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Abstract. While there has been a large body of negotiation literature
in both Behavioral Science (behavioral) and Artificial Intelligence/Game
Theory (computational) communities, there has not been an attempt to
bridge the two communities to our best knowledge. In this paper, we compare and contrast the characteristics of behavioral and computational
literature in negotiation. We discover that incorporating the strengths of
two types of literature are valuable in expanding the horizon of research
outlook.
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Introduction

In the last few decades, negotiation has enjoyed generous research interest across
disciplines from scholars who have employed methodologies and research agendas from their respective fields to unravel fundamental questions underlying
bargaining situations. Political scientists have tried to reconstruct and processanalyze international negotiations between states based on oﬃcial press releases
from the countries (Druckman, 1986); economists have sought to understand
the conditions under which negotiators equalize gains given ordinal utility scales
(Myerson, 1977); policy-making researchers examined the role of equity for cooperation in international environmental negotiations (Lange and Vogt, 2003);
computer scientists are also working on negotiation research, trying to design
more intelligent automated negotiation agents (Sycara, 1990; Kraus, 1997). This
consistent interest in negotiation speaks not only to the relevance of the concept
in diﬀerent facets of everyday human experience but also to its applicability as
a field of scholarly inquiry. It is, however, intriguing that all these diﬀerent research eﬀorts in the area of negotiation have mostly focused on diverse views
among them instead of taking advantage of the informative potential that lies in
their convergence. Therefore, the main aim of this paper is to bridge the work of
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two fields that have contributed greatly to research on negotiation: behavioral
sciences and computational modeling. Our aim is to delineate both the similarities and diﬀerences in how these two fields have conducted negotiation research,
their main findings and future directions. To our knowledge, there has not been
any prior work to data aiming at an integrated framework of behavioral and
computational negotiation literature. Another important purpose of this paper,
therefore, is to identify future directions of negotiation research bridging the
major strengths of computation and behavior researchers, especially to outline
findings relating to the role of culture in negotiation.
In this paper, we have organized our thinking into four categories: utilities,
consisting of values, motives and goals; agent-internal states, consisting of the
more aﬀective components of the internal reasoning of negotiators such as trust,
beliefs and emotions; agent-internal reasoning, which is a cognitive process of
encoding, searching and algorithm creation and finally externally-observable behavior and characteristics such as strategies, tactics and outcomes of negotiation.
However, before dwelling into these four categories, it is useful to briefly present
how the two fields understand and explore negotiation in general terms.
In the behavioral sciences, that is organizational behavior, psychology, social
psychology, sociology and behavioral economics, one commonly used definition of
negotiation is ”a form of conflict behavior, which occurs when two or more parties
try to resolve a divergence of interest by means of conversation” (Pruitt and Kim,
2004, pg 56). This general and broad definition perhaps demonstrates the fact
that negotiation is one of the most common yet at the same time most complex
human activities (Lewicki et al, 1997). People constantly engage in negotiations
in their social and professional lives to solve issues that contain both shared
and opposed interests (Ury and Fisher, 1981). This means that each negotiation
situation contains potential for both competition and cooperation and almost
inevitably mutual interdependence (Lewicki et al, 1997).
In the computational literature, there exists similar definitions of negotiation
as in the behavior literature. (Braun et al, 2006) define negotiation as “a decentralized decision-making process used to search for and arrive at an agreement
that satisfies the requirements of two or more parties in the presence of limited
common knowledge and conflicting preferences.” The research focus of most of
the computational literature, however, is diﬀerent in that it focuses on providing negotiation support systems (or e-Negotiation systems) to enable automated
negotiations between intelligent, autonomous agents, or to design automated negotiation agents to negotiate with human counterparts, or to help and advise
negotiators during the various phases during the negotiation process.
It should be noted that there is comparatively more knowledge on negotiation in the behavioral sciences since negotiation has been studied in these fields
for a much longer time than it has been in computational sciences. It is also true
that since behavioral sciences mainly uses experimental methods with human
subjects, interactions between people have been easier to capture. Again, precisely due to these properties of the methods employed, knowledge discovered by
behavioral sciences on negotiation has been more complex as it has been possible
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to include or control for multiple factors such as individual diﬀerences, evolving
structure of the negotiation, possibility of future interaction and so go. Therefore, it will also be very useful to take advantage of the findings from behavioral
sciences to inform computational models on negotiation.

2

Negotiation Research: Diﬀerent Perspectives

There exists diﬀerent ways of classifying negotiation existing research. (Raiﬀa,
1982) propose that negotiation papers can be classified into four categories:
(1) symmetrically descriptive, (2) symmetrically prescriptive, (3) asymmetrically
prescriptive.descriptive, and (4) externally prescriptive or descriptive. The first
category of research focuses on “describing the behavior of all the negotiators,
without having any interest whatsoever in prescribing how they should behave”.
The second category of papers provide advices regarding how each negotiating
agents should behave. Such advices are given symmetrically to all the parties.
The third is concerned with “studying and understanding the behavior of real
people in real conflict situations, so that he can better advise one party about
how it should behave in order to achieve its best expected outcome”. The last
category diﬀers from all the other three in that it addresses the problem of an
interventor (e.g., mediator, arbitrator, and rule manipulator) during an negotiation scenario. The research helps interventor manage the negotiating process
and achieve better eﬃciency.
Another way of classifying negotiation research is to look at whether a paper
focuses on negotiation process or negotiation outcome. In negotiation literature,
a process refers to the events and interactions that occur between parties before the outcome. A process includes all verbal and non-verbal exchanges among
parties, the enactment of bargaining strategies and the external and situational
events that influence the negotiation (Thompson, 1997). Process analysis in bargaining has mainly focused on either the back and forth exchanges between the
negotiators (Adair and Brett, 2005) or on the broader phases of strategic activity
over time (Olekans, Brett and Weingart, 2003). A more recent trend has been to
examine the “interplay between moment-to-moment actions and reactions exhibited by negotiators within their broader behavioral/strategic context” (Olekans
and Weingart, 2008).
Negotiation outcome, on the other hand, is the ”product or endpoint of bargaining” such as an agreement, impasse or deadlock (Thompson, 1997). The most
general categorization that comes from such analysis of negotiation outcomes
and processes is the distinction between competitive and cooperative situations,
which is also referred to distributive vs. integrative or hard vs. soft bargaining.
Competitive negotiation occurs when ”the goals of one party are in fundamental and direct conflict with the goals of the other party” and where ”resources
are fixed and limited and thus each party wants to maximize his own profit”
(Lewicki et al, 1997). On the other hand, cooperative negotiation entails that
”goals of the parties are not mutually exclusive” (Lewicki et al, 1997). Thus, in
cooperative processes, parties can engage in ”positive moments to increase the

96

4

Turan, Dai, Sycara and Weingart

potential gains relative to no agreement” whereas in competitive ones, they utilize moves that ”threaten to increase the losses for the other party” (Walcott and
Hopmann, 1974). Similarly, in distributive outcomes, a fixed resource is simply
divided whereas in integrative outcomes, interests of both parties are satisfied
although there may be concessions on both sides (Lewicki et al, 1997).
However, it is also true that it is limiting and challenging to try to divide a
complex human interaction like negotiation into these two clear-cut and opposing
categories. Thus, a third category, mixed-motive, is used to refer to bargaining
situations where parties use a mixture or competitive and cooperative strategies
to pursue their interests which usually are competing and compatible at the
same time (Fairfield and Allred, 2007).

3

The Present Framework

As posited above, the present framework will present four categories: subjective
utilities, agent-internal states, agent-internal reasoning and externally-observable
behavior.
3.1

Utilities

Behavioral Literature In behavioral research, subjective utilities, mainly values, goals and motives in negotiation, are constructed by the individual but are
also influenced by the social context that places constraints on these preferences. One of the first models that reflect this phenomenon is the Dual Concern
Theory (Pruitt and Rubin, 1986). Although originally developed as a conflict
management framework, issues addressed by this model are very much in tandem with those of negotiation and are thus used very often in this arena. The
model outlines five basic conflict management strategies: competition, collaboration, compromise, avoidance and accommodation. An individual’s choice of the
strategy to employ in a conflict situation will be determined as a product of his
concern for himself and concern for the other, which can be called self-concern
and other-concern. For example, people high in self-concern and low on otherconcern will tend to compete just as those high in both will collaborate or those
low in self but high in other concern will tend to accommodate.
Most of the application of the self vs. other concern dichotomy in behavioral negotiation research has been within the framework of social motives, or
social value orientations (Deutsch, 1949; Van Lange, 1999). Although these two
terms are used almost interchangeably in the literature, the latter is used more
commonly to refer to diﬀerences in social motives rooted in personality traits
whereas the former is used both for situational and individual diﬀerences. The
main dichotomy in this framework is the prosocial vs. egoistic social motive
with the egoistic social motive usually being broken down into individualistic
and competitive components. When applied to negotiation, it is expected that
prosocials will have the aim to maximize outcomes for both self and others
whereas individualistic negotiators will seek to maximize only own outcomes
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and competitive negotiators will try to maximize relative advantage over others
(Van Lange, 1999). In other words, prosocials draw positive value from others’ outcomes whereas individualists draw none and competitors draw negative
value from others’ outcomes in negotiation. The implications of these propositions, especially for integrative negotiation, have been empirically tested through
multiple studies. In a meta-analysis of 28 studies examining the role of prosocial
vs. egoistic motives and resistance to yielding in negotiation, De Dreu, Weingart
and Kwon (2000) found that ”negotiators were less contentious, engaged in more
problem-solving and achieved higher joint outcomes when they had a prosocial
rather than egoistic motive” when resistance to yielding was not low. Findings of
the authors extend previous work by demonstrating that prosocial negotiators
engage in more problem-solving behavior and resort less to conscientious tactics, which is critical because it sheds light on some of the important behavioral
mechanisms leading to integrative agreements.
What people value in negotiation is another broad theme that falls under the
subjective utilities category. According to the economic models of bargaining that
dominated the field in its nascent stages posit that the ultimate aim in negotiation is maximizing one’s own outcome and the easiest and most eﬃcient way to
realize this aim is through integrative potential (Nash, 1953). However, it is now
well-documented in the field that pure economic outcomes are poor indicators of
not only what people value in negotiation but also of their behavioral manifestations. Research has shown that perceptions of self, relationship with the other
party or the desire to maintain a positive image may be as influential as, if not
more, than economic gains. Issues such as self-eﬃcacy, self-esteem, maintaining
face or maintaining social relationships with the other party may be of critical
concern to the negotiators and subsequently influence processes and outcomes
(Bandura, 1977; Synder and Higgins, 1988; Anderson and Shirako, 2008; McGinn
and Keros, 2002). The question of what negotiators value and how it influences
their perceptions of the outcome has become a fertile area of bargaining research
to the extent that Curhan, Elfenbein and Xu (2006) developed and validated a
framework to measure subjective value in negotiation. The 16-item Subjective
Value Inventory (SVI) includes questions about the perception of the negotiator
towards the incremental outcome in terms of satisfaction, loss/win, legitimacy;
and feelings about the self, the process and the relationship. The authors also
find that the SVI is a more accurate predictor of future negotiation decisions
than economic outcomes, which demonstrates again that what people value in
negotiation cannot be fully or accurately predicted by sole profit maximization
models.
The last main sub-category to be discussed within subjective utilities is goals.
At this point, it is important to recognize a possible profusion of terminology in
the behavioral science perspective on negotiation. On one hand, goals are used
almost interchangeably as motives and are treated in the same way that motives
have been described in this paper. For example, there is considerable reference
to prosocial or competitive goals in negotiation (De Dreu, 1997). On the other
hand, goals are also used to refer to target or aspiration points. Most of the
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work that approaches goals in negotiation from a goal-setting framework would
fall under this latter group. A meta-analysis by Zetik and Stuhlmacher (2002)
examined the influence of goal setting in negotiation and found a strong eﬀect
for diﬃcult goals on higher outcomes on an individual basis.
Computational Literature In the computational literature, few papers discuss subjective utility. Rather most of the computational literature about negotiation provides a clear definition of the utility function. (Fogelman-Soulie, Munier
and Shakun 1983) developed an MDP model for the problem of bilateral twoissue negotiation. Instead of assuming bivariate utilities, the one-stage payoﬀ is
expressed as a payoﬀ probability distribution representing the probability that a
player obtains various amounts of each of the two variables. (Kraus, Wilkenfeld
and Zlotkin 1995) discussed diﬀerent forms of continuous utility functions over
all possible outcomes, e.g., time constant discount rates and constant cost of
delay. (Zlotkin and Rosenschein 1996) presented an approach to the negotiation
problem in non-cooperative domains wherein agents’ preferences over diﬀerent
intermediate states are captured by “worth functions” by considering the probabilistic distance between intermediate states and final states. (Rangaswamy and
Shell 1997) designed a computer-aided negotiation support system, one part of
which is to help negotiating parties disaggregate their own preferences and priorities in order to have a better understanding of them, utilizing several utility
assessment techniques. (Faratin, Sierra and Jennings 2002) used a given linearly
addictive multi-attribute utility function to represent agent preferences. Each
agent is assumed to have a scoring function that gives the score it assigns to
a value of each decision variable in the range of its acceptable values. Then
the agent assigns a weight to each decision variable to represent its relative importance. (Lin, et al. 2008) assumed that agents have bounded rationality and
their choice preferences are modeled using the a utility function generated from
the order of ranking of diﬀerent oﬀers. The analysis is shifted from the model
of expected utility maximization to the evaluation of oﬀers using the maximin
method and the ranking of oﬀers.
A number of papers, however, represent the trade-oﬀ between multiple issues
using constraints instead of utility functions. (Balakrishnan and Eliashberg 1995)
propose a single-issue negotiation process model where the utilities are simply
the negotiation outcome, and agents’ dynamic preferences are represented using
a constraint with the left-hand side denoting agents’ ”resistance forces”, and
right-hand side ”concession forces”. (Luo, et al. 2003) consider fairness using a
fuzzy constraint based model for bilateral, multi-issue negotiations in trading
environments. The prioritized fuzzy constraints are used to represent trade-oﬀs
between the diﬀerent possible values of the negotiation issues and to indicate
how concessions should be made when they are necessary.
3.2

Agent-Internal States

Agent-internal states, consisting of the more aﬀective aspects of negotiator behavior, such as trust, moods or emotions, have become a popular venue of re-
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search in the recent years after a long-lasting reluctance to grant them a place
at the bargaining table. This growing body of research has convincingly drawn
attention to the importance of these concepts in shaping not only negotiators’
own but also perceptions of others’ states and consequently influencing bargaining behavior (Kumar, 1997; Barry and Oliver, 1996). The field has also outlines
a distinction between the diﬀerent types of aﬀective states that may be in play
during negotiation (or before and after as well). Aﬀect refers to the ”whole range
of preferences, evaluations, moods and emotions” (Watson and Tellegen, 1985,
as quoted in Thompson, 1998). Moods are ”low-intensity, diﬀuse and relatively
enduring aﬀective states” and which influence ”a whole range of social cognitions and behaviors considered to be primarily positive or negative” (Thompson, 1998). Finally, emotion ”refers to the complex assortment of aﬀects, beyond
merely good feelings and bad that include several feelings of states” (Thompson, 1998). As can be understood from these definitions, aﬀective states such
as emotions and moods, though they certainly influence cognitions, are still understood as separate processes from them, which is a distinction that was not
clearly delineated for many years in negotiation literature.
Most of the aﬀect work in negotiation has been on the positive side and
the general finding has been that positive emotions lead to a range of positive
outcomes. Kramer and colleagues (1993) have found that when happy negotiators bargain with other happy negotiators, their individual outcomes are better.
Carnevale and Isen (1986) replicate this finding at the joint outcome level and
also find that happy negotiators perform better mainly because they engage in
less contentious tactics and pressure their counterparts less towards concessions.
On the other hand, there has been less research on the role of negative or neutral
emotions in negotiation, owing partly to the relative diﬃculty of experimentally
manipulating negative emotions such as anger, sadness, guilt or shame. Methods traditionally used to induce positive feelings such as making the participants
watch happy videos before the negotiation do not work as eﬀectively when applied to the negative realm. That being said, there is also considerable consensus
in the field that negotiation with positive emotions lead to better outcomes than
those with negative emotions (Forgas, 1998; Van Kleef, De Dreu, and Manstead,
2003). For example, angry negotiators have been found to claim more value (Anderson and Neale, 2007); to force their opponents into more concession making
(Sinaceur and Tiedens, 2006) and to have outcome preferences with deleterious
eﬀects on the overall negotiation process (Loewenstein, Thompson, and Bazerman, 1989). Another point about work on negative emotion in negotiation is that
most of it has been in comparative terms to negative emotions such as happy vs.
sad or neutral negotiators. Therefore, the field is certainly open to expansion of
knowledge how, under what conditions and through which mediators negative
and neutral emotions influence bargaining situations.
In computational literature, there is a lack of modeling eﬀorts in terms of
subjective agent characteristics such as beliefs, prejudices, emotions and cultural
factors. Most of the existing models, however, clearly specify information disclosure within negotiating agents, i.e., who knows what, who understands what.
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(Kraus, Wilkenfeld and Zlotkin 1995) assume that each agent knows all relevant
information about the other agent, particularly internal state and utility function over diﬀerent outcomes. (Lin, et al. 2008) assume that there is a finite set
of agent types. Each agent is aware of the set of possible types of the opponent
but not the exact utility function. The agent has some probabilistic belief about
the type of the other agent and such beliefs can be updated throughout the
negotiation process. (Busch and Horstmann 2002) study a two-issue bargaining
model with asymmetric information to study agent choice of how to structure
bargaining. The problem involves a buyer and a seller who bargain over the price
of two distinct goods (X and Y). The seller’s valuation for each good is public
knowledge; the buyer’s valuation of X is common knowledge, but his valuation of
Y is private information. The seller updates his belief each time after he receives
an oﬀer from the buyer.
3.3

Agent-Internal Reasoning

The third category, agent-internal reasoning encompasses the cognitions and the
entailing behaviors that negotiators engage in as they search for information
with the aim of sense-making during bargaining. Commonly referred to as the
cognitive approach, this perspective posits that cognitive activity can be broken down and analyzed in terms of how negotiators process and recode abstract
information. Some of the most popular subjects of bargaining research such as
biases, heuristics or interpersonal attributions and judgments fall under the umbrella of this perspective before the evolution of which, the field had been more
interested in untangling the basic behaviors, goals and strategies of negotiators
without dwelling much into their underlying processes. Building on prospect
theory and behavioral decision theory, the cognitive approach in negotiation has
demonstrated strong eﬀects of biases such as availability, anchoring and overconfidence. For instance, Galinsky and colleagues (2002) find that initial oﬀers
negotiators make serve as anchors that eventually become more influential assessments of outcome satisfaction than objective results are. In a similar way,
building on information-processing theory, there have been findings on the implications of how the negotiation task or process is perceived by the negotiators.
For example, Ross and Samuels (2003) demonstrated the influence of task perception on negotiator behavior with a very simple manipulation. They basically
named two prisoner’s dilemma scenarios that are similar in all other aspects in
competitive vs. cooperative terms to find that that negotiators act in line with
the names. All these findings show that how negotiators perceive the bargaining
situation and the actors within the bargaining situation has the potential to
exert process and outcome changing influence.
There exists a comprehensive body of computational literature of agentinternal reasoning. (Zeng and Sycara 1998) deveop an automated negotiation
model wherein agents are capable of reasoning based on experience and improve
their negotiation strategies incrementally. They utilize the Bayesian framework
to update an agent’s belief about its opponents. (Lin, et al. 2008) model an
agent’s internal reasoning in terms of generating and accepting oﬀers. When
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generating oﬀers, an agent selects the best oﬀer among the oﬀers that the agent
believes might be accepted. To be more specific, the agent selects the minimum
value of 1) the agent’s own estimation of the oﬀer and 2) the agent’s estimation of its opponents’ acceptable oﬀer, under the pessimistic assumption that
the probability that an oﬀer is accepted is based on the agent that favors the
oﬀer the least. In discussing the agent’s reasoning about accepting oﬀers, they
make the assumption that each oﬀer is evaluated based on their relative values
compared to the reservation price. (Luo, et al. 2003) express agents’ preferences
as “Prioritized Fuzzy Constraint Satisfaction Problems”, wherein agents optimize their objective values given constraints with diﬀerent priority levels. This
model is the basis for the buyer agent and the seller agent to reason about generating and accepting oﬀers during the negotiation process. (Faratin, Sierra and
Jennings 2002) model agents’ trade-oﬀs between various oﬀers/outcomes using
similarity-based trade-oﬀ reasoning. A linear trade-oﬀ algorithm is proposed to
represent agents’ preferences.
3.4

Externally-Observable Behavior and Characteristics

The final category of the framework is the externally-observable behavior and
characteristics such as strategies, tactics and outcomes of negotiation. As how
behavioral sciencists approach negotiation outcomes has been dealt with in the
general review section, it is more useful in this part to try to delineate how
negotiators employ strategies and tactics to reach these outcomes. For clarity of
concepts, it is necessary to point out that behavioral research treats tactics and
strategies diﬀerently as tactics are negotiation behaviors ”employed in service of
a goal” which is a very broad concept but one which is used ”not in isolation but
rather in combination, either consciously or unconsciously to form a strategy”
(Weingart and Olekans, 2003). With this definition, it is possible to think of
how almost all the concepts that have so far been described in this framework
can be utilized for tactical purposes or become part of an overall negotiation
strategy. As such, negotiation researchers have examined how emotions can be
used as a tactic or how perception of other side’s utility is a determinant on
individual bargaining strategies. Another line of research within this category
has been concerned with examining tactics and strategies within the negotiation
process and how they consequently relate to the outcome as opposed to linking
them directly to outcomes. An example would be process research that looks at
how negotiators’ tactical knowledge influences the frequency of the tactical use
of this knowledge (Weingart, Hyder and Prietula, 1996).
Computational researchers, on the other hand, has been focusing on agents’
optimal actions based on their reasoning strategies, and the eﬃciency compared
to Pareto optimal solutions or human negotiation outcomes. (Faratin, Sierra
and Jennings 2002) provided conditions for convergence of optimal strategies,
and negotiation outcomes for diﬀerent scenarios. (Lai, Sycara, and Li, 2008)
proposed a protocol that can not only assist agents to make oﬀers eﬃciently
in the n-dimensional space but also give agents suﬃcient decision flexibility.
They showed their eﬃciency of negotiation outcome by comparing with Pareto
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equilibrium results. There has been consistent evidence that using an intelligent
agent to negotiate with a human counterpart achieves significantly better outcomes than negotiation between two human beings (Lin et al., 2008; Kraus et
al. 2008). While the results are encouraging, several complexities restricts their
significance: 1) Implementation of the computational model. It remains challenging to illicit human preferences in multiple issues. 2) Information exchange
mechanism. Computational negotiation agents might not be able to exchange
information as eﬃciently as human beings in occasions accurate representations
are hard to achieve. 3) How “eﬃcient” the negotiation outcome ultimately depends on human aﬀects and cultural factors, which have not been taken into
account by the existing computational researchers.

4

Conclusions

In this paper, we provided a selective review of two streams of negotiation literature: artificial intelligence and behavioral sciences. We first discuss their key
diﬀerences and similarities in focus, methodology, and forms of presentation.
Then we put the literature in a unified framework under which we summarized
how the existing work in both of the two fields treat these four categories. We
identify various opportunities to leverage the richness of knowledge in the behavioral literature and the detailed modeling of agent decision making, aiming to
consolidate negotiation work that could address more realistic and challenging
negotiation situations. At this point, it is useful to suggest some concrete ways
in which these two literature can enhance each other. As it has been pointed
out earlier in the paper, findings from the behavioral literature have been richer
in quantity and in complexity. It is thus logical to suggest that the quantitative
findings from this literature should be used to inform computational research on
negotiation. More specifically, behavioral literature can shed light on how people
behave in various bargaining contexts where there is the additional complexity
of emotion, stereotyping prejudice and many other similar factors. It is our belief
that computational research can use these findings to take negotiation research
to the next frontier of capturing uniquely human dimensions, which are very
relevant in an interaction such as negotiation. It is also our contention that this
point is especially important for culture research, where there is variation across
and within culture as well as with regards to the topics being examined.
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Paper

Given utility
functions

Utility

Theoretical/
mathematical

Type of
Paper

Rao and
Shakun
(1974)
Empirical

Agent
Affects
N/A

Unlimited to a
specific form.
Consider multiissue trade-offs

N/A

Include
argument
ation ie
changing
the mind
and
behavior
of
others

Happy
people
obtain
better
outcomes
. They
exchange
more
informati
on and
are more
creative.
N/A

N/A

The goal is to
reach an
agreement
acceptable to both
sides

Carnevale and
Isen (1986)

Theoretical/

Empirical,
content
analysis of
official press
releases to
reconstruct
negotiations
Theoretical/
Representation
method

Utility determined
by the negotiation
task, influenced by
mood.

Druckman
(1986)

Sycara (1990)

Kersten et al

Behaviors/ Characteristics
Numerical results

Fields

Management
Science, Stochastic
Process

N/A

Presented strategies for third
party mediation

These are political negotiations
being reconstructed from press
releases and therefore are
constrained by the methodology.

Management

Management
Science; Artificial
Intelligence

Political Science

N/A

Present heuristics
of how to
restructure the
problem so the "pie
can be enlarged" so
that win-win
solutions could be
found

N/A

Pyschology

N/A

Use Bayesian
updates to generate
probabilities of
opponent behavior
Moods function as
an emotional bias
yet lead to better
outcomes.

Agent Reasoning
Strategies

Modeling specification
Agent
Knowledge
Base
N/A

Incomplete
information
about opponent

Incomplete
information.
General
preferences and
priorities of the
countries are
known.
Explicitly
present
knowledge (in
terms of
previous cases)
of the different
parties and how
this knowledge
coulee used in
coming up with
new proposals.
Hence it also
introduced the
notion of
learning from
previous cases
and updating
the knowledge.
N/A
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Sebenius
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Parks and Vu.
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Balakrishnan
and
Eliashberg
(1995)

Barry and
Oliver (1996)

Pillutla and
Murnighan
(1996)

Zlotkin and
Rosenschein
(1996)

Representation
method
Theoretical

Literature
review
Empirical

Theoretical

Compare and
contrast different
forms of
settlement
functions
N/A

There are goals
beyond the
incremental
outcome,
maintaining pride
is one of them.

Theoretical

Empirical

General given
worth functions

Social value
orientation
impacts different
cultures
differently.
Collectivists more
cooperative than
individualists in
social/resource
dilemmas.
The utility is
simply the size of
the pie, but the
decision-making
domain evolves
over time subject
to different
constraints
Negotiators’
utilities are
influenced by
their feeling
during the
negotiation, of
themselves and
towards the other
party.

Theoretical
without
computational
experiments

N/A

N/A

Acting on cultural
assumptions may
bias negotiations.

N/A

Different strategies
result from
corresponding
judgment policies

N/A.

N/A

Results provided from numerical
analysis

Organizational
Behavior

Management Science

Science; Information
Systems
Management
Science, Human
Judgment

Incomplete
information.

Consider
different
subjectiv
e human
judgment
policies
N/A
N/A

Complete
information

Incomplete
information of
the other party.

N/A

N/A

N/A.

Organizational
Behavior

Organizational
Behavior

Analytical properties about
negotiation process are provided

N/A

Incomplete
information

Artificial Intelligence

Complete
information

N/A

Management
Science;
Mathematical
Programming

Use mathematical
programming to
derive optimal
offers and
counteroffers

Emotions
influence
negotiati
ons.
Positive
emotions
should
lead to
better
outcome.
Negative
affect has
negative
conseque
nces for
negotiato
rs.
N/A

“Wounded pride”
has negative
consequences for
the negotiators,
leads to rejection of
offers that are
better than
alternatives.
Agents compromise
over their degree of
satisfaction, and in
parallel negotiate
over the joint plan
that will be
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Kraus (1997)
Rangaswamy
and Shell
(1997)

De Dreu,
Weingart and
Kwon (2000)

Faratin,
Sierra and
Jennings
(2002)

Luo et al.
(2003)

Literature
review
System
description

Meta-analysis

Theoretical
with
computational
experiments

Theoretical
with
computational
experiments

N/A

Artificial Intelligence

N/A

implemented to
reach the
compromise final
state
N/A

N/A
N/A

N/A
N/A

N/A

Management
Science; Information
Systems

Generated from
historical data

N/A

Organizational
Behavior

N/A

N/A

N/A

Artificial Intelligence

Artificial Intelligence

Linear addictive
utility functions
derived using
regression-based
estimation
methods
Prosocial
negotiators are
less contentious,
engage in more
problem-solving
and achieve
higher joint
outcomes .
Complete
information

The seller’s actions include
“generate, update, proposerestriction, propose-reward,
receive, present”, the buyer’s
actions include “select, verify,
satisfy, evaluate, critique, relax,
receive, present”. The seller and
buyer’s behaviors are
characterized.

Computational experiments
investigate agent behavior for
single-offer and meta-strategy
scenarios when the trade-off is
between price, quality, time and
penalty

N/A

Preference
between offers are
determined using
“similarity-based
criteria”

N/A

The seller’s
domain
knowledge
consists of
restrictions,
rewards, profits
associated with
each selling
prices; the
buyer’s domain
knowledge is a
requirement
model
(including
priorities,

Use a similaritybased trade-off
strategy when
multiple
negotiation
decision variables
are traded-off
against one
another. For
example, when
generating offers,
try to make the
offer reasonably
“similar” or “close”
to the opponent’s
prior proposal
The seller always
seeks to find the
best deal it can.
Whenever the
buyer cannot
accept the seller’s
offer, the seller
always tries to find
a trade-off offer
with the same
profit. The buyer
seeks to maximize
its overall
satisfaction degree
of its requirements.
Consider fairness
using a fuzzy
constraint based
model for
bilateral, multiissue negotiations
in trading
environments.
The prioritized
fuzzy constraints
are used to
represent tradeoffs between the
different issues
and to indicate
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Brett and
Adait (2004)

Fatima,
Woolbridge
and Jennings
(2004)

Curhan,
Elfbein and
Xu (2006)

Ramchurn et
al (2007)

relaxing
thresholds, as
well as product
attributes) and
the buyer’s
profile model,
and
acceptability
thresholds

In addition, the
buyer tries to
minimize the
amount of
information that it
has to reveal in
order to strike a
deal

how concessions
should be made
when necessary

Incomplete
information

Organizational
Behavior

N/A

N/A

Empirical

Cultural norms in
terms of what is
negotiated.

Artificial intelligence

N/A

For the complete information
case, provide conditions for
convergence of optimal strategies,
and negotiation outcomes for
different scenarios

Organizational
Behavior

Given linearly
addictive multiattribute utility
functions

N/A

It is possible to validate a measure
for what people value in
negotiation.

Artificial intelligence

Theoretical
without
computational
experiments

Complete
information

Reciprocity is
universal but
cultural norms
determined what is
reciprocated and
the frequency of
reciprocity.
Incorporate
deadline in
generating offers;
Time-dependent
tactic for counteroffer generation

Theorybuilding and
empirical test

What negotiators
value is influenced
by factors other
than the
incremental
outcome.

Negotiat
ors’
feelings
towards
the other
party and
perceptio
ns of
themselv
es
influence
outcomes
.
N/A

Use a series of experiments to
validate the following hypothesis,
among others: Negotiation tactics
that use rewards are more time
efficient, can achieve a higher
success rate, expected utility, and
average utility than those that do
not.

Consider the
case with
incomplete
information
about opponent
utility function
and reservation
price
Incomplete
information
about opponent
utility function

Theoretical
with
computational
experiments

Provide detailed
description
regarding how to
devise utility
functions for the
multi-move
prisoner’s
dilemma (MMPD)

Agents are allowed
to use reward when
proposing an offer
so as to influence
the outcomes of
future negotiations.
Reward generation
has four steps: 1)
compute the
concession degrees;
2) determine the
rewards; 3) decide
whether to send the
offers and the
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Lin et al.
(2008)

Kraus et al.
(2008)

Lin et al
(2008)

Theoretical,
computational
experimental
in contrast
with human
experiments

General,
continuous, given
utility function

Agents have
bounded
rationality and
their choice
preferences are
modeled using a
utility function
generated from
the order of
ranking of
different offers

Assume bounded
rationality, which
is modeled using a
ranking number
for each offer

Theoretical,
computational
experimental
in contrast
with human
subject
experiments

Theoretical
with
computational
and human
subject
experiments

N/A

N/A

Full information

Each agent has
a belief system
about other
agents’ types

N/A

Incomplete
information
about opponent

rewards; 4)
evaluate the offers
and rewards
Bayesian updating
of opponents’ state;
Generate offers: an
agent selects the
best offer among
the offers that the
agent believes
might be accepted;
Accept/reject
offers: evaluate
based on
comparison to the
reservation price
Only dominant
agreements are
considered; the
utility of the agents
from the acceptable
agreement should
be at least as high
as the utility from
the future
agreement or
opting out
Learning
mechanism—
Bayesian updating
rule; decisionmaking
mechanism—
incorporate a nonclassical mode of
offers’ valuation,
rather than the
traditional
quantitative
decision making
mode

Result for negotiation against
people: Automated agent achieve
higher utility values than human
counterpart

Artificial intelligence

Artificial Intelligence

Artificial Intelligence

When an agent participates in a
negotiation, the sum of the
utilities is significantly higher
than when two humans play

Using experiments to discuss the
following two cases: 1) negotiation
against people 2) automated agent
playing against automated agent
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