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INDIVIDUAL NEGOTIATION SUPPORT IN GROUP DSS

ABSTRACT. Negotiation support is an important aspect of multiperson decision support
systems. Besides mechanisms for representing and evolving group joint problem representations, such
DSS should also provide an environment in which decision makers are supported in developing,
analyzing and reinforcing their individual negotiation position. Recognizing the diversity of research
approaches to negotiation modelling in the literature, this paper synthesizes an integrated model
from which a knowledge-based individual negotiation support environment using tools from different
areas can be designed. Role and architecture of such a component are described in the context of

MEDIATOR, a database-centered negotiation support system under development at NYU.

1. INTRODUCTION

[n an increasingly complex and turbulent business environment, decision makers will have to rely
more and more on advances in information/communication technology for support [Huber and
McDaniel, 1986]. While traditional single-user decision support systems (DSS) help explicate
individual decision makers’ problem views. thus improving managerial communication [Sanders et al.,
1984], modern office communication technology |Tsichritzis, 1985] can serve as a vehicle to support

multiperson decisions more directly.

A number of researchers have begun to study the design and potential impact of so-called Group
DSS |[Gray 1981, Huber 1982, Turoff and Hiltz 1982, Bui and Jarke 1984, DeSanctis and Gallupe
1985, Goncalves, 1985]. Knowledge sharing and negotiation support in different time/space
organizational settings have emerged as critical goals of such systems [Jarke, 1986]. While knowledge
sharing refers to the cooperative aspects of GDSS, negotiation support is needed where there is a

conflict of interests.

The MEDIATOR project at New York University attempts to integrate both of these aspects into
a comprehensive DSS architecture for multiperson decision making that is not necessarily cooperative.

A common static framewaork for knowledge sharing and negotiation protocols is achieved by a

specialized database architecinre  Jarke et al. 19861, Process aspects of multiperson decision making

we embedded e o framework of evolutionary svstems design  Shakun, 1931, MEDIATOR offers

two kinds of npegotiation support components group negotiation support for integrating individual

positions inte 1 group decision. amd ndividoad segoriation suppert for each party rto defend s

position.  The former has the main purpose of achieving a commeon representation of the problem
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and then evolving this representation through consensus-seeking (via problem redefinition) and
compromise (via concession making) towards a jointly acceptable agreement. Since communication is
the main goal, a relatively simple mutually understandable language must be used for the joint

problem representation.

In contrast, an individual negotiation support component has to provide a rich set of tools for
analyzing the decision makers’ perceptions of their own as well as their opponents’ bargaining
position. This requires an understanding of the mechanics and dynamics of the cognitive aspects of
the negotiation process. Each of the many research areas that have contributed to our understanding
of negotiations has modeled this problem in its own idiosyncratic way. Unfortunately, none of the
approaches represents the full richness of negotiation processes and outcomes. This paper is an
attempt to integrate major contributions of several disciplines into a unified model of negotiations
that in turn serves as the basis for the design of a knowledge-based individual negotiation support
environment within the MEDIATOR architecture. While we cannot claim to have developed a
comprehensive theory of negotiations, we at least expect to provide a model for a uniform systems
environment in which tools from different areas can be applied. Future work will have to show to

what degree general theories can be developed from the integrated model.

This paper is organized as follows., Section 2 reviews the contributions of six reference disciplines
with respect to their potential usefulness in individual negotiation support: game theory, decision-
making under uncertainty, process analysis, sociology, industrial relations, and psychology. Section 3
presents the integrated model along with two examples, and provides some justification by mapping
the approaches taken by each area into it. Section 4 provides a brief overview of the MEDIATOR
architecture and describes a knowledge-based design for its individual negotiation support component
based on the model. In section 5, relationships to other GDSS, potential application areas,

limitations and future plans are discussed.

2. APPROACHES TO UNDERSTANDING NEGOTIATIONS

Negotiations are a part of everyday life. Whenever there is disagreement or conflict of interest
between two or more parties, they negotiate. However, negotiations vary substantially in their
fundamental characteristics like the underlying motivation, the nature of the relationship between
and within the parties. the specific feature: of the issue under negotiation. aud the uegotiation

process it=elf (see 'Raiffa, 1982] for a detailed analysis).

Theories ro  explain the negotiation process have been proposed by researchers from different

discipline~. inchedine fiame Theory (bargaining), Economics (decision making nnder nncertaiuty),
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Process Analysis (joint decision-making process), Sociology, Industrial Relations (collective
bargaining), Politics (international negotiations, terrorism, etc.) and, Psychology (behavioral styles
and negotiation strategies, etc.). It is the purpose of this section to summarize major contributions
of these areas as far as they appear to be related to the goal of designing a negotiation support
system. In doing so, we shall compare the approaches on their: focus of attention - what parts of
the negotiation process they seek to describe, level of analysis or detail, realism or extent of

simplifying and limiting assumptions, and determinancy or prescriptive power.

2.1. Game Theory - Bargaining

Game theory attempts to model negotiation behavior as a rational-choice, self-interested behavior
toward a given array of values. It is primarily geared toward analyzing the decision ”"to negotiate or

not to”.

Elementary game theory assumes two parties, or organized collectivities, making choices from
among a set of alternatives to reach an agreement. The set of all alternative courses of action open
to both "bargainers”, the relation between each possible pair of actions chosen and the bargaining
outcomes, and the utilities assigned to these outcomes, are assumed to be known to both bargainers.
The pattern of demands and concessions was shown to lead to an agreement which maximizes the

product of the utilities of the two bargainers [Nash, 1950, 1953; Zeuthen, 1930].

Harsanyi (1956) suggested the concept of "maximum risk of no agreement” to explain the process
by which the Nash outcomes were reached. This introduced considerations of uncertainties and
probability into the bargaining process. Harsanyi (1962), extended this method to cases where the
two parties "do not know (and know that they do not know) each other’s utility function
(preferences and attitudes towards risk)”. This, he suggested, leads to "compounded expectations”
which converge by two mechanisms: the usage of "stereotype utility functions” and the process of

mutual ”adjustment” of expectations as bargaining proceeds.

The implications of no agreement or “stalemate” on the bargaining process were studied by
Schelling (1963) and later on by a host of others. Schelling pointed out that the time required to

reach an agreement was costly to (both} bargainers and that this cost was an imporrant factor in

determining the final outcome Bislop (1964) noroducsd "dizcount vures" 1o model  concession
making behavior and suggesred rthar the targniner wirh the lower isconnt rate has the bargaining
advantage. Cross (1969) developed a detaled theory for the implications of this "time cost” on
bargaining. He suggested that each barsainer chooses the demand that maxinizes present value,
discounted according to the time it woukd take to et . A very bmpeat an  ontrihution of this work
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was the concept of disproportional effects of the bargaining process on the two bargainers because of

subjective estimates and asymmetric information.

After Harsanyi (1962), Cross was the first to revitalize the concept of ”learning” in the game by
suggesting that the bargainers perceptions of their own time costs --and expectations about their
opponent’s-- evolves in response to bargaining behavior and its consequences. Bargaining can be
visualized as the process of reducing and eliminating the gap between the final outcomes estimated
by the two participants on the basis of their perceptions of their relative bargaining strengths.
Harsanyi (1967-68) tackles the problem of uncertainty about the pay-offs for the opponent by
proposing that each bargainer actually imagines that he is faced by a probability distribution of
different types of bargainers --each with characteristic pay-offs-- and bases his strategy on the
expected value. He also uses estimates of his opponent’s expectations about him. In [Harsanyi, 1972,
1976; Harsanyi and Selten, 1972, a two-person bargaining game with incomplete information is
reinterpreted as an n-person Bayesian game. Selten (1975) notes: “the dynamics of the bargaining
process appear to be a vehicle for credible exchange of information”. Limiting assumptions that each

of these theories makes are discussed in [Crawford, 1985].

Research on non-cooperative games and dynamic game theory takes a slightly different approach.
Rao and Shakun (1974) model concession-making as a sequential decision problem and develop a
dynamic programming model to solve it. Going one step further, Shakun (1981) models conflict as a
problem with initially no feasible solution. Redefinition of the problem is required for a feasible
solution to emerge. Shakun develops a "goals/values referral process” as a possible model to describe

how the system is redefined in search of a solution.

Game theory views negotiations as strategic exercises and is perhaps the only area that has
attempted to address all aspects of a negotiation. It is, however, handicapped in its attempts to
model the negotiation process because it deals with a scenario where the values or preferences are
fixed and so outcomes are inherent in the very structure of the game. The process of change in the

values is something that game theory does not capture.

2.2. Economics - Decision Making Under Uncertainty

Uncertainty in a negotiation process can arige from two  sources: (1} nneertainly  abouat  the

outcomes/states of nature also called “risk™. and (2) uncertainty about the spponent’s preferences.

Analysiz of decision-making under “risk”™ has been dominated bv the «xpected ucility theory. [t iz

widely accepted as a near normative model of rational choice and a parnienlarly good determinant of
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economic behavior. [Arrow, 1971; Keeney and Raiffa, 1976; Savage, 1954|. The assessment of
alternatives under the expected utility theory is based on: the expected utility of the
outcomes/consequences of the alternative, "asset Integration” which refers to whether or not the
utility resulting from the choice increases the total 7wealth” of the decision maker and, ”risk
aversion” or the preference for certain returns compared to uncertain ones. The utilities of outcomes
are weighted in the ratio of their probabilities. If two outcomes have the same utility, then the one

with greater probability was always preferred.

The expected utility model is basically a ”constant utility” model; it assumes that each outcome
has a time-invariant utility value [Luce, 1959]. In the ”random utility” model, the utilities are
described as random variables [Coombs, 1958] and this assumption is often used to explain the
"intransitivity of alternatives” and changing utilities for outcomes. Coombs, et. al. (1970) have
sought to explain the cognitive processes behind such a phenomenon. They conclude that different
decision rules are used under different situations by the same decision maker and propose a
contingency approach to choice theory, using cognitive factors, particularly information processing
variables, to determine the "how much” and "how” of information storage and retrieval, how a

decision problem is formulated and consequently, how it is solved.

Simon’s (1947) theory of bounded rationality shows that human beings use “decision heuristics” in
their decision making to reduce the information processing overhead. These decision heuristics are
entirely subjective and as a result tend to be biased. Kahneman and Tversky (1979) have shown
experimentally that expected utility theory is systematically violated. They identify a 7certainty
effect” -people prefer certainty, a "reflection effect” -people are risk averse in choices involving sure
gains but risk seeking in choices involving sure losses (this phenomenon is often referred to as the
problem of “framing”), and an ”isolation effect” - people disregard components that alternatives
share, and focus on components that distinguish them. The isolation effect explains how inconsistent
preferences and intransitive preferences could happen. In their Prospect Theory, Kahneman and
Tversky propose that people evaluate the desirability of an alternative not by the new total state
that results from the choice but by the net gains or losses in choosing that alternative. This value
function, is concave for gains and convex for losses with a steeper slope. Yet another decision

heuristic that 1z often used is the "availability” of relevant information. This refers to the vividness

with which the wlformation i stored. Vivid information iz more readily “available” and so tends to
bias decision making Nizsbetr and Rozs, 19830 Clear unambiguous feedback from the negotiation aids
in the formulation of more uch heuriztics, There are many of these heuristics that contradict the
expected utility maximization theory and itz basic tenets
Center for Digital Economy R rsearch
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Notwithstanding the effects of cognitive limitations, decision and judgemental biases, expected
utility theory is still the major normative theory of decision making. However, the use of the
"utility maximizing” concept is tempered by combining it with the ”satisficing” concept proposed
first by March and Simon (1958) (see also |[Raiffa, 1982 and |Tietz, 1983]). Another major theory
that needs to be mentioned is the "equity” theory [Adams, 1965 which emphasizes people’s desire to
achieve fair outcomes as a result of its easier acceptability [Schelling, 1963], and the ability to
maintain goodwill in recurrent relationships [Morgan and Sawyer, 1967|. This theory has since been
extended by Walster, et. al (1973) to incorporate a ”mixed-motive” flavor into it - to maximize own

gain as well as divide outcomes equitably.

In summary, this approach has focused on the decision-making process in a negotiation. Its
normative models form the backbone of most present-day scientific business decision-making. The
disadvantages of such an approach are that though it iz high in its determinancy, the sources of
such determinancy are artificial constructs like indifference curves, pareto-optimality etc. Some of
the concepts are in reality unoperationalizable or tend to have poor construct validity. Moreover,
the rationality assumptions ignore as irrational many interesting aspects of negotiations like

preference intransitivity, power, persuasion and coercion, etc.

2.3. Process Analysis - Joint Decision Making

Based on earlier economic theory, Siegel and Fouraker (1960) view the process of negotiation as a
joint decision making problem involving a combination of concessions and convergence. Two
negotiators start from distinct initial positions that represent the initial aspirations or the positions
they want the opponent to believe they desire. They then inch incrementally toward each other by
making concessions until they converge to a common point. Cross (1969) and Bartos (1974) view
negotiation as a ”learning process” in which the parties "react” to each other’s concession behavior.
But this theory assumes symmetry of information. ”Findings of the concession/convergence approach
are available to both parties. So there is no advice on how to bargain best that is not equally
accessible to the other side”. This obviously results in a stalemate. Another problem of this
approach is that it has not overcome the problems of determinancy [Coddington, 1973; Tracy, 1975].
Concession rates cannot be caleulated easily and change over time. This approach does not allow for
considerations such as nse of power, tactics and wesotiation skills which might affect the concession

rate at any point in time,
V¥

A remedy that has been suggested for this 1= that the negotiation could be considered a "teaching

rocess” instead of a learning process, but this turther reduce~ rhe already low determinancy of the
B ] 3
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theory. A more fundamental question is whether it reflects the nature of real-world negotiations.
Often the approach is applicable only when the variables under discussion are quantifiable and
discretizable. Only then can distinct initial positions be identified and incremental concessions made.
Since only the concession rates are considered to the exclusion of other variables, an incoherent
mosaic of piece-by-piece concessions may emerge. Another very important aspect of negotiations
ignored in this approach is that frequently the list of items under negotiation is in itself a matter of

negotiation.

As an answer to the drawbacks of the concession/convergence approach, Zartman [1977| presents a
formula/detail approach: negotiations proceed by finding the proper ”formula” before implementing
"detail”. According to Zartman, "negotiators begin by groping around for a jointly agreeable formula
that will serve as a referent, provide a notion of justice, and define a common perception on which
implementation details can be based; power makes the values fit together in the package and timing
is important to making the formula stick”. His emphasis is on the process of negotiation as a
process of "searching” - first for a single formula (similar to Shakun’s (1981) goals/value referral
process) and then for the implementation of this formula through the specification of details. He
claims that while the concession/convergence approach is by nature "reactive” and passive, the
formula/detail approach is associated with an “active search for a solution” and thus enhances the
probability of creative solutions. It also leads to greater satisfaction than concession-making
approaches since concessions tend to be viewed as losses. This approach allows for the inclusion of
power as added value in the process of selecting and modifying values. The concession/convergence
approach can be thought of as the process of negotiation of detail after a formula has been found.

Unfortunately, this approach suffers from a total lack of determinancy.

In the ”progressive construction” approach [Wall, 1975|, the issues under discussion are decided
upon only one issue at a time. This can be conceptualized as a group decision making situation on

a complex topic that is spread out over time, like disarmament.

The analysis of negotiations as joint decision making processes focuses attention on a macro-level
observation of the process and its dynamics - the "how” of negotiations. As is to be expected in

such an analysis, the underlying mechanics of individual values, preferences and motivations - the

"why” - is ignored. The advantage of such an approach i rthar o sives ns 0 wav o ook ar
negotiations as a dynamic search process - incremental and goal oriented. Thearetcallv., this opens
up the possibility of applyving =earch techniques developed by areas such a- arrificial intelligence o

analyze and possibly supporr a negotiation.
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2.4. Sociology

In a sociological scenario, negotiations are seen as involving dual, conflicting motivations: the
individual’s (competitive) desire to maximize his own utility and the collectivistic (cooperative) desire
to reach a “fair” solution. Literature in anthropology emphasizes the significance of “reciprocity”.
Reciprocal exchanges create bonds of friendship that hold society together. Homans' (1961) rule of
distributive justice says that men view as fair, rewards that are proportional to the receipent’s
contribution to society. This norm of fairness can be seen as a state of equilibrium. Any deviation
generates forces that attempt to restore it - that is why it became a norm in the first place. In

addition, society institutionalizes and imposes sanctions on deviants.

In agreeing to reach a 7fair” solution through the equal distribution (not division) of the
maximum pay-off that each side can rationally expect, this approach does not allow for strategic
misrepresentations or “bluffing”. It is in the interests of each negotiator to make his opening bid as
close to giving zero pay-off to his opponent as possible. This way, each negotiator can through the
initial tentative acceptance form an idea as to his opponents position and what he can rationally

expect from the negotiation.

Once the initial tentative offers have been accepted very reluctantly, the size of the opening
concession gains importance. This is invariably a function of some factors extraneous to the
negotiation process itself - psychological or social. A rational bargainer in this approach will expect
a reciprocation of his offer. The rule of thumb that can be used to judge whether a particular
concession has been reciprocated equally is seen as the state such that the negotiators have no need
to revise their original expectations about the ultimate agreement. This implies that the fairness in
question is only ”perceived fairness”. Failure to match concessions is not seen as ”unfair” if the
negotiator perceives that his opponents preferences have changed. Response to unfairness comes either
as withdrawal or in the form of behavior that maintains the negotiators expectation about the
outcome. Unexpectedly large concessions lead to revision of opponents expectations and unexpectedly
small ones bring sanctions or stop further opponent concessions. Negotiators must be skillful enough

to spot fair concessions and discriminate unfair ones.

The notion of the desire to achieve fairness as being the driving force in a nesotiation has some
limitations It 1= hased on a decision heuristic that is very viune and ill-defined - 1le concept of
"fairness™. By irts very nature, such an approach lacks determinancy and iz open to a multitude of
interpretations. However, this approach reveals the importance of societal norms, group norms, and

ethics as factors ol interest in studying negotiations.
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2.5. Industrial Relations - Collective Bargaining

Labor negotiations can be described as "the deliberate interaction of two or more complex social
units which are attempting to redefine the terms of their interdependence” [Walton and McKersie,

1975).

Three major propositions underly the explanation of conflict in this approach: (1) differences in
goals, interests or values of the two parties [March and Simon, 1958; Axelrod, 1970, Pondy, 1969;
Deutsch, 1971; Cormick, 1971], (2) interdependence among the parties [Walton and McKersie, 1965;
Walton et al., 1969|, and (3) perceived opportunity for interference [Mack and Snyder, 1957;
Goldman, 1962; Pondy, 1967).

Perrow [1961| describes operative goals in an organization as being “those that are embedded in
the major operating policies and daily decisions of the personnel”. They could refer to both means
and ends. In general, greater incompatibility in goals leads to greater conflict. Dispersion or
distribution of power among the bargaining parties was also important in determining the extent of
conflict [Cormick, 1971; Dubin, 1960; Darkenwald, 1971|. In general, the more evenly distributed the
power, the greater the conflict. Control structure as one determinant of official power also influences
the occurence of conflict. Ambiguity about jurisdiction, i.e., differences in perception of authority
relationships also affects conflict formation [Walton et. al, 1969]. Deutsch (1973), in a socio-
psychological approach to understanding negotiations, identifies six major sets of variables that affect
negotiation behavior: characteristics of the conflicting parties, prior relationships between/among
conflicting parties (the first time a concept of "history” has been introduced), nature of issue giving
rise to conflict, social environment within which conflict occurs, strategies and tactics employed by

the conflicting parties and, the consequences of conflict to each of the participants.

Kochan et al. (1975) suggest that the most effective strategy for resolving conflict lies in
recognizing the underlying goals that the parties are seeking in the process and accepting the

legitimacy of their efforts to pursue their goals.

The Industrial Relations approach recognizes the fact that conflict is dynamic as manifest in the
constantly changing nature of the goals but does not attempt to nnderstand the actual mechanisms
af lis process. It does por disenss the effectz of individual differences in risk-taking propensitv,
motivation, perceprion erc.. and thewr dvnamics. [t does however. provide an approach where the
existence of power-dependency relationships iz formally acknowledged as an important determinant of

negotiatlon outconies.
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2.6. Psychology

People, as participants in a negotiation, communicate positions, send signals by making demands
and concessions, respond to signals from the opponent, and through a sequence of such exchanges
arrive at a solution to the problem under negotiation. Negotiation, in this approach, can be defined

as a process of value and behavior modification through exchange of communications.

Spector (1977), identifies four primary factors that affect the negotiation process from the
"microlevel perspective” of negotiator psychology: (1) the individual personality needs of the
negotiator; (2) the personality compatibility among negotiators; (3) negotiator perceptions of his
opponents strengths, weaknesses, positions, values, preferences, alternatives and intentions and his
expectations of the opponents strategies and actions; and (4) persnasive mechanisms actually
employed to modify the bargaining positions and values of the opponent to achieve a more favorable

(from his point of view) convergence of interests.

Several researchers have studied links between single psychological factors and negotiation behavior
|Rubin and Brown, 1975; Spector, 1975; Druckman, 1973|. The results have been mixed. The failure
to find intuitively obvious relationships has been explained as being the result of poor
operationalization of the psychological constructs. However, a significant amount of research and case
studies have shown that negotiator ”personality” as manifested in predispositions towards the
opponent and his motives for actions are important determinants of negotiation behavior [deFellice,
1976/. Similarly, perceptions of the opponents’ strengths, weaknesses, intentions, commitments and
goals affect the negotiator’s response, the tone of interpersonal communication, and the learning
process. Mutual power and influence relationships, employed effectively and credibly, provoke changes
in negotiator values/perceptions and can lead to eventual concessions and convergence to an
agreement |Zartman, 1974|. Finally, the interaction between the personalities of the two bargainers
(soft against hard, etc.), and the interaction between the bargaining context and personality factors
(certain characteristics are triggered by certain situations) decide the bargaining style of the

negotiator, according to this approach.

Trying to understand the psychological aspects of negotiation gives a feel for its micro-level

elements: the underlying factors and motivations that drive a negotiation. If we can look beyond
manifested negotiation behavior to 1te origins and  wlentify the  fowny factors listinetly.  the
negotiation’s ohbjective of value change iz hall achieved. The problems with rhe psvchology approach
are itz obvious lack of determinancy and the almost too intricare and involved inter-relationships
among the innumerable variables. Its strength is itzelf itz weakness in ~ome wavs - it focuses on the

negotiating parties. and their ability to modify the valies o the ixoue- at stake. [t does uot leal
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extensively with the negotiation process itself. Moreover, as yet, there is no single unified theory
which combines all the single-trait research into a meaningful overall psychological theory of

negotiations.

3. A UNIFIED MODEL

We have seen how the negotiation process has been studied and explained by researchers in
different fields. They vary in perspective and in focus, in the level of analysis, the level of detail, in
their assumptions and in their objectives. I[n short, the approaches present different "windows” to
understanding negotiations, even though a few of these approaches address a number of aspects of

negotiation (e.g., game theory or the model by Deutsch (1973)).

In contrast, a negotiation support system needs a more wholistic approach that integrates the
different perspectives into a uniform model that enables us to design a DSS to support the
negotiation process. While this may not be feasible in the short run, the model to be constructed in
this section should at least be sufficient to serve as the foundation of a negotiation support
environment in which a decision maker can embed existing and forthcoming tools from any of the
different areas. Inasmuch as these approaches seek to describe the same phenomenon, it appears
possible and indeed desirable to integrate them, relaxing their assumptions and enhancing their
descriptive power, in a joint framework that captures all major dimensions of the negotiation

process.

3.1. The Model

As a starting point, we propose a two-person model of negotiations as shown in Figure 1.
(Extension to other cases will be briefly discussed at the end of this section.) The model claims
that for describing or prescribing a negotiation we need information about: the environment,
negotiator needs and values, perceptions and expectations, available experience, the decision-making
process(es) that are used, the manifested bargaining behavior and the evolving state-of-the-problem as
the mnegotiation progresses. These components influence and change each other dynamically, as
indicated by the arrows in the figure. Since at present many of these relationships lack empirical
validation as to their direction and strength, the following discussion focuses mainly on the
components. It is our claim that these compounents can be used as o Lickbone structure for a
negotiation support euvironment. As there iz no coherent theory of the interaction between the
components, the decision maker must apply judgement and intuition when nsing the tools provided

in the system.
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* Environment: This refers to the state of the world, i.e. the aggregation of technological,
economic, political and social factors of the environment in which the negotiations is set.

Experience: This refers to the accumulated and possibly aggregated store (in the
negotiators memory- primary storage, or in the memory of those who are accessible to
the negotiator for consultation- secondary storage) of information about former
experiences- both general and specific. This can mean the history of former experiences,
the inferences drawn from them (stereotypes), the patterns of strategies used under
various environmental circumstances, their results, generalizations (decision heuristics), etc.

* Negotiator Needs and Values: These stem from three sources:

1. The systeruc needs/values refer to the specific manifestations of characteristic

motivations and preferences imposed on the negotiator by the °

"system” in which he
exists. For instance, the legal system enjoins in its members a need for fairness and

a respect for authority- the law.

|2~

The group needs/values refer to the needs and values that a negotiator inherits by
virtue of his being a member of certain groups. These groups might be the actual
constituents he is representing in the negotiation or they might be the subconscious
affiliations of the negotiator. In the former case, the needs/values are consciously
imposed upon the negotiator in the context of the negotiation. In the latter case,
they act as subconscious referrents for the negotiator. Which of these actually
surfaces or dominates is a function of the negotiation context at any particular
point in time. For example, a union representative has a conscious affiliation and
allegiance to the needs/values of the labor he represents, but also show subconscious
affiliation to groups like sex, countrymen etc., and demonstrates needs/values that
are representative of them.

3. The wndividual personality refers to the individuals own needs, motivations, and
preferences, such as need for social approval, need for cooperation and friendship,
need for achievement, needs for play, seduction, exhibitionism and so on as well as
his preferences among these needs and the values he attaches to them.

Which of these three catagories of needs/values dominates or which combination manifests
itself is also influenced by the environment (both physical and psychological), and by the
negotiation and previous experience. Note that both of these change over time as the
negotiation progresses.

Perceptions and  Expectations: This represents the negotiators ”problem
representation”. It constitutes the "psychological” aspect of the environment for each
individual negotiator where he visualizes positions or 7“states-of-the-world”, the
objectives/goals, the issues under consideration, the alternatives available, attitudes
towards those alternatives. constraints towards making choices among alternatives,
commitments, intended actions, and the possible strategy to he used. He does this
evaluation for himself and alse makes a subjective estimate for his opponents.  The
problem representation undergoes counstant modification and change. [t can be modified by
changes in the physical environment. changes in the state-of-the-problem  as  the
negotiation progresses, changes in needs and values occasioned due to various factors,
changes in experience through the availability of new information on past precedents. and

very importantly, feedback from the acrions or bargaining behavior of the opponents. The
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perceptions and expectations of one’s own position are influenced by and in turn influence
those of the opponent’s position.

* Decision-Making Process: This represents the inferencing part of the model where
alternative actions are evaluated by the use of decision models or judgemental and
decision heuristics/biases. Examples of these would be the estimation of expected utility,
aspiration levels, axioms of equity and fairness, mixed-motive optimizations etc. The
outcome of this process is a set of choices among the alternative actions for a given state
of the physical environment, a given set of experience histories of decision processes and
inferences, and a given subjective evaluation by the negotiator of his own and his
opponent’s problem representation as moderated by his needs and values at that point in
time. It is a dynamic process that changes nature continuously as a function of these
other components of the negotiation process.

* Bargaining Behavior: This represents the actual bargaining behavior of the negotiator;
it includes the making of demands, offers, concessions, threats, promises, strategic
posturing through suppression, distortion or misrepresentation of information, deception
and bluffing, the use of power and influence strategies etc. This process is influenced by
the manifest needs and values of the negotiator, his perceptions of his and the opponents
problem representation, the outcome of the decision making process and, very importantly,
the pattern of bargaining behavior of the opponent. At any point in time, the actual
bargaining behavior is a complex function of these variables and any one of them may be
overridden by the other, particularly the lower order variables (that do not show a
hierarchical influence relationship over this process in Figure 1).

* Outcome - State-of-the-problem: This represents the offers and concessions of the
bargaining entities and shows the state of the problem resolution effort at any point in
time. When agreement has been reached between the offers of the bargaining entities, it
represents the culmination of the negotiation process. In the stages prior to agreement, it
serves as a referrent state for the revision of expectations and perceptions by each
bargainer, and as a vehicle of change for the environment at each stage of the
negotiation process.

Figure 2 gives two illustrations of the model. The first example uses the model to describe
negotiations among management and labor in a manufacturing firm that is trying to cut personnel
costs due to severe financial problems. The second example describes negotiations among the
marketing and engineering departments of a car manufacturer working with different goals on the
design of a new car for the 1990’s. This example is based on a real application studied in the

MEDIATOR project but, as the first one, is highly simplified for purposes of exposition.

Our model has sought to integrate the complexities of the negotiation process into a simple
framework of interacting components in what we hope, is an intuitively sound manner. The model
derives 1tz strength from two factors: first, its ability to accomodate a global perspective of the
negotiation process wirhour saenficing the insigcht that a narrower focus on one or a few of the

components can provide ind =second. its emphasiz on the dynamic nature of such a process. The
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| Example 1. The Union-Management negotiation

| |
| Union Representative |

Management Rep.

|
[
|

Example 2. Interdepartmental Negotiation |

Engineering Department

Marketing Department |

Environment | * General recession | * Severe financial loss | * advances in fuel-efficient | #* Competitors have announced |
| - rising unemployment/costs | |  engines. |  the "car of the century" |
| | | * projected shortage in steel | * projected growth in the |
| | |  supply 5 years from now. |  market for luxury sedans |

Experience * Past experience of union/management in negotiating * Exp. with mktg. in last proj. | * Engg -"they are unimaginative |

with each other.
* Settlements reached by |
other unions in same circs |

* Strategles used by
other companies

they want the impossible!!
* That Mktg.Mgr cares only
about his image.

and lazy" |
* Last time had to invoke the

Negotiator needs
and values

| * Minimize retrenchment & |
| losses to constituents |
| * Constituents must recogn |
| -ize my efforts - must keep |
| face. |

* Cut costs to an acec.
level and save company
¥ Use the oppurtunity to
reinforce position of

strength.

!
[
|
|
|

* Must keep down: workload on
body shop, minimize retooling,
and redeployment/retraining.

* Must show that Mktg.Mgr that
he cannot shove me around.

|
director's authority.. i
|

* Must beat competitors product
* Inc. market share by ~30%

|
* T have got to look good - I |
must make it to the VP's post |

Perceptions and
Expectations

| # Possible alternatives- |
| take pay cut,agree to phased|
| lay-off, or bargain for min |
| retrenchment. Mgmt will be |
| tough but reasonable. Will |
| reciprocate. Must ensure min|
| retrenchment. |

* There may be other
choices. The union will
come up with something
Will accept anything
reasonable.

* Design should have very good
fuel economy. Other things are
not too important. Marketing
will propose total change - too
costly.

* Design should have lots of |
new/extra features. Styling must|
be improved. Engg. will possibly|
resist any change on grounds of |
cost. |
* We must show that we can earn |
more thro' better pricing.

Decision-making

| # Maximizing approach -must |

#* A target reduction in
costs. Will accept any
proposal that satisfies

* Minimize tooling expenses,
R&D investment reqd., and steel
consumption.

|
|
* Maximize saleable features |
May accept compromise on some |
|

-1

* Proposes drastic retr
-enchment, marginal conc

-essions. Threatens shut-|

| | down when union "unreaso |
| | -nable". New proposals.. |

* Start - propose just a new
engine - make alt. proposals/
concessions - at times refuses
to take responsibility for

the project.

I
|
[
|
]

# Start with "dream car" - often|
complain that Engg is unreason |
-able - threaten to again go to |
the director - make concessions |
|
|

process | minimize losses to constit |
| -uents, yet be "fair". |
Bargaining |* Begins stridently opposing |
behavior | -concede mild pay cut,limit |
| -ed lay-off, and so on. |
Outcome | * Position of union/mgmt totally at odds. Concessions
"state-of-the- | bring them closer. New proposals change focus.
problem" | Finally reach agreement.

|

% Start with seeming total disagreement. Concessions/new proposals|
bring them closer to an agreement. Changes in environment force |
constant revisions till the product is finally on the road.. |

FIGURE 2 TWO REAL-LIFE EXAMPLES IN TERMS OF OUR MODEL
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major drawback to this model is that we do not yet have empirical evidence to support the choice
of components and interactions directly. However, some validity is given to the model by studying
its relationship to the reference displines -- see the following subsection. Inasmuch as our goal is not
to develop new negotiation techniques, but to support existing and forthcoming ones by
computer/communication technology, this degree of validity may be sufficient. In order to provide
realistic negotiation support, the two-person model is easily adapted to other typical decision

settings:

* Full cooperation: There is no necessity for individual perception and expectation
components because a joint problem representation can be used instead. The bargaining
behavior is limited to an exchange of offers; no strategic bargaining occurs.

More than two parties: Each player’s individual negotiation support system provides the
same components as in the two-person case. The only extensions needed are in the
perceptions and  expectations component where each individual has a seperate
representation for his perceptions and expectations of each of the other parties as well as
his own. While in principle this may lead to complex information structures, these are
simplified as it is often assumed that n-person bargaining situations can be considered as
a two-party situations because of coalition formation.

* Third party intervention in the form of a mediator or arbitrator: The
mediator/arbitrator can be considered a third player in the game but with no personal
interest or motivation except to help both parties reach an agreement.

3.2. Relationship to the other Models

In an attempt to justify the proposed model, this subsection interprets the approaches described in
section 2 as special cases of the unified model which emphasize the study of particular components

and make simplifying assumptions about the others.

* Game Theory: This subset of the model focuses on some aspects of the Bargaining
Behavior and some aspects of the Perceptions and Expectations component (particularly in
games with unknown opponent utility functions). It assumes away the Decision-Making
Process as being rational utility maximizing and assumes that the needs/values of the
negotiator do not change. There is little consideration of the effect of former experience
(through stereotypes) or the dynamics of the environment (except time costs). Dynamic
game theory does consider the feedback from the changing state-of-the-problem.

* PDecision Making Under Uncertainty: Here. the main focus is on Decision-Making

Process. and Perceptions and Expectations.  The effect of a dyunamic Environmen  in

altering rhe perceptions and expectations as well as the appropriateness of rhe Jdecision-

making process or decision heuristic are also considered. Certain standard Nesds Values

irisk aversion, fairness or equity, mixed-motives) are included while others are ignored

The mean subject of this kind of model is the interplay between perception as affecred hy

cognitive limutarions, bounded rationality etc., and decision heuristics/biases.
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* Joint Decision Making: This approach concentrates on the components of State-of-the-
problem and the interaction between Bargaining Behaviors. [t takes cognizance of the
important changes in Perception that occur during the course of bargaining, as well as
the effect of cognitive limitations but other Perceptions as being constant. The Decision-
Making Process,, for instance, is perceived as useful only to determine the intial position
from which bargaining may commence. The theories look at negotiations as a process of
search through the problems space to find a solution.

* Sociological Approach: This theory assumes that the Decision-Making Process is one of
own utility maximization subject to a need for fairness. The Perception of
fairness/unfairness of the opponents’ bargaining behavior shows concern for the feedback
process that changes Perceptions and Expectations and so determines Bargaining Behavior.
Little consideration is given to effects of Experience or the Environment (except social
norms which can be thought of as group needs/values).

* Industrial Relations: Here the focus is almost exclusively on the Perceptions and
Expectations component as the main driving force behind conflict. Group needs/values are
thought to dominate the negotiator values and shape Expectations and Perceptions of the
Environment - the interdependence and the chance of interference as well as beliefs about
power distribution, control etc. The dynamic nature of Perceptions and Expectations is
viewed as a function of feedback from the state-of-the-problem, bargaining behavior of
opponent and changes in the environment and consequent changes in group needs/values.
The role of the individual needs/values of the bargainer and of the decision-making
process are largely ignored.

* Psychology: This approach analyses the interplay between the different subcomponents of
the negotiator’s needs/values and their effect on the Bargaining Behavior. To a limited
extent, psychology also studies the Perceptions and Expectations component as it can be
affected by Bargaining Behavior. [t does consider the effect of the Environment in
triggering certain needs and fixing certain values.

We have attempted to show how the different approaches can be visualized as subsets of our
model. In doing this we have concentrated on the main thrust of assumptions and research approach
in each field. Some of the more intricate and involved pieces of research in some fields had to be

omitted, but can be fitted into the model as well.

4. DESIGN OF AN INDIVIDUAL NEGOTIATION SUPPORT ENVIRONMENT

Our primary objective in studying the different approaches to understanding negotiations and

developing a unified model was to develop a framework that would be capable of facilitating the

assessment  of negotiation situations from  the viewpoint of individual decision makers i«
multiperson decizion support system zetting. Before Jdoing so, we summarize the global multiperson
DSS architecture (MEDIATOR) in which the individual negotiation support environment is to be

embedded.
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4.1. MEDIATOR Overview

Based on experience with a GDSS for cooperative multiple criteria group decision making called
Co-oP [Bui and Jarke 1984; Bui, 1985], the MEDIATOR project at New York University attempts
to develop a comprehensive multiperson decision support system which also addresses issues of non-
cooperation. Work on MEDIATOR thus far has focused on aspects of decision maker interaction and
system structure rather than individual negotiation support [Jarke et al., 1986], and on case studies

in interdepartmental negotiation support [Giordano et al., 1985].

From a system perspective, MEDIATOR can be understood as a specialized multiuser micro-
mainframe database management system as depicted in Figure 3. Decision makers or players employ
private data and tools on individual workstations -- and data from shared corporate or external
databases -- to come up with an individual problem representation they are willing to share with a
human group leader or mediator (though possibly not with other negotiating parties). A section of
the global database contains a group joint problem representation synthesized by the mediator from
individual problem representations using specialized private data and tools. The group joint problem
representation is visible to all members of the group but not outside the group. Database transaction

concepts similar to those used in CAD/CAM databases are being developed to enforce these rules.

The use of database concepts carries over partially to the problem representation perspective.
Relational decision matrix structures generated by interactive multiple criteria decision methods
[Jacquet-Lagreze and Shakun, 1984] are employed for the individual and group joint problem
representations. Extended view definition facilities coupling model bases and databases are used for
the creation of individual problem representations, and view integration techniques from database

design are employed for synthesizing group joint problem representations [Jarke et al., 1986].

Finally, there is a process perspective. Expanding on an idea by Shakun (1981), negotiation is

»n

viewed as a process of cooperative evolutionary system design where the "system” is the group joint
problem representation and the design goal is to reach a representation in which at least one
decision alternative is acceptable to all players. In contrast to traditional system design, the problem

is represented as a time-varying mapping from control space (the decision alternatives) to criteria

space (the criteria used by any of the decision makers) to utility space (the preference =ztructure of

each decision maker]). After rhe initial view generation and integration steps which are intended 1o

achieve an initial common rerminology and backeround knowledge, the main tools for evalving the

group joint problem representation are rthose for consensus-secking through problem redefinition in

any of the three spaces (e.r expansion of the zet of alternatives or criteria constdersd]. and for

compromzse through concession-making or application of axtomatic game-theoretic solurion methods.
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4.2. Individual Negotiation Support Environment

In the context of MEDIATOR, the individual negotiation support environment comprises a major
part of the ”private data and tools” offered to each player in his or her local workstation. It
should enable a negotiator to consciously analyze his own and his opponents’ behavior, and to
articulate and examine the underlying motivations, assumptions, attitudes and strategies (cf. also
[Henderson, 1986]). Such an analysis, though perhaps infeasible in the midst of a heated negotiation,
would serve a very useful purpose as a preparatory exercise before a negotiation, as a tool for
analysis during protracted negotiations, for post-negotiation review, and possibly for training and

refining negotiation techniques.

However, the internal mechanics of the components of the unified model and their interactions are
too complex, dynamic and numerous for a human to keep track of. To overcome this limitation,
knowledge-based systems could be envisioned as ”"cognitive aids” to the process. That, in a nutshell,
is what the individual negotiation support system attempts to be. The cognitive process in the
context of a negotiation can be structured in terms of the unified model, and instantiated with
insights and specific methods that the different approaches supply. The structure of a system built
around the unified model is proposed in Figure 4. The main components of this system, as well as

their relationship to each other and to the unified model can be described as follows.

* The knowledge base manages relatively stable information in three areas. Psychological
models take the form of psychological profiles and rules about the possible characteristic
needs/values, attitudes, patterns of possible behavior, etc. History of ezperiences with
spect fic opponents contains a selective record of previous behavior toward and by
opponents and all that is known about them. The general ezperience bank accumulates
knowledge of possible negotiation scenarios, typical strategies in such scenarios etc.

* The model base manages a variety of decision-making models and heuristics that might
be used by decision makers based upon personal predisposition, perceptions and
expectations, or perceived state-of-the-problem (see [Bui, 1985 for a description of a
”content-oriented model bank”™ in GDSS which contains a subset of the models needed for
this component).

In contrast to the knowledge base which provides general and relatively temporally stable
memory aids, the blackboard captures information about the evolving state of a
particular negotiation problem. The needs/values blackboard contains the verbalized own

needs/values and perceived needs values of the opponent as moderated by the knowledge

base. The perceptions hlo-bhoard stores the verbalized perceptions of awn and opponent’s
"problem  representation” -- the wgcoals objecrives, issues under discnssion.  alternatives
available, preferences, constraints. commitments, etc. az moderated by the perceived needs
and the knowledge present in the knowlege base about the opponent and thar relevant to
his perceived psychological profile. Finally. the crpectations blackboard contains the

expectations about the opponent’s possible actions and intentions as moderated by the
perceptions blackboard content and the information available in the knowledge base about
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the opponent’s past behavior and that of others in similar situations. Each of these
subcomponent blackboards consists of two (and more if there are more than one
opponent) parts that have to communicate and cross-check each other for internal
consistency. They are all constantly under revision by the users perceptions of the
bargaining behavior of the opponent and by changes in the environment in addition to
the moderation mentioned above. This concept is similar to actor formalisms as proposed
by Hewitt (1976).

* The belief maintenance module is responsible for the maintenance of internal
consistency in the decision maker’s belief system (cf. [Doyle, 1979]). It keeps track of the
changing perceptions (which can be thought of as assumptions), state-of-the-world,
environmental factors and available knowledge (psychological models, past experiences with
opponent, general experiences). In accordance with these, it revises the perceived
needs/values, the perceptions of own and opponent’s problem representation, and the
expectations.

* Finally, the dialog module of the individual DSS has to be enhanced to guide the user
throughout the negotiation process.  This involves eliciting information concerning his
perceptions of opponents’ and own needs, problem repesentations and expectations. [t
also includes blackboard manipulation, wholistic problem understanding, and attention
focusing. The dialog module lets the user access data and model management facilities
[Elam et al., 1980| to select decision-making models, to generate possible actions, and to
present reports of expectations, choice of action, and summaries of historical records of
strategies used in similar situations.

Space restrictions prevent a deeper discussion of this architecture and many details are yet to be
worked out. Nevertheless, it seems a feasible though ambitious approach which implements the
unified model and relies on components operational in existing Al systems. Moreover, a comparison
of Figures 1 and 3 demonstrates a good fit between the global MEDIATOR architecture and its
subjective mirror image in each individual negotiation support environment. This correspondence was
further highlighted in a recent experiment by Defour and Shakun (unpublished) that employed
MEDIATOR for simulating a real hostage negotiation case, in order to study the usefulness of the
multiperson model for individual negotiation support (in this case: support for the negotiator who

attempts to get the hostages released).

A number of negotiation support tools reported in the literature could be embedded into such an
environment. Many of these tools come from the domains of game theory and multiple criteria

decision making, possibly combined with considerations of uncertainty (e.g., |Bui, 1985; Kersten,

1985; Shakun, 1985(). A commercially availahle sv-tem Nierenberz. 1984 clatns to as==ist in the
training of negotiators by helping them articulate and therefore clearly understand their perceptions
of the problem from their own and their opponent’s viewpoints. While this is jnst a surfacing tool

with no prescriptive suppport, another commercial package (Negotiation Edse by Human Edge, Inc.)

asks its user a structured set of questions from which advice on a negotiation strategy is inferred.
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Unfortunately, no support is given for adapting this strategy to the course of the negotiation
process, and the large number of questions to be answered prevents frequent repetition of system

usage during the negotiation. Undoubtedly, more tools will appear in the future.

5. CONCLUSION

The discussion in this paper should have demonstrated one negative and one positive result. On
the one hand, the multitude of representations proposed by the different areas appears to make it
presently impossible to come up with a comprehensive group negotiation support system that
"objectively” covers all aspects of a negotiation situation in a fashion acceptable to all group
members. Machine communication among group members will therefore have to be limited to

relatively simple, mutually understandable representations.

On the other hand, the wunified model proposed in this paper should make it possible for
indrvidual decision makers to articulate and enhance their personal understanding of the negotiation
position, by structuring their thinking in a much richer framework, using tools from the wvarious
areas. Coherence among these tools is then provided partially by the unified model which describes
the interactions among different descriptive and prescriptive techniques in terms of the model
components and relationships concerned, and partially by the decision maker himself, using the

blackboard and knowledge base components of the proposed system as cognitive aids.

This argument carries over to a human mediator or group leader, perceived as a particular case of
an individual decision maker. It leads us to believe that the MEDIATOR architecture -- which does
include such a human mediator -- should be able to provide more powerful group decision support
than a fully automatic GDSS approach, especially when geographical dispersion limits direct

communication among decision makers outside the system.

Besides raising a host of interesting design and evaluation questions, the proposed individual
negotiation support environment and its integration into the MEDIATOR framework leads to
another important observation. Since the individual model (even the part of it that is represented in
the system) is so much richer than the “group joint problem representation”, the “individual
problem representation” component in MEDIATOR (Figure 3) --whose role is to compress the
"private problem representation”-- will almost unaveidably lewl 1o loss ond distortion of information,
even in a cooperative setting. Research in the treatment of incomplete or distorted information will

therefore play a crucial role for the success of multiperson DS
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