞ ¼ simdðCi;CjÞ � simsðCi;CjÞ ð2Þ

Where simd Ci;Cj
� �

represents the similarity between two normal cloud models based
on distance, simsðCi;CjÞ represents the similarity between two normal cloud models
based on shape.

In prospect theory, alternatives are selected based on the prospect value.

Definition 3. [9] The prospect value is defined by the value function and the proba-
bility weight function:

VðxÞ ¼
X

k
pðpkÞ � vðxkÞ ð3Þ

Definition 4. [10] The value function is expressed in the form of a power law
according to the following formula:

vðxkÞ ¼ ðxkÞa; xk � 0
�hð�xkÞb xk\0

�
ð4Þ

Where xk denotes the gain or loss of the value when comparing an alternative to its
reference point. When xk � 0, it represents a gain. When xk < 0, it represents a loss. a
and b represent the concave and convex degree of the value power function v(xk) in the
region of gain and loss respectively. h indicates the loss-averse coefficient.

Definition 5. [10] The probability weight function is defined as

pðpkÞ ¼
ðpkÞc

pkð Þc þ 1�pkð Þcð Þ1=c xk � 0

ðpkÞd
ðpkÞd þð1�pkÞdð Þ1=d xk\0

8><
>: ð5Þ

where c and d are the risk gain and loss attitude coefficients respectively.

A Multistage Risk Decision Making Method for Normal Cloud Model 17



Tversky and Kahneman [10] found that when a ¼ b ¼ 0:88; h ¼ 2:25; c ¼ 0:61;
d ¼ 0:72, the experimental results are more consistent with the empirical results. To
simplify calculation, we also take the above values in the paper.

2.2 Problem Description

The MSRDM process involves multiple stages and multiple states, which is usually
risk, uncertainty and dynamic. Considering multiple reference points is helpful to make
decisions results from multiple perspectives. This paper aims to select the desirable
alternative(s) from a set of feasible alternatives according to the MSRDM problems.

In the MSRDM problem, let A ¼ ai i ¼ 1; 2; � � � ; Ijf g be the set of I alternatives. Let
C ¼ cj j ¼ 1; 2j ; . . .; J

	 

be the set of J attributes. Let M ¼ mt t ¼ 1; 2; . . .;Tjf g be the

set of T stages. Let S ¼ sn n ¼ 1; 2; . . .;Njf g be the set of N natural states. Let WC ¼
wc1;wc2; . . .;wcJf g be the weighting set of J attributes wcj 2 ½0; 1�;PJ

j¼1 wcj ¼ 1
� �

;

WM ¼ wm1;wm2; . . .;wmT
	 


be the weighting set of M stages

wmt 2 ½0; 1�;PT
t¼1 wm

t ¼ 1
� �

;P ¼ pðs1Þ; pðs2Þ; . . .; pðsNÞ	 

be the probability set of

N states pðsnÞ 2 ½0; 1�;PN
n¼1 pðsnÞ ¼ 1

� �
. Let Xtn ¼ ðxtnij ÞI�J) be the DM matrix in the

stage mt in the state sn, which is showed in Table 1. xtnij ¼ Extnij ;En
tn
ij ;He

tn
ij

� �
is the

decision value of alternative ai with respect to attribute cj in stage mt in state sn.

3 A MSRDM Method for Normal Cloud Model with Three
Reference Points

3.1 The Setting Method of Three Reference Points

In MSRDM problems, the performance of an alternative will change dynamically as
time goes on. Therefore, current situation, development trend and decision goal fluc-
tuate with the change of stage. Considering a single reference point is difficult to

Table 1. MSRDM evaluation information.

c1 … cJ
s1 s2 … sN … s1 s2 … sN

m1 a1 x1111 x1211 … x1N11 … x111J x121J … x1N1J
a2 x1121 x1221 … x1N21 … x112J x122J … x1N2J
… … … … … … … … … …

aI x11I1 x12I1 … x1NI1 … x11IJ x12IJ … x1NIJ
… … … … … … … … … … …

mT a1 xT111 xT211 … xTN11 … xT11J xT21J … xTN1J
a2 xT121 xT221 … xTN21 … xT12J xT22J … xTN2J
… … … … … … … … … …

aI xT1I1 xT2I1 … xTNI1 … xT1IJ xT2IJ … xTNIJ
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evaluate the current situation, dynamic and inspiring nature comprehensively. Thus, it
is difficult to systematically describe the development trend and characteristics.

The idea of setting the three reference points is showed in Fig. 1. The develop-
mental reference point (DRP) is set by the performances of the previous stage. Com-
pared with the DRP, the progress from the previous stage to the present stage can be
obtained. The state reference point (SRP) is set by the expected performance of mul-
tiple states in the present stage. Unlike with the SRP, the extent to which one alter-
native is better than the expected performance of multiple states can be obtained. The
promoting reference point (PRP) is set by the potential and the performance of the
previous stage, which can be seen as the goal. The PRP can be used to adjust the degree
and direction of the effort. Compared with the PRP, the degree of effort in the present
stage can be obtained. In order to fully compare the advantages and disadvantages of
MSRDM information, this paper sets up three reference points, i.e., development,
multistate and promotion.

State Reference Point 1. In multiple natural states, the expected value is the
probability-weighted average of all possible values. It represents the central tendency
of the values in multiple states. The expected value is what one expects to happen on
average. If the value of an alternative is higher than the expected value, it will be a gain
for the alternative to the expected value. The SRP is set by the average value of the
expected values of alternatives in one stage.

Definition 6. The SRP of the attribute cj at stage mt is defined as

rtsj ¼ 1
I

XI

i¼1

XN

n¼1
pðsnÞ � xtnij ¼ Extsj ;En

ts
j ;He

ts
j

� �
ð6Þ

Developmental Reference Point 2. From the viewpoint of development, the actual
development level of an alternative at the present stage can be obtained by comparing

Developmental 
reference point

The present stage The latter stageThe previous stage

State reference 
point

Promoting reference 
point

Potential

Previous
performance

How good than the 
previous stage?

How good than the 
expected performance?

How good 
than the goal?Evaluation value

Time

State 1

State 2

State 3

State 1

State 2

State 3

State 1

State 2

State 3

Fig. 1. The idea of setting the three reference points
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the data with the data of the previous stage. The DRP is set by the performance of the
previous stage. Thus, the progress of the present stage can be obtained by comparing it
with the DRP. Compared with the previous stage, the greater the gain at the present
stage, the better the development level of the present stage.

Definition 7. The DRP of the attribute cj at stage mt in natural state sn is defined as

rtndj ¼ 1
I

XI

i¼1
xt�1;n
ij ¼ Extndj ;Entndj ;Hetndj

� �
ð7Þ

Promoting Reference Point 3. From the viewpoint of promotion, reasonable goals
should be set up to motivate people’s subjective initiative. The PRP is set by the
potential and performance of the previous stage. It actually is an estimate of the present
stage based on the resources and historical foundations. The degree of realization of the
PRPs reflects the degree of effort and the potential. Compared with the PRP, the greater
the gain of the alternative, the better.

Definition 8. The maximum growth potential of the alternative ai with respect to the
attribute cj at stage mt−1 in natural state sn is defined as

st�1;n
ij ¼ maxjx

t�1;n
ij

xt�1;n
ij

ð8Þ

Definition 9. The average maximum growth potential of the attribute cj at stage m
t−1 in

natural state sn is defined as

st�1;n
j ¼ 1

I

XI

i¼1

maxj x
t�1;n
ij

xt�1;n
ij

 !
ð9Þ

Definition 10. The PRP of the attribute cj at stage mt in natural state sn is defined as

rtnpj ¼ st�1;n
j

1
I

XI

i¼1
xt�1;n
ij ¼ Extnpj ;Entnpj ;Hetnpj

� �
ð10Þ

3.2 The Value Function for Normal Cloud Model Under Three Reference
Points

Comparing with three reference points can measure the performance of alternatives from
different perspectives. The performance of one alternative at the current stage can be
measured by comparing with the SRP. The performance of one alternative at the current
stage can be measured by comparing with the SRP. The development performance of
one alternative from the previous stage to the present stage can be measured by com-
paring with the DRP. Whether one alternative reaches the expected potential level can
be measured by comparing with the GRP. When compared with the three reference
points, the better the gain is, the better the alternative is. Then a value function is defined
to obtain the gain or loss from a reference point. Take the DRP as an example.
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Definition 11. The value function with the DRP is defined as

vtndij ¼
1� sim xtnij ; r

tnd
j

� �� �a
Extnij �Extndj

�h 1� sim xtnij ; r
tnd
j

� �� �b
Extnij \Extndj

8><
>: ð11Þ

where sim xtnij ; r
tnd
j

� �
is the similarity between the attribute value and the DRP, which

can be calculated by (2). When Extnij �Extndj , the value is a gain. The bigger the
similarity between the attribute value and the DRP, the smaller the value of xtnij as

compared with the DRP rtnpj . When Extnij \Extndj , the value is a loss. The bigger the
similarity between the attribute value and the DRP, the bigger the value of xtnij com-

pared with the DRP rtnpj .
The value functions for the SRP and the PRP are the same as the DRP.

3.3 The Aggregation Method for Three Kinds of Prospect Values

The prospect values with respect to each reference point can be calculated by Eq. (3).
Then we can get vtsij ; v

td
ij ; v

tp
ij . The comprehensive prospect values based on multiple

reference points can be obtained by:

vtij ¼ ktsj � vtsij þ ktdj � vtdij þ ktpj � vtpij ð12Þ

Where ktsj ; k
td
j ; k

tp
j ktsj þ ktdj þ ktpj ¼ 1; ktsj ; k

td
j ; k

tp
j 2 ½0; 1�

� �
represent the preference

coefficients of different reference points at stage mt. The preference coefficients can be
given by decision makers in accordance with the actual situation. The coefficient of
preference can also be determined according to the connections between the three kinds
of prospect values.

The synthetic degree of grey incidence can describe the overall relationship of
closeness between sequences [25]. So, we take the synthetic degree of grey incidence
to obtain the preference coefficients of different reference points.

Let Xts
j ¼ vts1j; v

ts
2j; . . .; v

ts
Ij

� �
;Xtd

j ¼ vtd1j; v
td
2j; . . .; v

td
Ij

� �
;Xtp

j ¼ vtp1j; v
tp
2j; . . .; v

tp
Ij

� �
be the

sequences of the attribute cj at stage mt with respect to the three reference points.
The synthetic degree of grey incidence between each of the two-reference points

can be calculated as qtsdj ; qtspj ; qtdpj [25]. Thus, the preference coefficients of different
reference points can be obtained by:

ktsj ¼ 1
2
� qtsdj þ qtspj

qtsdj þ qtspj þ qtdpj

ð13Þ
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ktdj ¼ 1
2
� qtsdj þ qtdpj

qtsdj þ qtspj þ qtdpj

ð14Þ

ktpj ¼ 1
2
� qtspj þ qtdpj

qtsdj þ qtspj þ qtdpj

ð15Þ

The prospect values of alternatives at stage mt can be obtained by

vti ¼
XJ

j¼1
wcj � vtij ð16Þ

The prospect values of alternatives at all stages can be obtained by

vi ¼
XT

t¼1

XJ

j¼1
wmt � wcj � vtij ð17Þ

3.4 The Two-Stage Optimization Model

In MSRDM problems, the weights of attributes and stages can be given by decision
makers. In some situations, it is difficult to determine the exact weights for
decision-makers. Inappropriate weight setting may lead to errors in DM results. In this
paper, we add the decision maker’s judgment of weights to the priori information set.
In this way, the weight optimization model can be more objective to determine the
attribute weight, and we also take into account the influence of the subjective weights
by DMs.

According to the idea of minimax reference point optimization [26], we designed
the two-stage optimization model to solve the weights. The idea of the two-stage
optimization model is showed in Fig. 2. The abscissa represents the weights of attri-
butes, and the ordinate represents the weights of stages.

In the first stage of the two-stage optimization model, the maximum value of each
alternative at each stage is obtained. In the second stage of the two-stage optimization
model, the biggest distance between the maximum value and the actual value is
minimized step by step. For example, the biggest distance in Fig. 2 is ɛ3 at first. After
optimization by modeling, the maximum distance is changed to ɛ2. Finally, the biggest
distance between the maximum value and the actual value is minimized. All the values
of alternatives are as close as possible to the maximum value.

For the convenience of calculation, the prospect values of alternatives are stan-
dardized, the annotation is unchanged. Then we have vtij 2 ½0; 1�.

The first stage modelM1 is used to calculate the maximum value of each alternative
at each stage. M1 is defined as

maxðvtiÞ ¼ max
XJ

j¼1
wcj � vtij ð18Þ

PJ
j¼1 wcj � vtij 	 1; i ¼ 1; 2; . . .; I
wcj 2 H1; j ¼ 1; 2; . . .; J

�
ð19Þ
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The maximum value of each alternative at each stage can be calculated as vt
i . Each
alternative can get its maximum value if model M1 is bounded. Because vtij 2 0; 1½ � and
wcj 2 0; 1½ �, the value of

PJ
j¼1 wcj � vtij must be in the range [0, 1]. Attribute weights

meet the prior set H1, which can be expressed in 5 forms [27]. The prior set about
attribute weights is usually decided by multiple decision makers.

The second stage model M2 aims to minimize the biggest distance between the
maximum value and the actual value. M2 is defined as:

minðeÞ ð20Þ
PT

t¼1 wm
t � vt
i �PJ

j¼1 wcj � vtij
� �

	 e; i ¼ 1; 2; . . .; IPT
t¼1

PJ
j¼1 wm

t � wcj � vtij 	 1
wcj 2 H1; j ¼ 1; 2; . . .; J
wmt 2 H2; t ¼ 1; 2; . . .; T

8>>><
>>>:

ð21Þ

The minimum value of ɛ can be obtained from solving model M2. Constraints are
the following conditions. The biggest distance between the maximum value and the
actual value is less than or equal to ɛ. Each alternative is effective. Because vtij 2
½0; 1�;wcj 2 ½0; 1� and wmt 2 0; 1½ �, the value of

PT
t¼1

PJ
j¼1 wm

t � wcj � vtij must in the
range [0, 1]. The attribute weight and the stage weight satisfy the prior set H1 and H2

respectively. The prior sets about attribute and stage weights are usually decided by
multiple decision makers.

Then the final weight can be calculated as wmt* and wc
j , the final ranking value can
be calculated as vi. The bigger the value of vi, the better the alternative ai is.

Fig. 2. The idea of the two-stage optimization method
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vi ¼
XT

t¼1

XJ

j¼1
wmt
 � wc
j � vtij ð22Þ

3.5 The DM Procedure of the MSRDM Method

The DM procedure to solve the MSRDM problems with three reference points is
demonstrated in the following steps.

Step 1. Set three reference points.
The three reference points are obtained from (6)–(10).
Step 2. Calculate the prospect values.
Use (2) to calculate the similarity between xtnij and the reference points. Then the

prospect values under each reference point can be obtained from (11).
Step 3. Calculate the preference coefficients and the comprehensive prospect

values.
Calculate the synthetic degree of grey incidence between each of the two-reference

points [25]. Then, use (13)–(15) to calculate the preference coefficients, and use
Eq. (12) to calculate the comprehensive prospect values.

Step 4. Solve the attribute weights and the stage weights.
Build model M1 (18)–(19) to get the maximum values vt
i of each alternative at

different stages. Build model M2 (20)–(21) to solve the attribute weights and the stage
weights.

Step 5. Calculate the final ranking value.
The final ranking values can be calculated from (22). The best alternative is

max (vi).

4 Numeral Example Analysis

4.1 Numeral Example Background

A pharmaceutical company carried out a risk assessment of the quality of products.
There are 15 products to be evaluated, which comprise the set of alternatives
A = {a1, a2, …, aI}(I = 15). Evaluation attributes comprise the set of attributes
C = {c1, c2, …, cJ}(J = 4). Three natural states comprise the set of natural states
S = {sn|n = 1, 2, …, N}(N = 3). The evaluation information from T = 4 stages com-

prises the decision-making matrix xtnij
� �

I�J
. Attribute weights meet the prior set

H1 ¼
PJ

j¼1 wcj ¼ 1;wcj � 0:15;wc1 þwc3 	 0:45
n o

, Stage weights meet the prior set

H2 ¼
PT

t¼1 wm
t ¼ 1; 0\wm1 	 0:2;wm2 [ 0:15;wm1 þwm2 	 0:45;wm3 � 0:2;

	
wm4 � 0:3g:

There are four attributes to describe the products to be evaluated. c1 represents the
management level of raw material. It can be evaluated by decision makers with the
linguistic sets (very good, good, medium, poor, very poor). c2 represents the qualified
rate of product quality. It can be obtained according to the data of product inspection.
c3 represents technological level. It can be evaluated by decision makers with the
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linguistic sets (very good, good, medium, poor, very poor). c4 represents economic
benefit. It can be obtained from the annual profit ratio.

There are three natural states: s1 = the low risks tate, s2 ¼ the medium risk state,
s3 ¼ the high risk state. According to historical data, we have P = {p(s1) = 0.65, p
(s2) = 0.25, p(s3) = 0.1}. The DM matrixes at different stages are showed in the
appendix as Tables 2, 3 and 4.

4.2 The Calculation Process

Step 1. Set three reference points.

(1) Use (6) to calculate the SRP in each stage.

Take the attribute c1 as an example; the SRPs of attribute c1 in four stages are
showed in Fig. 3. The SRPs in stage m1, m2, m3, m4 are represented as r1s1 ¼
6:283; 3:431; 0:691ð Þ; r2s1 ¼ 6:048; 3:32; 0:724ð Þ; r1s1 ¼ 5:721; 3:214; 0:767ð Þ; r1s1 ¼
6:016; 3:342;ð 0:73Þ.The symbols (“.”, “+”, “Δ”, “○”) in Fig. 3 represent the SRP in
stage m1, m2, m3, m4. Comparing the values of Ex in SRPs ðr1s1 ; r2s1 ; r3s1 ; r4s1 Þ, we obtain
that Ex1s1 [Ex2s1 [Ex4s1 [Ex3s1 . The SRP in stage m1 is bigger than the other three
reference points. The SRP in stage m3 is smaller than the other three reference points.

(2) Use (7) to calculate the DRP in each state in each stage.

Take the attribute c2 in stage m1 as an example. The DRP in different states are
represented as r11d2 ¼ 0:923; 0:069; 0:018ð Þ; r12d2 ¼ 0:923; 0:042; 0:21ð Þ; r13d2 ¼
0:899; 0:065; 0:019ð Þ. We can find that Ex11d2 ffi Ex12d2 [Ex13d2 . But the cloud drops of
r12d2 are more dispersed than the other two ðHe12d2 [He13d2 [He11d2 Þ.

Fig. 3. The SRPs in different stages
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(3) Calculate the PRP in each state in each stage by Eq. (10) (omitted).

Take the attribute c3 in stage m1 as an example. The PRP in different states are
represented as r11p3 ¼ 8:253; 4:843; 0:926ð Þ; r12p2 ¼ 8:404; 5:1; 0:948ð Þ; r13p2 ¼ 6:839;ð
4:163; 0:949Þ: We can find that Ex12p3 [Ex11p3 [Ex13p3 :

Step 2. Calculate the prospect values.
Calculate the similarities and the prospect values (omitted). Take the prospect

values in stage m1 as an example. The prospect values are showed in Fig. 4. “s, d, p” in
Fig. 4 represent the state, development and PRP.

Compared with the SRPs, the prospect values of several alternatives with respect to
attributes c1 and c2 are greater than 0, which means gains. This shows that the per-
formances of these alternatives are higher than the expected performance of multiple
states.

Compared with the DRPs, the prospect values of several alternatives with respect to
attributes c1, c2 and c3 are greater than 0, which means gains. This shows that the
performances of these alternatives are higher than the levels of the previous stage. This
means that these alternatives are working harder at the present stage than in the pre-
vious stage.

Compared with the PRPs, the prospect values are always lower than 0, which
means losses. This shows that the performances of alternatives do not reach their
potential. This means that these alternatives have not fully exploited their potential.

Step 3. Calculate the preference coefficients and the comprehensive prospect values.
Calculate the preference coefficients by using (13)–(15). The comprehensive pro-

spect values based on multiple reference points can be obtained from (12) based on the
preference coefficients (omitted).

-7
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-3
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-1

0

1

2

a1 a3 a5 a7 a9 a11 a13 a15 a2 a4 a6 a8 a10 a12 a14 a1 a3 a5 a7 a9 a11 a13 a15

s d p

c1 c2 c3 c4

Fig. 4. The stacked column diagram of the prospect values in stage m1
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Step 4. Calculate the attribute weights and the stage weights.
Solve model M1 and M2. The attribute weights and the stage weights can be

obtained as WC = {0.15, 0.345, 0.15, 0.355} and WM = {0.2, 0.25, 0.2, 0.35}. We
can find that the weights of c2 and c4 are bigger than c1 and c3. The weights of stage m

4

is bigger than the other three stages.

Step 5. Calculate the final ranking value.
The final ranking value can be calculated from (22) and we get the ranking values

of alternatives (as showed in Fig. 5).

Figure 5 shows that the best alternative is a15; the performances of alternative a15
are good under different reference points. The prospect values of alternative a15 are
gains from the SRP and the DRP. This shows that the performance of alternative a15 is
better than the expected performance of all alternatives in one stage and it is better than
in the previous stages. The contribution of alternative a15 is greater, thus it is the best
one.

5 Conclusions

The paper aims to propose a new MSRDM method for normal cloud model considering
three reference points. The progress, current performance and the degree of effort are
the criteria for measuring the multistage development of things. In this paper, the SRP
is proposed to measure the current performance of an alternative under multiple states.
The DRP is proposed to measure the progress in the previous stage. The PRP is
proposed to measure the degree of effort and potential. Thus, a value function is defined
to obtain the gain or loss from a reference point for normal cloud model. The prospect
values under three reference points are aggregated by the synthetic degree of grey
incidence. Then a two-stage weight optimization model is built to obtain the attribute
weights and the stage weights based on the idea of minimax reference point opti-
mization. The numeral example analysis shows its feasibility and validity for solving
the MSRDM problems.

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15
ranking -0.83 -0.76 -0.94 -0.67 -0.9 -0.84 -0.84 -0.8 -0.82 -0.62 -0.66 -0.8 -0.68 -0.5 -0.47

-1

-0.8

-0.6

-0.4

-0.2

0

Fig. 5. The ranking values of alternatives
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There are many interesting issues related to the problem with multiple reference
points. The MCDM/GDM problems with multiple reference points will be researched
in future. And a cloud model is a useful tool to deal with large quantity of data. We will
develop a more appropriate method to deal with the cloud model.
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Appendix

p1 p2 p3 p1 p2 p3

c1 c2

a1 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55) 0.945,0.022,0.009 0.94,0.03,0.008 0.91,0.03,0.009

a2 8.07,2.75,0.19 5.7,1.93,0.47 5,1.82,0.55) 0.95,0.023,0.009 0.95,0.022,0.01 0.935,0.035,0.01

a3 5.7,1.93,0.47 5,1.82,0.55) 4.3,1.93,0.47 0.925,0.037,0.008 0.92,0.052,0.012 0.905,0.052,0.013

a4 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55) 0.91,0.03,0.01 0.91,0.06,0.01 0.88,0.065,0.011

a5 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55) 0.925,0.037,0.009 0.92,0.022,0.011 0.89,0.03,0.012

a6 8.07,2.75,0.19 6.69,2.27,0.35 5.7,1.93,0.47 0.945,0.037,0.008 0.94,0.037,0.01 0.905,0.038,0.011

a7 5,1.82,0.55) 5.7,1.93,0.47 5.7,1.93,0.47 0.94,0.015,0.009 0.94,0.03,0.01 0.91,0.033,0.011

a8 6.69,2.27,0.35 5,1.82,0.55) 5,1.82,0.55) 0.97,0.021,0.009 0.96,0.022,0.01 0.92,0.031,0.01

a9 5.7,1.93,0.47 5.7,1.93,0.47 5.7,1.93,0.47 0.94,0.024,0.008 0.94,0.037,0.009 0.915,0.041,0.01

a10 6.69,2.27,0.35 5.7,1.93,0.47 5.7,1.93,0.47 0.955,0.175,0.009 0.95,0.022,0.009 0.911,0.033,0.011

a11 6.69,2.27,0.35 5.7,1.93,0.47 5.7,1.93,0.47 0.9150.033,0.010 0.91,0.025,0.01 0.89,0.031,0.011

a12 8.07,2.75,0.19 6.69,2.27,0.35 5.7,1.93,0.47 0.925,0.028,0.009 0.92,0.023,0.009 0.905,0.025,0.011

a13 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55) 0.93,0.035,0.01 0.92,0.025,0.01 0.905,0.031,0.01

a14 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 0.94,0.033,0.009 0.93,0.023,0.01 0.911,0.025,0.011

a15 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 0.955,0.031,0.009 0.94,0.028,0.009 0.91,0.031,0.011

c3 c4

a1 6.69,2.27,0.35 5.7,1.93,0.47 6.69,2.27,0.35 87.5,0.425,0.849 72.5,3.822,0.833 57.5,3.822,0.283

a2 8.07,2.75,0.19 5.7,1.93,0.47 5.7,1.93,0.47 85.5,0.425,0.849 74.5,1.274,0.849 65.5,0.425,1.416

a3 5.7,1.93,0.47 6.69,2.27,0.35 6.69,2.27,0.35 85,0.849,0.708 73.5,1.274,0.849 68,2.548,0.708

a4 5,1.82,0.55) 4.3,1.93,0.47 5,1.82,0.55) 87.5,1.274,0.566 72,2.548,0.425 65.4.247,0.142

a5 5,1.82,0.55) 4.3,1.93,0.47 5,1.82,0.55) 87,1.699,0.425 72,3.397,0.142 65.5,4.671,1.167

a6 5.7,1.93,0.47 5,1.82,0.55) 4.3,1.93,0.47 84.5,2.123,0.283 72.5,2.123,0.566 68.5,2.973,0.566

a7 8.07,2.75,0.19 5.7,1.93,0.47 5.7,1.93,0.47 82.5,2.123,0.283 76,0.849,0.991 71,0.849,1.274

a8 5.7,1.93,0.47 5,1.82,0.55) 5,1.82,0.55) 85,1.699,0.425 71.5,1.274,0.849 68,1.699,0.991

a9 6.69,2.27,0.35 8.07,2.75,0.19 5.7,1.93,0.47 84.5,2.973,0.667 73,1.699,0.708 67.5,2.973,0.566

a10 5,1.82,0.55) 6.69,2.27,0.35 5,1.82,0.55) 87,1.699,0.425 74.5,1.274,0.849 67,3.397,0.425

a11 5.7,1.93,0.47 8.07,2.75,0.19 6.69,2.27,0.35 80,0.849,0.708 69,2.548,0.425 63.5,3.822,0.283

a12 6.69,2.27,0.35 5.7,1.93,0.47 5.7,1.93,0.47 75,0.849,0.425 70,2.548,0.849 61.5,3.822,0.425

a13 5.7,1.93,0.47 6.69,2.27,0.35 4.3,1.93,0.47 85.5,2.123,0.283 72,0.849,0.991 61,1.699,0.991

a14 6.69,2.27,0.35 6.69,2.27,0.35 4.3,1.93,0.47 84,1.699,0.425 72.5,2.123,0.566 67.5,2.123,0.849

a15 5.7,1.93,0.47 8.07,2.75,0.19 5.7,1.93,0.47 84,1.699,0.425 72,2.548,0.425 64.5,4.671,1.167
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Table 2. The evaluation information in stage m2

with p1 p2 p3 p1 p2 p3

c1 c2

a1 5.7,1.93,0.47 5.7,1.93,0.47 5.7,1.93,0.47 0.915,0.037,0.01 0.91,0.03,0.011 0.89,0.033,0.011

a2 6.69,2.27,0.35 5,1.82,0.55) 5.7,1.93,0.47 0.91,0.045,0.01 0.93,0.045,0.009 0.91,0.045,0.011

a3 6.69,2.27,0.35 5,1.82,0.55) 5.7,1.93,0.47 0.94,0.045,0.009 0.93,0.022,0.009 0.915,0.032,0.106

a4 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55) 0.92,0.026,0.009 0.91,0.023,0.01 0.895,0.033,0.011

a5 6.69,2.27,0.35 5,1.82,0.55) 5,1.82,0.55) 0.905,0.038,0.009 0.9,0.022,0.01 0.88,0.025,0.011

a6 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55) 0.91,0.035,0.01 0.9,0.037,0.012 0.85,0.045,0.014

a7 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.95,0.035,0.009 0.925,0.03,0.01 0.875,0.033,0.011

a8 5.7,1.93,0.47 5,1.82,0.55) 4.3,1.93,0.47 0.950.035,0.009 0.925,0.022,0.01 0.89,0.026,0.011

a9 5.7,1.93,0.47 5,1.82,0.55) 4.3,1.93,0.47 0.935,0.025,0.008 0.92,0.037,0.009 0.885,0.038,0.011

a10 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.95,0.015,0.009 0.93,0.022,0.01 0.89,0.035,0.011

a11 5.7,1.93,0.47 5.7,1.93,0.47 4.3,1.93,0.47 0.945,0.035,0.009 0.925,0.021,0.01 0.895,0.035,0.012

a12 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 0.93,0.025,0.009 0.925,0.023,0.01 0.887,0.035,0.011

a13 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55 0.905,0.035,0.009 0.9,0.031,0.009 0.875,0.035,0.011

a14 8.07,2.75,0.19 5.7,1.93,0.47 5,1.82,0.55 0.955,0.021,0.008 0.94,0.031,0.009 0.915,0.035,0.01

a15 6.69,2.27,0.35 5,1.82,0.55 5.7,1.93,0.47 0.965,0.015,0.009 0.95,0.032,0.009 0.925,0.035,0.011

c3 c4

a1 5,1.82,0.55) 5.7,1.93,0.47 5,1.82,0.55) 83,0.849,1.416 72,1.699,0.566 66.5,3.822,0.566

a2 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 81,1.699,1.132 75,0.849,0.849 67,1.699,1.274

a3 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 83,0.849,1.416 71,0.849,0.849 52.5,2.123,1.132

a4 6.69,2.27,0.35 8.07,2.75,0.19 5.7,1.93,0.47 83.5,2.123,0.991 72.5,1.274,0.708 67.5,2.123,1.132

a5 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 86,1.699,1.132 74,0.849,0.849 65,3.397,0.708

a6 (5,1.82,0.55) (5.7,1.93,0.47 (5.7,1.93,0.47 (77,0.849,1.416 (74,0.849,0.849 (62.5,2.973,0.849

a7 (5.7,1.93,0.47 (6.69,2.27,0.35 (4.3,1.93,0.47 (77,5.096,1.167 (76,2.548,0.283 (55.5,2.973,0.849

a8 (6.69,2.27,0.35 (6.69,2.27,0.35 (5,1.82,0.55) (67.5,1.274,1.274 (59,1.699,0.566 (57,1.699,1.274

a9 (5.7,1.93,0.47 (6.69,2.27,0.35 (4.3,1.93,0.47 (82,0.849,1.416 (70,0.849,0.849 (60.5,2.973,0.849

a10 (6.69,2.27,0.35 (8.07,2.75,0.19 (5.7,1.93,0.47 (81.5,1.274,1.274 (70,3.397,,0.833 (59.5,5.521,1.167

a11 (5.7,1.93,0.47 (6.69,2.27,0.35 (4.3,1.93,0.47 (82,1.699,1.132 (71.5,2.123,0.425 (63.5,3.822,0.566

a12 (8.07,2.75,0.19 (8.07,2.75,0.19 (5,1.82,0.55) (79.5,1.274,1.274 (73.5,2.123,0.425 (60.5,3.822,0.566

a13 (5.7,1.93,0.47 (6.69,2.27,0.35 (4.3,1.93,0.47 (80.5,2.973,0.708 (71,1.699,0.566 (61,1.699,1.274

a14 (8.07,2.75,0.19 (6.69,2.27,0.35 (5,1.82,0.55) (81.5,3.822,0.425 (71,1.699,0.566 (63.5,4.671,0.283

a15 (6.69,2.27,0.35 (6.69,2.27,0.35 (5.7,1.93,0.47 (83.5,3.822,0.425 (70.5,1.274,0.708 (65,3.397,0.708

Table 3. The evaluation information in stage m3

with p1 p2 p3 p1 p2 p3

c1 c2

a1 5,1.82,0.55 5,1.82,0.55 4.3,1.93,0.47 0.975,0.015,0.009 0.96,0.027,0.01 0.935,0.031,0.011

a2 5.7,1.93,0.47 5,1.82,0.55 4.3,1.93,0.47 0.97,0.018,0.009 0.95,0.025,0.012 0.925,0.03,0.013

a3 5,1.82,0.55 5,1.82,0.55 4.3,1.93,0.47 0.91,0.055,0.008 0.91,0.037,0.01 0.89,0.04,0.012

a4 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55) 0.97,0.014,0.01 0.96,0.035,0.011 0.93,0.04,0.011

a5 6.69,2.27,0.35 5,1.82,0.55 5.7,1.93,0.47 0.91,0.036,0.01 0.9,0.024,0.015 0.88,0.028,0.016

a6 5.7,1.93,0.47 5,1.82,0.55 5.7,1.93,0.47 0.915,0.023,0.008 0.91,0.035,0.012 0.875,0.04,0.013

a7 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55) 0.925,0.016,0.008 0.92,0.045,0.01 0.089,0.046,0.011

a8 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.935,0.023,0.009 0.92,0.026,0.009 0.089,0.026,0.01
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Table 3. (continued)

with p1 p2 p3 p1 p2 p3

a9 5.7,1.93,0.47 6.69,2.27,0.35 4.3,1.93,0.47 0.905,0.025,0.009 0.9,0.036,0.01 0.087,0.041,0.011

a10 6.69,2.27,0.35 5,1.82,0.55 4.3,1.93,0.47 0.935,0.035,0.009 0.92,0.042,0.011 0.885,0.045,0.012

a11 5,1.82,0.55 5,1.82,0.55 5.7,1.93,0.47 0.955,0.025,0.009 0.94,0.025,0.011 0.92,0.03,0.012

a12 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.925,0.031,0.009 0.93,0.032,0.014 0.915,0.035,0.015

a13 5.7,1.93,0.47 6.69,2.27,0.35 5.7,1.93,0.47 0.935,0.025,0.009 0.93,0.023,0.01 0.915,0.03,0.011

a14 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 0.943,0.011,0.007 0.94,0.023,0.01 0.92,0.025,0.011

a15 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55 0.953,0.011,0.007 0.95,0.015,0.01 0.93,0.014,0.012

c3 c4

a1 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 70.5,0.425,1.416 65,0.849,1.699 60.5,1.274,1.274

a2 6.69,2.27,0.35 6.69,2.27,0.35 5,1.82,0.55) 68.5,2.973,0.566 64.5,2.973,0.991 57.5,4.671,0.142

a3 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 70,1.699,0.991 62,0.849,1.699 56,4.247,0.283

a4 5.7,1.93,0.47 5,1.82,0.55) 4.3,1.93,0.47 80,1.699,0.991 68.5,2.123,1.274 62.5,2.973,0.708

a5 5.7,1.93,0.47 5.7,1.93,0.47 4.3,1.93,0.47 77.5,2.123,0.849 66.5,2.973,0.991 59,5.096,1.333

a6 5,1.82,0.55) 5,1.82,0.55) 3.31,2.27,0.353 80.5,1.274,1.132 69.5,2.973,0.991 56.5,1.274,1.274

a7 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55) 76,1.699,0.991 68.5,2.123,1.274 67.5,2.123,0.991

a8 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 76.5,2.973,0.566 70,4.247,0.566 62.5,2.123,0.991

a9 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 80,4.247,0.142 71.5,1.274,1.557 63,2.548,0.849

a10 8.07,2.75,0.19 6.69,2.27,0.35 5,1.82,0.55) 80,2.548,0.708 67.5,2.123,1.274 62,2.548,0.849

a11 5.7,1.93,0.47 6.69,2.27,0.35 4.3,1.93,0.47 77.5,2.123,0.849 71.5,1.274,1.557 67,1.699,1.132

a12 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 78.5,2.973,0.566 73.5,1.274,1.557 66,2.548,0.849

a13 5,1.82,0.55) 5,1.82,0.55) 4.3,1.93,0.47 82.5,4.671,0.667 67.5,2.123,1.274 63,2.548,0.849

a14 5.7,1.93,0.47 5,1.82,0.55) 3.31,2.27,0.353 81.5,2.973,0.566 68,2.548,1.132 62.5,2.973,0.708

a15 6.69,2.27,0.35 6.69,2.27,0.35 4.3,1.93,0.47 82.5,2.123,0.849 70,5.945,1.333 62.5,3.822,0.425

Table 4. The evaluation information in stage m4

with p1 p2 p3 p1 p2 p3

c1 c2

a1 5.7,1.93,0.47 5,1.82,0.55 5,1.82,0.55 0.965,0.011,0.01 0.96,0.025,0.011 0.945,0.035,0.012

a2 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55 0.965,0.012,0.01 0.955,0.026,0.013 0.915,0.03,0.021

a3 8.07,2.75,0.19 6.69,2.27,0.35 5.7,1.93,0.47 0.921,0.045,0.009 0.92,0.034,0.014 0.89,0.36,0.018

a4 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.95,0.012,0.009 0.945,0.021,0.014 0.925,0.03,0.015

a5 5.7,1.93,0.47 5.7,1.93,0.47 5,1.82,0.55 0.92,0.033,0.011 0.91,0.022,0.014 0.895,0.032,0.019

a6 6.69,2.27,0.35 8.07,2.75,0.19 6.69,2.27,0.35 0.91,0.025,0.011 0.91,0.042,0.012 0.855,0.045,0.015

a7 5,1.82,0.55 5.7,1.93,0.47 5,1.82,0.55 0.93,0.011,0.01 0.92,0.035,0.011 0.895,0.038,0.016

a8 6.69,2.27,0.35 5.7,1.93,0.47 5.7,1.93,0.47 0.94,0.025,0.01 0.935,0.025,0.015 0.89,0.035,0.018

a9 5,1.82,0.55 5.7,1.93,0.47 5,1.82,0.55 0.92,0.026,0.01 0.92,0.024,0.012 0.85,0.035,0.015

a10 5.7,1.93,0.47 5,1.82,0.55 5,1.82,0.55 0.94,0.025,0.01 0.93,0.023,0.011 0.89,0.055,0.021

a11 5,1.82,0.55 6.69,2.27,0.35 5.7,1.93,0.47 0.96,0.02,0.01 0.935,0.012,0.012 0.875,0.034,0.015

a12 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.93,0.025,0.012 0.925,0.015,0.014 0.885,0.025,0.018

a13 6.69,2.27,0.35 5.7,1.93,0.47 5,1.82,0.55 0.95,0.02,0.01 0.93,0.032,0.01 0.905,0.045,0.015

a14 5.7,1.93,0.47 6.69,2.27,0.35 5.7,1.93,0.47 0.95,0.015,0.012 0.925,0.012,0.01 0.89,0.025,0.018

a15 6.69,2.27,0.35 6.69,2.27,0.35 5.7,1.93,0.47 0.958,0.012,0.01 0.925,0.025,0.011 0.885,0.031,0.016

c3 c4

a1 5.7,1.93,0.47 6.69,2.27,0.35 4.3,1.93,0.47 71.5,2.973,1.132 64,4.247,0.283 60,4.247,0.142

(continued)
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Table 4. (continued)

with p1 p2 p3 p1 p2 p3

a2 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 69.5,6.37,1.167 60,4.247,0.283 54,4.247,0.142

a3 6.69,2.27,0.35 6.69,2.27,0.35 5,1.82,0.55) 69,3.397,0.991 64,5.096,1.167 55.5,4.671,1.167

a4 8.07,2.75,0.19 8.07,2.75,0.19 5.7,1.93,0.47 77,1.699,1.557 70,1.699,1.132 62.5,2.123,0.849

a5 5.7,1.93,0.47 6.69,2.27,0.35 5,1.82,0.55) 79,2.548,1.274 69.5,1.274,1.274 62,2.548,0.708

a6 5,1.82,0.55) 6.69,2.27,0.35 5,1.82,0.55) 84.5,3.822,0.849 72.5,2.123,0.991 66.5,2.973,0.566
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Abstract. System portfolio selection faces multi-criteria and multi-objective
problems, which lead the decision-makers to build a decision model. Otherwise,
the system evaluation value is not clear and the multi-objective of the system is
difficult to outweigh. To solve the problem, a value-risk ratio model with
Hesitant Fuzzy Set (HFS) is used for portfolio selection. To be specific, in this
model, the HFS is used to evaluate the value and risk of systems; and the
portfolio value and portfolio risk are calculated with HFS operation. Meanwhile,
the value-risk rate is applied to address the problem of multi-objective for
system portfolio. Finally, one numerical example for system portfolio selection
is given to illustrate the applicability of the proposed model.

Keywords: System portfolio selection � Hesitant Fuzzy Set � Decision-making
Value and risk model

1 Introduction

Markowitz portfolio selection theory [1], has been widely used in project selection [2],
including medical capital budgeting [3] and defense acquisition [4]. In the field of
management science and operations research, portfolio decision theory as a resource
optimization method was more widely used in R & D (Project R & D). Portfolio
Decision Analysis helps decision makers choose from alternative options by analyzing
the relevant constraints and preferences in the decision-making process.

A number of researchers applied the portfolio selection theory in military system
selection. Zhou et al. [5] proposed a hybrid approach based on portfolio selection
theory for weapon system selection combined with weapons manufacturing. Dou et al.
[6] proposed a portfolio selection model with demand-pull to solve the multi-weapon
systems problem in the defense manufacturing process. The Department of Defense
(DoD) used portfolio selection methods to make the plan for defense manufacturing
cost [7]. Zhou et al. [8] used the fuzzy cluster in system portfolio selection. However,
the evaluation for the weapon system portfolio selection is difficult to describe. In many
cases, experts evaluate the values with hesitation. In this study, the HFSs are used to
describe evaluation of value and risk.

Zadeh [9] proposed the Fuzzy set in 1965. From that time, many researchers have
conducted research in Fuzzy set in decision-making [10, 11]. Recently, Torra [12] has
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proposed Hesitant Fuzzy Set (HFS) which plays an important part in decision-making
area. Then, Xu and Xia [13] developed the math form of Hesitant Fuzzy Set and
defined related operations. Farhadinia [14, 15] proposed a series of Scoring Function
and ranking methods for hesitant fuzzy numbers. Zhao et al. [16] proposed a hesitant
fuzzy multi-attribute decision-making approach with the minimum deviation. Zhu et al.
[17] discussed the ranking methods with hesitant fuzzy preference relations in the
group decision making. Zhang [18] built a framework for group decision making with
hesitant fuzzy preference relations using the multiplicative consistency. In other words,
HFS has been widely used in decision-making.

The evaluation of value and risk are vague in system portfolio selection, which
makes it difficult for decision-makers to describe the evaluation data in the selection
model. The traditional method used the real number to model, which cannot accurately
reflect the value and risk of the system. HFS is a useful approach to describe the fuzzy
information in group decision making. In this study, HFS was used for system portfolio
selection, which better represents real-world decision-making processes. This was the
major research motivation for this study.

The main contribution of this study is solving system portfolio selection by using
the HFS. In the decision-making process, value and risk are mainly considered. HFS is
used to represent value and risk evaluation for the weapon system. Then, the portfolio
value and portfolio risk are calculated with HFS operation. To gain the consistent order
of weapon system portfolios, the value–risk rate model is built. Finally, a numerical
example of a system portfolio selection is used to illustrate the advantages of the
method.

The remainder of the paper is structured as follows: Sect. 2 is the preliminaries for
HFS. Section 3 is a detailed description of hesitant fuzzy portfolio selection model with
value-rate ratio. In this model, the portfolio value and risk are calculated by using the
HFS operation. Sections 4 is a case study for weapon system portfolio selection.
Section 5 is a discussion and conclusions of this study.

2 Preliminaries

To describe the decision-making process clearly, generally, people use the hesitant
fuzzy information to represent objects and concepts. Recently, Zhang and Xu [20]
defined the Hesitant Fuzzy Set, which includes the membership and non-membership
degrees of several different values, respectively. A hesitant fuzzy set A on X is a
function H(A) that when applied to X returns a finite subset of [0, 1], which can be
represented as the following mathematical symbol.

Definition 1 [13]. HFS can be described by

H ¼ f\x; hAðxÞ[ jx 2 Xg ð1Þ

where HA(x) is a set of some values in [0, 1], denoting the possible membership degrees
of the element x to the set A. Xia and Xu [13] named hA(x) a Hesitant Fuzzy Element
(HFE).
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Definition 2 [12, 13]. According to the definition of hesitation fuzzy number, the
following operation can be gained. Supposing that there are three hesitant fuzzy
numbers h1, h2, h3, we define the following operations:

h1 � h2 ¼ Hfðc1 þ c2 � c1c2Þ j c1 2 h1; c2 2 h2g;
h1 � h2 ¼ Hfc1c2 j c1 2 h1; c2 2 h2g;
h1 [ h2 ¼ Hfmaxðc1; c2Þ j c1 2 h1; c2 2 h2g;
h1 \ h2 ¼ Hfminðc1; c2Þ j c1 2 h1; c2 2 h2g;
kh ¼ Hf1� ð1� cÞk j c 2 hgðk[ 0Þ; and
hk ¼ Hfck j c 2 hgðk[ 0Þ:

Assumption [19]. To make the hesitant fuzzy number easy o calculate, the hesitant
number which has fewer elements should be extended until all hesitant number ele-
ments are the same. If the decision maker is pursuing risk, then the largest element of
hesitation should be added to all corresponding elements until the two hesitant fuzzy
numbers are equal, and vice versa.

Definition 3 [20]. If there is a hesitant fuzzy number h = H{c1, c2, …, cn}, then the
hesitant fuzzy score function is

ZðhÞ ¼ ðððc1Þd þðc1Þd þ � � � þ ðcnÞdÞ=nÞ1=d: ð2Þ

Here, this hesitant fuzzy score function is utilized to calculate the hesitant fuzzy
number, because this function can compare hesitant fuzzy numbers clearly and the
process of calculation is easy. On the other hand, users can adjust this parameter d
according to their own preferences during the real decision-making in this function.

3 Hesitant Fuzzy Portfolio Selection Model with V-R Ratio

The optimization model of a system portfolio selection is a commonly maximized
value (technical maturity level and demand satisfaction level) or a minimized cost
(cost, expense, resources and risk, etc.). This model takes the system and the portfolio
as the value of the consideration objects. The criteria of these different dimensions are
mapped into a certain model structure, and the problem is transformed into a single
objective 0–1 programming problem or a multi-objective 0–1 programming problem.
At present, the most common and effective practice is using the multi-criteria evalu-
ation model and the additive value function to define the combination selection.

According to the portfolio rules, if there are n systems, then 2n−1 portfolios can be
gained.

This study also follows the value model, taking value and risk as the main con-
sideration in the process of weapon combination selection. Value and risk are evaluated
by experts using HFS, which is closer to the real decision-making processing.
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Definition 4. Let V11 be the portfolio value of systems. It can be described as

Vij ¼ vi � vj ð3Þ

where Vij is the portfolio value of systems, and vi, vj are the value of systems i, j.
If the value is described by hesitant fuzzy number, then

Vij ¼ hvi � hvj ¼ Hfcvi þ cvj � cvi c
v
j ; c

v
i 2 hvi ; c

v
j 2 hvj g ð4Þ

where hvi are the elements in value set Vij.

Definition 5. Let Rij be the portfolio risk of systems. It can be described as

Rij ¼ ri [ rj ð5Þ

where Rij is the portfolio risk of systems, and ri, rj are the risk of systems i, j.
If the risk is described by hesitant fuzzy number, then

Rij ¼ hri [ hrj ¼ Hfmaxðcri ; crj Þ; cri 2 hri ; c
r
j 2 hrj g ð6Þ

where rvi are the elements in risk set Rij. Hence, a multi-object model can be built.

Model 1.

Max Vðm; zðm; iÞÞ ¼ Pm

i¼1
vjðxiÞ � zðm; iÞ

Min Rðm; zðm; iÞÞ ¼ Sm

i¼1
rjðxiÞ � zðm; iÞ

8
>><

>>:
ð7Þ

where m is the number of weapon systems; z(m, i) belongs to {0, 1}, if and only if
z(m, i) = 1.

It shows that when the number of weapon systems is m, the i-th weapon system is
selected for the portfolio. vj(xi) is the system value and rj(xi) is the risk of the system.
Model 1 seeks to maximize the value of the system and minimize the risk. After
analysis, the above model can be transformed into Model 2.

Model 2.

VR ¼ Vðm; zðm; iÞÞ
Rðm; zðm; iÞÞ ¼

Pm

i¼1
vjðxiÞ � zðm; iÞ

Sm

i¼1
rjðxiÞ � zðm; iÞ

ð8Þ

VR shows the ratio of value to risk. Through this ratio of cost and risk, the weapon
system portfolio can be ranked.

The process of hesitant fuzzy portfolio selection model with V-R ratio is as follows:

Step 1: The value and risk value of the hesitation and fuzzy evaluation of the expert
system are obtained.
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Step 2: The extension rules of Xu and Xia [19] are used to expand the fuzzy number
of evaluation hesitation.
Step 3: During the weapon system portfolio selection, (4) and (6) are used to
calculate the value and risk of the portfolio.
Step 4: Use (2) to calculate the score value Z of the hesitant fuzzy number of the
combined value and the risk.
Step 5: Model 2 is used to calculate the ratio between value and risk. The system
portfolio selection is ranked by the ratio.
Step 6: End.

4 Case Study

To illustrate the applicability of the proposed approach, the numerical example of
weapon system portfolio selection is presented. Let us suppose that one decision-maker
wants to make a decision on portfolio selection from three weapon systems (s1, s1, s1).

To make the decision convenient and efficient, the value and the risk of the weapon
system are mainly considered. Hence, there are 7 weapon system portfolios that can be
gained. Then, the decision-maker ranks the 7 weapon system portfolios and selects the
best one. The specific data are Table 1.

According to the extension rule given in Assumption 1, in this example, the risk is
opposed, and the smaller elements of hesitation fuzzy numbers are expanded here
(Table 2).

According to the portfolio rules there can be seven portfolios P1–P7, Then
accordingly (4)–(6) can be used to calculate the value and risk value of these seven
portfolios, as showed in Table 3.

Table 1. Value and risk for systems

S (System) S1 S2 S3
V (value) H{0.5, 0.6} H{0.4, 0.5, 0.6} H{0.6, .65}
Risk H{0.4, 0.3} H{0.5, 0.5} H{0.55, 0.6, 0.7}

Table 2. Extended value and risk

S (System) S1 S2 S3
V (value) H{0.5, 0.5, 0.6} H{0.4, 0.5, 0.6} H{0.6, 0.6, .65}
Risk H{0.3, 0.3, 0.4} H{0.5, 0.5, 0.5} H{0.55, 0.6, 0.7}
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Score values for the hesitant fuzzy number of portfolio value and risk are calculated
by formulating (2); and the results are shown in Table 4.

Hence, the value order and risk order of weapon system portfolios are clearly listed.
They are described in Figs. 1 and 2 respectively.

Figures 1 and 2, show the order of portfolios value and risk clearly. However, the
value and risk are two conflict objects. Thus, it is difficult to rank the weapon system
portfolios. To gain the consistent order for weapon system portfolios, the ratio between
value and risk is calculated by (8); and the result is shown in Table 5.

The consistent order is described in Fig. 3. Figure 3, shows that the weapon system
portfolio P7 is the best, then P4 is second, and P2 is the worst.

Table 3. System portfolio selection
System portfolio P1 P2 P3 P4 P5 P6 P7

System S1 S2 S3 S1, S2 S1, S3 S2, S3 S1, S2, S3

V (value) H{0.5, 0.5, 0.6} H{0.4, 0.5, 0.6} H{0.6, 0.6, .65} H{0.7, 0.75, 0.84} H{0.8, 0.8, 0.86} H{0.76, 0.8, 0.86} H{0.88, 0.9, 0.94}

Risk H{0.4, 0.45, 0.55} H{0.5, 0.5, 0.5} H{0.55, 0.6, 0.7} H{0.85, 0.86, 0.91} H{0.69, 0.72, 0.82} H{0.868, 0.89, 0.933} H{0.92, 0.94, 0.97}

Table 4. Score values for the hesitant fuzzy number of portfolios

Portfolios P1 P2 P3 P4 P5 P6 P7
Z (Value) 0.5315 0.4939 0.6163 0.7614 0.8196 0.8057 0.9064
Z (Risk) 0.5134 0.5 0.6139 0.5315 0.6139 0.6139 0.6139

Fig. 1. Value order for weapon system portfolios
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5 Conclusions

System portfolio selection is based on research. The system evaluation value is fuzzy
and the system portfolio faces multiple objectives. To achieve the best portfolio, the
value and risk are considered in this study and the HFS is used to evaluate the system.
It should be mentioned that the HFS operation is used to calculate the portfolio value
and risk. Moreover, value-risk ratio for the system is utilized to eliminate multi-object.

Fig. 2. Risk order for weapon system portfolios

Fig. 3. The consistent order for weapon system portfolio

Table 5. Ratio between value and risk

Portfolios P1 P2 P3 P4 P5 P6 P7
Ratio 1.04 0.99 1.00 1.43 1.34 1.31 1.48
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Abstract. This paper analyzes the agents’ predisposition to produce round
numbers during preference elicitation of the pre-negotiation phase. The agents
negotiate on behalf of their principals and are asked to use information presented
in terms of bar graphs and text to provide their principals’ preferences numer-
ically. In doing that, they tend to use round numbers more often than sharp
numbers. Also, more agents use round numbers than sharp numbers, however,
the majority of agents use a mix of numbers. The results show that the increased
use of round numbers results in greater inaccuracy; the most accurate are agents
who use a mix or round and sharp numbers.

Keywords: Preference reconstruction � Direct ratings assignment
Ratings accuracy � Heuristics � Round numbers � Sharp numbers

1 Introduction

Decision-makers use heuristics to process large amounts of information and to quickly
determine solutions to complex problems. The result is that the decisions are often
sub-optimal or even wrong. Making right decisions requires careful assessment of the
decision problem, the problem’s context and the preferences of the decision maker.
Significant effort has been devoted to the design of procedures and algorithms that
allow for the formulation of the problem and the preference system and the specifi-
cation of one or more decision alternatives. In particular, numerous methods and aids
were designed to elicit decision makers’ preferences so that the obtained system cor-
rectly reflects their interests and meets predefined criteria [1].

In many cases the systems are used by agents, i.e., consultants, analysts, lawyers,
and other support staff rather than the decision-makers (i.e., principals) themselves.
This requires that the support staff know and accurately represent the principals’
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preferences. A similar situation arises in representative negotiations when the nego-
tiators are agents negotiating on behalf of the principals [2].

This paper raises the issue of the agents’ ability regarding the formulation of a
preference system that reflects the principals’ preferences. There are several comple-
mentary approaches to study this issue. One is grounded in communication: the
principals have to communicate their preferences. Communication and associated
interpretation of messages have been discussed in [3, 4]. The second approach is based
in extrinsic motivation; the principals need to motivate the agents so that the latter work
diligently and represent the principals’ true interests [5, 6]. The third approach is based
on intrinsic motivation and the agents’ innate abilities. Intrinsic motivation reflects the
innate psychological needs for competence and self-determination and its impact on the
cognitive effort and time devoted to the task. Both extrinsic and intrinsic motivations
have been extensively studied [e.g., 5, 7, 8].

Motivation provides a reason to expend time and effort; strong motivation likely
leads to using one’s analytical skills and other qualities of the analytical rational
information processing system, while weak motivation leads to the intuitive experi-
ential system being used [9, 10]. The latter relies on heuristics that are often the cause
of biases, albeit the analytical system may also produce biased answers due to the
individuals’ innate limitations and predispositions. Simon and Newell [11] and Tversky
and Kahneman [12], conducted extensive research of the issues and published the
results in their seminal works. Over 200 heuristics and cognitive biases were discov-
ered [13]; for some their impact on the decision-making errors and pitfalls was
assessed.

One heuristic that has not been researched in depth and, as far as we know, has not
been studied in the context of preference elicitation, is the individuals’ predisposition to
use round numbers. In an early experiment, Kaufman et al. [14] showed sets of dots
and observed that the participants had a strong tendency to produce round numbers,
i.e., numbers divisible by 5 [cf. 15, pp. 97–111]. Jansen and Pollmann [16] analyzed
texts corpora and noted that numbers divisible by five appear significantly more fre-
quently, than the numbers in between (except for the number ‘2’, which also appeared
significantly more frequently than 0, 1, 3, and 4).

One difference in the perception of round and sharp numbers is due to the assumed
effort in the number production [17]. Sharp numbers are seen as objective and accurate
because they imply that they were obtained through analysis and computation. In
contrast, round numbers being an approximation, are seen as subjective and imprecise
estimation of reality.

If the round numbers are used as an approximation of precise numbers and are
produced significantly more often than sharp numbers, then they may be used to
construct the principals’ preference system irrespectively of the principals’ actual
preferences. This possibility is studied here in the context of representative negotia-
tions. We focus on the heuristic of using round and sharp numbers in the assignment of
ratings used to construct a preference system. To this end, we conducted an experiment,
a part of which required the agents reconstruct their principals’ preferences based on
both verbal and graphical description.

This work has implication for the construction of the preference system by the
decision makers and their representatives. The heuristic of round numbers may lead to
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errors that may not be recognized in the elicitation models and procedures that are
embedded in decision and negotiation support systems. The design of these systems
should take into account the round number heuristic. Also, an inconsistency test may be
required to determine whether the preferences formulated by the agent reflect the
principal’s preferences accurately.

The paper has five more sections. Section 2 discusses round numbers as focal
points and the role of sharp and round numbers in decision-making. Section 3 presents
four research questions and Sect. 4 briefly describes the negotiation experiments. The
experiments’ results and the use of round numbers in the construction of the scoring
system are discussed in Sect. 5. Conclusions and discussion on future work are given in
Sect. 6.

2 The Use and Interpretation of Round Numbers

The round number heuristic belongs to the category of focal point heuristics which
directs or influences the decision maker’ choices. Other heuristics in this category
include anchoring, ideal points, and—in a more general sense—stereotypes. In the case
of numeric representation these heuristics are used to simplify the representation to
make it simpler and thus easier to think about [18, 19].

Focal point heuristics are used by individuals who need to assess an event or decide
on a value associated with an incident, attribute, or characteristic. When they use
rounded number (we call it RN heuristic), they are likely not to make an effort to
determine the true value but round it to a number divisible by 5. RN allows to process
numbers in an efficient and quick way. Their production is likely to be linked to the use
of intuitive feeling-based information processing system rather than the employment of
cognitively demanding analytical system. Conversely, processing of the sharp numbers
(SN) is likely to rely on the analytical rational system that requires cognitive effort and
analytical skills [20].

2.1 Frequency of Round and Sharp Number Use

Focal points are not necessarily RNs; for example, when people talk about time, focal
numbers are 7 (days in a week), 24 (h in a day), 365 (days in a year), etc. If, however,
they are required to give an uncertain value or choose a value from one of many, then
they choose RN more often than SN [21].

Mason et al. [22] review of negotiation exercises shows that all opening offers
made by 113 experienced executives and 243 MBA students were RN. The authors’
review of 1511 offers made by sellers in real-estate markets shows that only 2% of the
offers were SN. Under a reasonable assumption that the purpose of the opening offers is
to establish an anchor and indicate willingness to make a concession, the RN offers
need not be precise.

The tendency to use round numbers as approximations is clearly noticeable to the
extent that when people know precisely that the value is a round number and com-
municate it they have to explain that the value is the exact one. Reporting a sharp (not
round) number, however, does not need such an explanation [15, pp. 106–107].
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2.2 RN and SN Interpretations

One may argue that the use of RN is rational because it conserves energy and effort.
This may be the case in situations when RN and SN are equally likely to appear; such
situations are, however, quite rare. The energy and effort conservation is a result of the
use of intuitive experiential information processing system, therefore, communication
of RN is likely to be perceived by the recipients differently than SN.

Communication of RN led the recipients to rely on the affective and intuitive
dimensions (e.g., the relationship with the messengers and their appearance) while SN
led the recipients to rely more on the cognitive and problem specific dimensions (e.g.,
the importance of the product attributes and budgetary implications). The difference
between the perception of RN and SN has been observed in retail where prices are
determined strategically; buyers who were not highly price conscious found such price
as $19.99 substantially lower than $20.00, and $699 lower than $700 [17]. These
buyers, however processed such prices not as SN but as RN, i.e., they considered $699
much lower than $700 to minimize cognitive effort required paying attention to the
ending digit [23, 24].

RN and SN differently affect the adjustment of anchors. Janiszewski and Uy [25]
conducted several lab and field experiments in which the participants were given RN
and SN in 11 scenarios. The numbers established an anchor but the authors observed
that the adjustment was different for RN and SN. They observed that a SN-based
anchor required significantly less adjustment than a RN-based anchor, e.g., if the
anchor was price, then the participants’ estimation of price was significantly lower for
RN-price than for SN-price [cf. 26].

In the negotiation context, the opening offers have been found to act as strong
anchors and the negotiators are often biased in the direction of these offers [e.g., 27, 28].
Experiments show that SN-offers are more potent anchors than RN-offers because the
former convey the offer-makers’ confidence regarding the offer validity and true value.
Negotiators who make SN-offers tend to be seen as more informed and reasoned than
those who make RN-offers. RN-offers suggest that the offer-makers are less informed
and less confident in the offer true value leading to a weaker anchoring effect [22].

RN are salient values; they are most likely to come to mind when individuals are
trying to estimate a quantity that is uncertain. They are also likely to be used when the
estimation would require effort that the individuals are not willing to extend. Therefore,
the recipients of SN-type perceive their producers to be more persuasive and having
greater competency than the producers of RN [29]. However, the recipients’ knowledge
of the subject described by SN and their skepticism regarding the SN producer reduces
SN effect. On the other hand, if they trust the RN producer, then the difference between
SN and RN assessment decreases.

To sum up, most of the earlier studies focused on the comparison of the frequency
of RN and SN in different languages, text corpora, and decision processes and/or on the
additional information that RN and SN conveyed about their producers. These results
are useful here in that they show that different information processing systems tend to
occur. Because we study here the use of RN and SN in the agent’s re-construction of
the principal’s preferences, we are interested in the differences in the accuracy of the
re-constructed preferences.
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One study that deals with RN errors is the heaping measurement error, which is the
error observed in the subjects’ answers to survey’s open-ended questions. Roberts and
Brewer [30, p. 891] observed that all survey participants “all subjects who reported
some large numerical estimates gave a ‘round’ number, and thus a multiple of 5, as a
response.” They tested two estimation methods: method C1 checks the difference
between any given response and the responses given by neighbors to the given
response; and method C2 considers only one neighbor at a time. They report that C2

reduces the impact of the RN usage, the results, however, depend on the data set
(op. cit. pp. 892–894).

Roberts and Brewer’s [30, p. 891] approach is not directly applicable to our data set
because the participants of our experiments are asked to use a verbal and graphical
representation and make a numerical representation that is as accurate as it is possible.
This means that the participants measurement error can be determined precisely.

3 Research Questions

Earlier studies suggest that people tend to describe uncertain, ambiguous and/or fluid
situations using RN rather than SN. This lead us to formulate the following two
research questions:

RQ1: Do the agents assign RN more frequently than SN to represent preferences of
their principals, given that information about the principals’ preferences is imprecise?

RQ2: Do more agents formulate RN-type preference systems rather than SN-type?
Many negotiators assume that their first offer would not be accepted, instead its

purpose is to show their opening position and provide an anchor. Therefore, they tend
to use round numbers; they may view a sharp number as associated with a pressure
tactic indicating their inflexibility. The round numbers are perceived as intuitive while
the sharp numbers are perceived as reasoned and based on careful analysis. The
implication is that SN is the result of the rational analytical system (RAS) and RN are
produced by experiential intuitive system (EIS). Thu, we may expect that production of
RN to describe an object or phenomenon is likely to be associated with greater errors
than SN production. This leads us to formulate the following research question:

RQ3: Are agents who construct their principals’ preference system using RN more
inaccurate than agents who use SN?

Given the relationship between RN and SN and the use of EIS and RAS, we also ask:

RQ4: Do agents who use RN tend to rely on EIS and do agents who use SN tend to
rely on RAS?
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4 Experimental Setup

To answer the above four questions, we use data from online bilateral negotiation
experiments organized in 2015 and 2016 [31]. There were 984 students from the
universities in Austria, Canada, Netherlands, Poland and Taiwan and a few from other
universities.

The negotiation was between Fado, who represented a singer, and Mosico, a rep-
resentative of an entertainment company. Both principals (singer and company) had
their preferences regarding four negotiated issues; the four issues, options for each
issue and the principals’ preferences are given in Table 1.

The agents were not given the precise information shown in Table 1. Instead, the
singer’s and the company’s preferences were communicated, respectively, to Fado and
to Mosico in verbal and graphical format rather than numerical. An example of the
information shown in Fig. 1 describes relative importance of four issues communicated
to Fado. Similar information about the options for every issue was also given in the text
and graph format. The experiment participants played the roles of Fado and Mosico and
they were asked to use this information to reconstruct the principals’ preferences as
accurately as possible.

Table 1. Principal’s reference scoring systems for Mosico and Fado

Principal Reference principal’s ratings

No. of
concerts

No. of songs Royalties for
CDs

Contract
bonus

5 6 7 8 11 12 13 14 15 1.5 2.0 2.5 3.0 125 150 200

Singer 32 25 18 0 0 7 20 32 23 0 5 14 16 0 13 20
Company 0 23 31 39 0 6 16 30 24 10 20 15 0 11 5 0

Importance of the four issues: 
• You asked Ms. Sonata to think about the im-

portance of issues. She said that this is quite easy, 
every issue is important to her. But she added, 
she really does not want to have to many promo-
tional concerts, so it is very important to her that 
she has a few concerts as possible.  

• Ms. Sonata says that she must write as many new 
songs as she can, because this is her only way to 
enrich fans. This issue of new songs is equally im-
portant to the first issue promotional concerts. 

• Signing bonus is less important than the first two issues. Although she wanted like to 
make money, she must remain true to herself; that is, write and sign songs. 

• She is the least concerned with the royalties for CDs.
• The illustration of the issue importance is given in the figure.

Fig. 1. An example of private information for Fado
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The accurate scores for every issue are given in Table 1; they are the maximal
values in each issue; i.e., No. of concerts and No. of songs are equally important with
the weight of 32; Royalties has weight of 16; and Contract bonus’ weigh is 20. The
bars shown in Fig. 1 indicate the similarity and the differences in the weight values.

Comparing the preference ratings of Fado’s and Mosico’s principals we see that
there are more SN in Fado’s principal ratings than in Mosico’s principal ratings.
Because the use of RN and SN is context dependent, the consideration of both agents
may produce different results. Therefore, to find answers to the four research questions
we use ratings produced by Fado only.

5 Results

After eliminating incomplete records, the dataset consisted of 984 negotiators, among
them 498 Fado agents. The students playing this role were from universities from
Poland (40%), Austria (21.7%), China (8.2%), Taiwan (5%), Brazil (2.4%), France
(1.6%), Canada (1.4%), Spain (1.4%), Finland (1.4%), USA (1.2%), Ukraine (1.2%)
there were also students from 38 other countries represented with less than 1% from
each country. They average age was 23.5 years and 57.4% of them were female. Their
English proficiency was 4.77, understanding of the negotiation case 5.29 and negoti-
ation experience 2.85 on a 1-7 Likert scale (1-low and 7-high).

The preference representation scheme required that in every issue the worst option
had a rating equal zero. The participants were told that other options had greater rating
value. Nonetheless, there were 13% (65 cases) of Fados who assigned rating of zero
more than once in one or more issues. These participants were removed from the
dataset and we further analyzed the remaining 433 cases.

5.1 Distribution of Issue Ratings

The histograms of ratings re-constructed by the 433 participants for every negotiation
issue are shown in Figs. 2, 3, 4 and 5. The framed percent value (e.g., 5.8% in Fig. 2) is
the percent of the participants who assigned exactly the same ratings as Fado’s
principal.
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0 5 10 15 20 25 30 35 40 45 50 55 60

Fig. 2. The histogram of the ratings for issue No. of concerts
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For the No. of concert and the No. of songs, the two equally important issues, there
are over 71% and 72% of RN, respectively. The distributions of these rating fre-
quencies are given in Figs. 2 and 3.

The most frequent RN for the No. of concerts and for the No. of songs are 30, 35,
40. Rating equal to the principal’s value, i.e., 32, was observed in 5.8% and 6.9%
cases, respectively.
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Fig. 3. Histogram of ratings for the issue No. of songs
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Fig. 4. Histogram of ratings for issue Signing bonus
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Fig. 5. Histogram of ratings for Royalties issue
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The histogram of the Signing bonus issue is similar to the two earlier issues in that
only a small per cent (3.7%) of Fados selected SN equal to the principal’s rating (16).
Over 68% Fados selected RN, of which 60.6% selected 10, 15, 20, 25.

Royalties was the last and least important issue for the principal. The principal’s
rating for this issue was 20; 27.7% of Fados selected this rating. In total, 66.5% of
Fados selected RN and 33.5% – SN (62.7% selected 10, 15, 20 and 25).

We obtained similar results for the options within each issue. Given that every
participant was asked to select 12 numbers and there were 433 participants, results
show that 61.8% of all the ratings are RN-type and 38.2% are SN-type. This means that
the majority of ratings are of the RN-type. Thus, the answer to RQ1 is positive: the
agents assign RN more frequently than SN.

5.2 Three Groups of Agents

In the group of 433 Fados, we have only 4 (0.9%) who assigned SN to every issue and
option and 40 (9.2%) who assigned RN to every issue and option. Given that there
were 12 options that should be assigned a non-zero value (the remaining 4 must had
been assigned value 0), the remaining 389 Fados assigned between 1 and 11 RN.

For the purpose of further analysis, the agents were divided into three distinct
groups:

1. RNG are agents who assigned at least 10 RN (no more than 2 SN);
2. SNG are agents who assigned at least 10 SN (no more than 2 RN);
3. MNG is group of agents who assigned between 3 and 9 RN or, equivalently,

between 3 and 9 SN.

The number of agents in each group is as follows: RNG – 149; SNG – 33; and
MNG – 252. This means that more agents formulated the principals’ preferences using
RN than SN, that is, the answer to RQ2 is positive.

5.3 Agents’ Errors and Their Information Processing Systems

The accuracy of the agent’s representation of the principal’s preferences (see Table 1)
is measured with the Hammond ordinal measure DH and with the Manhattan (block)
cardinal measure L1 [see 32]. The comparison of the accuracy for the three groups is
given in Table 2.

Alter et al. [20] observed that the production of RN is likely to rely on the intuitive
experiential system while SN is likely to rely on the analytical rational system that
requires cognitive effort. These two systems may operate in parallel or one of them is
predominant. Epstein et al. [33] designed REI, a research instrument used to measure
the strength of the individuals’ rational and experiential processing systems.

The participants of the Inspire experiments were asked to answer questions included
in REI-20. To determine the two systems RA (rational analytical) and intuitive exper-
imental (EI), a confirmatory factor analysis with Varimax rotation and Kaiser normal-
ization was conducted. The Kaiser–Meyer–Olkin (KMO) measure KMO = 0.888
indicates adequate sampling. KMO-values for the individual items which are greater
than 0.802 are satisfactory [34]. The Bartlett’s test indicated that the correlations
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between the items were sufficiently large to perform factor analysis [v2(190) = 4185.85
p < 0.0001]. Both subscales RA and EI have high reliability with Cronbach’s a = 0.898
for Factor RA and a = 0.861 for Factor EI. The overall variance explained is 50.46%.
The values of RA and EI factors are given in Table 2.

Finally, a Mann-Whitney U test was used to analyze the differences between
accuracy and information processing systems for pairs of groups. The results are
presented in Table 3.

Using ordinal and cardinal measures we found that among the three groups the
RNG group is significantly less accurate than MNG and SNG. The accuracy of ARN
(all round numbers) subgroup of RNG is even lower; ARN is the least accurate. The
most accurate Fados belong to the group that uses both round and sharp numbers, i.e.,
MNG.

From Table 3 we obtain the answer to RQ3: agents who construct their principals’
preference system using RN are more inaccurate than agents who use SN. We do not
find, however, the confirmation to RQ4 that agents who use RN tend to rely on
experiential intuitive system, while agents who use SN tend to rely on rational ana-
lytical system. We find no significant (p � 0.800) difference between groups with
respect to EIS. There is only weakly significant difference (p < 0.1) between RNG and
MNG with respect to RAS. The agents from the group MNG are more
analytical-rational than those from the group ARN or RNG.

Table 2. Agents’ accuracy and their information processing systems

Agent group No L1 DH Factor AR Factor EI

Round Numbers (RNG) 149 67.70 3.08 −0.09 −0.02
All Round Numbers 40 71.17 4.70 −0.29 0.09
Mix Numbers (MNG) 251 64.38 2.78 0.08 0.01
Sharp Numbers (SNG) 33 58.06 2.48 −0.18 −0.01

Table 3. Agents’ scoring systems and REI

Test L1 DH Factor RA Factor EI

RNG vs MNG 0.011** 0.036* 0.082* 0.887
MNG vs SNG 0.080* 0.333 0.304 0.896
RNG vs SNG 0.002*** 0.049* 0.969 0.800
ARN vs SNG 0.006*** 0.000*** 0.542 0.965
*p < 0.1; **p < 0.05; ***p < 0.01
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6 Conclusions

We have identified a tendency to use round numbers in the reconstruction of the
principals’ preference values. The results confirm earlier observations that there are
spikes in the distribution at round numbers and round numbers are used more often
than sharp numbers. We also confirmed that the use of round numbers is associated
with greater errors. Members of the group who produced at least 10 RN out of 12
numbers made greater ordinal and cardinal errors than the members who produced
fewer than 10 RN. The most accurate group was the one that used no more than 2 RN
and not fewer than 10 SN.

To some extent, these results are context dependent. The communication of the
accurate numbers, i.e., the principal’s preferences, was indicative and inaccurate so that
the agents were likely to make cardinal errors. However, they should not have made
ordinal errors because the bars show the order unequivocally when their height dif-
ference is measured with natural numbers. We observed that the predisposition to use
round numbers increases ordinal error.

One implication of this study is that the designers of preference elicitation tools
may consider using linguistic or fuzzy scales rather than real or natural number scales.
We need to stress, however that, as far as we know, this is the first study on the use and
implication of round numbers in preference elicitation. In order to make better
informed recommendations, more studies are required.

We were unable to confirm the relationship between information processing sys-
tems used by the experiments’ participants and their tendency to produce round and
sharp numbers. It would appear that the use of the information processing type does not
depend on context and task. We found, however, no significant relationship between
rational analytical system and intuitive experiential system and the production of sharp
and round numbers. One possibility is that REI-20 instrument does not allow to assess
the strength of the two systems in individuals from different cultures or in the context in
which we used it. This issue should be studied further because decision and negotiation
support systems ought to be tailored to the abilities and predispositions of their users.
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Abstract. The neuroscience approach is considered to be a study of the neural
system and its implications for processes in the human body. Behavioral studies
in Multicriteria Decision Making (MCDM) still have a gap and in this context,
Neuroscience can be used as a decision support tool. Therefore, the aim of this
research study is to explore the potential of using graphical visualization in the
FITradeoff Decision Support System (DSS) by undertaking an eye-tracking
experiment and applying it to a decision problem. In the end, based on the
results, suggestions are made to the analyst and improvements are made to the
design of the DSS so that solutions could be found that accurately express a
decision maker’s preferences.

Keywords: Neuroscience � Multicriteria decision-making � FITradeoff
Eye-tracking

1 Introduction

The human brain is the most complex organ in the human body. Therefore, with a view
to reaching a better understanding of how the brain functions, the Neuroscience
approach was developed. Neuroscience engages on the study of neural system and
promotes understanding of how the mechanisms of our body function. Neuroscience
has been used by many areas of knowledge to improve systems [23].

With regard to decision making, this approach seeks to provide a fuller under-
standing of the mechanisms that underlie the decision process. As Neuroscience can be
related to the decision process of many different areas, some specific approaches have
been developed, such as: Neuroeconomics, NeuroIS, Consumer Neuroscience, Neu-
romarketing, Management Neuroscience and Organizational Neuroscience [20].

Neuroeconomics has become a complement to classical economic theories, since
these alone are no longer sufficiently broad to represent and fully encompass the
decision process [3, 4, 12, 15]. NeuroIS was developed to better understand cognition,
emotion and behavior processes and arose from research studies on neuro-adaptive
information systems [16].
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Consumer Neuroscience is used to identify consumers’ preferences, while Neuro-
marketing leads to products that are compatible with consumers’ preferences. These
approaches have been developing suggestions to guide design concepts and to present
products [5, 9, 13].

Due to neuroscience having become an important support tool for several areas of
knowledge, several kinds of equipment that measure body variables have been
developed. These include: galvanic skin response sensors, heart rate meters; and
devices that measure electric signals between neurons, the oxygenation rate of
hemoglobin molecules, and ocular movements.

In this context, experiments have been developed using tools to analyze some
decision situations. Using fMRI (functional Magnetic Resonance Imaging) to analyze
brain activation, Sanfey et al. [17] presented a simple game, called Ultimatum Game, to
evaluate the limitations of classical economic models in providing a real representation
of the decision-making process. Goucher-Lambert et al. [5] and Sylcott et al. [21]
evaluate consumers’ preference judgments for sustainable products and the combina-
tion of the form and function of a product.

With specific regard to eye movements, using eye-tracking, Ares et al. [1] and
Guixeres [6] evaluate the differences between yogurt labels and the effectiveness of
ads. Using eye-tracking and electroencephalograph (EEG), Slanzi et al. [19] and
Khushaba [9] evaluate clicks on five websites and consumers’ preference for three
types of crackers.

As to the multicriteria decision process and Neuroscience, there are papers in the
literature that evaluate several criteria but none of them use Neuroscience as tool to
support multicriteria decision processes, showing the gap between these approaches
[7, 10].

Therefore, this paper sets out to evaluate behavioral aspects in the FITradeoff
method. To do so, an experiment was undertaken and results evaluated. This experi-
ment was developed to analyze the specific step of graphical visualization in the
FITradeoff Decision Support System (DDS). Thus, the research question concerns how
decision makers evaluate graphical visualization and, therefore, how does this lead
them to select the best alternative. To conduct this experiment, eye-tracking equipment
was used. There were two end-purposes: to give insights to the analyst and to improve
FITradeoff DSS.

This paper is organized as follows. Section 2 gives a brief description of the
FITradeoff Method. Section 3 describes a behavioral experiment; Sect. 4 gives the
results from the experiment while Sect. 5 analyzes and discusses these results. Final
remarks are made and some conclusions are drawn in Sect. 6, which also suggests
some lines for future research studies.

2 Flexible Interactive Tradeoff Method

The Flexible Interactive Tradeoff method - FITradeoff [2], was developed in order to
elicit scaling constants in the context of Multi-Attribute Value Theory – MAVT [8].
This method is based on the Traditional Tradeoff [8] which has the same axiomatic

Neuroscience Experiment for Graphical Visualization 57



structure, but FITradeoff has some advantages when compared with the traditional
method.

The FITradeoff method has three steps, which seek to evaluate the intra-criteria
utilities, to rank the criteria weights and to evaluate the criteria weights. The first step is
common to most multicriteria methods and in this case, the decision maker (DM) im-
ports the decision matrix.

The second step is the same as in the Traditional Tradeoff, namely, the DM
compares the criteria weights and ranks these criteria. After this step, the first inequality
is obtained, presented in expression (1), in which ki is the scaling constant of criterion i.

ki [ kj [ km. . .kn ð1Þ

The third step is characterized as being when consequences are compared in the
decision matrix. Thus, adjacent criteria are compared. The best consequence of the
second criterion is compared to a hypothetical consequence of the first criterion, which
is lower than the best consequence of the first criterion. So, from a relation with the
strict preference expressed by the DM, two inequalities can be obtained, as shown in
expressions (2) and (3).

kjvjðx0jÞ[ kjþ 1 ð2Þ

kjvjðx00j Þ\kjþ 1 ð3Þ

Compared to the Traditional Tradeoff elicitation procedure, the difference between
this step and the original one is the absence of the indifference point. In FITradeoff, the
DM does not need to express the exact point of indifference, which is why it is
considered to be cognitively easier to understand. According to Weber and
Borcherding [22], difficulties found in identifying indifference points leads to 67%
inconsistency in results.

After each comparison has been made by the DM, a linear programing problem
(LPP) is solved using the inequalities obtained above. These inequalities represent the
DM’s preference for one or other consequence. Thus, after each LPP has been solved,
the range of initial alternatives decreases and they become Potentially Optimal Alter-
natives (POA). FITradeoff is considered interactive because of this step, where the DM
makes comparisons and analyzes POA throughout the whole process.

Another advantage of FITradeoff is that it presents information that can be visu-
alized graphically, in particular POAs, which helps the DM to make decisions. This
feature characterizes FITradeoff as being a flexible and important tool because the time
that the DM takes to process information is reduced and consequently, the DM can
reach the final solution more quickly and therefore stop the process of seeking the best
alternative.

Besides making use of a Neuroscience approach, the focus of this research is on
analyzing ways to use graphical visualization. The next section discusses the three
types of graphical visualization supported by the FITradeoff DSS (Bar Graph, Bubble
Graph and Spider Graph – see Fig. 1) and other two added. The FITradeoff elicitation
process is illustrated in Fig. 2.
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The FITradeoff method is available by request to the authors at www.fitradeoff.org.

3 Behavioral Experiment with Neuroscience Tools

Graphical Visualization can be present in a decision-making process as a support tool
to help the DM. Therefore, an experiment was undertaken, the purpose of which was to
analyze how the DMs both understood different types of graphic visualization and used
them to make decisions.

Fig. 1. FITradeoff graphics

Fig. 2. FITradeoff process
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Five types of visualization were used in the experiment, namely: Bar Graph (G),
Bubble Graph (GBubble), Spider Graph (GSpider), Table (T) and Bar Graph with
Table (GT). In total, twenty-four graphics were compiled, which consisted of different
combinations of items (alternatives vs. criteria) and different scale constants (same
weights (S) and different weights (D)).

Bar graphics were the most predominant type, with eighteen units, which differed
from each other by having three, four and five alternatives and criteria. These eighteen
graphics were split into two groups of nine, one of which had the same weights and the
other had different weights. For example, GS3A3C is the acronym for the bar graphic
with the same weights, 3 alternatives and 3 criteria and GD4A5C is the acronym for the
bar graphic with different weights, 4 alternatives and 5 criteria.

As to Bubble graphs and Spider graphs, only one unit of each was developed with
the same weights, four alternatives and five criteria (GSpider4A5C and GBub-
ble4A5C). For the Table and Bar Graph with Table, two units were developed with the
same weights, three or four alternatives and five criteria (T3A5C, T4A5C, GT3A5C
and GT4A5C). These types of visualization were developed to compare with the
corresponding bar graphics (GS3A5C and GS4A5C) aiming to analyze which is the
best for the DM.

After the graphics had been developed, they were mixed into three distinct
sequences. The first sequence, called S1, was characterized by the growth in the degree
of difficulty for the DM related to the number of items. S1 was developed with nine bar
graphs, with the same weights, followed by the six others types of visualization and
finally nine bar graphs with different weights. The second sequence, S2, had the
characteristic of decreasing degree of difficulty and was constructed in the opposite
way to S1. And finally, S3 presented the bar charts in a totally random way. In general,
sequences had twenty-four visualization shapes, varying the position of the bar graphs
and keeping the different visualization shapes, in the middle of the sequence.

To conduct the experiment the eye-tracking equipment X120 by Tobbi Studio was
used. This equipment uses emission of infrared rays and the reflection of these by the
cornea to measure the eye movements. Based on elements present in the eye-tracking
software, the three similar experiments, each of which had one sequence, comprised:
explanatory slides, images of each form of visualization and questionnaires. The
questionnaires were presented after each image and had the following question: What is
the best alternative?

The best alternative was previously defined by the researcher using the Additive
Model [19]. The researcher wished to evaluate the hit rate (HR) for each graph and how
it interacted with the left eye pupil diameter (LEPD) and fixation duration (FD).

An initial sample of fifty-four management engineering students and PhD profes-
sors took part in the experiment. A total of thirty-six recordings of eye movements were
used and the results from these were analyzed. The recordings were of sixteen
undergraduate students, ten master’s degree students, six doctoral students and four
PhD Professors. The sequence in which each participant took part in the experiment
was determined at the convenience of the researcher and in accordance with the
availability of the participants. There was a sample population of twelve participants
for each of the sequences.
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Finally, meetings were held in the NSID (NeuroScience for Information and
Decision) laboratory. Prior instructions were provided in same way for each participant
and the research project was approved by the Ethics Committee of the Federal
University of Pernambuco before the data were collected. Figure 3 shows a participant
taking part in a real experiment.

4 Results of the Experiment

Based on variables collected in the experiment, some results were generated in order to
analyze the HR variable. This was considered the most relevant variable because of its
relationship to the research question: how do participants understand the graphical
visualization forms and, therefore, how does this lead them to select the best
alternative?

Hit Rate values were derived from the ratio of the number of correct answers to the
total number of answers for each graph. A correct answer was deemed to be the best
alternative for each graph, previously found by the Additive Model. Therefore, the
researcher compared the participants’ answers to the questionnaires with the answers
from the Additive Model to determine how many of a participant’s answers were
correct. Table 1 presents the HR for each type of visualization, following the order that
it appears in each sequence.

Fig. 3. A participant in the experiment
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The first analysis was developed in an attempt to explain HR using the FD, based
on the reasoning: the longer that a graph is visualized, the more difficult it is to analyze
it and the lower the HR value. Thus, the following research question was: Is there a
correlation between the variables (FD and HR) for each sequence?

In order to develop this analysis, the original FD values that had been extracted
from each of the recordings, were simplified. The average of the twelve values
extracted for each graph, was calculated, resulting in a final value for each graph, as
shown in Table 2.

Table 1. Hit rate

S1 HR S2 HR S3 HR

GS3A3C 83% GD5A5C 42% GS3A4C 92%
GS4A3C 25% GD4A5C 58% GD4A5C 67%
GS5A3C 58% GD3A5C 25% GS3A5C 33%
GS3A4C 92% GD5A4C 75% GD5A4C 75%
GS4A4C 50% GD4A4C 8% GS4A4C 75%
GS5A4C 75% GD3A4C 25% GD4A3C 50%
GS3A5C 17% GD5A3C 25% GD3A4C 8%
GS4A5C 50% GD4A3C 67% GD5A3C 33%
GS5A5C 75% GD3A3C 33% GD3A5C 33%
GSpider4A5C 75% GSpider4A5C 100% GSpider4A5C 92%
GBubble4A5C 42% GBubble4A5C 58% GBubble4A5C 50%
T3A5C 25% T3A5C 17% T3A5C 33%
T4A5C 83% T4A5C 92% T4A5C 75%
GT3A5C 25% GT3A5C 8% GT3A5C 8%
GT4A5C 50% GT4A5C 75% GT4A5C 75%
GD3A3C 42% GS5A5C 58% GS5A4C 67%
GD4A3C 58% GS4A5C 75% GD5A5C 58%
GD5A3C 17% GS3A5C 8% GS3A3C 100%
GD3A4C 25% GS5A4C 75% GS4A3C 50%
GD4A4C 8% GS4A4C 67% GS5A5C 92%
GD5A4C 83% GS3A4C 100% GD3A3C 75%
GD3A5C 17% GS5A3C 58% GD4A4C 17%
GD4A5C 42% GS4A3C 33% GS4A5C 92%
GD5A5C 42% GS3A3C 100% GS5A3C 75%
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The second analysis was developed to evaluate the HR using the LEPD. As to pupil
diameter, several studies have proven that this variable has a strong relationship with
the intensity of mental activity: the diameter is greater when a greater effort is made
[11, 14].

Thus, this analysis is based on the reasoning: the larger pupil diameter is, the more
difficult it is for someone to analyze a visual and therefore the lower the HR value is.
A similar research question was drawn up to test this hypothesis: Is there a correlation
between the variables (LEPD and HR) for each sequence?

In order to perform this analysis, all LEPD values captured during the recordings
were extracted and separated into each visualization type for each participant. There-
after, an average was calculated for each participant and thus a single value of the
LEPD in each visualization type was obtained. Finally, another average was calculated
of the twelve values of LEPD, found for each participant and thus, a unique value for
each graphic in each sequence was obtained. For all visualization shapes, the LEPD
ranged between 4.05 and 4.75 mm.

Table 2. Average duration of fixation in milliseconds

Graphics FD for S1 FD for S2 FD for S3

GS3A3C 11.75 11.51 15.22
GS4A3C 13.67 11.68 17.78
GS5A3C 14.3 16.46 21.77
GS3A4C 14.42 19.36 21.78
GS4A4C 16.04 24.18 22.56
GS5A4C 17.02 25.11 24.72
GS3A5C 17.22 26.04 25.37
GS4A5C 20.14 27.31 27.11
GS5A5C 20.5 28.01 28
GD3A3C 20.53 29.01 28.89
GD4A3C 22.02 29.46 29.1
GD5A3C 23.94 29.85 29.88
GD3A4C 24.85 30.04 30.11
GD4A4C 25.39 30.13 30.35
GD5A4C 25.82 30.46 31.02
GD3A5C 27.53 31.08 31.52
GD4A5C 28.77 31.65 31.54
GD5A5C 29.28 35.2 35.06
GSpider4A5C 29.38 35.84 35.5
GBubble4A5C 31.82 37.89 40.07
T3A5C 32.29 42.83 41.16
T4A5 37.14 44.66 46.29
GT3A5C 38.3 45.06 53.68
GT3A5C 44.52 59.41 54.87
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Only the left eye was chosen for the analysis so as to simplify the research
experiment. Choosing to do so is supported by the literature which gives evidence that
the results from analyzing either eye are indifferent to each other [18].

For these two analyses, the Spearman Correlation was applied to find the rela-
tionship between the variables selected for evaluation. The results are given in Table 3.
The absence of a strong causality between these variable was evidenced by the low
correlation rates.

Because of the absence of correlation in the analysis above, a final descriptive
analysis was developed with a view to recommending a minimum confidence level for
graphs with the same number of items. The aim of this descriptive analysis was to
support the analyst in his recommendations on whether or not to use graphical visu-
alization in decision problems.

To perform this analysis, a quality interval was constructed using percentage of
acceptance levels estimated by the researcher based on the amount of wrong answers in
each graph. This interval was built using levels of acceptance on the number of wrong
answers in each graph, as shown in Table 4.

Therefore, from the aggregation of the HR and the classification for each graphic,
the minimum confidence level was estimated based mainly on worst values of HR in
S3. This category was chosen due to the randomness of S3 thus trying to find a more
assertive level of confidence for all graphics. The confidence level for six types of
visualization, comparing with the corresponding bar graph, is shown in Table 5. For
the bar graph, those with equal weights are compared to those with different weights, as
shown in Table 6.

Table 3. Results of the Spearman Correlation

Variables S1 S2 S3

FD: HR −0.13 −0.29 0.01
LEPD: HR 0.32 0.24 −0.01

Table 4. Quality interval

Percentage Maximum number of errors Classification

p1 < 0.2 2.4 VG - Very Good
p2 < 0.3 3.6 G - Good
p3 < 0,5 6 R - Satisfactory
p4 < 0.6 7.2 D - Unsatisfactory
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Table 5. Confidence level for six other types of visualization

Graphics S1 S2 S3 Level of confidence

GS3A5C 0.17 0.08 0.33 10%
Classification D D D
T3A5C 0.25 0.17 0.33
Classification D D D
GT3A5C 0.25 0.08 0.08
Classification D D D
GS4A5C 0.50 0.75 0.92 75%
Classification R G VG
GSpider4A5C 0.75 1.00 0.92
Classification G VG VG
GBubble4A5C 0.42 0.58 0.50
Classification D R R
T4A5C 0,83 0.92 0.75
Classification VG VG G
GT4A5C 0.50 0.75 0.75
Classification R G G

Table 6. Confidence level for bar graphs

Graphics S1 S2 S3 Level of confidence

GS3A3C 0.83 0.42 0.92 75%
Classification VG VG VG
GD3A3C 0.42 0.33 0.75
Classification D D R
GS4A3C 0.25 0.33 0.50 50%
Classification D D R
GD4A3C 0.58 0.67 0.50
Classification R R R
GS5A3C 0.58 0.58 0.75 30%
Classification R R G
GD5A3C 0.17 0.25 0.33
Classification D D D
GS3A4C 0.92 1.00 0.92 30%
Classification VG VG VG
GD3A4C 0.25 0.25 0.08
Classification D D D
GS4A4C 0.50 0.67 0.75 20%
Classification R R G
GD4A4C 0.08 0.08 0.17
Classification D D D

(continued)
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In addition to the analyses of the HR, another complementary analysis was
developed using areas of interest (AOI) to further enhance the FITradeoff DSS. Areas
of interest were regions drawn in each graphic to collect the variables. Based on
eye-tracking, the FD was collected for each graph and for each specific area within the
graphs. Thus, areas of interest were set for each criterion, in each bar graphics with
different weight, in order to evaluate how participants visualized each criterion and
with a view to confirming that weights were being positioned consistently (from left to
right) in the FITradeoff DSS. The Table 7 shows the criterion most visualized in each
graphic for each sequence.

Table 6. (continued)

Graphics S1 S2 S3 Level of confidence

GS5A4C 0.75 0.75 0.67 75%
Classification G G R
GD5A4C 0.83 0.75 0.75
Classification VG G G
GS3A5C 0.17 0.08 0.33 30%
Classification D D D
GD3A5C 0.17 0.25 0.33
Classification D D D
GS4A5C 0.50 0.75 0.92 70%
Classification R G VG
GD4A5C 0.42 0.58 0.67
Classification D R R
GS5A5C 0.75 0.58 0.92 60%
Classification G R VG
GD5A5C 0.42 0.42 0.58
Classification D D R

Table 7. AOI analysis

Graphics Decreasing weights S1 Decreasing weights S2 Decreasing weights S3
Most
looked
AOI

Second most
looked AOI

Most
looked
AOI

Second most
looked AOI

Most
looked
AOI

Second most
looked AOI

G3A3C Criterion 2 Criterion 1 Criterion 2 Criterion 1 Criterion 2 Criterion 1
G4A3C Criterion 2 Criterion 1 Criterion 1 Criterion 2 Criterion 2 Criterion 1
G5A3C Criterion 2 Criterion 1 Criterion 2 Criterion 1 Criterion 2 Criterion 1
G3A4C Criterion 2 Criterion 1 Criterion 2 Criterion 1 Criterion 2 Criterion 1
G4A4C Criterion 1 Criterion 2 Criterion 2 Criterion 1 Criterion 2 Criterion 3
G5A4C Criterion 2 Criterion 1 Criterion 1 Criterion 2 Criterion 2 Criterion 3
G3A5C Criterion 2 Criterion 1 Criterion 2 Criterion 1 Criterion 1 Criterion 2
G4A5C Criterion 1 Criterion 2 Criterion 2 Criterion 1 Criterion 1 Criterion 2
G5A5C Criterion 1 Criterion 2 Criterion 1 Criterion 2 Criterion 1 Criterion 2
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Thus, based on Table 7, for graphs different weights, the left and central criteria
were the most visualized since they received the highest FD. This result proves that
criteria were properly positioned in the FITradeoff DSS. The next section offers further
comments on the results developed.

5 Discussion of Results

The goal of the experiment was to evaluate the graphic visualization, given the flexi-
bility that this tool brings to FITradeoff method. In addition, based on the research
question – how do decision makers evaluate graphical visualization and how do they
use this to select one of the final alternatives? There were two main purposes – to
evaluate whether or not the graphic visualizations both aid the analyst to have insights
and improve the FITradeoff DSS. The analyses that were developed are discussed in
this section.

The Hit Rate variable was focused on in this research due to its relevance for the
research question. Therefore, two variables (FD and LEPD) were collected using
eye-tracking and the Spearman Correlation (HR v FD and HR v LEPD) was calculated
in an attempt to explain the HR.

However, based on the results of the correlation, it was not possible to verify the
relationship between these variables. So, it was not possible to state anything about the
difficulty related to the number of items, based on FD and LEPD. To further explore the
HR, a descriptive analysis was performed, thereby providing a confidence level for
each type of visualization which had a similar number of items.

Therefore, based on the confidence level, some conclusions can be supposed. First,
S3 had a greater number of hits than the other two sequences. Secondly, the bar graphs
with equal weights had a higher HR when compared individually with graphs with
different weights. Thirdly, the Spider graph may be more appropriate for problems with
a large number of items and, fourthly, in this experiment, the Tables received a higher
HR compared to the other types of visualization.

Based on these conclusions and the two main goals of the experiment, give insights
to the analyst and improve FITradeoff DSS, it is observed that: the conclusions about
bar graphs with equal weights and the spider graph can be used by the analyst, in
addition to Table 2, as possibilities that may well assist solving decision problems. And
the fourth conclusion that tables receive a higher HR than other forms of graphical
visualization can be used as a recommendation to include the possibility of using them
in FITradeoff DSS, since they have not been included already. As to enhancing
FITradeoff DSS, based on AOI analysis, this form of analysis confirmed that when
criteria weights are placed in left-central positions, they received the highest FD and
consequently highest weights.

More generally, in addition to discussions about results, further questions can also
be generated. Thus, this research study leads to the need to ask further questions, such
as: If the sample is most diverse, would tables continue to lead to better HR? Were
other factors maybe associated with HR? This factor can be the way of how data was
composed (indicating that some decision matrices should not be used to build graph-
ics)? These questions can be explored in future research.
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6 Conclusion

Neuroscience approach is characterized as a study of the neural system and how this
affects processes in the human body. Therefore, this research study was developed with
a view to integrating neuroscience into a multicriteria decision-making approach, and
in particular, for the FITradeoff Method.

Several studies in the literature have applied neuroscience experiments to
decision-making, but most of them are related to decision in cognitive sense within a
health context. As regard to decision-making in the organizational context, most of
these studies are related to risk decision analysis, many of them within utility theory
background. Yet, no studies have been found in the literature which do so in con-
junction with specific multicriteria methods, as it is the case of either tradeoff elicitation
procedure or FITradeoff method. Thus, this paper has developed and applied an
experiment, using eye-tracking, to investigate how the participants understood graph-
ical visualization and if this led them to selecting the best alternative. The objectives
were to improve the design of the DSS and to assist the analyst in obtaining insights.

As to the first objective, a confidence level for each type of visualization was
developed and can be used in any other multicriteria method at the discretion of the
analyst. This possibility is particularly helpful if the analyst has not been hitherto aware
of what graphical visualization shapes may assist in tackling decision problems. With
regard to the second objective, this paper shows that preliminary studies indicate that
the use of tables led the participants to better answers than other visuals. Currently, the
DSS does not include the possibility of using tables. Therefore, this paper suggests that
including tables in the DSS may well assist a DM. Further studies need to be conduct
on this topic and also to consider the possibility that this may depend on different DM’s
styles.

Finally, as suggestions for future research studies, the authors recommend devel-
oping experiments to investigate issues in eliciting preferences which is related to Step
three of the FITradeoff method. Secondly, it would be helpful to replicate the exper-
iment undertaken in this study with a larger and more diverse sample population.
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Abstract. This study uses the Thomas-Kilmann Instrument (TKI) to analyze
the negotiators’ predispositions in handling conflicts in online negotiations. It
explores the impacts of the individual predispositions on the negotiation pro-
cesses and outcomes. The results show that TKI scores are significantly related
to both the efforts that the negotiators put in their negotiation activities and the
achieved agreements. The results also show that the various compositions of
individual predispositions in dyadic negotiations can lead to different results.

Keywords: Bilateral negotiation � Online negotiation experiments
Individual predispositions � Thomas-Kilmann Instrument

1 Introduction

Negotiation is a mechanism frequently used to resolve conflicts or solve problems
involving two or more individuals or organizations. During their negotiations nego-
tiators need to evaluate offers and arguments they receive from their counterparts and
decide on their own offers and arguments. Individual characteristics influence the
negotiation process and its outcomes. However, empirical studies differ in their
assessment of the impact of individual characteristics on negotiations. Potential reasons
include the negotiators’ ability to adapt to different contexts, problems, and counter-
parts, individual characteristics distorted by situational factors, and the confounding
effect of the other party [1–3].

It is a challenge to decide on an effective way to group negotiators into specific
categories of characteristics in order to obtain a large enough sample for analysis. In the
last decade, the InterNeg Research Centre conducted online experiments for both
training and research purposes [4]. More than 1000 dyadic negotiations with anony-
mous partners have been conducted. To capture the participants’ predispositions
regarding five conflict-handling approaches, prior to the negotiations they were asked
to answer Thomas-Kilmann Instrument (TKI) questions [5]. Based on the data col-
lected from the experiments, the current study investigates the influence of individual
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predispositions on negotiation by exploring the impact of TKI scores on negotiators’
efforts during the negotiations and negotiation outcome. The results show that TKI can
be used to distinguish individual negotiators in terms of their general predispositions to
conflict resolution.

In most cases the negotiators have strong and medium predispositions to two or
three approaches. This allows them to select an approach that they consider the most
fitting a particular situation as well as to change the approach during the negotiations
[6, 7]. The negotiators who face exactly the same type of conflict and who are placed in
the same situational context should employ their strongest and the best-fitting predis-
positions. The question asked here is as follows: Do the negotiation predispositions,
subject to the perturbations introduced by the anonymous counterparts, influence the
negotiators’ aspirations and their behavior?

The analysis of the negotiation data shows that the predispositions indeed influence
the negotiators’ aspiration levels and the negotiation process and its outcomes.

2 Dual Concern Model and Thomas-Kilmann Instrument

Blake and Mouton [8] proposed the “managerial grid”, a model to assess managers’
conflict caused by their concern for people and concern for results. Managerial grid
offers a perspective on social value orientation that is particularly suitable in studies of,
and approaches to, negotiations. To stress its applicability in negotiations, it was
renamed as a dual concern model. It has been used in negotiation research and verified
in numerous studies [e.g., 9–11]. The adapted model uses the strength of the nego-
tiator’s concern for self and concern for others (counterpart) to determine the nego-
tiation approach predisposition. These two concerns are used to specify the following
five predispositions of the negotiators: (1) avoiding conflict and disengaging with the
counterpart; (2) accommodating requests of the counterpart; (3) competing with the
counterpart to achieve as much as possible; (4) collaborating to achieve a solution that
satisfies both parties; and (5) compromising which involves making and demanding
concessions to achieve a solution that both sides can accept [7].

Several research instruments to measure negotiators’ predispositions towards the
five conflict-handling modes were developed [12]. One of the most widely used
instruments to measure the propensity for negotiation approach is TKI (also called
MODE) formulated by Thomas and Kilmann [13]. TKI uses a variant of the dual
concern model with the dimensions describing assertiveness (effort to satisfy own
concerns) and cooperativeness (effort to satisfy the counterpart’s concern). It is a
forced-choice instrument designed to create an individual profile which is a vector of
five values (from 0 to 12) associated with each approach [14]. TKI has been com-
mercialized and used to help individuals understand the impacts of different
conflict-handling modes in various settings [15].
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3 Inspire Bilateral Online Negotiations

Inspire is an e-negotiation system supporting bi-lateral multi-issue negotiations with
enhanced negotiation analytic methods, communication, and dynamic user-controlled
graphical tools [16, 17]. The system has been used in both lab and online negotiation
experiments.

3.1 Inspire System and Experiments

In 2009 the GRIN project (global research in Internet negotiation) was initialized by a
group of researchers and instructors from multiple universities in 5 different countries
[4]. The Inspire system became part of the GRIN’s activities. Over the last decade,
online negotiations via Inspire have been regularly conducted for students and profes-
sionals from different countries. The system has been used to augment and enhance
courses. For that purpose, teaching materials, lecture notes, slides and assignments were
designed. Participants were asked to consent to the collection of their negotiation
transcripts and to fill in pre- and post-negotiation questionnaires. The InterNeg Research
Centre did not provide any specific incentive to participants, instead the Centre
requested that instructors integrate the Inspire negotiation in their courses and use it and
the accompanying report as an assignment.

Most of the Inspire users found the system easy and fun to use. They have enjoyed
online discussions with unknown opponents. They were able to use different strategies,
learn more about negotiations and negotiation support, and work on their communi-
cation and negotiation skills.

To provide participants with real-life-like context and enhance their engagement,
several business cases were created. One of the most often used cases that young
participants from different countries could relate to was “Yowl-Pop”. This case
involves a music artist and an entertainment company negotiating a contract. The
scenario involves four issues, each of them has several options (http://invite.concordia.
ca/cases/inspireYowlPop.html). An agreement can be made when the two parties agree
upon a contract that contains one option for each issue.

The negotiation process of each Inspire negotiation is divided into three phases:
negotiation preparation, negotiation, and post-settlement. Participants were asked to fill
in TKI questionnaire, during the negotiation preparation phase. Then, they read the
materials related to the case. According to the information contained in the business
scenario, they specified their preferences with the issues and options. Before the par-
ticipants started their negotiations, they were asked to specify the best contract that they
may achieve and the worst-but-acceptable contract. In the negotiation and
post-settlement phase, the elicited preferences were used to provide decision support to
the participants. The utility (score) of the expected and achieved agreements were also
measured based on the elicited preferences.

3.2 The Dataset

The participants were paired into dyads; as a rule, students from one university rep-
resented one side of the case: either the agent of the musician or the manager of the
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entertainment company. In total, 1994 individual observations were obtained after
cleaning the data. All the participants of the current study answered the TKI questions.
The reported age of the majority sample (i.e., 80.2%) was between 20 and 30. The data
were collected from eleven online experiments conducted between 2010 and 2016.

The composition of the data in chronological order is reported in Table 1. The
dataset of each online experiment is further decomposed according to gender. Overall,
the number of female participants is slightly higher than that of male participants.

4 Results

The TKI has been used for over forty years as an instrument to assess general strength
of individual predispositions to conflict situations [5]. Inspire users were asked to fill in
TKI questionnaire prior their negotiation preparation activities.

4.1 Comparison of CPP and Inspire TKI Results

The CPP Inc. (https://www.cpp.com) developed a report with a normative sample that
can be used to guide applications of the TKI instrument and interpretation of its results
[18]. The normative sample comprises 8,000 American respondents. The selection of
the sample is balanced between males and females. The selection also represents
respondents’ different levels in organizations, ethnicities, regions of the United States,
and so on.

The CPP’s normative sample is restricted to the United States. In contrast, the
majority of respondents in our dataset are from outside of North America. The com-
parison of the Inspire sample and the CPP sample was conducted to check for both the
consistency and the differences in our dataset and the CPP normative sample. The
comparison of TKI raw scores on three level of percentiles is reported in Table 2.

Table 1. Participants in the Inspire negotiations

Experiment (year/month) Age (20–30) Gender Total
Female Male Missing

2010/12 195 116 111 8 235
2011/05 122 58 74 75 207
2011/10 138 67 88 0 155
2012/04 107 66 45 0 111
2013/04 219 109 121 0 230
2013/11 87 70 73 0 143
2014/04 253 177 136 0 313
2014/11 53 34 33 0 67
2015/04 233 164 117 0 281
2015/11 31 28 32 0 60
2016/04 161 115 77 0 192
Total 1599 1004 907 83 1994
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TKI adopts a forced-choice approach, in which respondents have to make choices
between 30 pairs of statements [13]. The choices of the respondents are counted to
form the raw TKI scores. The TKI percentile scores are obtained by rescaling the raw
score within a sample.

Table 2 shows that the raw sores in competing, compromising, accommodating,
and avoiding modes at the top 25% are the same as those of CPP. The scores between
0% and 25%, and between 25% and 75% percentile are close to those of CPP nor-
mative sample. The only difference is the collaborating predisposition. Strong collab-
orating predisposition (i.e. 75%–100%) has a wider score range for the Inspire
negotiators than for the CPP sample, i.e., 6–12 vs. 9–12. In contrast, weak collabo-
rating predisposition has narrower score range for Inspire sample than for the CPP
sample, i.e., 0–3 vs. 0–4. The score range for medium collaborative predisposition is
much narrower for Inspire data than for CPP data, 4–5 vs. 5–8. The comparison results
indicate fairly good reliability and validity of TKI in the current research setting.

Possible factors behind this difference include culture, age, occupation, and place of
residence. The majority of respondents in our dataset are younger than those in CPP
normative sample. Most of them are students from different global regions rather than
from the US only. Unfortunately, it is not possible to explore which is the key factor
that causes the differences.

4.2 The Effects of TKI on Negotiation Effort and Aspiration

The correlations of TKI scores with a set of measures are examined here in order to
determine the effect of TKI scores on the negotiators’ aspirations before the negotia-
tions and their effort during the negotiations.

We selected the following four variables to represent the effort: the number of
offers, the number of messages, negotiation time, and the length of messages (i.e., the
no. of characters). The correlations are given in Table 3.

The negative and significant correlation between the competing score and the
number of messages indicates that negotiators with strong competing predisposition
tend to send fewer messages. This result also suggests that negotiators with strong
competing predisposition may spend less effort persuading their counterparts, since
persuasion can only take place in messages in their negotiations. In contrast, nego-
tiators with strong collaborating predisposition tend to send more and longer messages,
since the collaborating score significantly correlates with both the number of messages

Table 2. TKI raw score comparison of Inspire and CPP samples

Range Competing Collaborating Compromising Avoiding Accommodating

Inspire CPP Inspire CPP Inspire CPP Inspire CPP Inspire CPP

Top 25% 7–12 7–12 6–12 9–12 10–12 10–12 8–12 8–12 7–12 7–12

Middle 50% 3–6 3–6 4–5 5–8 7–9 6–9 5–7 5–7 3–6 4–6

Bottom 25% 0–2 0–2 0–3 0–4 0–6 0–5 0–4 0–4 0–2 0–3
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and the length of messages. This result indicates that these negotiators put more effort
in persuading their counterparts.

The compromising score significantly and negatively correlates with the number of
offers, which suggests that the negotiators with strong compromising predisposition
send fewer offers. This result also suggests that these negotiators were more likely to
wait for their counterparts to propose offers and then they could consider whether the
offers were acceptable.

The avoiding score correlates positively with the number of offers and negatively
with negotiation time. This result suggests that the stronger the avoiding predisposition
of a negotiator, the more offers will be sent but less time will be spent. These nego-
tiators tend to interact less with their counterparts, while they tried more offers that
were more substantive to potential agreement.

The correlations between TKI scores and the utility value of the expected best
contract and the utility value of the worst contract that negotiators expected were tested.
These two values reflect the negotiators’ aspiration levels regarding their negotiation.
The correlations show that the accommodating score negatively correlates with the
expected agreement score and the score of the worst acceptable agreement.

4.3 Relationship Between Negotiators’ Predispositions and Agreements

Both the raw scores and percentile scores of the five predispositions are not inde-
pendently measured in TKI. Thereby, these scores cannot be used as regular variables.
The relative strength of the five predispositions determines the general characteristic of
a person in terms of their approach to conflicts.

Given the specifics of TKI, the current study uses its scores as dependent variables
when examining their potential influence on agreement. A Kruskal-Wallis test was
conducted to compare the TKI percentiles of the five scores between two groups:
(1) without-agreement group (i.e., 289 members did not reach agreement) and
(2) with-agreement group (i.e., 1705 members reached an agreement). The significant
difference between the two groups indicate the potential influence of the five predis-
positions. The test results are presented in Table 4.

The results show that the two groups significantly, albeit weakly, differ in terms of
the compromising score at 10% level. There is no significant difference between scores

Table 3. The correlation of TKI scores with process and aspiration

TKI Mode Effort Agreement (score)
Number of
C offers

No. of
messages

Nego. time
(hours)

Length of
messages

Expected
best

Worst
acceptable

Competing .017 −.050* .027 .010 −.002 .021
Collaborating −.001 .063** .014 .048* .030 .041
Compromising −.081** .036 .020 .038 .043 .025
Avoiding .048* −.027 −.052* −.043 .016 .005
Accommodating .012 .023 −.018 −.043 −.078** −.066**

*significant at the 0.05 level (2-tailed); **significant at the 0.01 level (2-tailed).
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for the other predispositions. This result indicates that the stronger the negotiators’
compromising predisposition the more likely they are to achieve an agreement.

The influence of TKI score is further examined by checking correlations with the
achieved agreement utility for the with-agreement group. The correlations are reported in
Table 5. The competing score significantly and positively correlates with agreement utility,
which suggests that the stronger the competing predisposition, the greater the utility value
of the agreement. On the other hand, the accommodating score significantly but negatively
correlates with agreement utility. This suggests that the more accommodating the nego-
tiators are, the lower utility value they achieved in their agreements. Since, most, if not all,
agreements require compromise this result is consistent with our expectations.

4.4 Tests Aligned with the Triangle Hypothesis

The adaptation of the collaborating negotiators when they negotiate with competitive
counterparts, was first mentioned by [19] and confirmed in experiments conducted by
Kelley and Stahelski [2], Weingart et al. [20], and others. The triangle hypotheses posit
that collaborating negotiators view the negotiation world as comprising of both col-
laborating and competing negotiators, while competing negotiators see only competing
negotiators. This is because collaborating negotiators modify their behavior; when their
counterparts compete; the cooperative negotiators will adapt and compete as well.

Table 4. Comparison of TKI scores between with- and without-agreement groups

TKI Mode Agreement Mean rank Significance

Competing No 1043.14 .143
Yes 989.76

Collaborating No 955.27 .172
Yes 1004.66

Compromising No 938.72 .058
Yes 1007.46

Avoiding No 981.48 .606
Yes 1000.22

Accommodating No 1031.98 .267
Yes 991.66

Table 5. The correlation of TKI scores with agreement utility

TKI mode Agreement utility

Competing .062*
Collaborating .011
Compromising .003
Avoiding .007
Accommodating −.091*

*Correlation is significant at the 0.05
level (2-tailed).
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Competing negotiators, however, do not adapt their behavior; they compete with both
collaborating and competing counterparts.

The competing and collaborating TKI scores indicate personal predispositions to be
collaborating or competing when individuals handle conflicts. Several tests of com-
peting and collaborating TKI scores aligned with the triangle hypotheses were con-
ducted. The tests were carried out by coding negotiation instances based on the TKI
scores of the dual parties. Only the dyads where both parties had TKI scores were
selected. TKI scores were firstly used to code individual negotiators’ profiles by fol-
lowing the suggestion of Shell [7]. The 75% percentile was used as the cut-off point.
TKI scores that are above 75% were coded as indicators that the individual would
behave strongly in the respective modes. For instance, if an individual has the fol-
lowing set of TKI scores: competing – 8, collaborating – 5, compromising – 7,
accommodating – 6, and avoiding – 4, then this set of scores was first converted to
percentiles, i.e., competing – 82%, collaborating – 45%, compromising – 24%,
accommodating – 47%, and avoiding – 36%. This individual was then profiled as being
strong in competing because only the competing percentile is above 75%.

It is possible that some individuals are strong in both competing and collaborating
modes. These negotiators’ profiles were temporarily coded as a special case, in which
the negotiators’ profiles depend on their counterparts. If their counterparts were strong
in the competing mode, the negotiators were profiled as competing. If their counterparts
were strong in the collaborating mode, the negotiators were profiled as collaborating as
well. This coding rule aligns with the propositions of triangle hypotheses.

The coded individual negotiators’ profiles were used to further code negotiation
instances. For instance, a negotiation instance will be coded as “collaborating-
collaborating” if both parties are strong in collaborating mode. Competing-competing
indicates that both parties are strong in competing mode. Competing-collaborating
suggests that one party is strong in competing mode, while the other party is strong in
collaborating mode. The instances were coded as “other” when any party was not
profiled as being strong in either collaborating or competing mode. The coded instances
were grouped giving their profiles. The between-group differences in terms of agree-
ment were then tested and the results are presented in the Table 6.

The collaborating-collaborating group has the highest agreement rate, i.e., 89.1%,
while the competing-collaborating group has the lowest agreement rate, i.e., 79.4%.
A Chi-square test was conducted with the cross-tab approach to examine whether the
agreement rate differs between groups. No significant effect was found (p = 0.387).

Table 6. Instance profiles and agreements

Dyads Agreement Sum
No Yes Rate

Collaborating-collaborating 7 57 89.1% 64
Competing-collaborating 13 50 79.4% 63
Competing-competing 8 41 83.7% 49
Other 112 703 86.3% 815
Total 140 851 85.9% 991

Impact of Negotiators’ Predispositions on Their Efforts and Outcomes 77



The “other” group was then filtered out after the test. A non-parametric median test
was then conducted to examine the difference in terms of joint performance of
agreements between groups (i.e., the three groups were profiled in terms of being
collaborating and competing). Two measures were adopted in this test, including the
number of dominating packages and the joint utility of agreement. The joint utility of
agreement was calculated as the product of the two parties’ individual utility in each
negotiation (Table 7).

No significant effect was found in terms of the number of dominating packages.
The results show that the collaborating-collaborating group has a significant number of
instances with their joint utilities below median (p = 0.016). This finding contradicts
the expectation that collaborating-collaborating dyads should achieve better perfor-
mance. The results are visualized with a box-plot shown in Fig. 1. The box-plot shows
that the collaborating-collaborating group has no more observations of high joint
utilities than the other two groups.

These results partially confirm the results of earlier studies in which participants
negotiated face-to-face [10, 20, 21].

Table 7. Instance profiles and joint utility

Joint utility Dyads
Collaborating-collaborating Competing-collaborating Competing-competing

>Median 20 30 24
<=Median 37 20 17
Ratio 0.54 1.5 1.41

Fig. 1. Plot of instance profiles and instance joint utility
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5 Conclusions

This study explores the effects of individual predispositions of handling conflict in
negotiations by using TKI. It demonstrates that individual predispositions to resolution
of conflict influence negotiations in many ways.

The obtained results indicate that individual predispositions influence the negoti-
ation process. The higher the negotiators’ competing scores, the fewer massages they
sent to their counterparts. In contrast, the higher the negotiators’ collaborating scores,
the more and longer messages they sent. This suggests that competitive negotiators are
less interested in establishing rapport with their counterparts and educating them.
Instead, they are focused on achieving high substantive outcomes.

Negotiators with higher avoiding scores were found to send more offers, while
achieving the compromise in shorter time than other negotiators. We also found that
compromising scores have negative impact on the number of offers. This suggests that
strongly compromising negotiators are less interested in the offer exchange process.

We found that individual predispositions can influence whether an agreement will
be reached. Negotiators who reached an agreement had stronger compromising pre-
disposition than those who failed to obtain an agreement. Understandably, negotiators
who had stronger accommodating predisposition achieved lower agreement utility.
Negotiators who had strong collaborating predisposition did not outperform others in
terms of either agreement rate or the utility values of achieved agreements. These
negotiators put more effort into their negotiations but their efforts did not produce better
results than the results achieved by other participants. Negotiators with stronger
competing predisposition achieved higher agreement utility. During the process, they
sent fewer messages; this could have helped them to focus on extracting value from
their counterparts.

The agreement rate and the performance of negotiation dyads profiled with the
combination of strong-to-medium competing and collaborating predispositions of the
paired negotiators were also examined. It was found that negotiation instances with
both parties having high collaborating scores did worse as compared with the instances
with either both parties having high competing scores or the dyads composed of one
party with high competing score and the other party with high collaborating score.
These findings confirm results of earlier experiments that collaborative dyads more
often accept inefficient agreements than competitive dyads [22, 23].

In summary, this study confirms the usefulness of the Thomas-Kilmann Instrument
which can be effectively used to characterize individual predispositions. While the
predispositions are general in the sense that people behave differently in different
situations (e.g., they may compete in one negotiation and collaborate in another), we
have shown that the strength of the predispositions affect the participants who face an
identical negotiation problem. The impact of the predispositions on the expectations,
efforts and agreements may be used in teaching. It may also be used in practice;
negotiators may be able to assess their counterparts based on the latter focus on offers
and/or argumentation.

A limitation of the current study is that most of our participants were young
students. Therefore, their negotiation, judgement, and decision-making behaviors
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represents closely the young population group. However, the findings of the current
study are still applicable to other population groups, if individual predispositions of
handling conflicts indeed have impacts on negotiators behaviors. The predispositions
are often stable and evolve slowly over time. Future research may reveal more insights
into the influence of individual predispositions on negotiation processes and outcomes.
The effort and benefit analysis introduced here may be further elaborated. Negotiators
may wish to obtain greater benefits with less effort. In the current study, multiple TKI
scores (e.g., competing and collaborating) have significant impact on negotiation
process and outcome. The application of the enhanced effort and benefit analysis may
yield interesting results.
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Abstract. In this paper we analyze some problems related to the design and
analysis of the inter- and intra-cultural online negotiation experiments in which
university students participate. We discuss factors that may impact the negoti-
ation performance. Apart from national culture, which is an evident factor the
impact of which is traditionally measured in cross-country negotiations, we
discuss also the potential influences of university or students’ individual or
group culture. When analyzing the negotiation performance, we focus not only
on the bargaining process, but also on the pre-negotiation preparation. The paper
provides a statistical analysis of the negotiation experiments organized in
Inspire, which – unfortunately – were not designed to study all the issues raised
in the paper, yet allow us to capture some of the ideas and notions discussed.
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1 Introduction

Internet and related technologies created new opportunities to study social-
psychological and economic interactions among people. These include negotiations,
leading to numerous online negotiation experiments, which aim at analyzing the impact
of different technologies on the negotiation process and outcomes (e.g. [1–3]); com-
paring face-to-face and online negotiations (e.g. [4–6]); and analyzing behavioral
patterns of the negotiators and their evolution (e.g. [7–9]). The later type of experi-
ments includes inter-cultural and inter-organizational studies in which participants from
different cultures are paired up (e.g. [10–12]).
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The design and conduct of online negotiation experiments requires paying attention
to details. The researchers in both lab and online experiments, need to prepare a case,
establish the experiment protocol and design its process, determine and implement the
controlled factors, and clearly define factors that they cannot control. In the case of
online negotiations, additional challenges arise from the experimenters located in
different sites, in the site-specific context (e.g., type of the organization and extent of
supervision), and the participant-specific situation (e.g., place and time, time-pressure).
The researchers need also to consider the possible differences in the participants’
understanding of the case, protocol, instructions, etc.

To illustrate the difficulties, we briefly discuss three cross-cultural studies which
report on cultural differences when negotiations are conducted online.

A three-country online negotiation experiment led the authors to conclude that “Our
results suggest that computer-mediated negotiations … are significantly influenced by
the culture the negotiator comes from.” [11, p. 505]. The authors note that one limi-
tation of their study is that the individualism/collectivism cultural dimension, which
was the focus of the study, was not directly measured. They realized that a direct
measurement of a cultural dimension may lead to ambiguity or loss of clarity of the
cultural dimension, because individual characteristics of participants from different
cultures may be more similar than the characteristics of the participants from the same
culture.

In another study, members of Amazon’s Mechanical Turk were invited to partic-
ipate in an experiment in which they were asked to assess an opening move made by,
they were supposed to believe, their negotiation counterpart (who was, in fact, the
experimenter). They were classified on the basis of their nationality (100% U.S.) and
ethnicity (80.8% European and 19.2% others) [13]. The authors of this study analyzed
the reaction of this group to their counterpart’s expression of anger, which the group
members could not verify; anger and the counterpart’s culture (either East Asian or
European) were the control variables. The study’s results showed that “cultural
background significantly shapes the effects of expressing anger in negotiations. Angry
East Asian negotiators being perceived as tougher and more threatening compared with
angry European American negotiators” [13, p. 795]. Introducing cultural distinctions
among sub-national groups causes that the term ‘national culture’ becomes ambiguous.
Furthermore, the differences in the perception of the same anger “labeled of an East
Asian” or “labeled of a European” may be due to the perception of sameness rather
than any actual differences.

The last example concerns email negotiations between two groups of students from
Hong Kong and the U.S. [12]. The experiment was very carefully prepared; the
instructors standardized their first week of classes using the same materials and teaching
notes; about 50% of both Hong Kong and U.S. students played the role of the seller and
50% played the role of the buyer. A different case was prepared for each sub-group. The
experiment results showed that Hong Kong sellers were more aggressive and negotiated
higher prices than their U.S. counterparts, which could be consistent with a cultural
reactance effect for the Hong Kong’s students, or an alternative explanation could be the
possibility that in intercultural negotiations Asians become more individualistic
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[12, p. 636]. In order to sharpen the results, two more experiments were conducted:
face-to-face and email intracultural negotiations. The results are surprising; although the
authors observe that “culture would moderate the effect of communication media on
opening offer amount, which in turn would mediate the effect on price per episode.” [12,
p. 638], the results from the inter- and intra-cultural experiments show (op. cit., Tables 1
and 2) that culture plays no role in the opening offers. Hong Kong students made
aggressive opening offers in email negotiations, both inter- and intra-cultural. Their
offers in intracultural negotiations were more aggressive than in intercultural negotia-
tions. In face-to-face negotiations, there was no difference between Hong Kong and U.S.
students. Given that initial offers form anchors and are strong predictors of the final
outcomes, it is not possible to state that culture affects negotiation and its outcomes [14].
The experiments show that the Hong Kong but not the U.S. students are more aggressive
when they negotiate via email, but the presented results do not provide any insight into
this trait.

The above three examples illustrate some of the difficulties in studying online
negotiations from the cultural differences perspective. The goal of this paper is to look
into the possible problems and errors that may occur when the experiments’ purpose is
to determine cultural similarities and differences in analyzing the negotiation processes.
In particular, we look into the possible moderation of the impact of culture on the
negotiation performance by organizational culture and by the students’ perception of
the instructions. Although the instructors may use the same instructions and materials,
students from different universities and different cultures may understand the instruc-
tions differently. Furthermore, when analyzing the negotiation performance, we focus
on both negotiation phases: preparation and bargaining. We do not consider the
post-negotiation phase, while this phase occurs in real life, it is rare in negotiation
experiments. Pre-negotiation, however, is the critical but not well researched phase.
Jang, Effenbein and Bottom’s [15] meta-analysis led the authors to conclude that while
“the field converged upon measuring and modeling the bargaining phase using
experimental methods, to the relative exclusion of other phases and methods”. We will
try to find how students from different cultures and universities perform in
pre-negotiation and if the pre-negotiation quality impacts also the negotiation
outcomes.

To answer questions on the impact of culture, organization, and instructions in
preparation and bargaining we use an existing database from past negotiations con-
ducted via the Inspire system [16]. The experiments were not designed to address these
issues; therefore, we cannot provide the answers to all questions. We provide some
answers and also mention other issues that need to be considered in online negotiation
experiments. Therefore, and also because we were not able to find any relevant studies
which reported both preparation and bargaining phases, this work is exploratory.
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2 Some Constructs Relevant for Online Negotiation
Experiments

2.1 National and Organizational Culture

Culture can be considered at many levels, including national, regional, organizational
and team. One may also distinguish professional and generational cultures. These
levels are important because they show the complexity in a specification of the cultural
traits of a group of people and their classification to the particular cultures.1

National culture has been considered as a constraining factor of organizational
culture [17] or that the latter ‘mirrors’ the former [18]. However, Gerhart and Fang’s
[19] re-analysis of Hofstede’s data show that mean cultural differences between
countries are small relative to differences between organizations within a country.
Studies also show that some organizations’ culture resembles the culture of another
country more than their own and that globalization has a stronger effect on organiza-
tional culture than on national culture [20, 21]. These and similar results suggest the
following proposition:

P1: If experiments have large groups of participants from a few organizations, then
greater focus should be placed on the organizational culture than on national culture.

Lok and Crawford [22] surveyed managers from Australia and Hong Kong to
determine the impact of organizational culture, leadership, and demographic variables
on job satisfaction and organizational commitment. Statistical analysis of the combined
data produced a model in which education, types of organizational culture, and the
leadership style factors had significant impact on job satisfaction and commitment.
However, national culture had no significant effect. The national culture difference
became significant only through interaction with independent variables: innovative and
supportive organizational cultures and with age and gender. This shows that national
culture may have a moderating effect on organizational culture. This result, results
reported by [12] and similar results lead to the following proposition:

P2: If national culture is studied in cross-cultural experiments, then it should to be
considered as a moderating or mediating variable.

Note that in the three cross-cultural experiments discussed in Sect. 1, organizational
culture was not measured. The focus on national as opposed to organizational culture
seems to be typical for the cross-cultural negotiation studies, particularly when students
are used. Several studies on university organizational culture and culture of their stu-
dents provide insights into the difficulty in collecting data on university culture from
students and including it in the analysis [e.g., 23–25]. These studies measured the
impact of the university on student general achievement, bonding, and engagement. As
far as we know, culture of university students treated as a group or quasi profession has
not been assessed, which may be due to the open and changing university culture, the

1 We are indebted to one of the reviewers who pointed out that organizational culture may have a
moderating effect on the national culture.
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changing cultural make-up of the student population and their perceptions, and the
weak relationship between university as perceived by its employees and by its students.
Instead, students’ national culture was assumed (e.g. [10–13]). In light of the recent
studies on national and organizational cultures, this approach needs to be revisited.

Cultural variables describe social constructs but they are obtained from aggregation
of individual-level data. These constructs are used in experiments to indicate the dif-
ferences between groups of participants. The assumption is that, on average, members
of one cultural group can be described by similar values of the cultural variables;
another cultural group is described by different values [26]. One problem with this
assumption is that these values may differ much more between individuals in one
country than between two countries [27, 28]. Another problem occurs when the cultural
group comes from a single organization rather than being randomly drawn from the
entire population. As we mentioned, organizations have their own culture that can be
moderated by, but different from their national culture. Individuals cannot be described
by categorical independent cultural variables but by partial and plural variables [29].
National (societal) culture is a latent, hypothetical construct that affects individuals
indirectly, through various institutions [30]. This suggests that there are no grounds to
assume that mean responses from a group of university students would in any way
correspond to the mean values of the students’ national culture. Therefore, we for-
mulate the following proposition:

P3: Students’ cultural traits should be assessed independently of their national and
university cultures.

There are several implications of this postulate. One is that culture of every par-
ticipating student group should be determined separately from other groups. Another
implication is that some students from one country may culturally belong to another
country. Furthermore, it is also possible that all students from one country do not fit the
mean values associated with the culture of this country. It follows from Proposition 3
that rather than considering national cultures in online experiments involving groups
from geographically dispersed organizations, cultures of every group need be con-
sidered separately. The emphasis is on the distinction between groups, irrespectively of
their participation in inter/intra-national, rather than differences based on national
and/or organizational culture.

2.2 Mono- and Multi-cultural Groups

In many universities international students are a significant percentage of the student
population. In countries with high immigration levels, students may reside in that
country for a few or several years. In the past, if these students participated in
experiments, they would be removed for the purpose of analysis [12].

Comparisons of mixed-heritage and multi-ethnic individuals show cultural and
social differences. Mixed-heritage individuals have been found to have greater cog-
nitive flexibility, greater multi-cultural competence and greater cultural empathy [31,
32]. Comparisons of multi-cultural and mono-cultural (homogenous) groups showed
host-visitor and in-group-outgroup classification to occur in the former but not in the
latter [33]. This suggests that students who interact with foreign students may have
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greater ability to engage in online negotiations with unknown counterparts and greater
capacity to build an understanding of the others’ needs. Conversely, students who come
from the same culture and have no interaction with foreign or immigrant students may
find building rapport and understanding with unknown counterparts difficult. This leads
us to make the following proposition:

P4: Groups of students who belong to the same national culture but are from differently
internationalized universities should be considered as separate cultural groups.

This proposition does not suggest that these groups should not be compared to their
national culture but that their cultural traits should initially be considered separately.
Following the initial analysis, the (dis)similarity between the group culture and the
national culture may be concluded.

2.3 Organization of Multi-site Experiments

When the experiments are organized at a few universities and across student groups
that have different teachers, problems of providing the participants with equal infor-
mation about the experiment arise. Different instructions, handouts, glossaries or sli-
deshows used by the teachers may provide the participants with different knowledge
about the experiment, the case and roles, the usage of potential software technologies,
etc. As a result, the students’ level of preparedness is not equal, they may differently
understand the assignment, its goals and the consequentiality of the experiment. They
may define their own goals differently and vary in their engagement in the assignment.
For that reason the standardization of the teaching materials, assignment descriptions or
the whole courses is highly recommended [12]. It is also important to verify, if all the
instructions given to the students were properly understood.

The studies on cultural differences in perception have been conducted for decades
[34]. Among others, their impacts on visual perception or perception of speech were
extensively analyzed. Some recent studies show how culture may influence the
thinking styles and negotiator’s cognitions [35]. Nisbett and Miyamoto [36], for
example, provide arguments that visual perception in Americans is more analytical,
while in Asians it is more holistic. In other studies, De Paulo and Friedman [37]
showed that a significant proportion of a message’s meaning comes from its associated
visual and verbal cues, so if the written text lacks such cues, the negotiators have to rely
more on logical argumentation and the presentation of facts, which favors more the
individualistic rather than collectivistic cultures. This suggests that different culture
groups may have different capabilities to understand written and graphical instructions
regarding, for instance, the preferences that should be represented by the participants.
Consequently, the participants from different culture groups may set different priorities
and goals and, finally, they may negotiate different contracts. Hence, we formulate the
following proposition:

P5: The students from different culture groups may vary in processing and under-
standing the same instructions given to them by the teachers prior to the negotiation
experiments.
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2.4 Pre-negotiation Performance

The vast majority of experimental studies focuses on analyzing the effects of culture on
the negotiation process and outcomes. In such analyses, the negotiation process is
usually understood as the actual negotiation phase, i.e. bargaining. The studies rarely, if
ever, touch the elements of the pre-negotiation phase. If they do, they analyze only
some of the pre-negotiation opinions formulated in questionnaires administered prior
the negotiations [38]. As far as we are aware, there is no research that focuses on
analyzing the influence of cultural differences on the pre-negotiation activities,
preparation tasks and their impact on the negotiation process and outcomes.

The pre-negotiation is considered to be the fundamental part of the negotiation process
[39, 40]. During the pre-negotiation, the parties prepare for the actual negotiation process,
define the negotiation problem, set up the priorities, specify their preferences, define
aspiration and reservation levels and formulate the negotiation strategy. The scoring system
that describes quantitatively the negotiator’s preferences is also built, and used to provide
the negotiator with the decision support during the bargaining phase and in
post-negotiations [41]. Hence, it may impact the results the parties obtain. Pre-negotiation
preparation requires processing information, analyzing and planning, therefore, using the
same rationale as in Sect. 2.3, we may formulate the following proposition:

P6: The students from different culture groups may vary in the pre-negotiation
performance.

3 Experiment and Its Participants

To assess the propositions formulated in Sect. 2, we analyzed the dataset of online
bilateral negotiation experiments conducted in the Inspire system [16]. Note, that these
experiments were not purposely designed to study the issues related to cultural influ-
ences in negotiations. Therefore, we were not able to give precise answers to some
questions asked. However, the imperative problems we faced confirmed how com-
plicated the analyses of culture can be and how important it is to design such exper-
iments thoroughly and comprehensively.

3.1 Inspire Experiment Organization

In the Inspire experiments two representatives negotiated a contract over four issues.
The case description provided them with detailed information regarding the priorities,
goals and expectations of their principals that should be followed in the negotiation.
This description formed clear and unambiguous instructions that were the same for
Inspire experiment participants playing the same negotiation role. They were given in
English, which was not the native language for a significant number of participants,
who were the students of nine universities from America, Europe and Asia. Apart from
the Inspire instructions, no additional unified handouts, lectures nor slideshows were
prepared, however, the teachers organized the introductory lectures for the students
discussing the details of the assignment.
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The experiment had two phases: (1) preparation for the negotiation; and (2) bar-
gaining. Pre-negotiation preparation included learning about the role, the context, and
the system. Note that Inspire experiments involve representative negotiations in which
the agents negotiate on behalf of their principals. The fact that students play a role (e.g.
the procurement managers) makes pre-negotiation preparation even more important.
The preference systems defined in a form of quantitative scoring systems should reflect
the preferences of the principals adequately so the support offered to the agents helps
them to obtain good results for their principals. Therefore, in representative negotiations
the quality of the pre-negotiation preparation may be measured by the extent to which an
agent’s scoring system is concordant with the principal’s preferences. This was mea-
sured in our experiment by means of the notion of ordinal and cardinal inaccuracy [42].

During the bargaining phase, the negotiators were exchanging offers and messages
to reach an agreement. The scoring systems they had built were used by Inspire to
evaluate the negotiation offers and visualize the negotiation progress on the negotiation
history graph. For more details of Inspire experiments refer to [43, 44].

In our experiments there were 1297 participating students from 9 universities and of
65 different groups. To make sure that the side characteristics did not unintentionally
impact the understanding of instructions, as well as engagement and performance of
different student groups, we focused on analyzing the results of one party only. After
removing incomplete records, we obtained a dataset containing 295 records. The stu-
dents came from three universities from two European countries. In the first university
(Uni1_C1) there were two groups of students, domestic, representing the same national
culture G1 and foreign, with students from various national cultures G2. Similarly, in
the second university (Uni2_C2) from the second country, different from Uni1_C1,
there were two groups of mono-culture domestic students G3 and multi-cultural foreign
students G4. Finally, in the third university Uni3_C2 (from the same country as
Uni2_C2) there was only one group of domestic students G5, that share the same
nationality as group G3. Both mono- and multi-cultural groups within each university
Uni1_C1 and Uni2_C2 had the same teachers. Note, that the potential differences in
negotiation performance observed among these groups may be influenced in fact by a
mix of cultural traits related to national, university and student culture.

3.2 Participants

The basic characteristics of each group within each university are given in Table 1.

Table 1. The characteristics of the participants

Characteristic Uni1_C1 Uni2_C2 Uni3_C2 Sign.
G1 G2 G3 G4 G5 (K-W)

Number of students 53 27 150 25 40
Gender (% of females) 71.7 55.6 65.7 36.0 67.5 0.041
English proficiency# 6.45 5.81 4.07 5.28 4.05 <0.001
Negotiation knowledge# 3.21 3.07 2.48 2.12 2.83 0.002
Case understanding# 5.96 5.41 4.97 5.28 5.23 <0.001
#7-point Likert scale (1 – low; 7 – high)
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The disproportions in group sizes do not allow us to use neither the ANOVA nor t-
tests to analyze the between-group differences. However, non-parametric equivalent
tests (though, of weaker discrimination power) can still be applied. We used mainly
Kruskal-Wallis (K-W) and Mann-Whitney (M-W) tests to analyze differences in
variable structures and a fraction test (based on Fisher-Snedecor distribution) to the
differences in proportions.

As we can see, the groups are not uniform with respect to the characteristics
describing demographics, skills and knowledge. It is interesting that the case under-
standing differs significantly between G1 and G3, G1 and G5. This could prove that the
national cultural differences (mediated perhaps by English proficiency) influence
understanding the instructions. However, G1 also differs significantly from G4, but G4
does not differ from G3 nor G5. The former may confirm that national culture does not
always impact the instruction understanding, while the latter, that university or group
culture may also be an influencing factor here.

This observation addresses our propositions P3 to P5 and simultaneously shows
that unifying the instructions may not be a sufficient solution to provide all groups with
the same knowledge and understanding of the assignment, and, consequently, to assure
comparable analytical conditions. It may be that, contrary to what Rosette et al. rec-
ommend [12], different instructions and introductory lectures should be designed for
various groups depending on their skills, knowledge and cultural traits.

4 Results

To illustrate selected points discussed above we conduct two analyses of the experi-
mental data. First, we focus on investigating the differences in general negotiation
performance between different student groups. Then we conduct a more detailed
analysis to identify the set of characteristics that significantly influences the negotiation
outcomes.

4.1 Inter and Intra Cultural Differences

To verify the differences in the factors describing the pre-negotiation performance,
bargaining style and results between subsequent groups of students the cluster analysis
was used. Selected characteristics recorded in Inspire database are shown in Table 2.

Table 2. Pre-negotiation quality and performance

Item/Factor Uni1_C1 Uni2_C2 Uni3_C2 Sign.
G1 G2 G3 G4 G5 K-W

Pre-negotiation quality
Scoring system inaccuracy:
Ordinal 4.23 4.03 2.30 0.44 2.70 <0.001
Cardinal 83.81 75.33 57.77 38.84 69.43 <0.001

(continued)

90 T. Wachowicz et al.



When analyzing the differences in pre-negotiation quality, the necessity of simul-
taneous analysis of national, students, and university culture becomes evident (recall
proposition P1 to P3). Looking at the ordinal inaccuracy (describing the extent to which
the agent’s scoring system reflects an order of principal’s preferences correctly) we can
find that some groups differ significantly. If our dataset had been limited to records
describing homogenous national culture and only groups G1, G3 and G5 were com-
pared, one could have concluded that national culture differentiates the pre-negotiation
accuracy (Mann-Whitney tests confirm that accuracy of G1 is significantly worse than
of G3 and G5, with p < 0.001).

The distinction between G1, G3 and G5 includes an implicit influence of university
culture too, therefore one may argue that these differences may result from some
specific characteristic of university culture (though they do not play a significant role in
the case of the two universities from the same country – Uni2_C2 and Uni3_C2 –

where the difference between 2.30 and 2.70 is not significant, p = 0.659). Further,
someone could argue that in the case of Uni1_C1 its culture (but neither the students’
nor the national one) must have played a key role in the pre-negotiation performance,
because the results of G1 do not differ significantly from G2 - the multi-cultural group
of students at Uni1_C1 (p = 0.582). Unfortunately, the example of Uni2_C2 shows
that there can be some national or student culture factors that play a significant role,
since the group G4 is strongly better than G3 (p < 0.001). These differences address to
some extent our proposition P6.

Note further, that the pre-negotiation results discussed above do not correspond so
evidently to the negation outcomes. This time, neither national nor student culture seem
to play simultaneous role in influencing the negotiation performance (measured by the
principal’s score of agreement rating), the differences between G1 and G2, and between
G3 and G4 are insignificant (p = 0.40 and p = 0.497 respectively). But when a com-
bined influence of university and national culture is analyzed, students from G1 appear
to obtain significantly worse results than those from G3 and G4 (p < 0.004). Yet,
students’ culture may still interfere since G2 does not differ significantly from G3
(p = 0.091).

Table 2. (continued)

Item/Factor Uni1_C1 Uni2_C2 Uni3_C2 Sign.
G1 G2 G3 G4 G5 K-W

Negotiation process
No. of offers + messages 3.06 3.59 3.51 4.96 4.08 0.001
Negotiation length (days) 2.26 1.81 2.90 3.32 2.80 0.055
Informativeness (message
length)

406.00 528.30 323.83 272.56 221.52 0.003

Outcomes
Agent’s score 77.11 72.26 81.43 81.48 82.03 0.091
Principal’s score 74.85 76.56 80.17 80.76 79.28 0.018
|Agent – Principal| 11.36 12.07 5.91 5.28 7.65 0.006
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It is also worth noting, that we were unable to strongly prove P4 in our cluster
analysis as G3 did not differ significantly from G5 in anything but the level of
understanding of the bargaining process (p = 0.005).

4.2 Factors Influencing the Negotiation Outcomes

An advanced structural analysis seemed the best tool to explore the nuances in the
relationship between the negotiation outcomes and independent variables describing
the groups’ culture, their skills and knowledge, instructions and pre-negotiation per-
formance. Structural modelling can be very informative especially when linear
dependencies occur among the factors in the structure. However, a series of
single-criterion curve estimation analyses that we conducted to explore the data and
identify the best fitted relation models showed that most of interactions are best rep-
resented by quadratic or cubic functional relationships rather than linear ones. There-
fore, we decided to implement a multivariate polynomial regression analysis (MPR) to
explore the structure of all aforementioned relations. MPR has been used earlier to
specify and test discrepancy relationships with a high degree of precision, e.g. in
cross-cultural studies of, for example, physical attractiveness [45]; and the expats
adjustment [46].

Using the significant variables from our single criterion dependence analyses, we
estimated the series of multivariate polynomial models looking for the best fit. The
negotiation knowledge (polynomial relationship) and cardinal accuracy (cubic rela-
tionship) appeared to be the only significant factors, apart from culture. The final model
(with R2 = 0.311) operates also with the set of dummy variables indicating different
groups across national, university and individual culture. Group G1 was considered as
a control one, hence binary switches x_G2 to x_G5 represented subsequent groups G2
to G5.

Table 3 shows that out of many factors describing the skills of groups, only one
variable appears to be significant in predicting the negotiation outcome, i.e., the
negotiation knowledge. No significant influence of instruction understanding is con-
firmed. Cardinal inaccuracy impacts the final results negatively, as well as some
mixtures of university and students’ culture. Confidence intervals for x_G2 and x_G4
includes zero, which means that neither G2 nor G4 differ significantly in terms of
results from G1. This indicates that the university culture may not influence the results
alone but may (or may not) be moderated by the national and students’ culture (for
example, for G3 vs. G4, but not for G1 and G2). Yet, G3 and G4 differ from G1
significantly. G3 students negotiated higher agreement ratings for their principals (3.1
points on average) than the students from G1 and than G5 students (4.22 points on
average), given that students from these groups have the same negotiation knowledge
and cardinal accuracy. Note, that these are the groups of the same mono-culture stu-
dents and some national culture effect may be indicated by the significant impact of
x_G2 and x_G4 indicators (not confirming, again, the differences related to P4).
However, we cannot say anything about the differences in university cultures of G3 and
G5, or on the impact of other variables (note that R2 is rather low), e.g. the one
indicating the fact that for G3 and G5, the instructions could have been given in their
native languages.
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Problems with unambiguous interpretation of mixes of national and university
cultures may suggest the validity of our proposition P3, which recommends analyzing
students’ groups irrespectively of their national or university cultures but as the ones
characterized by the individual cultures of the participants.

5 Conclusions

The purpose of this study was to address and discuss the problems and concerns related
to the organization and analysis of international negotiation experiments. We tried to
point out some issues that need to be taken into account and measured in such
experiments since they may affect the final analysis of the negotiation performance,
especially when the participants are students. Among many issues the cultural differ-
ences seem to be most evident. However, as shown, the differences attributed to culture
may be national, regional, organizational (university culture) or even individual,
because they may result from the fact that foreign (Erasmus) students behave in a
particular way studying abroad and trying to adopt to foreign university culture and,
e.g. aim to obtain better grades than at their domestic universities. Other issues are
related to the handouts and the instructions given by the teachers to the participating
students (teaching materials, handouts, quizzes, transparencies etc.) that may affect
their attitudes and engagement. We also raised an issue of focusing on the
pre-negotiation activities as they may mediate in relationships some factors have with
the outcomes.

Note that apart from the issues discussed here, there are still many other factors
such as students’ motivations, conflict attitudes, or thinking styles, which can also
affect the negotiation process (including pre-negotiation effects) and outcomes the
participants obtain. This is confirmed by the results of our polynomial regression. The
model discussed in Sect. 4.2 showed only the nonlinear impact of the negotiation
knowledge, cardinal error and variables describing the bundles of cultural influences
(mixes of individual, university and national cultures) on the negotiation outcome.

Table 3. Polynomial regression model for agreement’s rating as dependent variable

Model (variables) Estimate Std. error 95% confidence interval
Lower bound Upper bound

(negotiation knowledge)a 1.193 0.322 0.558 1.827
(negotiation knowledge)b −0.231 0.062 −0.353 −0.109
(cardinal inaccuracy)b −2.192E−6 0.000 −2.655E−6 −1.729E−6
x_G2 1.779 1.773 −1.710 5.268
x_G3 3.105 1.244 0.656 5.554
x_G4 3.441 1.879 −0.258 7.139
x_G5 4.216 1.606 1.055 7.377
Constant 75.079 1.486 72.154 78.005
anegotiation knowledge
bcardinal accuracy
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However, its fit measure (R2 = 0.311) confirms that there is a significant amount of
outcome variance (69%) that could be explained by other variables like those men-
tioned above.

We also showed that the comparison of the results from different perspectives is
required to get some deeper insight into the potential relationships among factors. The
cluster analysis focused on distinguishing the differences for various student groups
(though, due to the fact that the culture was not directly measured in Inspire experi-
ments, we could not unambiguously state what cultural effect can be assigned to each
group) and confirmed that groups vary in terms of skills (Table 1), pre-negotiation
quality, negotiation process and outcomes (Table 2). Yet, this did not show the rela-
tionships among those variables. We should take into account the fact that influence of
some of factors may be quashed by the influence of others and that the relationships do
not need to be linear. This was shown with the polynomial model in which the
mediation of pre-negotiation accuracy could also be tested. The difference in the
negotiation outcomes between G1 and G2 groups which were indicated as significant
with Mann-Whitney test, seems to have no significant influence on outcomes, when the
additional impact of cardinal inaccuracy and knowledge was included in the model (see
x_G2 confidence interval).

Note, that other analytical approaches may also be used in similar analyses of
negotiation experiments. Using factor analysis may allow to build aggregates of factors
and simplify their structure so the use of advanced path or structural models could be
easier. The strength of moderation effects of cultural variables could also be investi-
gated in the current polynomial model using some alternative approaches based on a
series of within-group model estimations and comparisons of differences in their
structures. Our future work will focus on designing and analyzing new experiments that
will include new profiling and cultural variables and implement comprehensive ana-
lytical mechanisms as the ones mentioned above.
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Abstract. Multiple stakeholders’ preferences are considered for solving a
healthcare facility location problem in the city of Milan, Italy. The preference
modeling is based on the Flexible and Interactive Tradeoff (FITradeoff), a
Multicriteria Decision Making (MCDM) method used to elicit criteria scaling
constants in additive models. FITradeoff is an easy tool for decision makers,
because it requires them to exert less effort than other traditional elicitation
methods, as the tradeoff procedure. Therefore, it is expected that fewer incon-
sistencies will appear during the elicitation process. Sixteen criteria were used to
evaluate in which of six potential areas a new hospital could be sited. An analyst
with a strong background in MCDM interviewed four actors, and elicited their
preferences with the help of the FITradeoff Decision Support System
(FITradeoff DSS).

Keywords: Healthcare facilities location � Multicriteria decision-making
Additive model � FITradeoff

1 Introduction

Selecting the most suitable area for siting healthcare facilities is not an easy task, for
several reasons. First, it is a decision which has to consider the long-term conse-
quences. For example, if an appropriate decision is made, it may well increase the
hospital’s advantages over its competitors [3]; secondly, site selection should take into
consideration the surroundings and their influences on the site [20]; and finally, it is a
multidimensional decision-making problem, which involves addressing multiple
conflicting objectives [18].
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Moreover, when the problem involves multiple actors, each seeking to exert their
own influence on the decision process, it may become even more complex. According
to de Almeida and Wachowicz [9], decisions in which multiple decision makers
(DMs) are involved are more challenging compared to individual decisions, because in
addition to the conflicting objectives considered, multiple actors have different view-
points, preferences and aspirations. Due to the wide variety of actors that are usually
involved in such decisions, facility location problems are widely explored in the lit-
erature as a Multicriteria Group Decision Making (MCGDM) problem.

In the context of a non-compensatory rationality, Norese [22] applied the ELEC-
TRE method for a participatory decision-making process with 45 DMs who wished to
locate a waste disposal plant in the District of Turin, Italy. The ELECTRE method was
also applied by Hatami-Marbini et al. [16] in order to assess hazardous waste recycling
facilities in an environmental context. Likewise, the PROMETHEE method has also
been used for aiding site location problems. Ishizaka and Nemery [17] proposed a
multi-phase approach based on PROMETHEE GDSS to assist facility location deci-
sions, and Tavakkoli-Moghaddam et al. [27] used the PROMETHEE method for
facility location problems in a fuzzy environment, with a new approach called
Z-PROMETHEE. Fuzzy-based approaches are widely explored in the literature on
locating facilities [1, 14, 18, 23].

As for the context of a compensatory rationality, Chou et al. [4] presented a fuzzy
multi-attribute group decision-making model based on a simple additive weighting
system for aiding facility location selection problems, which used both objective and
subjective criteria. Preference modeling is one of the most critical issues in MCDM,
especially within the scope of a compensatory rationality [7], because the information
that the DM requires for the decision-making process may be time-consuming, tedious
and difficult to provide [25]. This may therefore lead to inconsistent results. It is issues
like these that prompt the use of partial/incomplete information methods. Approaches
based on incomplete information have also been widely used for aiding group decision
and negotiation processes [5, 13, 26].

Given this context, this paper undertakes a case study of a healthcare facility
location problem in the city of Milan (Italy), in which multiple stakeholders are
involved. The aim of this work is to show how preference modeling was conducted
with the different actors by considering partial information in the context of a com-
pensatory rationality through a Flexible and Interactive multicriteria method
(FITradeoff method [8]). The perceptions of the different actors regarding the appli-
cability of the method so as to find a compromise solution for the group as whole are
also described.

This paper is organized as follows. Section 2 describes the context of the healthcare
facility location problem. It also identifies the different actors involved, potential
alternatives and the set of criteria that is used to evaluate this problem. Section 3 gives
a brief overview of the FITradeoff method, and it also describes the preference mod-
eling process which was carried out with multiple stakeholders. Section 4 analyzes and
discusses the results obtained, and finally Sect. 5 presents the final remarks.
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2 Healthcare Facility Location Problem

Locating healthcare facilities requires the participation of different levels and hierar-
chies of actors since the final decision will impact society as a whole, the natural
environment and the built environment. In Italy, in fact, each region is responsible for
promoting health policies, managing resources and dividing them equitably. Therefore,
planning and implementing these policies has to attend to the wants and needs of a
wide range of actors. First, there are political actors who should represent the will of
citizens and respect their needs, to do which they may possibly need to stop proposals
or, on the contrary support proposals. Secondly, while healthcare companies can be
considered as being in the private sector and able to represent their own interests, yet at
the same time, they promote public health. Other actors include: health facility users,
health workers, regular patients, helpers etc.

Therefore, this paper focuses on the complex issues that arise from dealing with the
analysis of the various stakeholders involved and how best to manage and solve the
decision-making problem when different and conflicting actors are involved.

2.1 Analysis of Stakeholders

Since “the outcome of a decisional process depends on the actors” [12], it is only after
the decision problem has been framed, that the people involved in the process can be
identified. This will include specifying their role and in particular whose interests are
involved. An important issue clarified by Dente [12] is that it is possible to consider a
group of actors as an individual subject, with the power of influencing the decision
problem. When the interaction among them is stable and everyone is free to express
his/her own opinion without pressure, in fact, they act for the common good. Other-
wise, if the situation analyzed considers a group of actors as individuals who have
different aims and act for various reasons with a view to satisfying the interests of their
own sectoral interest, it is more challenging to aggregate their opinions in order to
achieve a common judgement. The suggestion in this case is to observe the situation in
order to proceed empirically and understand the actors’ behavior, but what is more
important is to identify and describe their goals, and if these conflict with the goals of
others, the group should make an effort to satisfy all goals.

The literature divides actors into categories in accordance with the resources they
control [12]. Political resources consider people who are the parties of public policies
and the resources are related to the consensus an actor is able to gain and the amount of
these; the greater the consensus, the greater his/her influence and power on the final
decision. Clearly, economic resources are related to the amount of money an actor is
able to mobilize and this also depends on the client; in fact, the richer the client, the
larger the amount of money that can be mobilized in order to acquire power. Legal
resources belong to actors who have the power and the ability to act because of their
administrative or legislative authority; the greater the legal behavior, the greater the
possibility of achieving the right solution. Cognitive resources depend on the knowl-
edge of the actor on that specific problem; the greater the amount of information held
about the problem, the greater the actor’s influence in solving it.
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Since there are different resources and actors involved in the hospital site selection
decision problem, the concept of complexity can be usefully re-introduced at this point
as it is now easier to grasp what this means. In this problem, what can now be
recognized is the complete the set of previously defined resources and who the
stakeholders with specific interests in these are: political actors, bureaucratic actors,
special interests, general interests and experts [11]. Each actor behaves and acts in
accordance with the type of resources previously defined; political actors move political
resources, bureaucratic actors move legal resources; actors with special interests move
economic resources; actors with a general interest move both legal resources and
cognitive resources; and experts move cognitive resources. Having classified the actors
into five distinct categories, the analysis of the decision problem was carried out so as
to identify for each category the corresponding actor in the real world is. In detail:

– Political actors: Health and Urban Assessors;
– Bureaucratic actors: Health and Urban General Manager;
– Actors with special interests: Local Health Unit Director;
– Actors with general interests: Common people; Non-Profit Organization (NPO),

Non-Governmental Organization (NGO).
– Experts: Architects, Planners, etc.

A further analysis concerns the investigation of the level of interest and power of
the five categories previously defined. In this phase, the actors are further classified into
four classes according to their position in the matrix of power/interest, as can be seen in
Table 1. In this paper, our analysis is carried out based on the classification of
stakeholders presented below.

Table 1 shows the hierarchy of power in this problem. The key players are the
political actors. The power of the bureaucratic actors and experts is also high while that
of the NPOs/NGOs and common people is low. As to the level of interest of the various
actors in the project, this is high for the political actors and the common people.

2.2 La Città della Salute: Structuring the Problem

The case study chosen to test the methodological framework proposed in this article
concerns the location of “La Città della Salute”, Milan, Italy. The aim of the project is

Table 1. Matrix of power vs level of interest. [23]

Interest
Low High

Power Low Minimal effort
Nonprofit organizations; non-governmental organizations

Keep informed
Common people

High Keep satisfied
Bureaucratic actors, experts

Key players
Political actors
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to create a single center that will promote research and cancer treatments, by relocating
two existing hospitals: the Istituto Neurologico Carlo Besta and the Istituto dei Tumori.
The idea to create an integrated public system of complex medical functions both of
clinical and scientific excellence, a project which started around the year 2000, but the
process for selecting the site has not been guided by specific criteria related to the
demand for health services in a given catchment area, but only by economic and
political reasons, which have been undertaken with very limited transparency. In fact,
the site selected has been given for free by its private owner, who is from the Lombardy
region – and in charge of public health policies and programs – provided that the costs
of land reclamation are subsidized by the regional government. The reclamation works,
which started in 2013, are still ongoing as only 25% of the site is now suitable for
development (La Stampa Milano http://www.lastampa.it/2017/03/09/edizioni/milano/
consegnato-il-primo-lotto-per-la-nuova-citt-della-salute-a-sesto-san-giovanni-
zqBCVqijq6QZd5LuHsOOeM/pagina.html).

The process to frame a suitable set of criteria to solve the decision problem
underwent a deep analysis of the state of art of existing evaluation tools that focus on
assessing the energy performance of hospitals. This was supported by a review of the
literature on research that has focused on this field.

In detail, this investigation sought to find common criteria and indicators that
should be considered for projects on locating a site for healthcare facilities. A com-
parative analysis was performed to highlight and define the criteria that were the most
used by some evaluation tools (LEED Healthcare, BREEAM Healthcare, Metapro-
getto DM 12/12/00) [10] and cited in the literature analyzed. Moreover, from the
analysis of the literature review, a convergence of criteria emerges, even if analyzed
from different disciplinary perspectives and with different methodologies. A set of
sixteen criteria was then defined by taking into consideration four different dimensions
of the problem – Functional; Locational; Environmental and Economic – each of which
was then related to appropriate criteria (Table 2).

Table 2. Set of criteria

Dimension Criteria Scale Performance

Functional C1. Building
density

Continuous Number of people living in and near
the area

C2. Health
demand

0–100 Percentage of people above 65 years
of age

C3. Reuse of Built-
up areas

0–1 Promotes the use of sites already
exploited

C4. Areas with the
potential to
become attractive

Continuous Encourages the development of
peripheral sites considering the
distance from the city center

Locational C5. Accessibility Continuous Volume of all public, private and
sustainable transport or

(continued)
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Before Sesto San Giovanni was selected as the most adequate area for the location
of “La Città della Salute”, five other areas were proposed, but without being subjected
to an analytical process or to a feasibility study. Thus, this paper will include the

Table 2. (continued)

Dimension Criteria Scale Performance

infrastructure that reaches the site,
and the number of parking places

C6. Existing
hospital

0–1 The presence could be an advantage
or disadvantage according to the
treatments provided by the new and
the existing hospital

C7. Services Continuous Number of specific facilities present
in a radius of 800 m from the site

C8. Sewer system 0–1 Presence of this infrastructure
Environmental C9. Connection to

green areas
0–4 Meets four characteristics, such as

the possibility to reach parks and
garden in a short time

C10. Presence of
rivers and canals

0–1 To avoid the choice of sites with
hydraulic and hydrological
instability

C11. Air and noise
pollution

0–4 Concentration of specific pollutants
(PM, O3, NO2) and the dB level
detected by surveys on site. The
score is assigned according to the
number of pollutants that exceeds
the limits permitted by the national
regulations and if the acoustic limit
has been respected

C12. Land
contamination

High-medium-low In line with the site being suitable to
host a hospital

Economic C13. Land size
and shape

Continuous Ratio between the dimensions of the
site and those of the new hospital

C14. Land
ownership

High-medium-low Related to the percentage of public
and private areas. The presence of
public owners is preferred since it
shortens the overall time of the trade
process. Low = public � 33%;
Medium = 33% < public < 66%;
High = public � 66%

C15. Land cost Continuous Price €/sqm
C16. Land use High-medium-low In relation to the tendency for the

site to host new healthcare facilities
in accordance with the type of land
cover
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additional alternatives – Area 1; Area 2; Area 3; Area 4; and Area 5 – that correspond
to the five additional areas in the city of Milan proposed by the Municipality to locate
the new healthcare facility. Sesto San Giovanni was also considered in our analysis,
represented by “Area 6”. Figure 1 illustrates the location of the six potential areas in the
map of the city of Milan.

Table 3 shows the decision matrix with the performance of the alternatives in each
criterion.

3 Preference Modeling with Flexible Interactive Tradeoff

Within the scope of a compensatory rationality, this section sets out to show how
multiple stakeholders’ preferences can be modeled by using the Flexible and Interactive
Tradeoff method [20] for the healthcare facility location problem in the city of Milan.
First, Sect. 3.1 gives a brief background to the FITradeoff method, and then Sect. 3.2
describes how the preference modeling was conducted with the representatives of the
four categories of stakeholders, as described in Sect. 2.

3.1 FITradeoff Method

Let us consider a multicriteria decision-making problem with set of criteria C ¼ c1;f
c2; . . .cng and a set of alternatives a1; a2; . . .amf g. In the scope of Multi-attribute Value

Fig. 1. Potential location areas in the city of Milan

Table 3. Decision matrix

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16

Area 1 158025 45152 1 4500 21921 1 14 0 3 0 3 0,5 0,13 1 203,56 1

Area 2 145160 39938 1 3100 12016 0 19 0 2 0 1 0,5 0,34 1 244,7 1

Area 3 145160 39938 0 5200 5617 0 10 1 2 0 3 1 0,14 0 250,48 0,5

Area 4 168456 48693 0 7700 3711 1 11 0 2 1 2 0 0,33 1 59,93 1

Area 5 168456 48693 1 8500 14 1 13 0 1 0,5 3 0 0,23 1 163 0,5

Area 6 82154 20147 1 9800 6519 0 17 1 1 0 1 1 0,4 0 15,25 1
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Theory - MAVT [19], the alternatives are scored straightforwardly by using an additive
aggregation function:

v aið Þ ¼
Xn

j¼1
kjvj aið Þ ð1Þ

In (1), kj is the scaling constant (or weight) of criterion cj, and the value function of
criterion cj with respect to alternative ai is vj aið Þ, which is normalized in such a way
that the best outcome is set to one, and the worst outcome is set to zero. However,
eliciting values of the scaling constants kj is one of the most challenging tasks in
MCDM. The classical tradeoff procedure developed by Keeney and Raiffa [19] for
eliciting weights has a strong axiomatic foundation [28], but it is not very often used
because of the difficulty that DMs have in giving the cognitively demanding infor-
mation requested in the elicitation process. According to behavioral studies, the tra-
ditional tradeoff procedure presents around 67% of inconsistency when applied [2],
which can be explained by the high cognitive effort that DMs have to make when
answering tradeoff questions.

Let us assume that criteria weights are ranked according to a DM’s preference
structure, in such a way that k1 [ k2 [ . . .[ kn: In the classical tradeoff elicitation
process, DMs are asked to compare adjacent criteria with a view to finding indifference
relations. For example, let us assume there are two hypothetical alternatives, HA ¼
w1;w2; . . .; xj;wjþ 1; . . .;wn
� �

and HB ¼ w1;w2; . . .;wj; bjþ 1; . . .wn
� �

., where wj and bj
are respectively the worst and the best outcome of criterion cj, and xj is an intermediate
outcome for criterion cj. The DM is required to specify the exact value of xIj which
makes HA and HB indifferent according to his/her preferences - for further details, see
[25]. Equations obtained from such indifference relations form an equation system
which can be solved in order to find the values of the scaling constants kj, and thus the
global value of eachlternative is calculated based on (1). Specifying such indifference
points is a highly demanding cognitive task, which leads to a high rate of inconsis-
tencies [8]. Prompted by these issues, the FITradeoff method was developed in order to
improve the applicability of the classical tradeoff for DMs, with a less cognitively
demanding process which may lead to a reduction in the inconsistency rate. In
FITradeoff, the DMs do not need to specify exact indifferent points, but, instead, to
state strict preference between hypothetical alternatives, which is a cognitively easier
task. If the DM states that HA is preferred to HB for xj ¼ x0j, then the following
inequality is obtained:

kjvj x0j
� �

[ kjþ 1 ð2Þ

On the other hand, for another value of xj ¼ x00j \ x0j, the DM may state that HB is
preferred to HA, in such a way that another inequality is obtained:

kjvj x00j
� �

\ kjþ 1 ð3Þ
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With these inequalities, a weight space u is obtained. The inequalities act as
constraints for linear programming problems (LPP) that are run at each step in an
attempt to find a solution for the problem [8]. The elicitation process is interactive, and
at each interaction the DM answers another question by comparing two hypothetical
alternatives, which results in a new inequality of type (2) or (3) being obtained. The
new inequality is incorporated as a constraint of the LPP, which is then run again. This
process goes on until a solution for the problem is found. The DM may also interrupt
the elicitation process before the end, if he is not willing to give additional information.
Figure 2 summarizes the elicitation process conducted in FITradeoff.

The FITradeoff method is operated by means of a Decision Support System (DSS),
which is available by request to the authors on the website www.fitradeoff.org.

The FITradeoff method can be applied for solving multicriteria decision making
problems also when multiple decision makers are involved [6]. The elicitation process
with the different actors can be conducted either simultaneously or independently. In
the former, the DMs have to set their agenda so that they are simultaneously available,
and thus the elicitation is conducted jointly with all of them. This approach has the
advantage that the DMs may express their different points of view during the meeting,
in such way that discussions are stimulated. In the independent elicitation, however, the
interview with each DM is conducted separately, according to their own availability,
within a deadline. If there is no common solution in the final subset of alternatives for
all DMs, a final joint meeting may be necessary in order to make a final decision for the
group. In the present case, the elicitation was conducted separately with each stake-
holder, due to their limited availability.

3.2 Eliciting Stakeholders’ Preferences

For each category of stakeholders – key players; keep satisfied; keep informed; and
minimal effort -, one specific person responsible for representing his own class was
chosen to be interviewed, and thus a total of four people had their preferences elicited.
The idea was that all the classes of stakeholders had at least one representative in the
elicitation process.

Interviewing the Actors. The category ‘key player’ was represented by an engineer
working for the Lombardy region, who is Director of the investment system in the
Department of the General Direction Welfare (DG Welfare). The competences of this

Fig. 2. FITradeoff elicitation process
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sector concern the management of the Regional Healthcare Service; its tasks regarding
the programming and monitoring of the health network; the coordination of the dif-
ferent levels of healthcare facilities, in the region; the promotion of wellbeing; and the
prevention of disease.

For the category ‘keep satisfied’, an architect with competences in the field inves-
tigated by the research in [11] was selected. His background specifically includes
studies on the design of hospitals, urban planning and the subject of real estate. The
actor was defined as having high power since his opinion, guided by his experience and
specific knowledge, can radically influence the decision problem.

As for ‘keep informed’, and in particular common people, a normal user of the hospital
was chosen. He is a patient that normally goes to the hospital twice a year and to a doctor
around six times per year. He does not have any competences or knowledge about the
design of facilities nor on how to manage them. This category has low power but a high
interest since the final decision could strongly affect their general well-being [15].

The last category analyzed is the minimal effort one, represented by NPOs and
NGOs. An architect working in the field of the sustainable development was inter-
viewed. He belongs to a cooperative of architects and engineers that used to work in
close collaboration with associations in developing countries. In fact, his participation
is relevant since he knows different contexts and how to work in several environments.

The four interviews were conducted individually, with no interference from other
people. An analyst with a strong background in MCDM aided the decision process.

Interviews were divided into five main phases:

1. During the first phase, the analyst explained the decision problem, the case study
that was to be undertaken, and the meaning of the sixteen criteria to the actor. The
analyst took care that his explanations were objective and did not express his
opinions.

2. The second phase was devoted to explaining the FITradeoff method. This included
when it can be applied, for what purpose, what it consists of and what its potential
is.

3. Having explained the basic concepts of the method and of the decision problem, the
third phase focused on making clear to the actor what his role would be.

4. The fourth phase dealt with how to apply the FITradeoff method. This starts with
the ranking of criteria weights, and then moves on to the question-answering step,
until a unique solution is achieved.

5. During the fifth and last phase, the role of the analyst was to understand what the
opinion of each actor was about the methodology applied, and the decision prob-
lem; to check overall awareness of the situation; and to get global suggestions for
improvements to the process.

Results. The first step of the elicitation process in FITradeoff is the ranking of the
criteria scaling constants, as shown in Fig. 2. The FITradeoff DSS allows the DM to
choose whether he wishes to rank the criteria weights based on a holistic evaluation or
by pairwise comparison. Since there are a large number of criteria, it is easier to
conduct it by pairwise comparison in this case. The result of this step for each
stakeholder is shown in Table 4.
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The second step was the question-answering process, in which the DMs interac-
tively answered questions put by the DSS on comparing different criteria, so that the
DMs could consider tradeoffs between them. After each question was answered, an
LPP model is computed, with a view to finding potentially optimal alternatives (POAs)
[8]. The interactive question-answering process continues until a unique alternative is
found to be potentially optimal, which is the optimal alternative. The Director (key
player actor) and the NPO architect (minimal effort actor) needed to answer only two
questions until a unique solution was found. The architect with hospital design expe-
rience (keep satisfied actor) had to answer six questions in order to find a solution,
while the common patient (keep informed actor) needed to answer thirteen questions.
The final result was the same alternative for all the four actors: Area 1. As discussed in
the next section, the flexibility of FITradeoff allows the keep satisfied and keep
informed actors to find a solution at the second question, as the other two actors had
done.

4 Discussion of Results

Whereas the key player and minimal effort actors came to a solution after answering
only two questions, for keep satisfied and keep informed actors, a greater number of
questions would be necessary by following the standard process. One of the key
features of the FITradeoff DSS is its flexibility in the elicitation process. Moreover, it
also allows difficult questions to be skipped in the process and tries to find a solution by
means of a holistic evaluation of the remaining set of POAs. The analyst can do this at
any time throughout the process. Let us consider this possibility when the key players

Table 4. Ranking of criteria weights

Rank Key player Keep satisfied Keep informed Minimal effort

1 k(C5) k(C5) k(C10) k(C1)
2 k(C7) k(C7) k(C5) k(C5)
3 k(C2) k(C10) k(C11) k(C3)
4 k(C13) k(C11) k(C13) k(C6)
5 k(C10) k(C15) k(C12) k(C4)
6 k(C14) k(C8) k(C14) k(C14)
7 k(C12) k(C12) k(C16) k(C12)
8 k(C3) k(C6) k(C15) k(C9)
9 k(C6) k(C3) k(C6) k(C7)
10 k(C4) k(C1) k(C3) k(C13)
11 k(C1) k(C2) k(C7) k(C2)
12 k(C11) k(C14) k(C9) k(C8)
13 k(C9) k(C16) k(C1) k(C11)
14 k(C15) k(C9) k(C8) k(C15)
15 k(C8) k(C4) k(C4) k(C10)
16 k(C16) k(C13) k(C2) k(C16)
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and minimal effort actors have found a solution. That is, after two questions have been
answered. Figures 3 and 4 show the partial results for the keep satisfied and keep
informed actors at this point, respectively.

In Fig. 3, it can be noticed that Area 1 seems to have an advantage, as its per-
formance is the highest in many criteria. On the other hand, it can be seen that it is too
hard to choose one of the alternatives by analyzing Fig. 4.

Another flexibility of the DSS with this graphical visualization is indicated in the
note at the top right-hand corner of the frame. That is, the user can select a small
number of alternatives in order to make the holistic evaluation easier, as shown in
Fig. 5. In this case, after analyzing the graph, an actor may correctly conclude that the
performance of Area 1 is better than that of Area 3. It is important to note that the
criteria with higher weights are on the left side.

According to this first experience of testing the same decision problem with four
actors, a correspondence in the final result can be highlighted. In fact, even with
different rankings of criteria weights, the result as to which site was the most suitable
one was Area 1. This can be also justified and understood since for all the actors one of
the most important criteria is accessibility (C5), and the performance of Area 1 is much
better than that of the other areas on this aspect, which creates a large discrepancy.

Fig. 3. Partial results for the keep satisfied actor after two questions

Fig. 4. Partial results for the keep informed actor after two questions
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Table 4 can be used to understand to which criteria the actors decided to assign
most importance. The ranks defined by the interaction with the actors are varied and
describe different wants, needs and personal preferences. It is possible, nevertheless, to
see tendencies, similarities and differences. Criterion C5 (accessibility) always ranks
among the first two positions. In fact, for the key player and the keep satisfied actors it
is the most important one, while for the keep informed and minimal effort actors it is the
second most important. Criterion C10 (presence of rivers and canals) is located among
the first five positions for three of the four actors, but for the minimal effort actor it is
one of the bottom-ranked ones, because he judged it as a prerequisite and irrelevant for
the purpose of the research.

Some expectations, which were recorded before starting the interviews, were not
satisfied from the results obtained. For example, it was expected that the actor repre-
sentative of common people (keep informed) would give more importance to qualita-
tive criteria, such as the presence of services (C7) or the connection to green areas (C9);
on the contrary, he assigned more influence to technical criteria such as the presence of
rivers and canals (C11) and air and noise pollution (C11). Instead, the actor who
represented NPOs and NGOs (minimal effort) respected the expectation that assigned
more importance to social criteria and this is also related to the issue of the sustain-
ability, such as building density (C1) and the reuse of built-up areas (C3).

The interaction also allows us to have an overview of the perceptions of the
interviewees and to ask them to make suggestions for improving the process. In fact,
after the evaluation phase which was carried out with the support of the FITradeoff
method, the last phase consisted of understanding the actors’ opinions about the
methodology applied and the decision problem.

The key player actor was in general satisfied with the application and considered
that the process was easy to understand, but he was not satisfied with the ranking part
because of the time it took to make the pairwise comparison. This can be easily
explained since the number of criteria influences the number of questions made by the
program to frame a ranking. The key player also suggested that the number of criteria
could be reduced. He claimed not only that some of them were correlated but also that
there were too many of them. He further affirmed that as they referred to different
aspects of the problem, it would be better to group them in macro-areas.

Fig. 5. Partial results for the keep informed actor, after selecting only two alternatives
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The keep satisfied actor also understood the methodology and appreciated the direct
interaction with the analyst, who was able to support him in each phase without
expressing his opinion. He was concerned not about the pairwise comparison, which he
considered was clear and easy to perform, but about choosing between two conse-
quences. This was because he considered that it was too obvious for some of them
which one was to be preferred. As to the set of criteria proposed, he also considered
that these needed to be reviewed since some elements were redundant.

The keep informed actor was satisfied about the whole process and methodology.
Although he does not have the skills and knowledge needed to make a formal analysis
of the decision problem, he understands why the case study is being undertaken and
why the choices he is asked to make are important, namely, they will contribute
towards the final results. In other words, he is aware that his preferences could change
the final decision and therefore he is also aware that his role is important.

The minimal effort actor found it easy to follow the different steps, but he criticized
some of them. For example, with regard to the pairwise comparison, he stressed that in
his opinion, it is not logically consistent to compare some criteria with each other
because some criteria are non-comparable with others. Drawing on his past experiences
of being involved in decision-making processes and in particular, in inclusive pro-
cesses, he regarded the part of the software related to visualization was weak, because
the visuals are designed to be interpreted by experts or technicians who have specific
knowledge.

5 Conclusions

By observing the interaction with the actors and applying the method to a real world
case study, the strengths and weakness of the methodology were identified. In fact, the
extent to which the large number of criteria influences the number of questions during
the pairwise comparison became apparent. Moreover, some criteria are strongly cor-
related to each other and therefore the analytical framework should be reviewed with a
view to reducing the number of criteria. The second part of the FITradeoff method was
considered to be effective and helpful, since the graphics support the decision actors in
their efforts to better understand the questions; only one actor considered that the
visuals were ambiguous. An important strength to emphasize concerns the role played
by the actors in the process: they were aware of the importance of their roles and that
their choices would influence the results.

In this case, all actors obtained the same optimal area, but there is still the issue of
whether or not to aggregate the different outputs obtained, in case the results were
different for each actor. Is it reasonable to aggregate them? Or is it better to keep them
apart from each other and to consider the influence of the actor in taking the final
decision? Since the decision problem that this paper investigates is a social problem
[21], the final choice should be shared by the whole community in order to find
mediation and therefore to try to satisfy different needs and expectations. In some
situations, the elicitation process can be conducted simultaneously with all the actors,
as previously mentioned in Sect. 3.1. In this case, the DMs can express their different
points of view for the others, and perhaps they may be able to reach a common solution
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based on these discussions. In the present case study, however, the elicitation was
conducted separately with each DM, and thus a possible solution in case the results
were different for each actor could be a further interaction together with every repre-
sentative of the categories defined, in order to find a common solution for the group as
a whole [24]. Proceeding along this theoretical perspective, it may also be possible to
involve a greater number of stakeholders in the final decision and to work towards
more stakeholders participating throughout the process.
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Abstract. This paper examines the way in which causal mapping, aided by
group decision software, adheres to the tenets of procedural justice. Causal
mapping workshops utilise a dual facilitation process that enables the partici-
pants’ “voice” to be heard. We demonstrate how a causal mapping process of
investigation surfaces authentic qualitative data by aligning the process of
investigation with the principles of procedural justice as found in organisational
justice literature. This is supported by a statistical analysis of the dimension of
procedural justice using the responses of workshop participants.

Keywords: Causal mapping � Procedural justice � Focus groups

1 Introduction

This paper examines how certain processes and procedures that embody the dimensions
of Procedural Justice are utilised during focus group activities, and the extent to which
they develop more meaningful levels of engagement with participants. This cross
disciplinary study investigates the use of a soft operations research technique, Causal
Mapping [11], in workshops with focus groups, where the objective of the workshop is
to elicit meaningful information related to decision making. This is studied in the
context of both private sector organisations and the student body of a UK university.
The paper will be of particular interest to readers involved with policy making at all
levels, from a process of investigation perspective and the utility of the method
employed.

In the focus group workshops described in this study, a dual (software and human)
facilitation process is used that allows the facilitators to surface the underlying issues
that groups feel are key to that particular workshop discussion. Causal Mapping allows
participants [5] to raise the key issues of concern by inviting them for their thoughts on
a key prompt question which is used to start the focus group session. This prompt
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question is pre-determined to reflect an important decision-making area for that
group. In doing this we witnessed a significant amount of “open, honest” and “in-
sightful” information emerging during the facilitated focus group process. This leads us
to believe that the nature of these facilitated focus groups allowed a more authentic
voice to emerge.

The primary aim of the paper is to emphasise the learning points from the process
of investigation we have used, and how it helps to draw out more “authentic” mean-
ingful, detailed qualitative data, from participants. This becomes possible, we argue,
since the process of investigation used is procedurally fair and hence better able to
capture the participants’ voice.

The main body of this paper is in 6 parts. Initially an outline of the Causal Mapping
methodology is presented, followed by an outline of the processes employed in the
workshops. We then examine how this dual facilitation process is aligned with Pro-
cedural Justice Dimensions, including voice and treatment effects. Finally an
exploratory statistical analysis of the links between dual facilitation process and pro-
cedural justice dimensions is presented, before concluding.

2 Causal Mapping in Focus Group Workshops

Causal Mapping has its roots in the Personal Construct Theory of Kelly [24] and has
been developed most notably by Eden [11] amongst others. Causal Mapping was
chosen for collecting and analysing qualitative data in the workshop with participants
as it helps provide a coherent picture of a situation. Causal mapping is an approach
from Problem Structuring Methods (PSMs) [30] which allows a “systematic under-
standing of the issue at hand” [31] as it can deal with the complexity of issues that are
interrelated [29]. This intervention approach, when teamed with a software aided
process, improves efficacy as the intervention tool serves as a means of recording the
data generated. The construction and analysis of the maps created in the workshops
provide an insight into the underlying structure of an issue and, as “participants are
facilitated through the complexity using a structured transparent process…….. this has
positive effects on the data captured” [31, p. 832].

The focus group workshops were run using a mobile laboratory of networked
laptops, using Group Explorer® software combined with the Decision Explorer® tool.
The process allows the gathering, structuring and analysis of qualitative information
that develops in the workshops. It allows the user to work with a model of interlinked
ideas using maps created from the participants’ own understanding of the main prompt
question. These ideas (concepts) are gathered anonymously with the participants
individually inputting their ideas via the laptops. This safety of non-recourse at this
initial stage is vital in preventing the need for self-censorship and allowing a more
authentic voice to emerge. The facilitators conducting the workshops ensured that any
qualitative data generated was directly inputted by the participants themselves, thus
embodying the understanding of these particular groups. As noted in the conclusion,
this can be understood as showing the participants “respect” in a desire to improve
interactional justice [2].
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3 Focus Group Workshop Process

The aim of the workshops was to elicit information which would be rich in meaning
and understanding from the participants’ own perspective, such that any underlying
issues of importance they surfaced through the course of the workshop would be
prompted solely by “their view of the world as they understood it”. This is in keeping
with the phenomenological aspect of focus groups of “seeking everyday knowledge”
[4, p. 356]. The stages of the focus group workshops followed a process of gathering,
clustering, rating, causal linking and laddering. We now explain each stage.

Gathering: Wide gather of ideas (known as “surfacing” of concepts): Individual
participants anonymously input their own thoughts on an initial prompt question.

The Group Decision software draws the concepts inputted into the individual net-
worked laptops together into one space for examination. Once inputting is completed,
the ideas or “concepts” are projected onto a large computer screen to allow the par-
ticipants to read all the ideas generated by the group. This helps prevent the “group
think” or “social loafing” [21] effect at the outset.

Clustering: The group members pick out concepts that appear to be of a similar theme
leading to “clusters” of ideas that are related in some way. This building of clusters
allows content to be reduced to a manageable level as it allows the group to work on
each theme sequentially, as each cluster is copied and examined in turn on a new
separate screen view. The process then becomes more visible and the whole group is
involved in structuring the understanding.

Rating: Ratings are applied to these clusters whereby each participant votes anony-
mously using the software, as to which cluster represents the most important one to
examine first and a ranking of clusters is achieved as a result. This ensures equitability
in the process and prevents more vocal participants dominating the workshop process
path.

Causal linking: This is used to develop the group’s own meaning and understanding
of the map created. As the participants input the directional arrows, the process allows
discussion between the members of the group and encourages agreement on how the
links should be constructed, though consensus across the groups is not essential, with
the facilitator playing a key role in ensuring all participants opinions are able to be
heard. The directional casual links are used to connect ideas, such that one concept
leads to/causes another, for example the link between concept 70 and concept 68 (see
top middle Fig. 1) indicates that this student group felt that “more formative assessment
with feedback” would lead in some way to them being able to “achieve expected
academic qualification”. A negative sign on a link indicates that the preceding concept
inhibits the following concept. (see Fig. 1 concept 67 “group work doesn’t always
accurately reflect the ability of students”, negatively affects concept 68, “students being
able to achieve their expected academic attainment”.)
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Laddering: By prompting the participants to consider why certain concepts matter to
them we were able to work up towards goals (denoted by oval border statements) that
they were hoping to achieve.

From the initial gathering of ideas (concepts) the groups worked together to build in
“meaning” and understanding, such that the maps created directly reflected the nego-
tiated understanding of the group. The role of the facilitator is to aid this process but at
a “distance”, helping only to structure and clarify the flow of the content not the actual
content (concept statements) itself, whilst the maps are being “created” by the groups.
To this end all the causal links (directional arrows) in the maps have been inputted by
the participants. Thus it is fully their understanding that is represented in the structured
maps. This approach is based upon Kelly’s Personal Construct Theory [24] whereby a
collection of ideas (concepts) and relationships (between the concepts) are connected in
the form of a cognitive map. When these maps are utilised by groups they become
referred to as causal maps. These maps help us to manage the content of a problem,
whilst ensuring the social, political and process dynamics within the group are taken
into account, so as to maintain a fair process [11–13]. During Causal Linking, it can be
understood that Decision Explorer® is acting as a “dialectical tool, encouraging dis-
cussion and debate, helping people to explore the reasoning behind differing ideas held
in the group” [1]. The maps represent a visual electronic memory of the discussion and
can be added to and developed as the groups understanding evolves. The ability to add
further content to the clusters, allows for the development of an emergent

Fig. 1. Group One “Assessments” student map.
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understanding in a seamless way over time. The notion of Concept Mapping [19] relies
upon the view that abstract knowledge is more easily understood when transformed
into visual representations. Thus it supports the use of a visual methodology to build
understanding in the area of academic learning. Our feedback from participants in the
workshop would appear to support this view (See Table 1 on feedback, concept 55).
Maps are not provided here for brevity (and are available from authors)

A working model of the focus group sessions has been developed and can be
represented by Fig. 2 below. The arrows in the looped feedback process represent the
dual facilitation process in action. The right hand side of the diagram emphasises how
the dual facilitation process encourages the display of desired extra role behaviours
[25] in the workshops. The benefit of developing these behaviours for the quality of
outcomes from the FGWs is discussed below.

Table 1. Participant feedback on dual facilitation process used.

Concept number from
Student map

Statement in full

55 Visual representation of thinking on the screens helps to link
understanding and give meaning

56 Process quicker than on paper and captures more content
57 We felt the questioning process was unbiased and not leading
58 Laptops were a familiar medium to use
59 Even with smaller a group the process yields a lot
60 Allowed us to discuss our experience as a whole
Concept number from
Organization maps

Statement in full

82 Key benefit was keeping everything focused
83 Excellent presentation with clear and well explained conclusion
84 A follow on review breaking down further key points for each

department
85 A very good way of collecting and assessing ideas in order to

achieve a consensus of opinion, leading to action points
86 Good use of business model but reflecting on our actual business

and it’s requirements
87 Useful in clarifying goals/key issues for the company
88 Clear guidance for individual outcome and conclusion
89 Unlike typical “top-down” processes normally found in business.

This allows equal participation by all parties
92 Excellent model for our team to understand our business
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Figure 2 at the top provides the conventional notion of focus group activity passing
through the three stages of divergence in group thinking, followed by the “Groan
Zone” [22, 23] before the group moves into convergence of thinking. The modelling
underneath developed by the authors represents the dual facilitation process as
employed in the workshops. The initial surfacing of different ideas occurs in the
gathering stage of the focus group process. As the workshop dynamic develops, the
dual facilitation process allows a looped feedback process to operate whilst the
workshop is operating live. Through the use of Group Explorer software, we monitor
the group contribution to ensure an equal input of ideas from all of the participants. The
dual facilitation process aids the enhancement of focus group outcomes as the work-
shop progresses, by encouraging the display of productive extra role behaviours.

In summary to this section the focus group examination undertaken tends to fit with
the notion of experiential focus groups of the phenomenological type. In the context of
the Experiential Focus Group as an effects application, [16] one looks to surface the
“natural attitudes” of the focus group members. The primary focus of this phe-
nomenological approach according to Calder [4] is to “draw out” the shared life
experiences of the participants and is thus aimed at the “common-sense conceptions
and ordinary explanations shared by a set of social actors”.

We have not attempted to cover an overview of conventional focus groups, as this
is well documented and referenced [6]. Other work in the field examines the notion of
group think problems in focus groups [21], with others emphasising the importance of
the group as a group notion, [7, 18].

Fig. 2. Dual Facilitation Process of focus group workshops.
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The next section of the paper examines how this method of undertaking focus
group activity, mirrors the dimensions of a “fair” process, as is discussed in procedural
justice literature. The lack of research in this applied area is noted:

“The relatively small amount of research in group decision making is surprising considering its
importance for both practice and theory. One possible explanation for this scarcity is the
absence of an effective tool of for measuring fairness of procedures in a group context” [20,
p. 386].

This section aims to draw the links between the facilitated, software driven focus
group process used in the study and the characteristics of procedural justice.

4 Aligning the Dual Facilitation Process with Procedural
Justice Dimensions

In organisational justice research concerns about fairness are based on the inter-related
aspects of organisations, such as how resources are distributed - distributive justice; the
fairness of decision making processes - procedural justice; the nature of interpersonal
treatment received from others - interactional justice and collectively these justice
dimensions are known as organisational justice [9]. Of these justice dimensions, the
one which was the main aim of examination for the focus group work undertaken was
procedural justice, since fairness of process is expected to enhance the focus group
outcomes, in terms of levels of firstly; meaningful engagement with the process and
secondly; the richness and authenticity of the qualitative data generated.

The work on Justice Literature has developed in waves with each dimension
receiving prominence in certain decades; distributive (1950–1970), procedural (mid
1970s to mid-1990s), integrative (mid 1980s to present). Increasingly when examining
the area of organisational justice, there has been a movement away from “distributive
justice” to “procedural justice” (PJ) concerns.

The aspect of Justice in organisational literature is a subjective notion of justice that
states that certain process and procedure types can enhance fairness judgments [28, p. 3].
“Procedures can refer to official rules of how things are done, how decisions are made
etc. This represents the traditional view which in this study we refer to as Procedural
Justice Narrow (PJN). An alternative and possibly more inclusive understanding of
procedures can comprise all processes and interactions that occur in the context of
organisational life” [3, p. 123], which we refer to as Procedural Justice Wide (PJW).

The quality of the sessions is indicated by the authenticity of the data generated and
the number of concepts/statements that the participants volunteered in the session. We
look to understand how our process ensures PJ as part of the process itself and not as a
way of enabling PJW. That is: How does it ensure PJN?

There is a further distinction in the literature that will help our understanding.
Organisational Justice can be seen to operate at two distinct but potentially interrelated
levels. The individual self-interest models that state that participants are interested in
fairness purely from improving their individual outcomes [26, p. 493], and the group
oriented models which reflect the concerns of all the group members and are thus more
complex in nature [28, 33, 34]. As we were using a group process that did not involve
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the participants making decisions that would necessarily directly affect their individual
outcomes, it is argued that the group orientated models are more appropriate in framing
this examination and this will be discussed further below under treatment issues in PJ.

In the area of PJ the work of Thibaut and Walker [32] paid particular attention to
the “level of control” the participants believed they had in a process and the subsequent
decisions arrived at through that process. They noted that participants reported higher
levels of satisfaction when the process was seen as fair and as such even second best
final decisions could be accepted by the participants so long as they had experienced
control and fair participation in the earlier, process stage. [8, p. 426] “disputants viewed
the procedure as fair if they perceived that they had process control” (that is, control
over the presentation and sufficient time to present their case). This process control
effect is often referred to as the “fair process effect” or “voice” effect [17, 28]. In this
context fair decision making would allow participants control over the procedures that
determine the outcome, as opposed to the outcomes themselves.

Linking this to our work, in an organisational context with a hierarchical structure
such as a university or private sector organisation, direct decision making tends to
reside at the top, and given that participants recognise this as the correct legal structure,
they are hence prepared to accept “indirect opportunities” to impact on decision making
as acceptable. This indirect aspect is termed “process control” by Thibaut and Walker
[32], or the opportunity to express “voice”. The process used allowed all participants to
directly input their concepts (thoughts) into the Group Explorer system, without any
censoring of views; hence we propose that the power to express “voice” for the par-
ticipants is greatly enhanced by this process. This can be positively detected in the
feedback from participants provided in Table 1, shown by concept 89.

Colquitt et al. [8] note that Leventhal broadened the determinants of procedural
justice to points beyond process control [27]. This requires six criteria to be met if
procedure is to be perceived as fair [8, p. 426]. These six determinants are drawn out to
compare to the characteristics of the dual facilitation process used in the study in
Table 2 below.

Table 2. Colquitt et al. [8]: p. 426.

Determinant; Colquitt et al. Workshop process; Dual facilitation

(a) Procedures should be applied consistently
across people and across time

We conduct the workshops using laptop
laboratory setting, ensures uniformity over
time, with the same prompt question for each
group and general steps followed

(b) Procedures should be free from bias (i.e.
ensuring that a third part has no vested
interest in a particular settlement)

As facilitators we are independent of the
university senior executive/organisation, and
cannot impact on policy formulation at
senior level

(c) Procedures should ensure that accurate
information is collected and used in making
decisions

Electronic gather of statements/concepts
directly from the participants, ensures
accurate collection of qualitative/experiential
data with a clear audit trail through cluster
building

(continued)
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When processes of investigation are embodying PJ determinants, the participants
show commitment to the decisions made and will exhibit extra-role behaviours [25]. PJ
also enhances the levels of voluntary contribution by “invoking the side of human
behaviour that goes beyond the out-come driven self-interest” in exhibiting the
extra-role behaviours [25]. All participants in our study were either volunteers or had
been invited to take part by the lead member of the focus group (for the private
organisations). Hence participants looked to experience a “fair” process of focus group
investigation so as to engage meaningfully. In this study, the extra-role behaviour
would be to divulge information that participants are not normally obliged to divulge
and in doing so show “honesty” of opinion in a transparent manner. This would enable
them to volunteer sensitive individual information (given the initial anonymity of the
facilitated software driven process) relating to; how they felt they had been treated, how
they had interacted with university tutors or to what extent as junior managers they
could impact on decision making. As the inputting is anonymous electronic inputting to
individual PCs, participants are less likely to self-sensor and will be more likely to
engage in exhibiting extra- role behaviours and allow to surface sensitive individual
opinions, which otherwise they would not feel safe to express. This can be illustrated
by some concepts drawn from the maps, such as 64 in Fig. 1, “individual favouritism”
which leads to 63 “certain groups get favoured by tutors”, or statement 92; “students
should be judged on ability rather than perception of ability”, taken from another map
not shown here. Similarly in the private organisation focus groups (given in Fig. 3) we
had statements such as 29 “better dialogue between sales, warehouse and administra-
tion to achieve consensus agreement”, clearly indicating communication issues that
needed resolving.

The construction of the maps enables the facilitators to understand the conversation
so that they may help surface more meaningful qualitative data. The understanding of
qualitative research employed in this study is derived from Eisenhardt and Graebner
[15] who stipulate that “qualitative research is highly descriptive, emphasising the

Table 2. (continued)

Determinant; Colquitt et al. Workshop process; Dual facilitation

(d) Procedures should have a mechanism to
correct flawed or incorrect decisions

The process can be used iteratively to ensure
accuracy of information gathered. Concepts
entered can be corrected electronically if
incorrect

(e) Procedures should conform to prevailing
standards of ethics or morality

Trained independent facilitators ensure
process is ethically used with a correct
employment of group norms in the focus
sessions

(f) Procedures should ensure opinions of
various groups affected by the decision have
been taken into account

Students (and lower management in private
organisations) are often not directly
consulted in policy formulation, yet this
process affords them a clear and transparent
voice
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social construction of reality, and focuses on revealing how extant theory operates in
particular examples” [15, p. 28].

To understand how we are enabling PJN in our process, which in turn may enhance
PJW we need to consider a more recent refinement of PJ terms.

4.1 Treatment Issues in Procedural Justice

The group engagement model of Tyler and Blader [34] gives a prominent role to
procedural justice and is used to contextualise the work in this study. Within their
model treatment issues are examined – participants value PJ (operationalised by voice
or process control) because it aids the decision maker’s ability to make equitable
judgments. In this post 1990s examination of PJ more attention is given to the inter-
personal aspects of procedures. This recognises that any process or procedure used in a
group context will be a setting where participants are involved in social interaction, and
is known as the treatment aspect. Interpersonal experience can range from being polite,
rude, respectful and with hostility. The process used in these workshops is proposed to
exhibit interpersonal fairness as one of the key functions of the independent facilitators
is to ensure that the group conducts itself in a way that reinforces interpersonal fairness
positively. The workshop sessions open with a slide on 7 “workshop conventions and
norms” of operation that are adhered to throughout the workshop.

This shift in PJ, from a focus on decision making to interpersonal treatment aspects,
shows the current development of PJ literature. It increasingly emphasises “pro-social
outcomes, such as how to build trust, encourage responsibility and obligation, generate
intrinsic motivation and stimulate voluntary co-operation with others” [33].

From the understanding of procedural justice dimensions, described in the section,
a questionnaire has been constructed with 22 questions relating directly to these

Fig. 3. Private organisation communication map.
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dimensions. Each question includes a 7 point Likert scale with a single dimension of
agreement ranging from strongly disagree to strongly agree. Some questions were
negatively worded to check for consistency of responses and thus detect any potential
measurement error. These scales were reversed for the analysis. The questionnaire was
given to 62 respondents across 7 workshops of various sizes ranging from 5–10 par-
ticipants. The questionnaires were designed to check if the participants perceived the
dual facilitation process was procedurally fair. The results from these questionnaires are
discussed next.

5 Statistical Analysis of Procedural Justice Dimensions

The data was first checked for reliability of scales across the questions. We did this by
examining the questions designed to capture fair procedures (12 questions) and treat-
ment effects (4 questions) separately and using Cronbach’s alpha. Of the remaining 6
questions 3 related to outcomes from the workshops and 3 to elements specific to
Causal Mapping. For fair procedures we had a Cronbach’s Alpha of 0.749 with the
deletion of any of the items not significantly improving the result. For treatment effects
the Alpha score was 0.835. Both of these are seen as indicating a high degree of
correlation between the items, which suggests that it is appropriate to use scale
reduction techniques. The Cronbach‘s Alpha also allows for the possibility of
sub-dimensions within each of the dimensions of process and treatment effects (Cortina
1993) [10].

We proceeded to examine each of the dimensions in turn using Exploratory Factor
Analysis, using a Principal Components Analysis (PCA) technique. For the treatment
effect questions we had a Kaiser-Meyer-Olkin Measure of Sampling adequacy
(KMO) of 0.704 and Bartlett’s test of sphericity with a significance level below 1%
indicating that there is a sufficiently high degree of correlation between the 4 items for
PCA to be applicable. PCA yielded a single dimension with the single component
accounting for 68% of the variation with 4 items.

In analysing the 12 items for process we used PCA and included or removed items
on the basis of whether or not the KMO figure was suitably high, that all the of the
items had an anti-image correlation above 0.5 and that the Bartlett’s test of sphericity
had a significance level below 0.05. We then inspected the components and used
orthogonal rotation (varimax) to surface more clearly separated components, this
approach assumes no correlation between the components or sub dimensions.

This process yielded a final rotated components matrix of with two components that
accounted for 60% of the overall variation within the scales. The KMO was 0.668 with
a significance level below 1% for Bartlett’s test of sphericity.

The 7 remaining items loaded upon the two components with the following groups
of questions:

Component 1 included: The participants were not able to make an equal contri-
bution (reversed item contributionRev); The participants were treated equally in the
process (equal); The process allowed for the group to discuss their concerns in an
ethical manner (ethics); The opinions of the group were taken into account during the
process (group opinions).
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Component 2 included: I was able to contribute to the workshop without feeling the
need to self-censor my contribution (censor); I felt able to express my ideas during the
process (express); I think my opinions were being captured in the process (my
opinions).

Component 1 appears to bear a strong resemblance to a notion of interactional
fairness within the fair process effect outlined above and component 2 seems aligned to
the notion of “voice” within the area of process control. It would appear that there is
some prima facie evidence that the dual facilitation process using group software
embodies the key dimensions of procedural justice incorporating the dimensions of
voice, interactional fair processes and treatment. This supports the claims of Eden,
Ackermann and Page [14] who have sought to incorporate the four-component model
of Tyler and Blader [33] into their strategic decision making process using their
“Journey” making approach.

A larger question is whether the existence of these dimensions delivers a better
outcome for the participants. We have measured the participants’ views on their sat-
isfaction with the workshops and the perceived effectiveness of the workshops, these
scores came out uniformly high. It is, therefore, difficult for any testing to pick up any
correlation between the existence of the components above and variation in outcomes.
In order to tease out any such relationships we would recommend that a larger data set
is gathered, and a comparison with other approaches to running focus group workshops
in undertaken. This would allow one to see if superior outcomes can be attributed to
one approach when compared with another.

6 Conclusion

The examination here is firmly “practice based” in terms of context, as the study is
drawn from focus group research on students and organisations.

The electronic gathering of qualitative statements (known as concepts) on the
prompt question allows the participants a clear “voice”. It has been noted that “voice”
has value beyond is ability to shape decision making processes and outcomes [34,
p. 351]. In the field of organisational research, justice is considered to be socially
constructed. Although it is based upon a small sample and more comparative studies
are needed, the statistical analysis appears to confirm the alignment between the dual
facilitation process used in the Focus Group Workshops and the dimensions of pro-
cedural justice.
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Abstract. Past studies in agent negotiations against humans have revealed
important insights. The current study examines the effects of including a per-
son’s photograph as a proxy for an agent in negotiations on the outcomes. To
this end an experiment employing photos of a young person, a mature person,
and an older individual to represent agents was conducted. The results revealed
significant difference in terms of the agreement utilities achieved by the three
groups of agents. Therefore, the choice of an image for representing a software
agent plays an important role in determining the outcomes of human vs. agent
negotiations.

Keywords: Software agents � Electronic negotiations � Experimental studies

1 Introduction

Electronic negotiations allow parties to search for mutually beneficial deals over the
Internet. Software agents could help businesses streamline negotiation processes by
improving negotiation performance and consistency. Past studies have examined the
viability and effectiveness of human vs. agent negotiations [1, 2]. It was found that,
overall seller agents employing time-dependent tactics outperform humans performing
the same role in negotiations with human buyers, and that task complexity mediates the
performance of different agent tactics.

The current study investigates whether using a photographic image as a proxy for an
agent has any impact on the outcome of negotiations. More specifically, it examines the
influence of including an image of a younger, a mature, and an older male person on the
negotiation performance. Photographic images of three actors featuring in an old classic
French film “The Sicilian Clan” were included in the study. The film was released in
1969, and there is little chance that the subjects, who were recruited from the students of
a large North American university, would recognise their “counterparts”.

The results revealed that there was a significant difference in utilities achieved
among the three groups of identically configured agents that used three different pic-
tures to represent themselves. In particular, it was found that agents “wearing” a picture
of a mature person achieved agreements with significantly higher utilities than other
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agents did. What is more interesting, among the three groups of buyers there was no
significant difference in the utilities of agreements.

Additionally, the subjects were given a questionnaire measuring their satisfaction
with the counterpart and the achieved outcomes. There was no statistically significant
difference between the subjects’ assessments of the three agent categories, although
simple comparisons of the results reveal interesting implications.

2 Related Work

Prior work studying the impact of photo images in agent vs. human negotiations has
been scarce. There have been studies in incorporating images and photos in online
commercial sites, using synthetic and anthropomorphic images in Human-Computer
interactions, and providing social and visual cues in negotiations.

Being able to understand and predict the other party in e-commerce interactions
tends to increase trust, as pointed out in [3]. This can be achieved by increasing social
presence in commercial websites, in particular, by including photos of people. One
study has examined the influence of the presence of photographs and videos in com-
mercial websites on trust [4]. The findings suggested that presence of an image of a
customer service representative enhances customers’ trust in a website. This effect was
stronger among Eastern culture subjects, as compared to the Westerners.

A study examining effects of anthropomorphic images on the perception of pres-
ence has been reported in [5]. The subjects were told they were either interacting with a
human via an avatar, or with an agent. The task included getting to know their partner
who may work with them in the future on a scavenger hunt for software technologies
on the web. The findings indicated that having an anthropomorphic image tends to
increase the perception of telepresence as compared to having no picture, however the
appearance of the image plays a major role. Similar findings have been reported in a
study investigating the effects of including 3D avatars in e-commerce websites on the
feeling of telepresence [6].

In [7] it was postulated that facial features play an important point in the assessment
of trustworthiness of a partner. They influence the way people perceive an unknown
individual to be capable of reciprocal action. Using the trust game the authors have
found that subjects were willing to invest more money when their partners had more
trustworthy facial features.

In [8] a negotiation game was used to assess the influence of facial expressions on
the subjects’ perceptions. In particular, it was reported that “happy” facial expressions
induced higher friendliness impressions. In the context of e-negotiations, one study
compared negotiators credibility in online vs. face-to-face settings [9]. It was found that
e-negotiators perceived their opponents to be less credible, as compared to the
face-to-face group. It seems logical that including an opponent’s picture in an online
negotiation system could help raise the credibility in online negotiations.

In a Japanese study authors found that so called “Kawaii” appearance (implying
cuteness) has an impact on the impression in negotiations [10]. Three images with
“Kawaii”, “normal” and “non-Kawaii” faces were shown to the subjects along with
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negotiation situations. It was also found that use of language may worsen the
impression of “Kawaii” and improve the perception of “non-Kawaii” parties.

In [11] the impact of agents’ expression of emotions on the opponent’s behavior
has been studied. The subjects were paired up with agents conveying anger, neutrality,
or happiness during negotiations using verbal and non-verbal expression mode. The
“angrier” agents achieved larger concessions from their opponents. In [12] authors
reported that facial structure of men, specifically width-to-height ratio, can be used to
predict negotiation behavior. In particular, men with higher ratio tend to be less
cooperative.

The above work suggests that there could be an important influence of incorpo-
rating photo images in agent-to-human negotiations. The subsequent sections report
our experimental setup and findings when using different male images in the process of
offer exchange.

3 Experimental Setup

We have used a newly developed system for agent-to-human negotiations for the
experiments. The experimental task included negotiations about a mobile plan with five
issues: Price, Regular Air Time, Extra Air Time, Text Messaging, and Data. The agents
were configured as being slightly competitive.

The competitiveness level for an agent has been specified using its utility curve.
The curve dictates how an agent drops its utility over time. Making smaller concessions
in the beginning is considered as a competitive or “greedy” tactic, as an agent is trying
to get the better deals until the deadline starts approaching. The utility curve used by
the agent in the experiment is depicted on Fig. 1.

Human users had to configure their preferences regarding the issues by themselves,
as shown on Fig. 2. Then they were asked to indicate their preferences within each
issue.

The agents’ preferences were configured identically for all three groups of agents.
One group was assigned a photo image of a younger person (Al), the other one an image
of a mature person (Lino), and the third one of an older individual (Jean). Figure 3
shows the screen with the pictures assigned to the agents. The images included pho-
tographs of key actors who featured in a classical French film “The Sicilian Clan”. The
film was chosen because it featured three generations of actors, and also to minimize the
risk of subjects recognizing the persons on the photos: the film is old and of European
origin, while the subjects are North American undergraduate students. Also, the pictures
shown together with offers are of small format, thus revealing little facial details other
than age.

The negotiations were configured to run in a synchronous mode, whereby the
subjects were asked to stay online and logged on until the end of the experiment. The
maximum time assigned for the offer exchange was set at 30 min. Subjects were
recruited among senior level students at a large North American University registered
for “Business Application Development” classes. 159 invitations were sent to the
subjects, of which 93 responded.
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Fig. 1. Configuration of preferences

Fig. 2. Configuration of preferences
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Subjects were given detailed instructions on how to use the system, and how to
perform an experimental task. They were told that at any point they could terminate
negotiations, if they thought that would be the best decision. They were randomly
assigned to one of the three types of agents during the experimental period. During the
offer exchange a counterpart’s small picture was shown with each incoming offer. An
example of subject-agent interaction is shown on Fig. 4.

4 Results

Of the 93 participants’ negotiation records 75 were preserved, and the rest discarded,
because the participating subjects accepted the first offer made by the agent counterpart,
and, thus did not engage in true negotiations. Table 1 shows the agreement rates
achieved by the three groups of agents. As one can see, the majority of negotiations
ended with an agreement. The low number of no-agreement cases does not allow to
compare agreement rates for statistical significance, though numerically the agents with
mature person’s photo have had highest rate.

In terms of the average number of offers, the “mature” agent had fewest (6.7),
followed by the “older” (9.7) and “younger” (10.3) agents. The results of ANOVA
showed that the difference was significant with a p-value of 0.029. Thus, the “mature”
agent seems to be more “efficient” than the other two.

For the comparison of the utilities of agreement we have only included cases in
which an agreement was reached. Additionally, few subjects had not correctly specified
their preferences (e.g. having utility levels over 100), and these cases had to be deleted
as well. ANOVA analysis of the agreement utilities showed that there was a statistical
significance between the three treatments (p-value = 0.004). The highest average utility

Fig. 3. The images used in the experiment.
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was achieved by “mature” agents, followed by “older” and “younger” agents. The
results of a two-tailed t-test suggest that the difference was significant between “ma-
ture” and “younger” (p = 0.000) and “mature” and “older” agents (p = 0.048). There
was no statistically significant difference between the “younger” and “older” agents.
Table 2 shows the utilities achieved by the agents and by the human subjects.

Fig. 4. Example negotiation session.

Table 1. Number of agreements.

Variable Young (Al) Mature (Lino) Older (Jean)

Total negotiations 35 22 18
Agreements 28 19 14
No agreements 7 3 4
Agreement rate 80% 86% 78%

Table 2. Utility of agreements.

Agent type Agent utility Buyer utility

Young (Al) 59.00% 46.66%
Mature (Lino) 74.23% 38.40%
Older (Jean) 65.39% 44.20%
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It is interesting to note that when comparing utilities of the subjects, ANOVA did
not produce any significant differences between the three groups (p = 0.398). This
leads to an intriguing suggestion: the subjects seemed to engage in more integrative
negotiations when facing a mature counterpart. The “mature” agent facilitated not only
better deals for the seller, but also acceptable ones for the buyer.

In order to measure subjective assessments of the opponent and the outcomes, a
questionnaire has been administered to the subjects at the end of the experiment. The
questionnaire measured two constructs, namely, satisfaction with the counterpart, and
satisfaction with the outcome. Table 3 shows the items of the questionnaire.
Exploratory factor analysis showed that the pattern of item loadings on the constructs
was adequate. The answers were measured using seven-point Likert scales.

The comparisons of the results of the subjective measures in terms of average item
responses are given in Fig. 5.

Table 3. Questionnaire items.

Construct Item

Satisfaction with the
counterpart

My interaction with the counterpart was positive
I am satisfied with the counterpart
I enjoyed working with the counterpart towards a mutually
acceptable agreement

Satisfaction with the
outcome

I am satisfied with the outcome of negotiations
I feel good about the deal we have made

Fig. 5. Subjective assessments
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ANOVA test did not reveal any significant differences in the assessments of the
three categories of agents. Therefore, although one type of agents performed signifi-
cantly better than the other two types, this had no statistically significant impact the
subjective assessments. What is even more striking, the “mature” agent had the highest
absolute scores both in terms of the satisfaction with the opponent, as well as the
satisfaction with the outcomes. This is despite the fact that the subjects had the lowest
average agreement utilities when negotiating with the “mature” opponent.

5 Conclusions

The current study examined the impact of a presence of a photo image in agent vs.
human negotiations on negotiation outcomes. Specifically, three male images of dif-
ferent age were assigned to three groups of identical agents. The results of the
experiments suggest that the “mature” image led to significantly superior performance
in terms of utility of agreements, as compared to other images (“younger” and “older”).
Moreover, the “mature” image had led to the lowest number of offers, suggesting
higher efficiency of an agent. What is most interesting is that the success of this agent
did not come at the expense of the lower utility of the human subjects, implying that
mature image may induce more integrative negotiations.

In terms of subjective assessments, no significant differences have been detected
among the groups of participants, despite the fact that there were differences in terms of
utilities achieved by the agent sellers. What is even more striking, the subjects who
negotiated with the “mature” agent had the lowest agreement utility levels, and yet they
have had highest satisfaction levels both with the counterpart, and the agreement
achieved.

A possible explanation of the results would require a further investigation into the
causes of the subjects’ behavior and impressions. It seems that subjects take more
seriously an opponent who seems to be mature and have experience, rather than a
younger individual. Furthermore, the subject might have felt that an older individual
has lesser chance of keeping up with the realities of present-day products and tech-
nologies. This suggests an upside-down U-shaped relationship between the visual age
cues presented to a negotiator and the utility achieved by the corresponding agents.

Admittedly, a photograph can convey and does convey more information than age,
including facial features, dressing, background, etc., which can also influence a sub-
ject’s decision making. However, we believe in our experimental settings the dominant
characteristic of the photographic images was the age of the person. In any case, the
overall conclusion of the work is that including different photographic images of people
may have significant impacts on the negotiation outcomes.
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Abstract. Conflicts arise when the proposed construction of a high-speed
railway project in Central Asia affects the interests of Central Asian nations
located along the route. By considering the national governments in Central
Asia as decision makers, their possible actions in dealing with the conflicts are
analyzed by using the graph model, a conflict resolution methodology. Three
criteria, geological locations, political relations, and environmental concerns, are
taken into account to accurately determine the preferences of these nations. The
stabilities and equilibria of the model are calculated to provide potential strategic
resolutions for these nations. The equilibrium that can take place in reality
indicates that Kazakhstan and Uzbekistan can support a modified project. The
opposition from Kyrgyzstan and Turkmenistan calls for appropriate resolutions
from China in order to secure the successful implementation of the project.

Keywords: High-speed railway � Central asia � Graph model
Conflict resolution

1 Introduction

Central Asia is strategically important as the crossroad of the Eurasian Continent.
Historically, it had facilitated the spread and interaction of civilizations via the Silk
Roads, in ancient China, Persia, ancient India, and ancient Greece. According to the
modern definition, Central Asia refers to the region from the Caspian Sea to China,
bordering Russia to the North and Afghanistan to the South. It consists of five nations
with the affix of “stan”, i.e., Kazakhstan, Uzbekistan, Kyrgyzstan, Tajikistan, and
Turkmenistan. With a population of around 70 million and GDP per capita below
10,000 US Dollars (UN DESA 2017), the five nations have all been experiencing
industrialization since their independence from the Soviet Union in the early 1990s.
Modernizing infrastructure is among the priorities of the national governments, as most
of the existing infrastructure has not been renovated since the Soviet Era, which hinders
growth of the economy within the region.

Railway is an important means of transportation in Central Asia. It offers large
capacity, low cost, and high resilience to adverse weather conditions. The existing

© Springer International Publishing AG, part of Springer Nature 2018
Y. Chen et al. (Eds.): GDN 2018, LNBIP 315, pp. 139–153, 2018.
https://doi.org/10.1007/978-3-319-92874-6_11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92874-6_11&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92874-6_11&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92874-6_11&amp;domain=pdf


railway system in Central Asia was inherited from the Soviet infrastructure. The rail-
way routes connect China and Mongolia with Europe via Kazakhstan. The current
railway system in Central Asia is described as “open but blocked” in the eastern part of
the region due to different gauges and “missing segments” (He 2016).

The difference in gauges between Kazakhstan and China affects the efficiency of
the two countries’ rail transportation. To the west, some cities have not been incor-
porated into the rail network: hence, they are not able to enjoy the profits and
opportunities brought by communication with other regions.

As part of the “Belt and Road Initiative”, a high-speed railway (HSR) project has
been proposed by China in cooperation with Central Asian countries, as shown in
Fig. 1. The new railway will use a gauge different from the existing 1520 mm standard
to connect large cities in Central Asia (He 2016). This new system is part of a larger
project building railways from Urumqi in China to Tehran in Iran. After the completion
of this project, cargo as well as passengers will be transported from China to Iran, via
capital cities of the four republics, which include Uzbekistan, Kyrgyzstan, Tajikistan,
and Turkmenistan. This will China to share its economic achievements with the
countries along the route.

Central Asia is well-known for its environmental fragility. The two major rivers in
this region are Syr Darya and Amu Darya, flowing from the Tianshan Mountain
westwards into the Aral Sea. The area through which the two rivers flow is called the
Aral Sea Basin, as depicted in Fig. 2.

During the Soviet era, water was diverted from the two rivers to irrigate cotton
fields in the north, however only half of the water actually reached the crops (McCray
1999). Water flow along the basins was reduced, and the Aral Sea shrank by 90% in
size (Micklin and Aladin 2008). After the five nations gained independence in 1991,

Fig. 1. Route of High-speed Rail Project in Central Asia (Modified based on http://www.
chinadaily.com.cn/china/2015-11/21/content_22506412.htm)
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the Aral Sea Basin became a transboundary area overnight. Disputes arose over the
allocation of water resources, sometimes intensified by ethnic diversity, bureaucracy,
and ill-functioning infrastructure.

Environmental impacts should be considered in constructing the high-speed railway
(HSR) in Central Asia. Compared with other means of transportation, such as private
cars and buses, HSR will produce less carbon emissions per capita. However, the
construction of HSR can still affect the environment in the following ways:

• It may deteriorate wetlands and affect water quality.
• It may occupy agricultural land, which is precious in Central Asia.
• After the completion of the project, the increase in pollution along the railway,

caused by either passengers or new inhabitants, will result in higher demand for
water, thereby exerting pressure on the limited water resources.

• The noise and vibrations along the railway may also have negative effects on local
residents and wildlife.

Accordingly, decision makers in these nations should evaluate the project by
considering these consequences.

Potential environmental conflicts for implementing the project may arise among
parties situated along the proposed railway and the two rivers. Some stakeholders
welcome the project due to the potential economic benefits, while opposition may come
from stakeholders with environmental concerns. From the perspective of the five
national governments, the construction of HSR can improve the economy in the region.
However, their attitudes towards the project depend on various factors, such as geo-
logical features along the construction route, the flow of the two rivers, and political
relationships with China and neighboring countries. As the biggest economy in the
region, Kazakhstan has shown an interest in building HSR with China (Tabyldy 2017).
Although China has sponsored Uzbekistan and Turkmenistan for linking the

Fig. 2. Countries in Aral Sea Basin (modified, based on Nandalal and Hipel (2007))
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conventional railways with Kazakhstan in 2014 (Arina 2016), the difficult bilateral
relations between Tajikistan and Uzbekistan, and the negative view of Kyrgyzstan on
railway projects passing through its territory may affect the implementation of HSR
(Savi and Peremen 2017). Hence, the actions of the national governments as stake-
holders towards the implantation of the HSR project proposed by China should be
systematically analyzed by considering geological, political, and environmental factors.
This paper raises the following related questions:

• Assuming that each national government strives to achieve maximum benefits, how
can one determine the preference of each decision maker (DM) when their value
systems are hard to evaluate due to difficulties in accessing information or data?

• Under different behavioral patterns, what are DMs’ potential actions, or strategic
resolutions, in dealing with the conflicts caused by the implementation of the HSR
project?

• What can each national government learn from this conflict to guide their actions
when the strategies of its own and others can be obtained?

Note that a DM in this paper refers to a stakeholder: not only can the stakeholder’s
interests be affected in/by a conflict, but the stakeholder can also impact the conflict by
taking actions. To formally investigate these questions, an appropriate conflict analysis
methodology should be employed.

2 Literature Review

Various conflict analysis methodologies have been utilized to systematically study
strategic conflicts. Game theoretic models (Von Neumann and Morgenstern 1944) have
been widely used to handle conflicts with multiple DMs and objectives. In most game
theoretic models, the value systems for DMs are characterized by numbers, either certain
or with uncertainty. In reality, payoffs in cardinal numbers such as utility values are hard
to determine. In many cases, resolution of a conflict can still be obtained without the
requirement of cardinal utilities. Thus, non-quantitative models are developed by using
relative preferences to represent the payoffs of DMs, such as Metagame Analysis
(Howard 1971) and Conflict Analysis (Fraser and Hipel 1979, 1984), in which the
modeling structures are more flexible by allowing irreversible moves and introducing
more solution concepts to describe the behavior patterns of DMs. The genealogy of
conflict analysis methodologies is shown in Fig. 3.

The Graph Model for Conflict Resolution (GMCR) (Fang et al. 1993; Kilgour and
Hipel 2005) is an extension of Conflict Analysis representing outcomes of a strategic
conflict, usually called states, and moves between states – as transitions; they are
represented with graphs. The behavior of DMs is analyzed under four major solution
concepts: Nash stability (R) (Nash 1950, 1951), sequential stability (SEQ) (Fraser and
Hipel 1979, 1984), general metarationality (GMR) (Howard 1971), and symmetric
metarationality (SMR) (Howard 1971). The strategic resolutions for DMs can be
obtained by decision support systems (Fang et al. 2003a, b; Kinsara et al. 2015).
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Preferences in decision making have been extensively studied. Techniques have
been utilized to assess preferences of DMs according to multiple criteria (Belton and
Stewart 2002). Some factors affecting the preferences of DMs are conflicting (Keeny
et al. 1994). Scoring systems like PROMETHEE (Brans and Mareschal 2005) and AHP
(Analytic Hierarchical Process) (Saaty 2001) were developed to describe the value
systems of decision makers by considering various criteria. Uncertainties in preferences
have been studied by using fuzzy logic (Grabisch and Labreuche 2005) and grey theory
(Liu and Lin 2010).

Within the paradigm of GMCR, Ke (2008) developed a GMCR model by and
augment it with an AHP model used to elicit relative preferences. The AHP model
considers criteria for selecting options. Multiple objectives of DMs are analyzed by
Bristow et al. (2012) within the paradigm of GMCR. Objectives of DMs are compared
pairwise and preferences are represented separately by different value systems. Option
Prioritization approach (Fang et al. 2003a, b) has been developed to effectively rep-
resent the preferences by the options of decision makers, because the number of options
in a graph model is significantly smaller than the number of outcomes. The criteria that
affect the preferences should be considered so that they may be expressed more
precisely.

In the remainder of the paper, the theoretical structure of the existing methodology,
GMCR, is briefly introduced in Sect. 3. The two steps of investigating the HSR con-
struction conflict, modeling and analysis, are mentioned in Sects. 4 and 5, respectively.
The conclusions and further study are given in Sect. 6.

3 Graph Model for Conflict Resolution

A strategic conflict can be studied using graph model in two steps: modelling and
analysis, as shown in Fig. 4. A graph model can be represented by a 4-tuple set
G ¼ N; S;A; %f g consisting of the sets of DMs Nð Þ, states Sð Þ, unilateral moves Að Þ,
and preference relations on S %ð Þ.

Fig. 3. Genealogy of conflict analysis methodologies (Hipel and Fang 2005)
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Within the GMCR paradigm, DMs in a real world conflict are identified in the
modelling part. The options and preferences of each DM can be obtained according to
the background of the conflict. An option is a possible choice that can be taken by a
DM. By knowing the options, each state in the conflict can be represented as a com-
bination of the selection of options from all DMs.

A DM may move unilaterally from one state to another by changing its option
selections. For each DM i 2 N, the set of unilateral moves is expressed as Ai � S� S.
For two states s; s0 2 S, if i has a unilateral move (UM) from s to s0 in one step, this
move can be denoted as s; s0ð Þ 2 Ai.

In graph model G, each DM’s preferences on S are completely determined by the
relation % which is assumed to be complete and reflexive. In particular, s �i s0, s� i s0,
and s �i s0 indicate that s is more, equally, and less preferred to s0 for i, respectively.
The three relations can also be combined. For instance, s†i s

0 represents that s no
better than s0 for i. Some UMs for a DM are also called unilateral improvements (UIs) if
these UMs can result in more preferred states for the DM. Specifically, a UM for i,
s; s0ð Þ 2 Ai, is UI if s �i s0.

In the analysis part, stabilities of states are calculated. Stabilities, also called solution
concepts, are utilized to describe possible behavior patterns of DMs in real world
conflicts, varying by DM’s scope of moves and the perceptions on counteractions from
other DMs. Four types of stabilities are investigated, including Nash stability (Nash),
sequential stability (SEQ), general metarationality (GMR), and symmetric metara-
tionality (SMR). (this was mentioned earlier) For simplicity, the two representative
stabilities, Nash and SEQ, are analyzed in this paper. Theoretically, Nash and SEQ are
stronger stabilities than GMR and SMR because only the favorable actions of DMs
within two steps are considered. In comparison, the unfavorable moves of DMs as
counteractions are included in GMR; SMR involves moves of DMs in three steps.

Fig. 4. Process of investigating strategic conflicts using Graph Model for Conflict Resolution
(modified based on Fang et al. (1993))
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Thus, Nash and SEQ reflect behavioral patterns of DMs that take place in reality more
commonly.

A state is Nash stable for a given DM if and only if there is no UI for the DM at this
state. The mathematical definition is written as (Nash 1950, 1951): s 2 S is Nash stable
for i 2 N if and only if Rþ

i sð Þ ¼ ;, where Rþ
i sð Þ denotes the set of UIs at s for i.

An SEQ state for a focal DM reflects a situation at which the DM can be worse off
by the subsequent sanctions from other DMs against its UIs. Theoretically, SEQ (Fraser
and Hipel 1979, 1984) is defined as: s 2 S is SEQ for i 2 N if and only if for every
q 2 Rþ

i sð Þ, there exists r 2 Rþ
N�i qð Þ, such that s �i r, where Rþ

N�i qð Þ represents the set
of UIs for all DMs except i, marked as N � i, at state q.

A state can be stable by either Nash or SEQ for a given DM. A stable state for the
DM indicates an outcome of a conflict at which the given DM is unlikely to move
away. A state is stable for all DMs, either Nash or SEQ, suggests an outcome that is
likely to happen or useful resolution for all DMs, as no DM is inclined to move away
from this state. This stable state is called equilibrium. The equilibria in a conflict are a
useful output, indicating guidance of actions for DMs to follow in reality.

4 Conflict Modeling

4.1 Decision Makers and Options

In a strategic conflict, DMs are parties or groups who are concerned about their
interests and are able to impact the conflict by taking actions. In the HSR disputes, four
national governments in Central Asia, consisting of Kazakhstan (KZ), Uzbekistan
(UZ), Kyrgyzstan (KY), and Turkmenistan (TK), are considered DMs as they are
situated along the planned railway route. Tajikistan is not a DM as it is not included in
the current plan. The Chinese national government (CN) is another DM, because the
construction of the HSR project is of its great interest. Although Tehran is the desti-
nation of the project, Iranian national government is not included: the impacts of the
HSR project in Central Asia are out of its scope of considerations. Thus, the five DMs
in the conflict are KZ, KY, UZ, TK, and CN.

Each DM has at least one option in the conflict. Each central Asian nation can
either agree with CN or show opposition, which can be combined into one option as
“Agree”: the opposition is expressed as the negation of “Agree”. If KZ agrees with CN,
for instance, its option “Agree” is marked with a “Y”. Otherwise, an “N” is labeled
with this option. CN can initiate the construct plan or suspend the construction.
Considering the possible oppositions from the four central Asian governments, CN
could also modify the project, by providing financial support to these nations, changing
the detailed construction plan, or transferring green technologies to alleviate possible
damage to the environment along the route. The options for CN are written as “Initiate”
and “Modify”. The negation of “Initiate” refers to the suspension of the project; the
opposite of “Modify” means no change to the original plan. The selection of the two
options for CN implies different meanings. For example, Y for “Initiate” and N for
“Modify” means that CN will implement the original project; N for “Initiate” and Y for
“Modify” denote that CN suspends the project although it is modified. The DMs and
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their options are listed in Table 1. The options of all DMs are assigned a number
followed by a half parenthesis, for labeling purposes.

As defined in Sect. 3, a state, regarded as a possible scenario of conflict, is a
combination of option selections for all DMs. As each option can be chosen by the
corresponding DM or not, there are 26 states for the total of 6 options. A sample state is
also listed in Table 1, indicating the scenario in which CN’s implementation of
modified project is opposed by all of the central Asian nations along the route.

4.2 Multiple Criteria Preferences

The preferences of the DMs in the HSR project conflict are determined from the
perspectives of the nations’ geological locations, political relationships, and environ-
mental concerns. Geological location of a nation refers to its position along the HSR.
According to Fig. 1, countries are linked in a sequence starting from CN in the east
westbound to TK via KZ, KY, and UZ. A nation to the west relies on the connectivity
of the route in its eastern neighbors. Hence, the rear nations along the route are more
dependent on the actions of the nations in the front. Political relations of a nation with
others is another criterion to consider.

According to the background scanning of the HSR project, UZ and TK are likely to
favor the project as they had similar collaboration with CN in the past (Savi and
Peremen 2017). KZ could also be supportive as it has shown an interest to the HSR
project (Tabyldy 2017). KY could be less favorable because it reportedly dislikes the
connection of its railway to UZ due to their territorial disputes. Environmental factors
are also important in shaping the preferences of the DMs. By taking into account
possible impact on water resources and soil, the position of each nation along Syr
Darya and Amu Darya matters. A downstream DM is more concerned with the
environmental impacts as it is more vulnerable to potential environmental damages
than an upstream DM. KZ, UZ, and TK are at the relatively downstream position
compared with KY. The rules to determine the preferences according to the three
criteria are listed in Table 2.

Table 1. Decision makers, options, and sample states

Decision makers Options Sample state

KZ (1) Agree N
KY (2) Agree N
UZ (3) Agree N
TK (4) Agree N
CN (5) Initiate Y

(6) Modify Y

Table 2. Preference rules by criterion

Geological Political Environmental

CN - KZ - KY - UZ - TK Favor: UZ, TK, KZ
Dislike: KY

Syr Darya: KY - UZ - KZ
Amu Darya: UZ - TK
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Preferences are often represented in terms of the ranking of states in a conflict.
When the number of states is large, Option Prioritization Approach (Fang et al. 2003a,
b) is employed by ranking the options for all DMs instead of the states, because the
number of options is much smaller than that of the states. By using this approach, the
preferences for a DM are expressed by the statements of options connected by logical
symbols, such as AND (&), OR (|), NOT (-), IF, and IFF meaning if and only if. These
statements are ranked from the most important for the focal DM at the top to the least
important at the bottom. The preferences for DMs in the HSR conflict are investigated
by the three above mentioned criteria: geological position, political relations, and
environmental concerns.

First, preference statements are written for each DM using each criterion. For
example, when considering the political relations, the most desired outcome is the
support from all other nations, denoted as the selection of option 1, 2, 3, and 4. Thus, the

Table 3. Preference statements for DMs by criterion
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first preference statement for CN is written as 1&2&3&4, positioned at the top in the
corresponding cell of Table 3. To follow up, CN will modify the project (Option 6) if at
least one other nation shows opposition, which can be expressed as 6 IF (-1|-2|-3|-4)
placed below the first statement in Table 3. Note that we assume the three criteria to be
independent. Thus, the preference statements are elicited by considering only one cri-
terion at one time.

For each DM, the importance of these criteria is different, represented by a ranking
from 1 to 3. For instance, geological position is the most important criterion for TK: as
it is situated at the rear of the route, TK is more dependent on the connectivity of HSR
than other nations. The environmental concerns are important at the second place, as
TK is a downstream country along the Amu Darya. The preference statements for each
DM by criterion are shown in Table 3. Brief explanations to these statements are
provided to the right. The complete preference statements for the DMs are listed in
Table 4, reflecting not only the ranking of the statements within a criterion but also the
ranking of the criteria for each DM.

Table 4. Complete preference statements for DMs

CN 1&2&3&4
6 IF (-1|-2|-3|-4)

Political

1
2
3
4
5 IF 1
(5&6) IF -1

Geological

6 IF -2 Environmental
KZ 1 IF 6

5
6 IF -1

Political

(-3)IF 1
(-2)&(-3) IF (-1)
(-2)|(-3) IF (-1)
(-4) IF -1

Environmental

2 IF 1 Geological
KY -5

6
-2

Political

-3
2 IF 1

Geological

UZ 3 IF 6 Political
1&2
2 IF 3

Geological

6 IF (-1) & 5
6 IF (-2) & 5

Environmental

(continued)
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5 Stability Analysis Using GMCR II

Individual stabilities and equilibria for DMs in the HSR project conflict are analyzed
using a decision support system GMCR II (Peng et al. 1997). GMCR II was designed
to carry out calculations for stabilities by typing information about DMs, options, and
preference statements in the modeling subsystem.

A list of feasible states, the transition of states, and the state rankings for each DM
can be displayed. Stabilities for DMs and equilibria can be obtained as the output of the
system. In-depth analysis can also be implemented such as sensitivity analysis to
examine whether and to what extent the change in the model output is affected by the
input information. The structure of GMCR II is described in part (I) of Fig. 5.

Table 4. (continued)

TK (1&2&3) IF 4 Geological
(-3) IF 5
(-4) IF 3

Environmental

6
4 IF 6

Political

Fig. 5. Modeling and analysis in GMCR II
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To start modelling using GMCR II, the five DMs and their options are typed into
the panel called “DMs and Options” as shown in part (II) of Fig. 5. The total of 26

states can be displayed in the panel called “feasible states”, each of which is assigned a
number ranging from 1 to 64. The preference statements can be specified in the
“Preferences” panel by selecting “Option Prioritization”, as displayed in part (III) of
Fig. 5. By clicking the “Analysis” on the top bar in part (IV) of Fig. 5, the equilibria of
HSR construction dispute under the four solution concepts can be displayed. In this
paper, the two representative solution concepts, Nash and SEQ, are analyzed: they are
“stronger” than GMR and SMR, and therefore can suggest outcomes that are more
likely to happen and provide more meaningful resolutions. According to the screen
exhibiting the equilibria in Fig. 5, state 54 is Nash equilibrium and the SEQ equilibria
are states 16, 40, and 48.

An evolution analysis is further carried out to examine which equilibrium can be
reached from the starting state by initiating UIs from DMs, also called the status quo.
This particular equilibrium can be used to interpret the outcome of the HSR con-
struction conflict. As an assumption in GMCR, the order of UIs does not affect the final
outcome. The path of the evolution is demonstrated by Table 5. The status quo, state 1,
represents the scenario before the implementation of the HSR project, at which point no
other nation agrees with this project. Starting from state 1, CN can initiate a UI by
adapting to a modified plan, resulting in state 49. To follow up, KZ’s UI by changing
option (1) from N to Y leads to state 50. The evolution of the conflict stops at state 54,
as no DM has UI at this state after it evolved from state 50 by UZ’s subsequent UI.
Further analysis has been carried out, indicating that state 54 is the only equilibrium
that can be reached from the status quo. Thus, Nash equilibrium is regarded as the
possible outcome of the conflict.

At state 54, the modified version of the project will be supported by KZ and UZ.
KY and TK will oppose the project even if it is modified. Hence, not all of the Central
Asian countries will support the HSR project. Several implications can be obtained
from state 54:

(1) As state 54 is the equilibrium at which the HSR project can receive the support
from the most Central Asian nations, the support from all the nations cannot be
realized regardless of the effort from CN under the current preference settings.

Table 5. Evolution of HSR construction conflict

State 1 (Status Quo) State 49 State 50 State 54
KZ 1) Agree N N Y Y
KY 2) Agree N N N N
UZ 3) Agree N N N Y
TK 4) Agree N N N N
CN 5) Initiate

6) Modify 
N
N 

Y
Y 

Y
Y 

Y
Y 
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(2) According to Table 3, TK will oppose the project although it prefers to support
the modified version from the viewpoint of political relations. TK’s opposition is
due to its comprehensive consideration of all criteria including the geological
location and environmental concerns. To gain support from TK, CN should
mitigate potential environmental damages in TK by, for example, transferring
clean technology and by allocating special funding for compensating the damages.

(3) KY will also oppose the project out of the political and geological concerns.
China should be proactive in holding multilateral negotiations with UZ and KZ to
solve the territorial disputes related with the project.

(4) Comprehensive initiatives should be taken by CN to attract the Central Asian
nations in implementing the HSR project with CN. Some details of the con-
struction plan may be redesigned to protect the environment in the four nations.
Financing solution scan be adopted. For example, special funding for environ-
mental protection and mortgages to relieve the financial burden of the construction
can be provided.

6 Conclusions and Further Study

In this paper, conflicts caused by the construction of high-speed railway project in
Central Asia from the perspectives of geological locations, political relations, and
environmental concerns are analyzed using Graph Model for Conflict Resolution.
A multiple criteria preference structure under the framework of Option Prioritization is
designed. This new preference structure can describe the preferences for DMs in the
conflict more precisely by considering the impacts of the three criteria on the prefer-
ences. The equilibrium obtained by GMCR II indicates that the national governments
of Kazakhstan and Uzbekistan will support the project when it is modified. China
should seek support from Kyrgyzstan and Turkmenistan using various means,
including multilateral negotiation and financial aid.

The limitation of the model presented in this paper is inadequate specificity; the
options for DMs need to be elaborated further. For example, modification as option
(6) includes financial support, change of the project plan, and transfer of technologies.
Further study should be carried out to analyze this conflict with more specific options.
Besides, machine learning techniques can be applied to the determination of prefer-
ences in order to improve the accuracy of describing preferences. As the current HSR
project is still under planning, the evolution of equilibria at different stages of the
conflict can be studied by considering the time frame. Moreover, the conflict model can
be expanded by taking into account the influence of global powers such as Russia, the
United States, and the European Union.
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Abstract. Regional economic corridors are playing a role in uplifting the
infrastructure of developing countries. But, such integrations are prone to some
challenges emerging from the multilevel system of governance in participating
countries. It is necessary that legitimate stakeholders get involved at national,
provincial and local levels using collaborative planning and development.
Exclusion at any level would ultimately lead to unsolicited and undesirable
outcomes. The present study uses Graph Model for Conflict Resolution
(GMCR) as a primary conflict resolution tool to resolve Pakistan Railway
(PR) infrastructure development disputes under the China-Pakistan Economic
Corridor (CPEC). This tool takes into consideration interests of all stakeholders.
It could be used for future planning by policymakers.

Keywords: Regional infrastructure � Planning � Conflict analysis
Belt and road initiative � China-Pakistan economic corridor

1 Introduction

The development of economic corridors, in the regions of strategic importance, not
only benefits the interconnected economies but also opens the avenues for their eco-
nomic prosperity. Enhanced connectivity by infrastructure and communication leads to
international cooperation including bilateral and multilateral engagements [1]. The
cross-border regionalism involves a multi-level system of governance ranging from
international to national, provincial, and local levels coupled with stakeholders with
either economic or political objectives. Planning of regional integration through a
corridor is a multitier process, prone to an array of regulatory, coordination and
investment challenges.

Many of these seemingly practical and technical viable projects overlay with
political and institutional challenges at domestic levels [2, 3]. It is crucial to involve all
stakeholders in the planning process [3–6] as it assures the wide credence of the
development of the plan [6]. The stakeholders may have conflicting objectives.
Moreover, they may have common objectives but may have their conflicting strategies
to attain common objectives [7]. However, dialogue, cooperation, and collaboration
among various stakeholders in achieving a common goal play a vital role in preserving
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vested interests and in providing a win-win solution for all [3, 8]. Failure to do so may
make underprivileged and aggrieved regions feel neglected. In addition to this, the lack
of shared vision [9], unavailability of information, lack of trust, political motives and
lack of coordination among governmental departments and institutions [5] may lead to
a serious conflict hampering the execution of the project as agreed [10].

The Belt and Road Initiative (BRI), an impetus to the doctrine of “constructive
engagement” [11], is also exposed to several challenges. This initiative is multitier with
numerous infrastructural and developmental projects, articulating the vision of con-
necting regions through numerous trade corridors. The CPEC is a flagship project
under the BRI. The execution of many projects under CPEC created a controversy
though it has a clear vision. The authors considered the case study of controversy
regarding the upgrading and route selection of Railway corridors in Pakistan. There is a
growing need to provide the basis for strategic planning for such development projects
and this research provides the foundations for such planning considering provincial
governments, the federal government, and Chinese stakes. A suitable conflict resolu-
tion strategy assures the best possible solution to the conflict. This could help prompt
execution of the projects without hampering investors’ risk orientation and interna-
tional credibility of the country regarding ease of business.

The study aims to provide the basis to find out the most appropriate solution using a
scientific approach acceptable to all legitimate stakeholders. This research could be a
pioneer study using decision-analysis in regional integration projects of South Asia.
A systematic analysis of the conflict could provide a better understanding of conflict
emergence and could also provide options for its avoidance. This study sets a
benchmark for coming up with a win-win solution considering explicit and implied
interests of all stakeholders, not only in the current conflict but in all conflicts in other
similar projects. The present research develops a formal conflict model based on the
graph model for conflict resolution (GMCR) [7, 12]. This decision analysis technique is
very suitable under the circumstances as it requires very little information regarding a
conflict in comparison to, for example, game theory and uses the available information
in a systematic and scientific way to find reasonable and feasible solutions of a conflict
[12, 13]. The study traces out some reasonable solutions to the conflict following the
conflict analysis strategy suggested in [12].

2 Background of the Conflict

Upgrading and restructuring of PR got government’s attention in 2006 when a plan to
extend railway linking Havelian to Kashgar – China was proposed in Musharraf era
[14]. In 2006, during the Chinese President’s visit to Pakistan, Chinese enterprises took
interest in the interconnection and construction of Gwadar as a win-win scenario for the
energy security of Pakistan and China. In 2008, China and Pakistan signed the
cooperation documents and a framework for cooperation [15]. In 2013, both countries
inked an MOU for CPEC framework and established a Joint Cooperation Committee
(JCC) for the CPEC that initiated the core planning at the federal level [16] without
considering the provinces. Based on such dialogues at the federal level, 12 CPEC
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projects were given priority as EHPs, along with numerous agreements and MoUs
worth US$28 billion during Chinese president’s visit to Pakistan in 2015.

The upgrading of the ML-I (Eastern route) (See Fig. 1) was given priority as
EHP. But the route selection of railway corridor as EHP attracted criticism from
Baluchistan and KPK as this route is in the eastern part of Pakistan. However, there
was no project related to infrastructure development or upgrade in these provinces as
EHPs [17–19] which resulted in the public uproar and loss of trust as the distribution of
projects in KPK and Baluchistan was deemed unfair [20]. Moreover, asymmetric
information and lack of collaborative planning led to serious conflict between the
western provinces and the GOP. There were four railway corridors planned in the PR
strategic plan [21]. The national parties of western provinces blamed GOP for changing
original route of CPEC, claiming that such change would undermine the interests of the
Baloch and the Pashtuns. The federal government rejected the allegation of exclusion
[22]. Later, Chief Minister of KPK threatened to withdraw his cooperation in the
acquisition of land for the CPEC projects [23]. Federal Government tried to get
political consensus organizing two All Parties Conferences (APCs) on May 2015 [24]
and January 2016 [25].

Fig. 1. Suggested railway corridors in CPEC project
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However, because of asymmetric illustration of vision and lack of trust that GOP
woud develop infrastructure [26] gave the impression that the GOP was playing tricks
[27]. The Pakistani premier reassured the involved parties that there was no change of
route of the CPEC, the western route would be constructed first along with railway,
fiber optic cable and other infrastructure by July 2018 [25]. This dilemma led to
China’s interference in the dispute. The Chinese expressed their concerns [28] and
made a reference to the Monographic Study on Transport Planning of CPEC [29]. The
distrust and dispute still exist and this paper attempts to come up with the best possible
solutions under the given scenario.

3 Conflict Analysis Approach

The GMCR is a simple and flexible approach designed for conflict analysis [12, 30]. It
has been used in a wide range of areas such as military strategies, peace-keeping
activities, environmental management, natural resources and water resource issues,
urban planning to name a few. It is a suitable technique to analyze the conflict emerging
during the planning and implementation of the CPEC project under the BRI as it puts
the complex strategic decisions into perspective and provides better understating of the
nature of the conflict thereby envisioning the potential solutions as well [12, 31]. This
section provides a brief introduction to the graph model and definitional concepts used
for the analysis in the GMCR approach.

Definition 1 (Graph Model for Conflict Resolution): Fang et al. [12] present the def-
initions for conflict models within the framework of the GMCR with the N-DMs,
N � 2. Having the set of all states X ¼ x1; x2; . . .; xkf g, the preference structure for
DM i, wi; �if g, where x1 �i x2 and x3 � x4 implying that state x1 is preferred to x2 and
x3 and x4 are equally preferred by the DM i. Having the set of DMs N and the set of all
states X, the set of states that are preferred, the set of states equally preferred and the set
of less preferred states to x for DM i is Wþ

i xð Þ ¼ xm : xm �i xf g W¼
i xð Þ ¼

xm : xm �ixf g and W�
i xð Þ ¼ xm : xm �i xmf g; respectively.

Definition 2 (Reachable list & Unilateral Improvement (UI)): The reachable list [12],
in a GMCR model for DM i from state x 2 X symbolized as Ri xð Þ�X, is the set of
states that a DM could move to from state x. It can be subdivided as the set of UI from a
state x, Rþ

i xð Þ ¼ Ri sð Þ \Wþ
i xð Þ, the set of equally preferred independently reachable

states from x, R¼
i xð Þ ¼ Ri xð Þ \W¼

i xð Þ, and the set of unilateral improvements from
state x, R�

i xð Þ ¼ Ri xð Þ \W�
i xð Þ.

The solution concepts used in the present conflict analysis are defined as:

Definition 3 (Nash Stability) (Nash): A state x 2 X is Nash stable (Nash) for DM i,
denoted by x 2 XNash

i , if and only if (IFF) Rþ
i xð Þ ¼ / [32, 33]. In this case, there is no

unilateral improvement for DM i from the state x.

Definition 4 (General Meta-rationality): State x 2 X, in N-DMs conflict, is general
meta-rational (GMR) for DM i, symbolized as x 2 XGMR

i , IFF ⎕ x1 2 Rþ
i xð Þ there is

x2 2 Rj x1ð Þ such that x2 2 W¼
i xð Þ [W�

i xð Þ [34]. It implies that state x is GMR for DM i
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IFF DM i is sanctioned to move from this state by opponent DM j by subsequently
moving to other state x2 which is less preferred to initial state for DM i.

Definition 5 (Symmetric Metrationality): A state x 2 X, in N-DMs conflict, is sym-
metric meta-rational (SMR) for DM i, signified as x 2 XSMR

i , IFF ⎕ x1 2 Rþ
i xð Þ there is

x2 2 Rj x1ð Þ such that x2 2 W¼
i xð Þ [W�

i xð Þ and x3 2 W¼
i xð Þ [W�

i xð Þ, ⎕ x3 2 Ri x2ð Þ
[34]. It implies that a state x is SMR for a DM i IFF any UI from x to x1 for DM i could
be sanctioned by opponent DM j by moving to other state x2 and DM i is unable to
escape this sanction. In this situation, DM i prefers to stay at state x.

Definition 6 (Sequential Stability): A state x 2 X, in a N-DMs conflict, is sequentially
stable (SEQ) for DM i, indicated as x 2 XSEQ

i , IFF ⎕ x1 2 Rþ
i xð Þ there is x2 2 Rj x1ð Þ

such that x2 2 W¼
i xð Þ [W�

i xð Þ [7]. Simply, a state x is SEQ for DM i IFF DM i’s every
UI from x is sanctioned by a UI of DM j (credible sanction).

The stability of the states for each DM is analyzed under the stability concepts of
Nash, GMR, SMR and SEQ in the framework of the GMCR approach. The states
satisfying the stability condition under a particular stability concept for all DMs in a
conflict is deemed to be equilibriums of the conflict. An equilibrium is strong if it
qualifies all stability definitions [12, 13, 35].

4 Conflict Analysis of the Infrastructure Development
Conflict

4.1 Modeling the Conflict

Decision Makers and options available to DMs in the Conflict: All parties in CPEC
have a consensus on the importance of each railway route. However, the whole conflict
revolves around prioritizing the eastern route over a western and central route. Taking
into consideration the background of the route controversy and perspective of all
stakeholders, we can identify four main players in this conflict. The GOP (DM1), the
Government of Baluchistan (DM2), the Government of KPK (DM3) and the
Government of China (DM4). It is pertinent to mention that Punjab and Sindh have the
same opinion as GOP. The rationale for such consideration lies in the fact that Eastern
Route covers most areas in Punjab and Sindh provinces.

Due to its strategic and economic values and requirements of less radical changes in
the existing infrastructure, both provinces support the Federal Government. So, in this
case these two provinces and the GOP will be considered as one decision-maker
(DM1). The planning of railways and land acquisition is largely related to federal and
provincial governments, thus the Power Interest Matrix of legitimate stakeholders in
the current scenario, shows that the influence of NGO’s and Industry is minimal. Civil
Society’s political power and interest were well presented in All Parties Conferences
held in 2015 and 2016. As the Government of KPK and Government of Baluchistan
were upholding the same opinion as resolved in APC’s, it can be inferred that they are
representing civil society.

Under given scenario, the DM1 has four options – Eastern route (ER), Central
Route-I (CR-I), Central Route-II (CR-II), and Western Route (WR) (see Table 1).
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The DM2 demands connecting Gwadar to the existing infrastructure and upgrading
railway infrastructure on the priority basis (Table 1). They are in favor of the con-
struction of Western alignment first (the option DWR in Table 1. The DM3 demands
revision of routes in such a way that in case of war, Pashtun belt areas would benefit
from it. Therefore, they demand the construction of western alignment on the priority
basis (Revise the Project Priorities (Rev) in Table 1)). The DM4 has 2 options. China
wants to resolve the conflict and wants completion of EHPs as soon as possible so they
will favor the construction of option 1 (Resolve & Implement (R&I) in Table 1). This
will be referred to as Option 7. On the other hand, China may also accept any alter-
native route (AR) as agreed by Pakistani Government.

Feasible States: Having 4 DMs and 8 options in total, there would be 256 states
mathematically. But all these states are not reasonably feasible. For instance, the state
NNNYNNNN is not feasible as it cannot be constructed if China is not willing to
consider it as an alternative route and prioritize EHP under the CPEC initiative. After
deleting the infeasible states, the authors left the 54 reasonable states in the conflict as
summarized in Table 2.

Preferences of the DMs: The option statements and state preference of the DMs are
given in Table 3. With respect to the state preferences, DM1 would like the con-
struction of the eastern route and the central route-II to be developed and upgraded,
with support of China, as EHPs. DM1 covets DM2 and DM3 not to claim the western
route and the revision of the project and its priorities, respectively, and to carry out the
signed agreement between China and Pakistan. So, it makes the state S47 the most
preferred state for the DM1.

Table 1. Options of the Decision-makers

DM Options

Federal (DM1) 1. Eastern route (ER): Upgrade the ML-1 and link to China (Fig. 1)
2. Central route-I (CR-I): Upgrade ML-2 and link to China
3. Central route-II (CR-II): Gwadar-Turbat-Panjgur-Basima-Jacobabad
section and Jacobabad-Attock Section of ML-2 and link to China (Fig. 1)
4. Western route (WR): The WR as four parts;
a. Construct Gwadar-Turbat-Panjgur-Basima-Kalat-K-Spezand
b. Upgrade Spezand-Quetta-Bostan-Muslim Bagh-Qila Saifullah-Zhob
section
c. Construct Zhob-Dera Ismail Khan-Darya Khan section
d. Upgrade DI Khan-Darya Khan-Kundian-Attock section of ML-2 and link
to China (Fig. 1)

Baluchistan
(DM2)

5. Demand WR (DWR): Baluchistan demands connection of Gwadar to
existing and upgraded railway infrastructure on the priority basis

KPK (DM3) 6. Revise the Project Priorities (Rev): KPK wants the project plan to be
revised. Priority should be given to the western route in Implementation of
the project

China (DM4) 7. Resolve & Implement (R&I): Favor eastern route under MoU of EHP
8. Alternative Routes (AR): Consider and favor alternative railway routes
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Table 2. Feasible States

States Federal Bal. KPK China

1 2 3 4 5 6 7 8
ER CR-I CR-II WR DWR Rev R & I AR

S1 N N N Y N N Y N
S2 N N N Y N N Y Y
S3 N N N Y N Y Y N
S4 N N N Y N Y Y Y
S5 N N N Y Y N Y N
S6 N N N Y Y N Y Y
S7 N N N Y Y Y Y N
S8 N N N Y Y Y Y Y
S9 N N Y N N N Y N
S10 N N Y N N N Y Y
S11 N N Y N N Y Y N
S12 N N Y N N Y Y Y
S13 N N Y N Y N Y N
S14 N N Y N Y N Y Y
S15 N N Y N Y Y Y N
S16 N N Y N Y Y Y Y
S17 N Y N N N N Y N
S18 N Y N N N N Y Y
S19 N Y N N N Y Y N
S20 N Y N N N Y Y Y
S21 N Y N N Y N Y N
S22 N Y N N Y N Y Y
S23 N Y N N Y Y Y N
S24 N Y N N Y Y Y Y
S25 N Y N Y N N Y N
S26 N Y N Y N N Y Y
S27 N Y N Y N Y Y N
S28 N Y N Y N Y Y Y
S29 N Y N Y Y N Y N
S30 N Y N Y Y N Y Y
S31 N Y N Y Y Y Y N
S32 N Y N Y Y Y Y Y
S33 Y N N N N N Y N
S34 Y N N N N Y Y N
S35 Y N N N N Y Y Y
S36 Y N N N Y N Y N
S37 Y N N N Y Y Y N
S38 Y N N N Y Y Y Y

(continued)
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Based on the option statements the most preferred strategy for DM2 is the state S30
(Table 3) that incorporates the development of CR-I and WR without revising the
priorities of the project as claimed by DM3 as it delays the project. DM2 wants DM4 to
consider an alternative route option that includes connectivity of Gwadar with main
railway infrastructure and to consider it as EHP. Similarly, the same strategy S30 is
also the most preferred strategy for DM3 KPK as it would not only provide access to
remote areas of KPK but would also link Gwadar with main railway system in EHPs.

The state S31 is the preferred strategy for DM4 China, according to the option
statements regarding the construction of CR-I as an EHP, it also involves the rejection
of the DM2’s aspiration for WR and the DM3’s demand for the plan revision.

4.2 Stability Analysis

Having the set of the decision makers, N = {Federal, Baluchistan, KPK, China}, set of
all reasonably feasible states X = {S1, S2,…,S54}, reachable lists, and preference
rankings of the DMs, the stability analysis has been performed. After the stability
analysis of individual states of each DM, state S53 (YNYNYYYN) (see Table 4) is the
equilibrium of the conflict because it satisfies all the stability definitions 3–6 for every
DM involved in the railway route selection conflict. Therefore, a final solution to a
conflict may be an equilibrium if it satisfies all the solution concepts [35]. The equi-
librium state S53 (YNYNYYYN) justifies the construction and upgrade of ML-1
(Eastern route) as EHP. It also incorporates construction and upgrade of ML-2 (Central

Table 2. (continued)

States Federal Bal. KPK China

1 2 3 4 5 6 7 8
ER CR-I CR-II WR DWR Rev R & I AR

S39 Y N N Y N N Y N
S40 Y N N Y N N Y Y
S41 Y N N Y N Y Y N
S42 Y N N Y N Y Y Y
S43 Y N N Y Y N Y N
S44 Y N N Y Y N Y Y
S45 Y N N Y Y Y Y N
S46 Y N N Y Y Y Y Y
S47 Y N Y N N N Y N
S48 Y N Y N N N Y Y
S49 Y N Y N N Y Y N
S50 Y N Y N N Y Y Y
S51 Y N Y N Y N Y N
S52 Y N Y N Y N Y Y
S53 Y N Y N Y Y Y N
S54 Y N Y N Y Y Y Y
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route-II), with its connectivity with Gwadar, satisfying the DM2 & DM3. Moreover, it
also fulfills the DM4 aspirations of the completion of EHPs in stipulated time without
revising the plan. The equilibrium state also satisfies Chinese stance considering other
stakeholders.

The concluded equilibrium strategy is viable and hence helpful in completing the
Eastern route (ER) as EHP as decided in the MoU inked between the Chinese and
Pakistan governments. The Chinese and Pakistan governments want to complete the

Table 3. Option Statements and State Preferences of the DMs

DM 1: Federal
Option
statements

Preferences

1
7IFF1
3
2
-4
-5
-6
-8

S47 � S46 � S49 � S48 � S52 � S51 � S54 � S53 � S31 � S34 � S33 � S35 �
S37 � S36 � S39 � S38 � S41 � S40 � S43 � S42 � S45 � S44 � S50 � S32 �
S10 � S9 � S12 � S11 � S14 � S13 � S16 � S15 � S18 � S17 � S20 � S19 �
S22 � S21 � S24 � S23 � S26 � S25 � S28 � S27 � S30 � S29 � S2 � S1 � S4 �
S3 � S6 � S5 � S8 � S7

DM 2: Baluchistan
4
5
8IFF5
3
2
6
7
1

S30 � S28 � S45 � S8 � S43 � S6 � S26 � S41 � S4 � S39 � S2 � S29 � S27 �
S44 � S7 � S42 � S5 � S25 � S40 � S3 � S38 � S1 � S53 � S15 � S51 � S13 �
S50 � S23 � S21 � S36 � S35 � S48 � S11 � S46 � S9 � S19 � S17 � S33 � S32 �
S31 � S54 � S16 � S52 � S14 � S24 � S22 � S37 � S49 � S12 � S47 � S10 �
S20 � S18 � S34

DM 3: KPK
4
7&8IFF4
5
6
2
3
1

S30 � S45 � S8 � S28 � S43 � S6 � S26 � S41 � S4 � S39 � S2 � S29 � S44 �
S7 � S27 � S42 � S5 � S25 � S40 � S3 � S38 � S1 � S23 � S53 � S15 � S36 �
S21 � S50 � S51 � S13 � S35 � S19 � S48 � S11 � S32 � S33 � S17 � S46 � S9 �
S31 � S24 � S54 � S16 � S37 � S22 � S52 � S14 � S20 � S49 � S12 � S34 �
S18 � S47 � S10

DM 4: China
1
7IFF1
-6
-8
-5
-4
3IFF8
2IFF8

S31 � S46 � S38 � S35 � S51 � S42 � S47 � S39 � S52 � S43 � S33 � S48 �
S40 � S36 � S53 � S44 � S49 � S34 � S41 � S54 � S37 � S45 � S50 � S32 �
S17 � S9 � S1 � S21 � S13 � S5 � S27 � S10 � S18 � S2 � S14 � S22 � S28 �
S6 � S19 � S11 � S3 � S25 � S23 � S15 � S7 � S29 � S12 � S20 � S26 � S4 �
S16 � S24 � S30 � S8
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ER on time. However, the Central route-II (CR-II) can be considered along with ER in
EHP of CPEC project. It would reflect the aspirations of the Baluchistan province to
connect Gwadar with the main economic corridor as well as KPK’s desire to revise
priority route. The Chinese government has not considered the alternative railway
routes. The government of Pakistan could negotiate with the Chinese government the
development of the CR-IIs. The results were validated using different options and the
same state appears to be only feasible state given aspirations decided in APC’s and
agreed MOU’s of CPEC.

5 Conclusion

Collective wisdom reveals the significance of regional economic corridors in enhancing
regional development through regional economic cooperation. It is believed to bring
prosperity to the participating countries. Initiatives like BRI and CPEC provide vision
to act as game changers for the underdeveloped economic regions. The economic
corridors not only link the regions with modern infrastructure networks but also pro-
vide entrepreneurial and employment opportunities. But, it requires identification of
legitimate stakeholders and aggregation of their interests not only at national but also at
regional and local levels. The CPEC being a long-term initiative has multiple projects
ranging from short-term to medium, and to long-term. Therefore, it needs incorporation
of political and social interests at every level of planning and its execution.

In such processes, a dialogue between the politician and the development planners
is very important. In this case, it has been observed that the identification of legitimate
stakeholders is imminent due to asymmetry in illustration of perspectives, domain of
decision-making, concentration of power and resources and information sharing. There
was a consensus among stakeholders regarding the initiative but the prioritization of
their interests had caused conflict that required collaborative planning at the initial
stages.

It has been learned that if such initiatives are treated as a national secret to
stakeholders and a façade of inclusion is kept in the planning process, it gives the
impression neglect and causes undesirable consequences. Such development projects,
in developing countries like Pakistan, are politically motivated by both the ruling party

Table 4. Stability analysis and equilibrium

DM Options Equilibrium states

Federal (DM1) 1. Eastern route (ER) Y
2. Central route-I (CR-I ) N
3. Central route-II (CR-II) Y
4. Western route (WR) N

Baluchistan (DM2) 5. Demand WR (DWR) Y
KPK (DM3) 6. Revise the Project Priorities (Rev) Y
China (DM4) 7. Resolve & Implement (R&I) Y

8. Alternative Routes (AR) N
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and the opposition, and can jeopardize the implementation of the agreed terms of
reference spelled out in international treaties and project execution hampering further
FDI. However, political support could ensure smooth project execution without delays.

The projects of that magnitude need creation of strong association of all key
stakeholders with unified context in spatial planning. Lack of trust of the regions in the
Federal Government could be avoided by building an understanding and including the
legitimate stakeholders at planning stage. Intergovernmental negotiation and contracts
need to consider all sub-national and regional perspectives. Moreover, sharing of vision
and its proper interpretation along with timely dissemination of up to date information
could eliminate unwanted conflict based in mistrust.

In the case of CPEC, planners at federal levels also portrayed an autarchic bias
having no consultation with provinces. Such planners needed to consider a compas-
sionate perspective regarding both time and resources. Such dominating top to bottom
approach of GOP in pursuit of political gain also created an interesting insight into
conflict analysis to learn it with attitude perspectives taking into consideration
provincial autonomy in signing development plans at their own level in future. The
paper enriches the current understanding of negotiation strategy in regional develop-
ment projects by identifying and applying concepts from GMCR within cross-border
regional collaboration. This reflects a growing need to develop system approaches in
regional economic development policymaking to provide a win-win solution accept-
able to all.

Future research could extend the presented methodology to examining other kinds
of collaborative planning efforts in regional economies in public policies, urban
planning, setting up economic zones clusters, dealing with environmental and heritage
issues, organizational intersegment and planning. Moreover, this study is factual in the
sense that it considered real facts but not behaviors. Future researchers could incor-
porate attitudes of decision makers in such negotiations as strategy. This research also
provides grounds for using hyper games for strategic negotiation.
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Abstract. The presented attitude-based conflict analysis models the
Russia-Turkey conflict with the third-party intervention of China. Third-party
intervention model considers the attitudes of three decision makers (DMs) to
understand the behaviors of the DMs in decision making in the situation of a
strategic conflict. Three sets of attitudes of DMs are considered for attitudinal
conflict analysis. The study traces out how the inappropriate (negative) attitudes
of Russia and Turkey, regardless of third-party’s attitude, would lead to unfa-
vorable consequences. Even though the third-party, China, changes her attitude
from neutral to positive, it would not affect the outcome. The attitudinal analysis
reveals that the attitude of the focal decision maker, Russia, is important as the
change in it influences the outcome of the conflict. The appropriate (positive)
attitude of DMs would help resolve the conflict.

Keywords: Strategic conflicts � Attitudinal analysis � Third-party intervention
Russia � Turkey � China

1 Introduction

The interdependence of economies in the 21st century is unprecedented in the human
history. The basis of this interdependence is rooted in the economic globalization and
expansion in international trade. International trade has made possible the efficient
utilization of the global resources and increased levels of well-being and higher levels
of consumption. However, despite the interdependence of the countries conflicts are
also inevitable. Any unprecedented event of strategic importance happening in one
country can influence its relationship with other countries directly or indirectly at
different magnitudes. In recent history, Russia-Turkey relations were affected by the
Syrian crises. Even though Russia and Turkey shared good economic and diplomatic
relations, they have conflicting national and strategic interests in Syria. Russian gov-
ernment supports current regime whereas Turkish government backs the rebels who try
to oust Bashar al-Assad [1].

The situation worsened when Turkey shot down a Russian jet near Turkish-Syrian
border [2–5]. Despite having good economic relations, this provoked tensions not only
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between the two countries but also among other adjacent countries which have
diplomatic relations with Russia and Turkey. The shooting down of the Russian jet
turned into a serious strategic conflict. Both countries showed aggressive behavior to
each other. Russian reaction to this provocation could have had serious implications.
The Russian-Turkish conflict could have been resolved by considering their attitudes
toward each other. Moreover, the consideration of the attitude of any mediating country
as a third-party intervention could have also helped resolve the Russia-Turkey conflict.

The resolution of a strategic conflict by using graph model for conflict resolution
(GMCR) [6] is insightful as it systematically models a strategic conflict and provides
deeper insight with less information as compared to other decision analysis approaches
[6–8]. The GMCR is based on classical game theory [9] and the meta-game theory
[10]. The behaviors of decision makers (DMs) have important implications on the
nature of the conflict [7, 11, 12]. Inohara et al. [12] introduced attitude in the GMCR
for the conflict analysis of the war of 1812 between the United States and the UK.
However, Inohara et al. generated state prioritizations based on the states’ considering
attitudes of the DMs. It makes the state prioritization cumbersome when there is a large
number of feasible states [7, 13]. Xu et al. [7] introduced attitude-based options to
generate the ranking of the states. Matrix representation of general GMCR was
introduced in [14–16]. Preference generation based on options makes it convenient to
generate states’ preferences. Moreover, the attitudinal stability definition presented in
Inohara et al. [12] is logical. Walker et al. [17] converted logical attitude methodology
into matrix form to improve the ease and efficiency of the attitudinal conflict analysis in
the GMCR. Matrix representation provides extended flexibility to attitude calculations
and helps encode attitude into a Decision Support System (DSS) [17].

There have been evolutions and improvements in DSS for the GMCR. The first
DSS GMCR provided convenience for the use of the GMCR approach and its asso-
ciated algorithms. DSS GMCR II [18, 19] allowed the users to create their own model
to analyze a conflict. It opened the avenues of possibilities for the researchers and
decision analysts to analyze complex conflicts in GMCR [17]. The matrix represen-
tation of the stability and solution concepts in the GMCR expanded the realm of
applicability for the algebraic approach.

The MRCRDSS, based on matrix representation is useful in carrying out the
individual stability analysis. The representation of attitudinal stability concepts has
been introduced in the MRCRDSS [17]. It makes the incorporation and analysis of
multiple decision makers’ attitude while analyzing a conflict. The objective of the
present study is to analyze the Russia-Turkey conflict while considering the mediating
role of China. Moreover, the attitude of the DMs in a three DMs model is incorporated
into the MRCRDSS. The study analyzes how the attitude of the intervening third-party
may have impacted the outcomes of the conflict. Furthermore, the study also traces out
how the attitude and changes in the attitudes of Russia and Turkey with the third-party
intervention affected the nature and outcomes of the conflict.

The rest of the paper is structured as follows. Section 2 represents the GMCR and
attitudinal stability concepts. Section 3 is comprised of the background of the
Russia-Turkey conflict. The results of the stability analysis are summarized and dis-
cussed in Sect. 4. The conclusion of the analysis and policy implications is presented in
Sect. 5.
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2 Attitude-Based Conflict Analysis Under GMCR

2.1 The Graph Model for Conflict Resolution

A GMCR is a 4-tuple; ðK;X; Aið Þi2K ;�i; � iÞ. Where K and X, respectively, are the set
of all decision makers (DMs) Kj j � 2ð Þ and the set of all states in a conflict. X;Aið Þ is
the DM i’s directed graph with the set of all vertices X and the set of all arcs,
A � X � X, that are movements controlled by DM i between the pair of states. DM i’s
preferences on X are denoted by �i; � ið Þ [6]. The DMs, in a conflict, make moves and
counter-moves in order to do what they possibly could do. Therefore, a graph estab-
lishes a natural construct to model a conflict in which nodes represent the possible
states and the arcs systematically keep track of a given DM’s movements that he could
make in one step.

For i 2 K and x1; x2 2 X, x1 �i x2 implies that state x1 is preferable to x2 for DM i.
Whereas, x1 � i x2 means that the DM i is indifferent between the two states. The
relative preferences are assumed to be asymmetric reflexive, and complete. The pref-
erence �i is asymmetric if, for all x1; x2 2 X, x1 �i x2 and x2 �i x1 cannot hold
simultaneously. However, � i is symmetric as x1 � i x2 and x2 � i x1 can hold simul-
taneously. Moreover, �i; � ið Þ is complete as for all x1; x2 2 X, as one of x1; x2 2 X,
x1 �i x2, or x1 � i x2 is true.

2.2 The Attitude of the DMs

The attitude of the DMs towards other DMs, in decision-making, plays a pivotal role in
determining their preferences, moves, and counter-moves from one state to another [7,
12, 13]. It is a stable psychological attitude of an individual to particular person, event,
idea, or emotion. The attitude contains a subjective evaluation of the individual and the
preferences of the DMs, in a conflict, can be generated by subjective evaluation of
DMs [7].

Owing to the importance of the attitudinal preferences of the DMs, Inohara et al.
[12] considered three kinds of attitude in conflict analysis in their graph model. In
recent studies [7, 13], the attitude-based prioritization is used to generate preferences of
the states considering positive, negative, and neutral attitudes of the DMs. In option
prioritization method, for i; j 2 K, the DM i’s option statement is Oi i ¼ 1; 2; . . .; kð Þ.
Under this option statement, the DM i’s preference, Pi i ¼ 1; 2; . . .; kð Þ, can be
obtained. Before moving forward to attitudinal stability concepts some definitions [7]
need to be summarized as follows:

Definition 1: Option Statement with Positive Attitude: For i; j 2 K, Oi aij ¼ þ� � ¼ Oj.
Where aij indicates the attitude of the DM i towards the DM j. Having the positive
attitude, the DM i’s option statement would be same as the DM j’s option statement.

Definition 2: Option Statement with Negative Attitude: For i; j 2 K,
Oi aij ¼ �� � ¼ �Oj. It implies that if DM i has negative attitude for DM
j ði: e: aij ¼ �Þ, her option statement would be opposite of the DM j’s option statement.
That would not be beneficial for the DM j.
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Definition 3: Option Statement with Neutral Attitude: For i; j 2 K, Oi aij ¼ 0
� � ¼ I.

Where “I” stands for indifferent. It means if DM i has a neutral attitude towards her
opponent, she does not care about the option statement of the opponent.

Definition 4: Attitude Preference: According to the option statement, the attitude
preference of DM i ðTijÞ can be obtained. For i; j 2 K, and x1; x2 2 X, x2 2 Tij x1ð Þ if
and only if (IFF) x2 �i x1 satisfies Tij.

Definition 5: Total Attitude Preference: For i; j 2 K, and x1; x2 2 X, x2 2 T þ
i x1ð Þ IFF

x2 2 Tij x1ð Þ for all j 2 K. Total attitude preference of DM i is the intersection of all her
attitude preferences that she wants to reach.

Definition 6: Set of Less or Equally Preferred States at Total Attitude: The set of all
less or the equally preferred states at total attitude for DM i, for i 2 K, is x2 2 T�¼

i x1ð Þ
IFF x2 62 T þ

i x1ð Þ.
Definition 7: Reachable List: The reachable list for DM i, for i; j 2 K and x1; x2 2 X,
from state x is the set fx2 2 Xjðx1; x2Þ 2 Aig. It can be symbolized as Ri xð Þ � X.

Definition 8: Unilateral Improvement (UI) List: The UI list for DM I, for i; j 2 K and
x1; x2 2 X, is x2 2 T	

i x1ð Þ IFF x2 2 Ri x1ð Þ and x2 2 T þ
i x1ð Þ.

2.3 Attitude-Based Stability Definitions

Definition 9: Relational Nash Stability (RNASH): A state x is RNASH stable for DM
i IFF there is no UI for her. Symbolically, for i; j 2 K and x1; x2 2 X, x 2 XRNASH

i IFF
T	
i xð Þ ¼ /. In this case, the DM i has no incentive to move from state x.

Definition 10: Relational General Metarationality (RGMR): A state x1 is RGMR for
DM i, for i; j 2 K, if for all y 2 T	

i xð Þ and Ri yð Þ \ T�¼
i xð Þ 6¼ /, denoted by x 2 XRGMR

i .
In this case, the DM i would not move to UI state at an attitude if keeping in mind her
opponent could sanctions her move irrespective of benefit to herself.

Definition 11: Relational Symmetric Metarationality (RSMR): A state x is RSMR,
x 2 XRSMR

i , if for all y 2 T	
i xð Þ, there exists z 2 Ri yð Þ \ T�¼

i xð Þ and m 2 T�¼
i xð Þ for all

m 2 Ri zð Þ. According to RSMR stability concept, if DM i could not avoid sanction on
her UI moves at an attitude by the opponent then she would not move from state x. This
makes state x RSMR stable for DM i.

Definition 12: Relational Sequential Stability (RSEQ): A state x is RSMR, x 2 XRSEQ
i ,

if for all y 2 T	
i xð Þ, and T	

j yð Þ \ T�¼
i xð Þ 6¼ /. In RSMR, the DM i’s UI moves at

attitude are sanctioned by DM j’s UI moves. The RSEQ is similar to RGMR except that
the DM i considers her own benefit at the time of sanction by her opponent.

2.4 Decision Support System MRCRDSS

The development of a decision support system (DSS) was necessary for the analysis of
conflicts with multiple DMs. The MRCRDSS system was developed based on the
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matrix representations of the GMCR [14–16] and attitudinal matrix representation [17].
The matrix representation of attitude in GMCR has made possible the encoding and
therefore development of MRCRDSS for the attitudinal analysis of multiple decision
maker conflict. The MRCRDSS is an efficient tool for the analysis. The attitudinal
analysis in the present study with three decision makers has been carried out using this
DSS.

3 Background of the Russia-Turkey Conflict

3.1 The Russia-Turkey Conflict

The relationship between Russia and Turkey goes centuries back and is complicated in
nature. However, the economic and political relations between the two countries
became strong after the end of the Cold War and with the emergence of globalization
[20, 21]. Turkey has been ranked as the leading trading partner of Russia. In addition to
this, Turkey became one of the best destinations for Russian tourists. Turkish business
started to flourish in Russia. The politico-economic relations between the two countries
became so pleasant that they instituted visa-free travel. But this economic edifice
hampered with the conflicting interests over Syrian issue [21]. Turkey shot down a
Russian fighter plane near the Turkish-Syrian border [2, 3, 21]. The Russian govern-
ment showed an inflammatory reaction. Russia imposed heavy trade sanctions on
Turkey coupled with a ban on Russian tourism. Moreover, Turkish business and
investment in Russia were also adversely affected. Consequently, the situation became
worse.

Russia proclaimed that the fighter jet was not in the Turkish airspace but the
Turkish version was corroborated by the NATO. The Turkish government was seeking
support from the US and the NATO on the issue [22]. The Russian government could
have opted to investigate the matter and wait till the findings of investigations were
unveiled. But the Russian government immediately imposed the sanctions on Turkey.
The sanctions hit the Turkish trade, tourism and construction sectors, and exchanges
that were benefitting Turkey. Turkish exports of vegetables and fruit were banned in
Russia [23]. However, the Russian government did not reduce the gas supplies to
Turkey that accounts for 55% of the total gas consumption [22] and 35% of oil [23].
Russia held Turkey responsible for the incident and demanded apology and payment of
indemnities [22].

3.2 Chinese Government Intervention in the Russia-Turkey Conflict

The conflict had serious implications not only for both countries but also for the other
countries in the region, especially China. The latter not only possesses greater strategic
and economic power but also has strong economic and diplomatic relations with both
countries. China could have played a very pivotal role in mediating the Russian-Turkey
conflict. The present study models the Russian-Turkish conflict considering their
attitude towards each other, while cogitating the intervening role of China as a
third-party.
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4 Attitudinal Conflict Analysis of the Russia-Turkey Conflict
with Third-Party Intervention by China

4.1 Modeling of the Russia-Turkey Conflict with Third Party
Intervention by China

The DMs and Options of the DMs: Due to direct participating nature, Russia and
Turkey are deemed to be the major DMs in the conflict. Each decision maker has a set
of options. Due to the capacity of the Chinese government as the mediator, a set of
options was also considered in the analysis. So, there are three DMs in the conflict.
When the DMs interact, these sets of options of the DMs are considered as the state
strategies. The options of the DMs are summarized in Table 1. The Russian govern-
ment has two options; to impose economic sanctions on Turkey or investigate further
into the matter and then decide how to react against the opponent. The Turkish gov-
ernment also has two options, one is to apologize to Russia (The Russian government
asked Turkey to categorically apologize and pay indemnities [22]). The second option
is for Turkey to ask the US and the NATO for their support. However, China as the
third-party in the conflict has the option to play its role as a mediator.

With three DMs in the modeled conflict and 5 options in total, mathematically,
there are 32 states. But due to the mutually exclusive nature of some options and
infeasibility of some states, the authors are left with the 13 feasible states. These states,
for the sake of simplicity, are labeled as x1; x2; . . .; x13.

Option Statements: The options statements in Table 2 show that the Russian govern-
ment prefers that Turkey apologize and therefore there will be no sanctions. The option
statement, 3, −1, 5, 2, −4, describes the preferences of the Russian government from
the most preferred to the least. However, Turkey wants Russia not to impose economic
sanctions as it would adversely affect the Turkish economy. Turkish government does
not like any further investigation into the matter. Chinese intervention for the resolution
of the conflict is also the least preferred option for Turkey. China, the intervening third
party, also prefers Turkish apology over economic sanctions.

Table 1. Options of the DMs and the feasible states

Russia

1. Sanction N N N N N N N N N Y Y Y Y
2. Investigation N N N N N Y Y Y Y N N N N
Turkey
3. Apologize N N N N Y N N N N N N N N
4. USA’s help N N Y Y N N N Y Y N N Y Y
China
5. Mediation N Y N Y N N Y N Y N Y N Y
Label x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13
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Attitudes of the DMs: The stability analysis of the feasible states has been carried out
while considering different attitudes (e) of the DMs – Russia (R), Turkey (T), China
(C). Three attitude matrices have been considered for the stability analysis:

AttitudeMatrix� I ¼
eRR ¼ þ eRT ¼ � eRC ¼ 0
eTR ¼ � eTT ¼ þ eTC ¼ 0
eCR ¼ 0 eCT ¼ 0 eCC ¼ þ

2
4

3
5 ð1Þ

AttitudeMatrix� II ¼
eRR ¼ þ eRT ¼ � eRC ¼ 0
eTR ¼ � eTT ¼ þ eTC ¼ 0
eCR ¼ þ eCT ¼ 0 eCC ¼ þ

2
4

3
5 ð2Þ

AttitudeMatrix� III ¼
eRR ¼ þ eRT ¼ 0 eRC ¼ 0
eTR ¼ � eTT ¼ þ eTC ¼ 0
eCR ¼ þ eCT ¼ 0 eCC ¼ þ

2

4

3

5 ð3Þ

In the first attitude matrix (1), the attitude of the Russian government towards
herself is positive, towards Turkey is negative and towards China is neutral. Whereas,
the Turkish attitude towards herself is positive, towards Russia is negative, and towards
China neutral. The negative attitude of Russia and Turkey towards each other is
considerable because it is a matter of national integrity and sovereignty for both
countries. From Turkey’s point of view, Russian fighter jets intruded the Turkish
airspace and violated the territorial integrity despite the warning by the Turkish air
force [4, 5]. The Russian side argues that the jets were not in the Turkish territory rather
they were in the Syrian territory throughout the mission and they did not violate the
Turkish airspace; also that no warning was received from the Turkish side. So, the
Russian government showed aggressiveness towards Turkey [2, 3, 5]. However, the
Chinese government’s attitude towards Russia and Turkey is considered neutral.

In the second attitude matrix (2), the attitudes of Russia and Turkey are considered
the same but the attitude of the intervening third-party – China is considered to be
changing from neutral to positive. The Chinese positive attitude towards Russia is also
realistic because of the strong economic and strategic relations between China and
Russia. These changes in Chinese attitudes are assumed to be neutral and/or positive in
the assessment of the impact of attitude on the overall outcome of the conflict. The
assessment of the impact of changes in the attitude of the third part may provide some
insights.

Table 2. Options statement

Russia Turkey China

3 −1 3
−1 −2 −1
5 −3 −2
2 4 −4
−4 5 5
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In the third attitude matrix (3), the researchers used their freedom to hypothesize a
change in Russian attitude from negative to positive towards Turkey. The positive
attitude of the Russian government towards Turkey is considered here to analyze
whether it affects the equilibrium outcome and helps to resolve the conflict.

4.2 Attitudinal Stability Analysis with Third-Party Intervention

Stability Analysis with Attitude Matrix-I: In the attitude matrix-I, it is assumed that
Russia has a positive attitude for herself but a negative attitude for her opponent
Turkey. On the other hand, Turkey has a negative attitude towards Russia and positive
for herself. However, China’s attitude is considered neutral for both of the opposing
DMs Russia and Turkey. In this case, the stability analysis results, shown in Table 3,
unfold state x9 and x13 as equilibrium states. These states are relational stable under all
the stability definitions considered in the analysis.

The state x9 (NYNYY) implies that Russia does not impose the sanction against
Turkey and wait until further investigations into the matter. In the meanwhile, Turkey
seeks support from the US and other NATO members. In addition to this, China plays
mediation role as a third party to resolve the conflict between Russia and Turkey. The
equilibrium state x13 (YNNYY) is a rather unfavorable outcome. This equilibrium
strategy of the conflict implies that the Russian government imposes the sanctions on
the Turkish economy. In the meanwhile, Turkish government seeks support from the
US, NATO and China asks the two opponents to resolve the issue.

Table 3. Stability analysis with attitude matrix-I

States RNASH RGMR RSMR RSEQ
R T C Eq R T C Eq R T C Eq R T C Eq

x1 √ √ √ √ √ √

x2 √ √ √ √ √ √ √ √ √ √ √

x3 √ √ √ √ √ √ √

x4 √ √ √ √ √ √ √ √ √ √ √ √

x5 √ √ √ √ √ √ √ √ √ √ √ √ √ √

x6 √ √ √ √ √ √ √ √ √ √ √ √ √

x7 √ √ √ √ √ √ √ √ √ √ √ √

x8 √ √ √ √ √ √ √ √ √ √ √ √

x9 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

x10 √ √ √ √ √ √ √ √ √ √ √ √ √

x11 √ √ √ √ √ √ √ √ √ √ √ √

x12 √ √ √ √ √ √ √ √

x13 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

174 S. Ali et al.



Stability Analysis with Attitude Matrix-II: In the second scenario, the attitudes of the
Russian and Turkish governments for themselves and for the opponent are unchanged
but the attitude of China – the third-party is changed from neutral to positive towards
Russia. In this situation, the stability analysis results, shown in Table 4, reveal the same
states as equilibrium states. This indicates that if the opposing decision makers do not
change their attitude then change in the attitude of the intervening third party may not
have a significant impact on the outcome of the conflict.

Stability Analysis with Attitude Matrix-III: The stability analysis in the above two
cases, while changing the attitude of the mediating third party, China, from neutral to
positive towards Russia has no significant impact on the outcome of the conflict. In the
third case, the authors analyze the stability of the states for each decision maker in the
conflict considering the change of Russian attitude towards Turkey from negative to
neutral. Moreover, the Turkish government’s attitude towards Russia is unchanged (i.e.
negative) and intervening third party’s attitude towards Russia is positive but neutral
towards Turkey.

The stability analysis results, with third attitude matrix, reveal state x8 and x9 as
equilibrium states (see Table 5). The equilibrium state x8 (NYNYN) describes the
strategy in which the Russian government does not impose restrictions and sanctions
on Turkish economy but awaits the findings of in-depth investigations. The only dif-
ference between the state x8 and x9 is that, in state x9 China plays its intervening role in
an effort to resolve the conflict.

Table 4. Stability analysis with attitude Matrix-II

States RNASH RGMR RSMR RSEQ
R T C Eq R T C Eq R T C Eq R T C Eq

x1 √ √ √ √ √ √

x2 √ √ √ √ √ √ √ √ √ √ √

x3 √ √ √ √ √ √ √

x4 √ √ √ √ √ √ √ √ √ √ √

x5 √ √ √ √ √ √ √ √ √ √ √ √ √

x6 √ √ √ √ √ √ √ √ √ √ √ √

x7 √ √ √ √ √ √ √ √ √ √ √

x8 √ √ √ √ √ √ √ √ √ √ √

x9 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

x10 √ √ √ √ √ √ √ √ √ √ √ √

x11 √ √ √ √ √ √ √ √ √ √ √

x12 √ √ √ √ √ √ √ √

x13 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √
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5 Conclusion

The present study models the Russia-Turkey conflict which was triggered by shooting
down of Russian fighter jet by Turkish forces near Syrian-Turkish border. This incident
put Russia and Turkey on the path of hostility that could escalate into military con-
frontation. The escalated confrontation between the two countries would not only have
serious politico- economic and strategic implications affecting their own relations and
economic ties but also the other countries in the region and other trading partners with
these two economies. Conflicts need to be resolved to avoid undesirable and unfa-
vorable outcomes. Conflict analysis while considering the behavior of decision makers
and players could be helpful in understanding the decision-making behavior of the
DMs and thereby in understanding the nature and evolution of the conflict. This
conflict analysis is an attempt to analyze the Russia-Turkey conflict, by considering
their attitudes towards each other and the third-party intervention by China in the
framework of the GMCR. This study uses three attitude matrices to examine how
different attitudes of DMs affect the outcome of the conflict.

The results of the attitudinal stability analyses unfold that when Russia and Turkey
have a negative attitude towards each other, the equilibrium outcomes are not favor-
able. Even if the intervening third-party, China, changes her attitudes from neutral to
positive for Russia (attitude matrix-II), the equilibrium outcomes are not different form
the first attitude matrix. However, when the focal decision maker – Russia changes her
attitude from negative to positive for Turkey and the intervening third-party, China, has
positive attitude towards Russia, the equilibrium outcomes are more favorable. It
implies that the attitudes of the DMs in the Russia-Turkey conflict are critical. The
point worth noting is that the attitude of the third-party has no effect on the outcome of

Table 5. Stability analysis with attitude Matrix-III

States RNASH RGMR RSMR RSEQ
R T C Eq R T C Eq R T C Eq R T C Eq

x1 √ √ √ √ √ √

x2 √ √ √ √ √ √ √ √ √ √ √

x3 √ √ √ √ √ √ √

x4 √ √ √ √ √ √ √ √ √ √ √ √

x5 √ √ √ √ √ √ √ √ √ √ √ √ √ √

x6 √ √ √ √ √ √ √ √ √ √ √

x7 √ √ √ √ √ √ √ √ √ √ √ √

x8 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

x9 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

x10 √ √ √ √ √ √

x11 √ √ √ √ √ √ √

x12 √ √ √ √

x13 √ √ √ √ √ √ √ √
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the conflict unless the focal DM Russia changes her attitude. In this conflict, the
attitude of the focal decision maker plays a pivotal role and a positive attitude of the
Russian government towards Turkey could be helpful to diffuse the escalated situation
and avoid economic repercussions.
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Abstract. Many methods focused on describing the attackers’ behavior while
ignoring defenders’ actions. Classical game-theoretic models assume that
attackers maximize their utility, but experimental studies show that often this is
not the case. In addition to expected utility maximization, decision-makers also
consider loss of aversion or likelihood insensitivity. Improved game-theoretic
models can consider the attackers’ adaptation to defenders’ decisions, but few
useful advice or enlightenments have been given to defenders. In this article, in
order to analyze from defenders’ perspective, current decision-making methods
are augmented with prospect theory results so that the attackers’ decisions can
be described under different values of loss aversion and likelihood insensitivity.
The effects of the modified method and the consideration of upgrading the
defense system are studied via simulation. Based on the simulation results, we
arrive at a conclusion that the defenders’ optimal decision is sensitive to the
attackers’ levels of loss aversion and likelihood insensitivity.

Keywords: Prospect theory � Decision analysis � Game theory

1 Introduction

Classic game-theoretic models often assume that attackers and defenders are rational in
the sense of the von Neumann-Morgenstern expected utility theory [1]. Methods
proposed by Parnell et al. [2] and Rios Insua et al. [3] combine decision analysis and
game theory to allow some deviations from the rationality. However, Simon [4] and
Kahneman and Tversky [5], have already show that decision-makers are not strictly
rational when they engage in unaided decisions. Similarly, players in games deviate
from the rationality principles in such ways such as being averse to losses, having
diminishing sensitivity, being dependent on reference points, and distorting probability
when they face uncertain outcomes. Therefore, descriptive models have been proposed
predict decision-makers’ actual behavior. Merrick and Parnell [6] give a review of
methods used in attacker/defender models to represent the adaptation of the attacker to
the defender’s decisions. In addition to traditional decision analysis, game-theoretic
models and hybrid methods, prospect theory has been widely applied [7, 8]; for
example, Mazicioglu and Merrick [9] represented adversaries with multiple objectives
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in counter-terrorism using multi-attribute prospect theory. Edouard [10] modeled ter-
rorists’ behavior with modified decision weights and proposed the strategic logit risk
analysis (SLRA) method to solve allocation of scarce defense resources. Merrick [11]
modified existing methods used in counter-terrorism decisions, in particular, the
attacker’s decision problem, with a descriptive model that accounts for the attacker’s
loss aversion.

An effective confrontation decision framework incorporates the defender’s deci-
sions and the attacker’s adaptation to them. The literatures mentioned above consider
using improved model to describe the behavior of the attacker more realistically, but
the people’s research is to provide advice to the defender, so we should consider how
the defender can arrive the optimal result by changing his behavior. Ideally, this article
introduces a “Wait and see” region through a random upgrade approach, which means
that defender can actively change their behavior to achieve optimal results based on the
type of the attacker’s behavior.

The organization of this paper is organized as follows. In the next section, a brief
introduction of prospect theory is presented. A comprehensive description of the model
is given in Sect. 3. In order to provide advice to the defender the impact of changes in
the behavior of the defender, confidential information, and random promotion is
considered in Sect. 4. Finally, conclusions and suggestions are given in Sect. 5.

2 Brief Introduction of Prospect Theory

It is a well-known fact that human beings are not purely rational (and not entirely
irrational or arbitrary) without the use of decision analysis methods. Therefore, we
extend the method of Parnell et al. [2] and Rios Insua et al. [3] to the descriptive model
of attackers’ decision making so that attackers follow rationality in decision making.
First, we will use prospect theory to model attackers’ decisions behavior. Prospect
theory has been shown to represent loss aversion, framing effects, deterministic effects,
and likelihood insensitivity. A prospect is a gamble that has a probability p to get x and
a probability 1 − p to get 0. According to original prospect theory [4], we set this
prospect as p(p)v(x), where v is a S-shaped value function, with its inflection point(the
reference point) at 0. Thus, it represents diminishing sensitivity and reference depen-
dence. It is also defined that v(x) – v(0) < v(0) − v(−x) represents loss aversion. The
probability weighting function p also includes reference dependence for p = 0 and
p = 1, diminishing sensitivity away from these references. Function v(x) is concave for
low probability values and convex for high values.

For the more complex situation with more than two outcomes, the original prospect
theory cannot obey stochastic dominance. Tversky and Kahneman [8] introduced the
now standard form of prospect theory to overcome this shortcoming. They placed the
weights on the cumulative probabilities, or ranked probabilities. To apply this form of
prospect theory to a prospect X with n outcomes, we first order the outcomes
x1 � . . .� xk � 0� xkþ 1 � . . .� xn along with their respective probabilities p1, …, pn.
Note that there are k outcomes which are gains and n – k outcomes which are losses. If
k = 0, then all outcomes are losses; if k ¼ n, then all outcomes are gains. In the
improved form of prospect theory, weights are applied to cumulative probabilities:
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wþ ðxjÞ ¼ pðPðX� xjÞÞ � pðPðX[ xjÞÞ ð1Þ

for gains ðj � kÞ, and

w�ðxjÞ ¼ pðPðX� xjÞÞ � pðPðX\xjÞÞ ð2Þ

for losses ðj � kÞ. Thus, the value of a prospect is:

Xk
j¼ 1

wþ ðxjÞvðxjÞþ
Xn

j¼ kþ 1

w�ðxjÞvðxjÞ: ð3Þ

In the following example, we will use this prospect theory.

3 Behavioral Modeling of Attackers

A-type missile is a new type of weapon with a nuclear warhead, which can effectively
break through the defenses of the current conventional defense systems. C-type defense
system is designed specifically for A-type missile, which can effectively intercept its
attacks. We use d1 represent the defender decided to upgrade to the C-type defense
system, and d2 for not upgrade. The attacker decision represents the choice of attacks
using the A-type missile, a1, and attacks using a conventional weapon (not missile), a2.
The loss caused by the A-type missile attack is assumed to be 40 billion dollars;
parameter r is used to represent the loss. The loss caused by a conventional weapon
attack is assumed to be a quarter of this amount.

The cost of upgrading the defense system is assumed to be $100 million. We
assume that the attackers want to inflict the largest damage on the defender, but they
also suffer losses if the defenders’ defense systems intercept their attacks. For illus-
trative purposes, this loss, f, is assumed to be one-tenth of the value of the successful
A-type missile attack. The probability p of successful interception of a Type A missile
by the C-type defense system is assumed at 0.8. Furthermore, if the A-type missile
successfully breaks through the intercept, that the probability of successful attack is
assumed to be q = 0.5. If the defenders are not equipped with a C-type defense system,
the original defensive forces have a probability S of a successful intercept, which is
assumed to be 0.3. As for the conventional weapon, the probability of successful attack
is q = 0.5.

The attacker and defender decisions are represented as decision trees in Fig. 1. The
optimal decision for the defender is simple to solve as if we know the attacker’s
decision.

We assume that the attacker can observe the defender’s choice. If the defender does
not upgrade the C-type defensive system, the attacker selects the A-type missile, and if
the defender upgrades the C-type defensive system then the attacker switches to
conventional weapons, then we consider that the attacker was deterred by the defen-
der’s upgrade strategy, upgrade C-type defense system is the optimal strategy. We also
think that the upgrade decision is dictated by the preference of the attacker. In the
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following, we study the decisions of the attacker and the effect of loss aversion and
likelihood insensitivity to it.

We must choose an appropriate form for the value function v and the probability
weighting function p. We will choose parameterized forms to demonstrate the effects of
the magnitude of loss aversion and likelihood insensitivity. We choose the simplest
parametric forms of each for illustrative purposes. Tversky and Kahneman [8] intro-
duced a value function that represents loss aversion, written as:

vðxÞ¼ xa x� 0
�kð�xÞb x\0

�
ð4Þ

where a; b; k � 1. This form represents loss aversion by the increased steepness for
negative values of x.

If a ¼ b ¼ 1 then the attacker is risk neutral for prospects involving only gains and
for prospects involving only losses; otherwise the value function is S shaped. This form
represents no loss aversion when k = 1, with the level of loss aversion increasing in k.
Chateauneuf et al. [12] discuss additive probability weighting function, defined by:

pðpÞ ¼
1 p ¼ 1

jpþ 1
2 ð1� jÞ 0\p\1
0 p ¼ 0

8<
: ð5Þ

where 0\ j � 1. This form can represent no probability weighting when j ¼ 1.
Tversky and Kahneman [8] experimentally estimated k = 2.25. Novemsky and

Kahneman [13] found individual values of k to vary between 1 and 3, with most
people’s behavior corresponding to values between 2 and 3. Baillon et al. [14] finds
likelihood insensitivity for the new additive weighting function equivalent to values of
j between 0.6 and 0.8. Thus, in the following the effects of loss aversion and likelihood
insensitivity are tested for k between 1 and 3 and j between 0 and 1. The effect of
adding risk attitude is tested for values of 1 (piece-wise linear value function) and 0.5
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A-type missile

Conventional 
weapon

Attack successful

(1-p)q

Breaking interception of 
C but failed

(1-p)(1-q)

Intercepted by C
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Fig. 1. The attacker decision tree if the defenders upgraded (left) and if the defender did not
upgrade (right) their defenses.
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(S-shaped value function). Note that these values are estimated from experiments with
a general population and are not specific to terrorist choice under uncertainty.

When the defender upgraded the C-type defensive system, a prospect-theoretic the
attacker will choose the A-type missile if:

ðpðð1� pÞqÞ � pð0ÞÞvðrÞþ ðpðð1� pÞð1� qÞþ ð1� pÞqÞ � pðð1� pÞqÞÞvð0Þ
þ ðpðpÞ � pð0ÞÞvð�f Þ� ðpðqÞ � pð0ÞÞvð1

4
rÞþ ðpðð1� qÞþ qÞ � pðqÞÞvð0Þ

ð6Þ

Using the pð0Þ ¼ 0 and vð0Þ ¼ 0, we simplify it to:

pðð1� pÞqÞvðrÞþ pðpÞvð�f Þ� pðqÞvð1
4
rÞ ð7Þ

Substituting the parameters of the value function, the probability weighting func-
tion and the value of p; q; r; f mentioned above (p ¼ 0:8; q ¼ 0:5; r ¼ 40; f ¼ 4),
then simplifying, we obtain the following inequality:

k\
ðjðq� pqÞþ 1

2 ð1� jÞÞra � ðjqþ 1
2 ð1� jÞÞð14 rÞa

ðjpþ 1
2 ð1� jÞÞf b

¼ ðð1� ð14ÞaÞðjqþ 1
2 ð1� jÞÞ � jpqÞra

ðjpþ 1
2 ð1� jÞÞf b

¼ ð12 ð1� ð14ÞaÞ � 2
5 jÞ40a

ð45 jþ 1
2 ð1� jÞÞ4b

ð8Þ

Similarly, if the defender didn’t upgrade (right-hand-side of Fig. 1), setting the
parameters of the value function, the probability weighting function and the value of
p; q; r; f ; s mentioned above (p ¼ 0:8; q ¼ 0:5; r ¼ 40; f ¼ 4; s ¼ 0:3), a
prospect-theoretic attacker will choose the A-type missile if:

k\
ðjðq� sqÞþ 1

2 ð1� jÞÞra � ðjqþ 1
2 ð1� jÞÞð14 rÞa

ðjsþ 1
2 ð1� jÞÞf b

¼ ðð1� ð14ÞaÞðjqþ 1
2 ð1� jÞÞ � jsqÞra

ðjsþ 1
2 ð1� jÞÞf b

¼ ð12 ð1� ð14ÞaÞ � 3
20jÞ40a

ð 3
10jþ 1

2 ð1� jÞÞ4b

ð9Þ

We set a¼ b¼ 1 and a¼ b¼ 0:5 to represent two different kinds of risk attitude. If
a¼ b¼ 1, the inequalities (8) and (9) can be reduced to, respectively:

k\
37 1

2 � 40j
5þ 3j

ð10Þ
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and

k\
75� 30j
20� 4j

¼ 7:5 ð11Þ

When a¼ b¼ 0:5, inequalities (8) and (9) can be reduced to, respectively:

k\

ffiffiffiffiffi
10

p ð52 � 4jÞ
5þ 3j

ð12Þ

and

k\
ffiffiffiffiffi
10

p ð5� 3jÞ
10� 4j

ð13Þ

Figure 2 shows the different the attacker’s decisions regions as a strategy plot,
setting a and b, and varying k and j. Since p > s and j[ 0, the right side of
Inequality (8) is less than the right side of Inequality (9), the attacker prefers A-type
missile attack to have higher loss aversion thresholds if the C-type defensive system is
upgraded. This means that for the values of k and j which Inequality (9) does not hold,
Inequality (8) also does not hold. For such values, as shown in the white regions to the
right of Fig. 2, the attacker will select the conventional weapon irrespective of the
defender’s decision. The level of loss aversion in this area means that the possibility of
successful interception will reduce the value of A-type missile attack, regardless of
whether or not the defender upgraded. However, there is a tradeoff between loss
aversion and likelihood insecurity at the borders of the region.

The left side of Fig. 2 shows the case of a¼ b¼ 1 and the right side shows the case
of a¼ b¼ 0:5. For a neutral risk ða ¼ b ¼ 1Þ, there is no white area, so the attacker
either always chooses A-type missile or is deterred by promotion and choose A-type

Fig. 2. Strategy plots showing the effect of loss aversion and likelihood insensitivity on the
attacker’s reaction to the defender’s decision.
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missile only if the defender doesn’t upgrade. A risk attitude involving a¼ b¼ 0:5
reduces the area of the black area where the attacker always uses A-type missile and the
gray area that the attacker uses A-type missile only if the defender doesn’t upgrade; the
white area where the attacker always chooses conventional weapons grows accord-
ingly. In the observed regions of the experimental values of k and j (2 � k � 3 and
0:6 � j � 0:8), the attacker mostly deters by promotion with the neutral risk and
chose conventional weapons regardless of promotion when a¼ b¼ 0:5.

Likelihood insensitivity increases the relative value of A-type missile attacks if
defender did not upgrade, and the choice of conventional weapons requires more loss
aversion. For values of k and j where inequality (8) holds, we have that (9) also holds.
For such a value (represented as a black area in Fig. 2), the attacker chooses an A-type
missile attack, regardless of the defender’s decision. For the remaining values of k and
j, if the defender upgraded, the attacker will select the conventional weapon, and if the
defender did not upgrade, the attacker will select the A-type missile attack, so the
promotion deters it from the A-type missile attack (shown as the gray area in Fig. 2).

4 Secrecy and Upgrade Randomly

The defense system is not upgraded in all locations. In this section, we consider the
security measures, and only select a certain percentage of sites to upgrade. We consider
the case when the scale and location of the upgrade are chosen at random and the
attackers do not know whether the target is upgraded or not. Figure 3 shows the
decision tree of the attacker’s decision as the defender randomly upgrades the defense
system with probability d.

Defender upgraded 
with probability d

A-type missile

Conventional 
weapon

Attack successful

(1-dp)q

Breaking interception
of C but failed

(1-dp)(1-q)

Intercepted by C

dp

r

0

-f

Attack successful

q

(1-q)

Attack failed

Fig. 3. The attacker decision trees if the defender upgraded with probability d
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When the defender upgraded the C-type defensive system with probability d, a
prospect-theoretic attacker will choose the A-type missile if:

ðpðð1� dpÞqÞ � pð0ÞÞvðrÞþ ðpðð1� dpÞð1� qÞþ ð1� dpÞqÞ � pðð1� dpÞqÞÞvð0Þ
þ ðpðdpÞ � pð0ÞÞvð�f Þ� ðpðqÞ � pð0ÞÞvð1

4
rÞþ ðpðð1� qÞþ qÞ � pðqÞÞvð0Þ

ð14Þ

Substituting the parameters of the value function, the probability weighting func-
tion and setting p ¼ 0:8; q ¼ 0:5; r ¼ 40; f ¼ 4, we obtain:

k\
ðð1� ð14ÞaÞðjqþ 1

2 ð1� jÞÞ � jdpqÞra
ðjdpþ 1

2 ð1� jÞÞf b

¼ ð12 ð1� ð14ÞaÞ � 2
5 djÞ40a

ð45 djþ 1
2 ð1� jÞÞ4b

ð15Þ

We still consider the two risk attitudes of a¼ b¼ 1 and a¼ b¼ 0:5, and indicate
the region between d ¼ 0 and d ¼ 1, which is called the “Waiting and see area” of the
attacker.

The “Wait and see” of the attacker is shown as the gray region in Fig. 4, which is a
middle area contained by two different values 0 and 1 of the parameter d in Inequality
(15), which means when the attacker in this region, his decision-making is infected by
the defender’s value, if the point of k and j corresponding to the attacker is above
Inequality (15), then the attacker uses conventional weapons irrespective of defender’s
decision, on the contrary, the attacker uses A-type missile regardless of the promotion.
It is useful that the defender could choose the value of d depend on the attacker’s value
of k and j.

Fig. 4. Strategy plots showing the effect of loss aversion and likelihood insensitivity on the
attacker’s reaction to the defender decision (Defender upgrade randomly).
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The case of an attacker with k ¼ 1:4 and j ¼ 0:3 is shown in Fig. 5. In this case,
the defender can choose the Wait and see area under the point, and force the attacker
not to use A-type missile. Thus, understanding the level of loss aversion and likelihood
insensitivity of a possible attacker is important to determine the optimal level of d.

5 Conclusions

In this article, we have reviewed the current methods in confrontation. We chose the
prospect theory to describe the loss aversion and likelihood insensitivity in the
attacker’s decision behavior and provide some suggestions.

We first studied the strategy of whether or not a defender upgraded into a C-type
defense system, used prospect theory to build descriptive modeling of the attacker’s
decisions. When the attacker is at the most common level of loss aversion, likelihood
insensitivity and risk attitude, he uses conventional weapons regardless of the pro-
motion. This means that in the face of such opponents, the defender need not to
upgrade the defense system. When loss aversion is low, likelihood insensitivity and the
risk attitude are neutral. The Attacker uses A-type missile when the defender did not
upgrade and conventional weapons if the defender upgraded. So promotion prevents
such attackers from attacking to the lower consequences. Therefore, it is important to
understand the level of loss aversion, likelihood insensitivity and risk attitude of the
potential attackers.

Fig. 5. Strategy plots when k = 1.4, j = 0.3 and d = 0.5
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The attackers do not know whether their target was upgraded and upgrading only
some of the sites. This approach resulted in a large “Wait and see area”, meaning that
the defender could take the initiative based on the type of attacker’s behavior to
upgrade. This shows that understanding the level of loss aversion, likelihood insen-
sitivity and risk attitude is important to defender’s decision-making.

There are several open areas for research revealed in this work. Only one evaluation
standard for the attacker and defender is considered here. Multiple objectives which
represent the attacker can be included. This, however, requires the development of a
descriptive model for attacker. This method requires that attributes be ordered
according to their importance and considered one at a time. When considering a
particular attribute, then alternatives below the expected level are removed. And finally,
we get a set from which we can choose a decision that fits our preference.

Note that the results are obtained in one step. What if the attacker considers
multiple sequential events in his decision, not only a sum probability? How to apply
prospect theory to the decision tree with multiple sequential uncertainty nodes?

Last, prospect theory is not the only descriptive decision model. In fact, there are
several alternative models of choice behavior, including rank dependent utility [15, 16]
and regret theory [17, 18]. Further, there are behavioral game theory models that
represent human behavior in strategic interactions, such as k-level thinking and cog-
nitive hierarchy theory [19]. Thus, our contribution represents a first step in applying
descriptive attacker models in confrontation research.
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Abstract. We present the method used in an ongoing project in Jordan for a
multi-stakeholder, multi-criteria problem of formulating a nationwide energy
strategy for the country for the next decades. The Jordanian government has
recognized the need for energy transition and the main goal of the energy
strategy is to provide a reliable energy supply by increasing the share of local
energy resources in the energy mix, while reducing dependency on imported
fossil fuels, by diversifying energy resources, also including renewable energy
sources, nuclear and shale oil, and by enhancing environmental protection.
There were strong incentives for a collaborative approach, since the ways in
which different stakeholder groups subjectively attach meanings to electricity
generation technologies are recognized as important issues shaping the attain-
ment of energy planning objectives. To understand the meaning of these con-
structs, we are using a multi-stakeholder multi-criteria decision analysis
(MCDA) approach to elicit criteria weights and valuations.
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Multi-criteria decision analysis � Surrogate criteria weights � Robustness

1 Introduction

Energy transition is a complex process which has political, social, economic and
technical dimensions, requiring holistic, inclusive and comprehensive governance
approach… The process of introducing energy sources and technologies can result in
major socio-technical changes which might lead to frictions and conflicts. Thus, these
processes will not only lead to technological changes but will also lead to
socio-technological transition processes, combined with shifts in generation and dis-
tribution technologies, business models, governance structures, consumption patterns,
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values and world views. For sustainable implementations of these processes, new forms
of governance are needed based on compromise solutions.

Energy transition could be seen as action fields or arenas where different individual or
organized stakeholders are competing for legitimization of their actions and organizational
survival in the future [18]. For instance, the energy sector in Jordan is well established with
an existence of large providers,most often owned by the state, which generate, transmit and
distribute electricity to consumers. Electricity providers, such as coal, oil and gas compa-
nies, are regarded as incumbents, i.e. actors, who have a disproportionate influence, and
whose views and interests often are reflected in a dominant organization of the strategic
action field, which might be entirely shaped by the worldviews, interests and positions of
these incumbents. Thus, the appearance of new technologies or governance modes may
heavily challenge the power distribution within the sector.

Furthermore, the dependency on imported energy sources is a heavy burden for the
socio-economic and energy security of Jordan. During the last decades, energy supply to
Jordan has been very volatile, also because of a number of external political shocks and
setbacks. For example, an increase in the prices of crude oil, which happened during the
Arab Spring in Egypt, significantly affected Jordan (being dependent on energy imports
fromEgypt). The interruption of Egyptian gas supply forced Jordan to switch tomuchmore
expensive heavy fuels, creating a large burden on the Jordanian national budget and sig-
nificantly increased the already existing budget deficit. Also, to handle the difference
between imported energy and affordability in the local market, the Jordanian government
needed to heavily subsidize energy imports, which further increased its national deficit.

Several reports on energy transition in Jordan have been written, with the focus on
economic and technological factors. Following evidence as well as national and inter-
national advice, Jordan has been developing a legal and regulatory framework to attract
investments in renewable energy expansion but also in new technologies such as shale
oil and nuclear power. However, the discussions about an energy transition and a
transformation of the Jordanian society, which might be caused by large-scale
deployment of new technology, as well as socio-economic consequences of the trans-
formation of the energy system, have been limited. Furthermore, the process of learning
from other regions and from technology transfer, which goes beyond single projects, but
includes regional models of energy transitions and transformation of society, should be
considered with caution. There are several examples and good practices in Europe, such
as “Energiewende” in Germany or energy transition through climate and energy models
in Austria. However, a plan for an energy transition in the MENA region should con-
sider completely different energy market structures, stakeholders’ networks and societal
aspirations regarding energy, climate and environmental policies [22].

MCDM methods have been used during the last decades to select between different
energy system solutions, most often on a regional scale, for example [2, 24, 34], or
smaller scale [29], or for non-specific discussions on energy system solutions [25] or
policies [16]. Some have had a national scope targeting a specific technology, for
example [36]. This current project, however, deals with a national energy policy based
on input information from large sets of stakeholders. The required methodology to deal
with it is a multi-stakeholder, multi-criteria decision analysis method suitable for dis-
cussions and negotiations in different settings and with different background data.
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In this article, we discuss, an ongoing project for the multi-stakeholder, multi-criteria
problem of formulating an energy strategy for Jordan for the next decades.

2 Problem Setup

This section describes the process of selecting a relevant energy policy and makes this
process more transparent. It also identifies a set of optimal solutions out of a set of
technologies of the prevailing realistic options.

2.1 Identification of Available Technologies

The collection of data for establishing the performance characteristics for each tech-
nology was based on different sources and methods encompassing both quantitative
and qualitative data. Primary quantitative data sources involved remote sensing data
and Geographical Information System (GIS) maps as well as data available from
national statistics databases. Secondary quantitative data sources included a total of
more than 200 regionally specific and international peer-reviewed articles, official
policy reports, industry reports, Environmental and Social Impact Assessments
(ESIAs), and real project case studies. Additionally, experts were surveyed to obtain
qualitative indicators on criteria where no quantitative data could be found or devel-
oped, such as the perceptions of capacity of national authorities to control the risks
involved. A purposeful sampling was applied in order to consult a balanced diversity of
experts from different fields of expertise and roles in society. The identification and
selection of individuals was influenced by practical considerations, such as the avail-
ability, willingness to participate, or opportunities that emerged during the research
process [26]. Overall, 52 experts were asked to take part in the survey of whom 31
responded. The identification of the technologies resulted in the following set of
options:

• Utility-Scale Photovoltaic (PV), which uses direct and diffused solar radiation and
converts it into electricity by using a photovoltaic effect.

• Concentrated Solar Power (CSP), which, with the help of different kinds of
mirrors, concentrates solar radiation onto a receiver and then converts it into thermal
energy inside the receiver. Then thermal energy is transformed into mechanical
energy with the help of a steam turbine and converted to electricity with the help of
a generator.

• Onshore Wind, which with the aid of wind turbines harnesses kinetic energy of the
wind and converts it first into mechanical energy and then electricity.

• Utility Hydro-Electric uses water to turn a turbine that provides mechanical energy
and drivers a generator.

• Nuclear Power, which uses the thermal energy released by uranium fission
reactions.

• Lignite Coal, when the coal-fired power plant converts the chemical energy from
coal into heat in the process of combustion. The heat is then used to generate steam
which drives a turbine to produce electricity.
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• Natural Gas, when kinetic energy from the motion of flowing gas is utilized to
generate electricity with the help of a gas turbine.

• Heavy Fuel Oil, when the oil-fired power plant uses the chemical energy of oil to
generate electricity with the help of different kinds of steam systems.

These technologies were identified before consultations with the stakeholder groups
and were presented for comments, after which the stakeholders added shale oil to the
set of options.

2.2 Criteria Selection

All technologies were assessed against a set of 11 criteria, with a corresponding total of
20 indicators. Out of these, 9 indicators are quantitative and 11 are qualitative. The
criteria were selected in a threefold, iterative process. The first step of the selection
process was based on an extensive literature review of scientific publications that
developed criteria relevant to assessing the performance of energy systems and elec-
tricity technologies (e.g., [1, 11, 12, 19–21, 23, 35]). Thereafter, the national policy
framework was supplemented with a criterion set with nationally relevant development
criteria. Each criterion was then evaluated according to its relevance for the
decision-making problem at hand (“high”, “medium”, or “low”). This process included
several interactions and iterations, through which the number of criteria was eventually
narrowed down from 32 to the final set of 11 criteria in a three-level criteria with tree
comprising a total of 24 sub-criteria, see Fig. 1.

2.3 Stakeholder Groups

At the core of the study was a series of seven one-day stakeholder workshops. Each of
the first six workshops included groups of stakeholders from the same backgrounds,
whereas the participants in the final workshop comprised a heterogeneous stakeholder
group to which an equal number of previous participants from each of the previous
workshops (i.e. stakeholder groups) were invited.

In line with different scholars [3, 30, 31, 34], who recommend the inclusion of
political, economic, scientific, and socio-cultural actors in electricity planning, six
stakeholder groups of different backgrounds were selected to participate in this research.
The participants were identified based on a comprehensive stakeholder analysis and
according to their positions and interest in Jordan’s energy decision-making and also
based on the extent to which they are impacted by electricity installations. The stake-
holder analysis was conducted by the research team in cooperation with the local
partners. In the first step, broad stakeholder categories, for example “Policy-makers”,
“Young Leaders”, etc. in line with the above mentioned different backgrounds were
established. In the second step, these categories were broken down into more concrete
sub-groups of these categories, e.g., for the category “Finance and Industry”, small and
medium-sized enterprises or national banks.

In the final step, the representatives of the sub-groups were determined. As a result,
the following stakeholder groups were identified.
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• Policy-makers: stakeholders who are directly involved in electricity planning
including generation and distribution;

• Finance and Industry: stakeholders who are characterized by high electrical power
end-use and are directly involved in the implementation and financing of power
generation capacities;

• Academia: stakeholders who are scientifically interested and involved in the
research and development of electricity systems, e.g., universities, research insti-
tutions, and think tanks;

• Young Leaders: stakeholders who can be regarded as future decision-makers or
opinion-leaders and have a strong interest in national energy planning due to their
professional background, public engagement, and networks;

Fig. 1. Final criteria tree in the tool DecideIT.
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• National NGOs: stakeholders who have a strong interest in national energy
planning and are involved in national NGOs working on environmental protection,
social justice, and human development;

• Local Communities: stakeholders who live in close proximity to electricity gen-
eration technologies and are thus directly affected by national electricity planning;

The involvement of different stakeholder groups, in an intensive, discussion-oriented,
and participatory process, allowed a wide array of multidimensional perspectives on
Jordan’s energy future to be elicited. During the workshops, attention had to be focused
on creating a climate that welcomed discussion, where different stakeholder views were
respected and equally validated, while at the same time room for mutual learning and
new information was provided. This was in particular the case for the final workshop
where equally legitimate opinions and perspectives as well as mutual learning expe-
riences had to be safeguarded by the moderators in order to allow for a balanced
representation of all stakeholder groups during the often heated debates among
participants.

During the stakeholder workshops the participants were given 45 min to develop
their individual vision on what they, as representatives of their specific stakeholder
group, would like Jordan to be in the year 2050. The participants were provided with a
set of cards and asked to write down either a short sentence or an attribute for their
vision in three areas: the economy, the society, and the environment. Then, all cards
were discussed on flipcharts and clustered in common themes, where agreement was
reached, as well as where perspectives diverged. The aim here was not to be com-
prehensive but rather to identify the top priorities with respect to how different
stakeholder groups imagine a desirable future for Jordan.

Following the vision development phase, the participants were given 60 min to
express their aspirations and concerns in regard to the question of how the deployment
of new electricity generation technologies in Jordan could enable or hamper the ful-
filment of their vision financially, socially, and environmentally. To facilitate this task,
short vignettes for each technology were distributed to provide as far as possible
unbiased, non-technical information on the basic functions and performance of the
technologies under examination. After discussing the specifics of the different tech-
nologies, the participants were again provided with a set of cards and asked to for-
mulate their thoughts as representatives of their specific stakeholder groups.
Afterwards, all cards were clustered around the main issues that emerged during the
vision development and discussed openly.

3 Criteria Ranking

Simos proposed a procedure, using a set of cards, for determining numerical values for
criteria weights suitable for negotiation settings [32, 33]. In its standard form, a group
of decision-makers are provided with a set of coloured cards with the criteria names
written on them. Furthermore, the decision-makers are provided with a set of white
(blank) cards. Thereafter, the non-blank cards are ranked from the least important to the
most important, where criteria of equal importance are grouped together. Furthermore,
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the decision-makers are asked to place the white cards in between the coloured cards to
express preference strengths. Figueira and Roy [17] have suggested a modified version,
where the decision-makers state how many times the most important criterion or cri-
teria group is compared to the least important. A variation of the Simos method was
used in this project for elicitation purposes. The card ranking part was employed as the
original but the evaluation part differs significantly from the Simos method. The criteria
were at this point well-known by the participants from the previous sections of the
workshops.

Each criterion was written on a coloured card and arranged horizontally on a table.
Then each of the participants successively ranked the cards from the least important to
the most important by moving the cards to a vertical arrangement, where the highest
ranked criteria was put on top and so forth. If two criteria were considered to be of
equal importance, they were put on the same level. This process lasted for four rounds,
where the number of moves for each round was 8, 5, 3 and 2 respectively. Furthermore,
the first and third round was concluded by an open discussion before the following
round commenced.

The ranking procedure lasted for 120 min or until a final ranking was obtained that
the participants found acceptable. Needless to say, the decreasing number can be
disputed and is a weak point of the method (and thus an open research question needs
to be addressed in subsequent projects), since it encourages the participants to act
strategically in relation to the information they received during the process. So when
applying this method, the potential conflicts must be lifted and handled. In some cases,
working with a set of final ranking in the evaluations, showed whether or not the
differences are of importance.

When this first ordinal ranking was finalised, the participants were asked to
introduce preference strengths in the ranking by introducing the blank cards during
three additional rounds (with 3, 2 and 1 moves respectively). The number of white
cards (i.e. the strength of the rankings between criteria) was also given a verbal
interpretation as shown in Table 1.

The final rankings of the six workshops were handed to the representatives of each
stakeholder group during the final workshop two months later, when the exercise was
repeated also for this compiled cross-sectional multi-stakeholder group. At the final
workshop, they could present each ranking and its rationales to the other participants
during an introductory presentation round.

Table 1. Verbal interpretation of card placements

Equal level of cards Equally important
No blank card Slightly more important
One blank card More important (clearly more important)
Two blank cards Much more important
Three blank cards Very much more important
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4 Selection of Analysis Method

One well-known class of multi-criteria decision analytic methods is the SMART
family, where [13–15] proposed a method to assess criteria weights. The criteria are
ranked and then 10 points are assigned to the weight of the least important criterion
(wN). Then, the remaining weights (wN−1 through w1) are given points according to the
decision-maker’s preferences. The overall value E(aj) of an alternative aj is then the
weighted average of the values vij associated with aj (Eq. 1):

E aj
� � ¼

PN
i¼1 wivijPN
i¼1 wi

ð1Þ

The most utilised processes for converting ordinal input to cardinal use automated
procedures and yield exact numeric weights. For instance, [13] proposed the SMAR-
TER method for eliciting ordinal information on importance before converting it to
numbers, thus relaxing information input demands on the decision-maker. An initial
analysis is carried out where the weights are ordered, such as w1 > w2 > … > wN, and
then subsequently transformed to numerical weights using ROC weights after which
SMARTER continues in the same manner as the ordinary SMART method.

The best known ratio scoring method is the Analytic Hierarchy Process (AHP). The
basic idea in AHP [27, 28] is to evaluate a set of alternatives under a criteria tree by
pairwise comparisons. The process requires the same pairwise comparisons regardless
of scale type. For each criterion, the decision-maker should first find the ordering of the
alternatives from best to worst. Next, he or she should find the strength of the ordering
by considering pairwise ratios (pairwise relations) between the alternatives using the
integers 1, 3, 5, 7, and 9 to express their relative strengths, indicating that one alter-
native is equally good as another (strength = 1) or three, five, seven, or nine times as
good. It is also allowed to use the even integers 2, 4, 6, and 8 as intermediate values,
but using only odd integers is more common.

As discussed in [5], a viable alternative to these, when cardinal information is
present, is the Cardinal Ranking (CAR) method and it has been demonstrated that the
latter is more robust and efficient than the methods from the SMART family and
AHP. Providing only ordinal rankings of criteria seems to avoid some of the difficulties
associated with the elicitation of exact numbers. It puts fewer demands on
decision-makers and is thus, in a sense, effort-saving. Furthermore, there are techniques
for handling ordinal rankings with various successes. A limitation of this approach is
that decision-makers, not least in multi-stakeholder settings, usually have more
knowledge of the decision situation than a pure criteria ordering is able to capture, often
in the sense that they have an idea regarding the importance of relation information
containing strengths. In such cases, the ordinal rankings are often an unnecessarily weak
representation, leading to a need for extending the methods to accommodate information
regarding relational strengths as well, while still preserving the property of being less
demanding and more practically useful than other types of methods such as SMARTS or
AHP. In line with the results in [9], the CAR method was selected for the evaluation
phase in the project.
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5 Evaluations

The analytical part of the evaluation in the project consists of translating the rankings to
surrogate weights, evaluating them by applying the CAR method, and then using these
values in the software DecideIT which is designed for solving this type of problem
under uncertainty. Thereby, the information loss is limited [8]. The idea is the
following:

• Assign an ordinal number to each importance scale position, starting with the most
important position as number 1.

• Let the total number of importance scale positions be Q. Each criterion i has the
position p(i) 2 {1, …, Q} on this importance scale, such that for every two adja-
cent criteria ci and ci+1, whenever ci[si ciþ 1, si ¼ pði þ 1Þ � pðiÞj j. The position
p(i) then denotes the importance as stated by the decision-maker. Thus, Q is equal toP

si þ 1, where i = 1, …, N − 1 for N criteria.

In [9, 10], several cardinal weight methods are derived, discussed, and evaluated. The
best method for cardinal rankings with properties similar to Simos cards was shown to
be CSR weights, expressed as

wCSR
i ¼ 1=p ið Þ þ Q þ 1� p ið Þ

QPN
j¼1 1=p jð Þ þ Q þ 1� p jð Þ

Q

� � ð2Þ

which are consequently employed in this study. Based on the weightings of each
stakeholder group, expressed as CSR weights, and observations made during the
workshops, the analysis of potential conflict lines and commonalities between the
different stakeholder preferences was facilitated through negotiation.

5.1 Encoding of Criteria Weights

As mentioned above, one of the problems with most models for criteria ranking is that
numerically precise information is seldom available. This is partially solved by intro-
ducing surrogate weights in the way that was done before, but this is only a part of the
solution since the elicitation can still be uncertain and the surrogate weights might not be
a totally adequate representation of the preferences involved, which is of course a risk
with all kinds of aggregations. To allow for a more thorough robustness analysis, we
also introduce intervals around the derived weights as well as around the values of the
technology options. Thus, in this elicitation problem, the possibly incomplete infor-
mation is handled by allowing the use of ranges of possible values (cf., e.g., [4, 6, 7]).

There are thus several approaches to elicitation in MCDM problems and one
partitioning of the methods into categories is how they handle imprecision in weights
(or values).

• Weights (or values) can only be estimated as fixed numbers.
• Weights (or values) can be estimated as comparative statements converted into fixed

numbers representing the relations between the weights.
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• Weights (or values) can be estimated as comparative statements converted into
inequalities between interval-valued variables.

• Weights (or values) can be estimated as interval statements.

Needless to say, there are advantages and disadvantages of the different methods.
Methods based on categories 1 and 2 yield computationally simpler evaluations
because of the weights and values being numbers, while categories 3 and 4 yield
systems of constraints in the form of equations and inequalities that need to be solved
using optimisation techniques. If the expressive power of the analysis method only
permits fixed numbers (category 1), we usually get a limited model that might affect the
decision quality severely. If intervals are allowed (categories 3 and 4), imprecision is
normally handled by allowing variables, where each yi is interpreted as an interval such
that wi 2 [yi − ai, yi + bi], where 0 < ai � 1 and 0 < bi � 1 are proportional
imprecision constants. Similarly, comparative statements are represented as wi � wj.
However, we might encounter an unnecessary information loss using only an ordinal
ranking. When using both intervals and ordinal information, we obtain some rather
elaborate computational problems. Despite the fact that they can be solved, when
sufficiently restricting the statements involved (cf. [7]), there is still a problem with user
acceptance and these methods have turned out to be perceived as too difficult to accept
by many decision-makers. Expressive power in the form of intervals and comparative
statements leads to complex computations and loss of transparency on the part of the
user. This should be kept in mind here as always when working with aggregation
methods of whatever kind.

5.2 Results from the Final Workshop

The performance of different electricity generation technologies was estimated based
on a large expert survey. Together with the surrogate weights, they provided the
decision base for the multi-criteria analysis. Using the aggregation principle in (2), the
multiple criteria and stakeholder preferences could be combined with the valuation of
the different technology options under the criteria surrogate weights.

The results of the evaluations are (i) a detailed analysis of the performance of each
technology compared with the other technologies, and (ii) a sensitivity analysis to test
the robustness of the result. Figure 2 shows part of the results of the final workshop.

In the figure, it can be seen that alternative 1 (Utility-Scale Photovoltaic) is the
preferred alternative, meaning that solar radiation converted into electricity by the
photovoltaic effect was the collective stakeholders’ preference. As the runner-up,
alternative 2 (Concentrated Solar Power) was selected, which concentrates solar radi-
ation onto a receiver and then converts it into thermal energy. Especially the preference
of alternative 1 was very pronounced in the standings after the final stakeholder
summit. Thus, it became the recommendation from the summit (the final workshop).
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6 Concluding Remarks

We have presented the method of an ongoing project in Jordan for a multi-stakeholder,
multi-criteria problem of formulating an energy strategy for Jordan for the next dec-
ades. We used a multi-stakeholder MCDM approach with ordinal or imprecise
importance information and suggested a method for how to incorporate various
stakeholders’ views on energy technologies and their valuation under several criteria.
The implementation of MCDM in Jordan was based first on stakeholder workshops
with each of a set of groups of stakeholders and then also applied within a final
concluding workshop with mixed groups of stakeholders. Our experience of the
implementation of the MCDM methodology showed that the local process in Jordan
could benefit from a series of workshops with the same mixed group of stakeholders.
Such a process would also contribute to the identification of compromise solutions and
the facilitation of discussions among stakeholders with different views and perceptions
on the importance of different technology relevant criteria. We also followed up with a
survey in which stakeholders were asked to rank their results again, but this time
individually and not as a group, and to assess their degree of satisfaction with the
results from the final workshop. This current article deals with the methodological
issues in the project and we have thus omitted a discussion on the final outcome of this
analysis, but this will be the subject of a forthcoming article.

Fig. 2. Rankings of the options for future energy strategies
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