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ABSTRACT

Projects for disaster mitigation such as reservoirs often change the natural and social environments of a region.
If people have different opinions on such changes, these projects may cause conflicts. Participatory disaster miti-
gation requires a mechanism for managing such conflicts. To promote stakeholders involved in a conflict to a
compromise, it is necessary to understand the structure of the conflict. This study focuses on the relationship
between people’s recognition about a conflict and final outcome of the conflict. First, a model involving players’
game-making process is constructed, and it is shown that opinion-summarizing rules can affect the outcome of a
conflict. Second, a survey of people’s cognitive structure of a conflict was made, and the results show the possi-
bility of polarization between people’s recognition and game theoretic model.

1. INTRODUCTION

Projects for disaster mitigation, such as reservoirs, often
change the natural and social environments of a region. When
people have different opinions on such changes, projects may
cause conflict. Participatory disaster mitigation requires a mecha-
nism for managing such conflicts.

To get stakeholders involved in a conflict to compromise, it is
necessary to understand the structure of that conflict. Game theory
is often used for to analyze conflict. The non-cooperative game
model consists of players (stakeholders involved in a conflict),
strategies (actions which a player can take), and payoffs (players’
numerical evaluations of the outcomes of conflict). In game theo-
1y, it is assumed that combination of players’ strategies and an out-
come have one-to-one correspondence. In an actual conflict, how-
ever, stakeholders may perceive the same conflict differently.
Additionally, people’s cognitive structures may differ from the
standard game theoretic model, and inappropriate recognition may
lead to an inefficient outcome. Conflict management needs to
incorporate a process for sharing knowledge about a conflict.

This study focuses on the relationship between people’s
recognition of a conflict and the final outcome of that conflict.
The study consists of two parts, model analysis and survey analy-
sis. In the first part (Section 3), a model involving players’ game-
making process is constructed. It shows that opinion summarizing
rules can affect the outcome of a conflict. In the second part
(Section 4), a survey of people’s cognitive structures of a conflict
is made. Results show the possibility of polarization between peo-
ple’s recognition and game theoretic model.

2. GAME THEORY BASED CONFLICT MODELING

2.1 Non-Cooperative Strategic Form Game

Game theory is often used for modeling an interactive deci-
sion-making situation. Game theory is classified into cooperative
and non-cooperative game, depending on whether a binding agree-
ment exists. The non-cooperative strategic form game is defined
hereafter.

Definition 2.1 (Myerson, 1991)
A strategic-form game is any I" of the form

I'=(N.(©)iy(F)iey) 2.1)

Where N is a nonempty set and, for each i in N, ©, is a nonempty
set and P, a function from l'{,(a/. into the set of real numbers R.
Jje

N is a set of players who correspond to stakeholders in a con-

flict. Each player in N has the set of strategies ©,. © = I%}@ ;s
Jje

the set of strategy profile. For any strategy profile €, the number

P, (0) represents the payoff that player i/ can obtain if strategy pro-

file ¢ is realized.

Strategy profile 0" is the Nash equilibrium if the following
inequality is satisfied;

P(0)=P(0,.0")VieN,VO €O, (2.2)

(6,,0",) is the strategy profile by which player i chooses strategy
0, and the other players choose the same strategies with §". The
equilibrium of a game is usually interpreted as the outcome of a
conflict.
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2.2 Players’ Recognition on the Structure of a Game

As stated in 1, the stakeholders in a conflict about disaster
mitigation often have different recognition on the conflict.
Examples of non-cooperative game models that describe behaviors
of players who do not share the knowledge about the structure of a
conflict are, incomplete information game of Harsanyi (1967,
1968) and learning model (ex. Fudenberg and Levine, 1998 and
Young, 1998). In the incomplete information game, the probabili-
ty distributions of elements of the game are common knowledge of
the players. In contrast, in the learning model, expectations of
other players’ behavior are formed by repetitive plays of the same
game. i.e., the learning model assumes that trial and error is per-
mitted in the model. Additionally, as Oechssler and Schipper
(2003) mentioned, players in the learning model learn about “How
should we play?,” but not about the structure of the game.

Whereas Bayesian equilibrium in the incomplete information
game is determined by the objective probability distributions of the
elements of the game, for subjective equilibrium by Kalai and
Lehrer (1995), players own subjective expectations on probability
distributions of elements of a game, and decisions are made based
on those expectations. If subjective and objective expectations
accidentally are consistent, then subjective and objective equilibri-
um also are consistent. Even if expectations are not same, subjec-
tive and objective equilibrium can exist simultaneously without
correct recognition of the structure of the game. From the view-
point of experimental game, Oechssler and Schipper (2003)
showed that players may not recognize the structure of a game
even after repetitive play. They also showed that the player with
wrong recognition may be able to behave the way as the player
with correct recognition.

In conflicts on disaster mitigation, the structure of conflict
varies depending on each case, and it is difficult to form expecta-
tion by repetitive play. In each conflict, players need to form game
structure and share the recognition about it. In the following sec-
tions, the interactive decision making situations in which players
do not share the knowledge on the structure of a conflict are ana-
lyzed. In section 3, a model incorporating players’ opinion sum-
marizing process is described. When players need to reflect their
supporters’ preferences for their behaviors, they summarize the
supporters’ opinions in order to construct a game. In that case, dif-
ferences of opinion-summarizing rules can affect the outcome of a
conflict. Section 4 reports a survey of people’s recognition of a
conflict. The survey focuses on correspondence between the strat-
egy profile and the outcome of conflict.

3. DECISION MODEL INVOLVING OPINION
SUMMARIZING PROCESS

3.1 Modeling Agent Game

A model that describes a game in which players behave as the
agents of supporters is shown. The relationship between players
and supporters is diagrammed in Fig. 3.1. Supporters 1 and 2 have
their own preferences for the outcomes of a conflict. The players
as agents behave according to priority orders, which reflect sup-
porters’ preference orders indirectly. Supporter i’s evaluation of
outcome j is represented by the payoff p’. Supporter i’s payoff
profile is;
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Players Involved
- (—— in a Conflict _“\N

(Agents)

Fig. 3.1 Relationship between Players as Agents and Supporters

P'=(p|.PyrnsP)) (3.1)

The player summarizes supporter’s opinions and derives a pri-
ority order. Player i’s priority for outcome j is represented by 7’,.
Since 7' is determined by payoff profile p’ and outcome j, we can
define the following function ¢'.

m,=¢'(P'.))

Hereafter, ¢ is called the “opinion summarizing rule.”

(3.2)

Players take actions to obtain the outcome that has the maxi-
mum 7’,. Even if supporters’ preferences are the same, 7’ may
differ, depending on the opinion summarizing rule.

3.2 Modeling a Conflict

In this section, the Graph Model for Conflict Resolution
(GMCR) by Fang, et al. (1993) is employed to describe a conflict.
Let N = {1,2,...,n} be the set of players and K={k .k,,....k,} the set
of states of the conflict. In this paper, only two player conflicts (N
= {1,2}) are discussed. Two-tuple {D }(i=1,2) is defined as the set
of directed graphs such that D, = (K,V)). The set of arcs, V, denotes
player i’s possible move between states. Let k k be the arc from
state k, to state k .
state k, to state k , unilaterally.

k, k, €V, implies that player i can move from

To formulate a conflict by the GMCR, payoff functions are
also necessary to be defined. Payoff function P, specifies the play-
er i’s preference order. If P,(k,) > P,(k,), then player i prefers state
k, to state k . In the general definition of GMCR, the states can be
preferred equally. However, in this paper, it is assumed that each
pair of states is ordered strictly (i.e., there are no equally preferred
states.)

The GMCR for a 2-player conflict is represented by 4-tuple
{N,K,V,P}, in which

N={12},K={kk,....k },V={V.V,} and P=(P |i€N}.

Here are other definitions used in GMCR.
a) State k’s reachable list: S (k) (keK)

kk'eV, & k'e S.(k) (3.3)
b) State £’s unilateral improvement (UI): S*(k)
k'e S, (k) and P(k')> P(k) < k'eS; (k) (3.4)

By means of the GMCR, the conflict over reservoir project is
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modeled. Player 1 is called the opposition group, player 2 the gov-
ernment. For simplicity, possible outcomes are limited to follow-
ing the four states (K={k .k, k,, k,}).

State 1 (k,): Opposition escalates and the project is modified.

State 2 (k,): Opposition escalates and the project is carried out
as planned.

State 3 (k,): The opposition group communicates with the
government and the project is modified.

State 4 (k,): The opposition group communicates with the
government and the project is carried out as it
planned.

Possible players’ actions are “taking aggressive behavior” and
“accepting dialogue with the government” for player 1, and “modi-
fying the project” and “carrying out the project as planned” for
player 2. The set of possible actions for player i is defined as A .
The state where player 1 chooses @/ €A, and player 2 chooses a’e

A, is represented by k(a',a?). Players can change the state by
varying their actions. Player 1 can change the state between k,
and k, and between k, and k,, whereas, player 2 can change the
state between k, and k, and between k, and k. Fig. 3.2 shows play-
ers’ possible transitions.

In this study, the above four states are interpreted as the phas-
es of the conflict, and the set of player’s reactions in each state is
defined as “stationary strategy.” Player i’s stationary strategy 6, is
formulated as follows.

0.k —k'.k'e[S,(k)yu{k}] (3.5)

Under stationary strategy, player’s reaction at each state is deter-
mined in advance.

The set of player i’s stationary strategies is defined as O,.
Fig. 3.3 and Fig. 3.4 show the feasible stationary strategies of
players 1 and 2. The combination of players’ stationary strategies,
the strategy profile, is represented by 6.

The outcome of conflict under strategy profile 6 is defined as

ONOINO 0
ONONNOL0

Fig.3.2 D (Left) and D, (Right)

Strategy (D Strategy @
() ®) om0
Strategy ® Strategy @

Fig. 3.3 Player 1’s Stationary Strategies

follows.

Definition 3.1

Under strategy profile @, state k that satisfies the following equa-
tion is called the outcome of conflict under € and is represented by
0(0);

6,(k)=k VieN (3.6)

Since each player has four stationary strategies (Figs. 3.3 and
3.4), the modeled conflict can be formulated as a strategic-form
game with 16 strategy profiles. Table 3.1 shows the relationships
between the stationary strategies and outcomes. In the strategy
profiles represented by “-”, the outcome defined by (3.6) does not
exist.

TR

Players choose a stationary strategy that maximizes its own
payoffs. Nash equilibrium can be formulated as it defined in ordi-
nary strategic form game.

Definition 3.2
Strategy profile " is Nash equilibrium if and only if the fol-
lowing relationship is satisfied for each player;

P(O(0)=2P(0(0.,6")) V0. €0, (3.7)

3.3 Opinion Summarizing Rules
In this paper, two types of opinion summarizing rules are sup-

posed.
(a) Outcome-Based Opinion Summarizing
o'(P =1 (3.8)

;

Strategy 11

:

Strategy 1

5 ¢

Strategy III

Strategy IV

Fig. 3.4 Player 2’s Stationary Strategies

Table 3.1 Relationship between Stationary Strategies and Outcomes

Player 2
I 11 111 vV
D 4 3 4 3
21| 2 23 — 3
S
@] 4 — 1.4 1
@\ 2 2 1 1
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(b) Action-Based Opinion Summarizing

Under the outcome-based opinion-summarizing rule, players
ask supporters to reveal the payoff for each outcome (i.e., players
say “Please let me know your payoffs for outcomes.”). As a result,
7! = pi is satisfied for each player i and outcome ;.

In contrast, players under the action-based opinion-summariz-
ing rule ask supporters to reveal differences in the desirability of
each action (Players ask supporters, “Which action do you pre-
fer?”). Supporter i’s difference of desirability for player /’s actions
1 and 2 is defined as o). When ¢/ >0, supporter i hopes that
player / will choose action 1 rather than action 2. Player i deter-
mines behavior based on the revealed (o', 0}).

The Opinion-summarizing rule must satisty the following
conditions.

(1) Consistency with supporter’s preference

P/ >P/and P} > P/ = 0] >0 (3.9)
P/ <PlandP; <P, =0/ <0 (3.10)
P'>P/and P} > P = 0,>0 (3.11)
P <PlandP; <P, =0\ <0 (3.12)
(2) Consistency with revealed information
0l >0= 7 >rx,and ) > 7, (3.13)
0l <0= 7 <xiand 7, < 7, (3.14)
0,>0= 7 >7, and 7} > 7, (3.15)
0, <0= 7 <7, and 7} < 7| (3.16)

Consistency with supporter’s preference means that if the sup-
porter prefers outcomes lead from one player’s action dominantly,
supporter reveals that the action is more desirable. Consistency
with revealed information means that player gives priority to the
action which is desirable for the player’s supporter. From condi-
tions (1) and (2), the following property can be derived.

Priority of the supporter’s dominant action
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P/>P/and P} > P/ = | > wiand ) > 7, (3.17)
P/ <P/ and P, <P/ = | <miand 7, < 7, (3.18)
P/ >P/and P} > P, = m, > 7, and 7, > 7, (3.19)
P/ <P/and P, <P, = m <7, and 7, < 7, (3.20)

Obviously, outcome-based opinion-summarizing rule satisfies the
priority of the supporter’s dominant action. Note that equations
(3.17) — (3.20) are not necessary and sufficient conditions. The
action is dominant in player’s priority, the action is not necessarily
dominant in supporter’s preference order.

In the following part, action-based opinion-summarizing rule
that satisfies the priority of supporter’s dominant action is formu-
lated. Supporter is assumed to determine o' according to the fol-
lowing equations.

o\ =(P'=P)B+(P -PH(1-P) (3.21)
o, =(P' =P)o+(P -P))(1-0) (3.22)
or =P =P B+ =P (1) (3.23)
o) =P =P)a+(P;-P)(1-a) (3.24)

Here, 0<a<1 and 0<B<1. a(l-o) and B(1- ) respectively
are interpreted as subjective probabilities for player 1’s strategies
and player 2’s strategies. A player determines the priority 7',
based on the revealed g by the following equations.

M, =0,+0,, T,=0,-0,, T,=—0,+0), T, ==0,-0, (3.25)
By equations (3.21) — (3.25), the action-based opinion-summariz-
ing rule is,

¢'(P'.D)=(0or+P)p) +(~a=B+Dp, +(~a = B+Dp} + (o + f-2)p)
¢'(P'2)=(—a+P)p| + (@~ B+D)p,+(a—B-Dpi+(-o+B)p;
¢'(P'.3)= (@~ PB)p; + (~a+B=Dp, +(~a+B+D)p;+ (- B)p;
¢'(P'4)=(~o=P)p; +(a+ B=Dp, + (0t + B-1)p +(~a = B+2)p;
(3.26)

Table 3.2 Relationship between ¢ and Outcomes

03 >0,0f >3 |0} >0,07 <o} |62 > 0,08 <o2| a2 <0,0% <o|0f <0,07 >0} |0} <0,0% >0}
oi+a}>0 | of+0}>0 | of+ol<0 | al+ai<0 | of+oi<0 | of+oi>0
1 1 1
oy >0,01 >0,
leciro | ke k, k, k, k, k., k,
1 1 1
o) >0,01 <0,
aleal»0 kyky kg | kyks ky, ks k, k, ky ke,
1 1 1
) <0,0y <0,
al+al >0 kl’k3 kl’k3 kl’k3’k4 k3’k4 k4 k4
o] <0,0] <o}
ol +o} <0 k3 k3 k3 > k4 ks » k4 k4 k4
1 1 1
a,<0,0) >0, k
of +0} <0 ks 3 ks ky ky ks, ky | Ky ky ky,k,
1 1 1
g, >0,0) >0,
ol +o) <0 kl,kz k] kl kz ;k4 k2,k4 klakZ,kA
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The action-based opinion-summarizing rule formulated in equation
(3.26) satisfies the priority of the supporter’s dominant action.

3.4 Nash Equilibrium in Agent Game
The equilibrium under the two opinion-summarizing rules
defined in 3.2 is compared in the case defined as follows.

Supporters 1: P,' >P'>P' > P,

Supporters 2: P> > P> P’ > P’ (3.27)

Whereas supporters of the government prefer that project is
carried out as planned (P> P}, P> P?), supporters of the opposi-
tion group prefer that the project is modified (P,'> P,', P,'> P)"). If
the project is modified, supporters of the opposition group prefer
dialogue with the government (P,'> P'). However, if the project is
carried out as it planned, they prefer escalating the conflict.

In the preference of the supporters of governments, the states
where the opposition group accepts dialogue are dominant to the
states where the opposition group is for escalating a conflict (P?>
P2, P}> P}). This implies that the priority of the supporters of
government is for dialogue with the opposition group.

When the outcome-based opinion-summarizing rule is
employed, Nash equilibrium strategy profiles are @ —IV and @) —
I. Consequently, from Table 3.2, the realized outcomes are the
states 2 (Opposition escalates and project is carried out as it
planned) or 3 (Opposition group communicates with government
and project is modified). Equation (3.26) shows that the state 3 is
dominant to the state 2.

When action-based opinion-summarizing rule is employed, o/
s00,>0,02<0 and 0}<0 are derived from (3.26). From Table
3.2, state 2 may be unique outcome of the conflict, i.e., only the
Pareto inferior outcome can be realized.

4. SURVEY OF THE COGNITIVE STRUCTURE
OF A CONFLICT

4.1 Survey

In section 3, a model including opinion-summarizing rules
was constructed. It showed that the result of conflict might change
depending on the rules. In actual conflicts, opinion-summarizing
rules are based on people’s recognition of the structure of conflict.
Here, a questionnaire is used to survey people’s cognitive struc-
tures of conflicts over disaster mitigation projects. First, a respon-
dent was instructed on the background of a hypothetical conflict
over a reservoir project. For simplification, only two players, gov-
ernment and opposition group, are assumed. The government
plans and proceeds with the reservoir project. In contrast, the
opposition group is concerned about damage to natural environ-
ment and opposes the project. Both the government and opposi-
tion group have plural action choices. Although the conflict is
hypothetical, similar situations occur in a real world.

Given instructions on the conflict, the respondent is asked to
choose 1) actions which he or she recognizes as being possible to
take on the conflict, and ii) outcomes which he or she recognizes
as being possible to be realized. If people’s cognitive structure of
a conflict is similar to game theoretic model, the choices in i) and
ii) should be consistent.

We formulated an instruction to explain this hypothetical con-
flict. Respondents were asked to read the instruction and answer

the following questions:

Q1: From your subjective viewpoint, choose the set of possible
actions of the opposition group from the following three
actions. (Choose more than one action.)

Taking aggressive behavior

Asking for a referendum

Communicating with the government

cnNw»

2: From your subjective viewpoint, choose the set of possible
actions of the government from the following three actions.
(Choose more than one action.)

Communicating with the opposition group

Suspension of the project

No communication and proceeding with the project

3: From the set of possible actions specified in Q1 and Q2,
choose one action as the most desirable action.

e Nw»

: From your objective viewpoint, choose the set of possible out-
comes of a conflict from the following nine outcomes. (The
number of choices is not limited.)

- The opposition group takes aggressive behavior, and the gov-

ernment tries to communicate with the group (AA).

- The opposition group takes aggressive behavior, and the gov-
ernment suspends the project (AB).

- The opposition group takes aggressive behavior, but the gov-
ernment does not try to communicate with the group and pro-
ceeds with the project (AC).

- The opposition group asks for a referendum, and the govern-
ment tries to communicate with the group (BA).

- The opposition group asks for a referendum, and the govern-
ment suspends the project (BB).

- The opposition group asks for a referendum, but the govern-
ment does not try to communicate with the group and pro-
ceeds with the project (BC).

- The opposition group tries to communicate with the govern-
ment, and the government tries to communicate with the
group (CA).

- The opposition group tries to communicate with the govern-
ment, and the government suspends the project (CB).

- The opposition group tries to communicate with the govern-

ment, but the government does not try to communicate with

the group and proceeds with the project (CC).

Two characters in parentheses in Q4 represent actions that lead a
conflict to the corresponding outcome. In the actual questionnaire,
these characters are not shown, and the order of outcomes in Q4 is
randomized.

As the purpose of this survey was to detect the general proper-
ties of cognitive structure of a conflict, the respondent was not nec-
essarily a stakeholder involved in a specific conflict. There were
139 respondents, 99 university students and 40 engineers. Note
that all the students belonged to the department of civil engineer-
ing, and most of the engineers were civil ones.

Table 4.1 shows the relationship between the set of players’
possible actions and the corresponding outcomes. As defined in 2,
the combination of players’ actions is the “strategy profile.”
Shaded areas in Table 4.1 represent the strategy profiles when the
opposition group chooses actions A and B as possible and the gov-
ernment actions B and C. If the respondent chooses outcomes out-
side of the shaded areas or does not choose outcomes included in
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Table 4.1 Relationship between the Set of Players’ Possible
Actions and Corresponding Outcomes
Q2: Government
Action A Action B Action C
Q1: Action A | Outcome AA | Outcome AB | Outcome AC
Opposition | Action B | Outcome BA Ouicome BB Outcome BC
Group Action C | Outcome CA Outcome CB Outcome CC

those areas, it signifies that respondent’s cognitive structure is
polarized from non-cooperative game model.

4.2 Survey Result

A statistical test on ratios was carried out to detect people’s
cognitive structures. The population ratios of the two sets are
defined as m, and 7m,. The null hypothesis is n,=m,(=p). The
sample ratios of two samples from the two sets are defined as p,
and p,(Sample sizes are n, and n,). Statistic Z is formulated as
follows.

‘ nlﬁl"‘”zﬁz
D= 4.1
P I’l]-'r}’l2 ( )

7=

\/p(l—p)<1+1>
n

1 2

When the sample size is large enough, Z follows normal distribu-
tion. If Z is larger than the threshold, the null hypothesis is reject-
ed and 7, and =, differ statistically. Results of three statistical
tests are given below.
Test I: Difference between choices of strategy profiles and out-
comes
In this test, sample ratios p, and p, were defined as follows.

_ SUM3 . SUM2-SUM3
P somt P T T N —sumn

4.2)

SUM1: The number of respondents who chose the corresponding
strategy profile derived from Q1 and Q2.

SUM?2: The number of respondents who chose the corresponding
outcome in Q4.

SUM3: The number of respondents who chose the corresponding
strategy profile derived from Q1 and Q2, and chose the
corresponding outcome in Q4.

N: Total number of respondents

Py is the ratio of the respondents who chose the correspond-
ing strategy profile and outcome simultaneously, and p, the ratio
of respondents who chose the corresponding outcome out of those
who did not choose the corresponding strategy profile. When the
difference between p, and D, is significant, the choice of out-
comes depends on the choice of strategy profiles. This means that
the strategy profile and outcome are related to the respondent’s
cognitive structure of a conflict and that non-cooperative game
model is appropriate to describe that conflict. If, however, the dif-
ference between p, and p, is not significant, polarization between
recognitions of strategy profiles and outcomes exists.

Table 4.2 shows the results of Test I. The significance level
a is 0.05. In some outcomes, such as AC and BC, the difference
between p, and p, is not significant. This result shows that peo-

Table 4.2 Results of Test |

Outcome | AA | AB | AC | BA | BB | BC | CA | CB | CC
VA 156 [ 203" | 040 | 133 (249" [ 149 286" [1.98" |2.13"

*: 5% significant (null hypothesis is rejected)

ple’s cognitive structure of a conflict is polarized in at least for
some outcomes.

Test II: Consistency between the Subjective and Objective
Recognitions of Actions

Possible reasons for the polarization seen in Test I are as fol-
lows.

1. Having heard or seen about conflicts over reservoir projects,
respondents may already have knowledge about the structure
of such conflicts. This prior knowledge might affect their
answers.

2. Respondents may have answered differently from the subjec-
tive (Q1 and Q2) and objective (Q4) viewpoint.

Test II was done to examine the second reason. First, the
objective recognition of actions was defined. If a respondent chose
at least one outcome caused by an action in Q4, it was judged that
the respondent recognized the existence of the corresponding
action objectively. In Test II, objective and subjective recognition
of actions derived from Q1 and Q2 are compared.

The sample ratios, P, and P, are defined as follows.

_ SUM6 __ SUM5-SUMG6
P=soma T N—suma

(4.3)

SUMA4: The number of respondents who chose the corresponding
action @ in Q1 or Q2.

SUMS5: The number of respondents who chose at least one out-
come caused by the action @ in Q4.

SUM6: The number of respondents who chose the corresponding
action @ in Q1 or Q2 and at least one outcome caused by
the action @ in Q4.

P, is the ratio of respondents recognizing action @ objectively
to those recognizing a subjectively, and p, is the ratio of respon-
dents recognizing action a objectively to those not recognizing a
subjectively. When the difference between p, and p, is signifi-
cant, subjective and objective recognitions of the action a are con-
sistent.

Table 4.3 gives the results of Test II. In the opposition
group’s actions (Q1), polarization between subjective and objec-
tive recognition was relatively significant. This is partly because
the survey respondents consisted of people familiar with public
works projects.

Test III: Difference between choices of objective strategy pro-
files and outcomes
The sample ratios p, and p, are defined as follows.

_ SUMS _ _ SUM2-SUMS
D= som1 P T sums —sum 7

4.4)

SUMT7: The number of respondents who chose at least one out-
come caused by the opposition group’s action @ and the
government’s action @’ in Q2.

SUMS: The number of respondents who chose at least one out-
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Table 4.3 Results of Test II

Q1: Opposition Group
A B C A B c
Z| 3.04 1.08 127 | 278" | 255" | 163

Q2: Government

Table 4.4 Results of Test IIT

Outcome | AA AB AC BA BB BC CA CB cC
zZ 021|179 [-044 |159 (238" [1.43 |2.027 [2.00° |259

come caused by the opposition group’s action a, the gov-
ernment’s action @’ in Q2, and the corresponding outcome
in Q4.

As in Test I, the purpose of Test III was to confirm differences
between recognition of actions and outcomes. Based on results of
Test II, choices of the opposition group’s action in Q1 were
replaced by the objective recognition of actions derived from Q4.
When the difference between p, and p, is significant, the strategy
profile based on subjective recognition of opposition group’s
actions and outcome are related in respondent’s cognitive structure
of a conflict.

Table 4.4 shows the results of Test III. Comparison with
Table 4.1 shows that the differences between p, and p, are not
necessarily increased. That is, polarization between recognition of
strategy profile and outcome is not decreased by removing the dif-
ference between the subjective and objective recognition of action.
Polarization may be due to respondents’ knowledge of conflicts in
the past, or their ability to estimate results from context.

4.3 Interpretation of Survey Results

Results of the statistical test show that polarization exists for
some questions between recognition of actions and outcomes,
whereas recognitions have consistency in other. This suggests that
there were people who had prior knowledge of a similar type of
conflict. Such knowledge is supposed to affect people’s cognitive
structure of a conflict.

In some cases, prior knowledge is useful for understanding a
situation. For example, people may be able to find equilibrium of
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a conflict without examining the interaction of decisions.
However, such knowledge may sometimes prevent them from
behaving strategically. In the case of the conflict over a reservoir
project, the opposition group may hope for dialogue with the gov-
ernmental agency. If, however, government’s knowledge suggests
that opposition group prefers aggressive actions, government may
not try to talk with opposition group, and the possibility of com-
promise is lost.

5. CONCLUSION

In this study, people’s recognition about a conflict was ana-
lyzed. First, a model involving players’ game-making process was
constructed. Next, a survey of people’s cognitive structure on a
conflict was made. Results of both suggested that the cognitive
structure of a conflict may affect outcome of the conflict.

In participatory planning, the importance of a coordinator is
often emphasized. One role of a coordinator is to create the
“stage” for discussion. This role can be interpreted as promoting
communication between stakeholders. Our findings indicate the
importance of such communication in order to achieve a better out-
come.
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