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Abstract

Negotiations in which participants exchange offers based on their chosen positions can be ex-
tended to include dialogue about their interests. Revelation of negotiators’ interests allows
them to make more acceptable offers and perhaps propose possible alternative approaches to-
ward each other’s interests, both of which may result in mutually and individually beneficial
outcomes. However, it can also expose their strategies, and possibly their dependencies on
other negotiators toward the achievement of their goals. Revealing this information can leave
them vulnerable to extortion or retribution, but it can also be used to gain sympathy or build
a relationship of trust and reciprocity.

This dissertation studies human behaviour and performance upon introducing options for
goal inquiry and revelation into mediated-protocol negotiation scenarios. Empirical studies were
conducted by having human players negotiate over an alternating offer protocol and an interest-
based bargaining protocol, on a platform specially adapted for this purpose. The analysis of
data from these experiments revealed interesting patterns in the human use of goal revelation,
and its effects on individual and social outcomes and likelihood of agreement. The design of
the experiments and the development of the experimentation platform lay the groundwork for
the further study of goal revelation in mediated negotiations with humans.
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Chapter 1

Overview

This chapter introduces the academic context of the dissertation, and summarizes what was
achieved, how it was achieved, and how this achievement advances the state of the art in
the relevant disciplines. It defines the aims and scope of the dissertation, and outlines the
organization therof.

Section 1.1 introduces the context of the dissertation, followed by Section 1.2, where the
dissertation’s research questions are listed, and Section 1.3, where the methodology of study
used to answer those questions is explained. Section 1.4 defines the scope of the dissertation,
and Sections 1.5 and 1.6 outline the findings of the study and the significance of those findings,
respectively. Finally, Section 1.7 lays out the structure of the remainder of the document.

1.1 Introduction

A process fundamental to economic activity, negotiation is rich with potential areas of academic
exploration and commercial significance for economists, informaticians and psychologists alike.
Those involved in the study of multi-agent systems study negotiation so they can improve
the effectiveness of their systems in distributing resources and creating value. Those involved
in decision support systems can use the knowledge derived from negotiation studies to build
negotiation support applications that work in the real world in the face of the complexities
of economic dynamics and human psychology. Psychologists study negotiation in order to
understand in a more formal way how humans think when solving individual or social problems.

A complex negotiation problem, especially one featuring multiple attributes, may be difficult
to resolve by humans. This difficulty may be exacerbated when a negotiation problem arises
regularly and frequently, and having a human resolve it each time on time becomes prohibitively
tedious and inefficient. On the other hand, due to the large space of possible deals to explore
and evaluate, and in situations of incomplete information, computers may also find it difficult
to handle negotiations in a reasonable amount of time.

When the parties being negotiated with are human, and the negotiations are to take place
in a large-scale e-commerce context, dealing with the large number of negotiations against hu-
man participants that result would require some form of assistance or automation. E-commerce
contexts, and B2B contexts in particular, are dynamic and characterized by multiple contract
attributes, fluid pricing, and fluid back-and-forth negotiation between buyers and sellers. Ne-
gotiation support tools could create opportunities to not only handle price wars but determine
sellers and buyers preferences across multiple issues and terms (Goh et al., 2000). Should such
tools be empowered with heuristics and training derived from the behaviour and performance
of human negotiators, they would be invaluable in those cases when they have to face human
negotiators.

As with any conflict, information is a strategic asset. It can be used to gain the upper hand
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or to gain sympathy, to project trust or to project power, to exploit or to aid. This work studies
the trade-offs associated with two different negotiation protocols in negotiation settings where
self-interested parties lack information about each others interests.

In one protocol, participants alternate between making take-it-or-leave-it deals to each other
under time constraints. A penalty is placed on rejected offers, in order to have participants
carefully consider both their proposals as well as their responses. As they cannot reveal their
interests to other participants, the offers of participants serve as a noisy signal to their true
objectives. It could be difficult to locate efficient trades for both parties in such conditions, either
because participants do not know what resources their opponents need, if any, or because there
are simply too many combinations of possible agreements to try out under time constraints.
Therefore, they may repeatedly make offers that focus on the most beneficial route to their
goals (usually the shortest), while ignoring other routes that may be less intuitively beneficial,
but for which their opponents may be able and willing to transfer resources.

In these conditions, revealing the objectives of one or more of the participants may facilitate
agreement, because the additional information narrows the “search space” of possible offers, and
may reveal new avenues of negotiation that were not known before. However, it is not a given
that the revelation of objective information by either party will necessarily improve the result
of the negotiation. Having an opponent that knows one’s goals can be useful but, depending
on one’s position, potentially costly. This is because it exposes the negotiating position and
the negotiation strategies that revealing parties are using. For example, a dependent player
may be extorted to give away more chips than it requests in exchange for the ones it minimally
requires. A participant that revealed its goals could have exposed itself to be holding back and
misrepresenting its position in its past offers, and this may result in retribution in future offers
or even a collapse of the negotiation. On the other hand, exposing one’s desperate situation
may induce charity in the party to whom the knowledge has been made available.

The second protocol therefore allows negotiators to ask for information about their oppo-
nents’ interests, and allows a negotiator from whom this information has been solicited to choose
to reveal it. In order to retain the advantages in synchronization and simplicity that turn-based
play offers, these new dialogues are integrated into the flow of the alternating offer protocol
described earlier in this section. By studying the difference in performance and behaviour of
players with different task dependencies across a number of negotiation scenarios, the research
questions posed next will be answered.

Figures 1.1, 1.2 and 1.3 depict an example that illustrates how goal revelation can affect a
negotiation. In the scenario imagined here, Alice and Bob are two rival cooks at a sandwich
bar. Suppose they start out with the following sandwich fillings allotted to them, and with
culinary capabilities described as follows.

Alice has to herself some peanut butter, a pickle spear, some bacon strips, a tomato and
cheddar squares, and she has the skill to prepare either of two classic sandwiches: the BLT
(bacon-lettuce-tomato) or the PB&J (peanut butter and jelly spread). Bob has a patty of
hamburger, a leaf of lettuce, rings of onion, some cream cheese and some jelly spread, and can
prepare basic cheeseburger sandwiches of hamburger with pickles and cheddar or sandwiches of
cream cheese with jelly spread (CC&J). Neither Alice nor Bob knows what the other cook can
prepare, or knows of valid sandwich combinations other than what they can prepare.

Suppose that the manager has asked for a sandwich from each cook for the day’s sampling,
and has requested them to be conservative with the ingredients, as always. On the outset,
Alice does not have the ingredients to make a sandwich that she knows to prepare. Since
the least expensive sandwich she can make is the PB&J, she attempts to trade each of her
ingredients (other than peanut butter, of course) for Bob’s jelly spread. However, since he has
the ingredients to make a sandwich - the CC&J - he will not trade his jelly spread (Figure 1.1).
For that matter, Bob will not even counter-propose for the pickle and cheddar, as the CC&J
requires fewer ingredients than the cheeseburger.

If, however, Bob asks what kind of sandwiches Alice can make, and Alice reveals this
information (Figure 1.2), Bob can immediately propose a trade of his lettuce for Alice’s cheddar
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Figure 1.1: Alice can’t get Bob to give up his jelly spread

Figure 1.2: Alice reveals her “goal” to Bob

(Figure 1.3), rather than waiting for Alice to figure out that Bob simply will not release his
jelly spread to her. In that case, Alice can accomplish her “goal” with the preparation of a
BLT, and Bob will still accomplish his with the preparation of the CC&J.

However, if Bob decides to negatively view the fact that Alice’s utility from the deal will far
outweigh his own, he can additionally ask Alice to throw in the pickle, so that he cam make a
cheeseburger later. Going further, he can even demand her peanut butter as well. So he could
end up extorting Alice out of her entire surplus of pickle, cheddar and peanut butter, all for
the lettuce she desperately needs.

On the other hand, supposing that Alice started out with nothing other than bacon and
tomatoes, Bob might sympathetically contribute to the combined welfare of the kitchen and
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Figure 1.3: Bob makes a simple quid pro quo deal with Alice

let her have the lettuce, as he can still reach his goal without it. Alice’s communication of her
capabilities to Bob, in either case, is analogous to goal revelation in a negotiation scenario, as
it exposes the paths that the revealing negotiator needs to traverse, and the resources needed
to traverse those paths.

One of the aims of this work is to study situations like this, where the approach to goal
revelation by negotiators can be helpful and even sacrificial towards the common good, or
apathetic and even greedy in favour of a powerful negotiator’s own outcome. The questions on
which the dissertation centres are elucidated in the following section.

1.2 Research Questions

The empirical study performed for this dissertation attempts to answer the following questions
within the context of goal-oriented resource trading games. The questions centre on experimen-
tation on and analysis of the effects of goal revelation dialogue. This includes the act of asking
an opponent to reveal their goal (interest inquiry or solicitation) and the act of revealing one’s
goal (interest revelation). Another relevant variable is negotiators’ status of dependence on or
independence of other participants in achieving their primary tasks.

• What kind of platform can effectively enable researchers to conduct experiments with and
investigate aspects of goal revelation in computer-mediated negotiations?

• How does the availability of goal inquiry and revelation options affect negotiation game
dynamics in terms of strategy and outcomes? And do any such effects vary due to other
features of the negotiation scenario?

1.3 Methodology

Experiments were conducted by having human subjects play negotiation games over two nego-
tiation protocols. In the first protocol, negotiators had to make decisions based solely on the
knowledge of their own interests, and estimates of their opponents’ interests based on incoming
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proposals and responses to outgoing proposals. In the second protocol, the negotiators were
allowed, in addition, to directly query their opponents for information about the latter’s inter-
ests, and reveal their own interests when requested to do so. These experiments were run on a
modified version of a platform that has a successful history of employment in earlier studies of
human and agent negotiation.

Each game was played by two players using a simple visual abstraction of a time-constrained
turn-based resource trading board game, with each player having a goal to reach using the
available and negotiable resources. The same decision-making settings were played in both
protocol experiments, but the sets of players for both experiments were different. Games were
set up to encourage negotiation but not to force it, and a decision support tool was provided
to aid players in discovering potential alternative paths and optimal offers. Players were given
no in-game or game-to-game measures of their performance.

The data from these games was collected and analysed to discern the effects of allowing
interest inquiry and revelation on player behaviour and performance outcomes. As both protocol
experiments were played using the same decision-making settings, the data was analysed for
both general trends across games and any changes in behaviour and performance between
protocols over identical decision-making settings.

1.4 Scope

The dissertation attempts to answer the research questions within the scope of a simple, yet
possibility-rich analogy of a negotiation game. Due to time and volunteer constraints, only
two specific negotiation protocols were experimented with. Only turn-based protocols were
implemented for experimentation. While the players’ utility function was designed to account
for as many real-life utility analogies as possible, various other interesting utility functions, such
as all-or-nothing, were not experimented with.

Players did not play repeated games in sequence, and were unaware of the identities of their
opponents, making a study of active reciprocity impossible. The volunteer pool was also not
common between the position- and interest-based negotiation experiments, so no data could be
collected regarding differences in performance of specific players.

1.5 Contribution

The contribution of this dissertation includes the design of an interest-based negotiation pro-
tocol for use in strategic settings of incomplete information, and the development of a sound
experimental design for studying human performance and human behaviour in this protocol
compared to that observed in traditional position-based protocols. This work is the first study
that investigates the effects of goal revelation in task settings, and that specifically studies hu-
man negotiation in this regard. The suitability of the Colored Trails platform for interest-based
negotiation experiments was demonstrated through the adaptation of the same platform for
experiments with human negotiators over the two protocols.

The contribution of this dissertation also includes the analysis of the utilization of goal
revelation options by human players. This extends to the analysis of how utilization of these
options affects the likelihood and extent of negotiators reaching individually and socially ben-
eficial outcomes. Effects on the same of the dependence or independence of human negotiators
on one another in achieving their goals were also studied with respect to goal revelation.
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1.6 Significance

This dissertation features the first known experiments involving human negotiators in a computer-
mediated negotiation setting that features negotiator-triggered interest inquiry and revelation,
in games where the benefit or drawback of goal revelation depends in part on opponents’ posi-
tions. By studying human behavioural patterns set in this variant of interest-based negotiating
protocol and this type of game, the dissertation becomes more relevant to the study of nego-
tiations where the strategic implications of having one’s interests known by opponents is not
clear-cut in terms of being beneficial or harmful.

The findings of this dissertation and the analyses of these findings will provide insight into
human behaviour and performance in mediated negotiation scenarios, and aid in the devel-
opment of computer agent strategies that can be specifically adapted for dealing with human
negotiators where voluntary interest inquiry and revelation is involved. Eventually, these find-
ings could be applied in a number of fields.

• In multi-agent systems (MAS), to develop more efficient and/or competitive human-facing
negotiation agents, perhaps even ones that are capable of tricking humans into believing
that so are they. Furthermore, learning how humans behave in negotiations with goal rev-
elation can lead to improvements in the MAS performance in highly complex negotiation
problems that would be too heavy if attempted in a purely rational manner.

• Decision support systems can benefit greatly from the knowledge of how humans utilize
and might benefit from goal revelation in negotiation. This knowledge can be used to
build negotiation support systems that aid in auction bidding, legal dispute resolution,
diplomatic conflict resolution, sales negotiations, etc.

• Psychology and cognitive science can also be enriched by the understanding of how goal
revelation affects human negotiation behaviour and outcomes. Such understanding would
be useful, for example, in resolving hostage situations, improving outcomes in interroga-
tions of crime suspects, and calming marital discord. In particular, the experimentation
platform developed for this work can also provide cognitive scientists with a new tool to
further investigate cognitive aspects of goal inquiry and revelation in negotiation.

1.7 Organization

The remainder of the dissertation document is organized as follows.

Chapter 2 describes in further detail the sciences of negotiation and interest-based negoti-
ation, and the known problems that are being studied in those fields. It lists specific studies
that lay the groundwork for the dissertation, from the foundations to the state of the art, and
describes how those studies are relevant to the dissertation.

This is followed by a description of the features of the platform upon which said experiments
were run, in Chapter 3. Chapter 4 describes how the protocols, players, games and game control
were set up for the experiments.

Chapter 5 then summarizes the information that was produced by processing the raw data
from the experiment, followed by Chapter 6, which discusses the attempted understanding
of the empirical results in light of theoretical background and implications for research and
development. Finally, Chapter 7 describes the foreseeable avenues of exploration complementing
or building upon this dissertation, followed by a brief summary of the dissertation’ conclusions
in Chapter 8.

15



Chapter 2

Background

This chapter describes in further detail the subject matter of the dissertation. Section 2.1
describes the field of negotiation in general, followed by Section 2.2, a discussion of the concepts
of position- and interest-based negotiation that will be adapted for the experiments to come.
Section 2.3 describes prior work in negotiation as studied with respect to multi-agent systems.
Finally, Section 2.4 describes human negotiation psychology, and prior work related to human
behaviour and performance in computer-mediated negotiations with both humans and agents.

2.1 Negotiation

Negotiation is the process by which two or more parties seek to achieve their interests, given
the scarcity or sub-optimal distribution among the negotiating parties of the resources required
to achieve said interests. The assumption of a party entering a negotiation is that there are
resources distributed among other parties that, if acquired by it, would result in greater utility
for itself.

DEFINITION 1. For a particular state of an agent’s world, utility refers to the measurable
value associated with that state by the agent. The higher the utility, the more desirable for the
agent is the state with which it is associated.

A successful negotiation terminates in either an agreement among the negotiating parties
to redistribute resources among themselves, or an accurate consensus among the negotiating
parties that no possible redistribution of resources would be more beneficial than the one in
existence prior to the negotiation process. An unsuccessful negotiation terminates in either a
collapse of the negotiation process due to time constraints, withdrawal due to a breach in the
terms of negotiation, or withdrawal because of an inaccurate estimation of the likelihood of an
agreement.

DEFINITION 2. When two or more negotiators have committed to redistributing resources
among themselves in a particular allocation, or to not doing so, the decision either way is called
an agreement or a deal.

In the following subsections, specific facets of negotiation theory relevant to this dissertation
are discussed. The concept of task dependency status will be described in Subsection 2.1.1, and
the various negotiating attitudes and situations that negotiators may experience are explained
in Subsection 2.1.2. Descriptions of and references to work in distributive and integrative
negotiations follows in Subsection 2.1.3.
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2.1.1 Task Dependency

A negotiating participant in a negotiation may have a primary ultimate objective, the utility
from the achievement of which would overwhelm any gain or loss due to progress or expendi-
ture involved in achieving that objective. A participant may also have a number of milestone
objectives that may or may not be necessary to achieve the primary objective. If a participant
can achieve its primary objective with the resources it possesses, it may be described as task
independent. Else, it is said to be task dependent(Talman et al., 2005). If a set of players are
all incapable of achieving their respective primary objectives, these players are referred to in
this work as being co-dependent.

2.1.2 Attitude Towards Opponents

A negotiator may have varying attitudes towards its fellow participants’ outcomes. This can
be depicted on Zhang et al’s dual concern model, show in Figure 2.1. When a participant
attaches importance only to its own outcome, its attitude toward negotiation is competitive
(self-interested); when a participant attaches the same degree of importance to its own outcome
as it does to the outcomes of the other participants, its attitude is cooperative; when the
participant attaches more importance to the outcomes of other participants at the expense of
its own outcome, its attitude is accommodative; if the participant is indifferent to all outcomes,
its attitude is avoidant (Zhang et al., 2002). If it does not fit into one of these extremes, it can
be described as sharing or compromising. Of course, this attitude can vary from negotiation
to negotiation, based on the task dependency status and available resources of the negotiator,
and on the perceived dependency status and requirements of its opponents.

DEFINITION 3. An outcome is a possible result of a negotiation from the perspective of a
given negotiator or group of negotiators.

Figure 2.1: The dual concern model of negotiation attitudes

Zlotkin and Rosenschein (1996) lists four possible situations that any two negotiating agents
may find themselves in, depending on the game setup and the initial resource allocation.
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• A symmetric cooperative situation is one in which both agents benefit from each other’s
existence in the same world, as their cooperation would result in a deal of higher value to
both of them, compared to what they would have achieved if each of them had been alone
in the game. This would be, in other words, a synergistic situation, where the agents’
cooperation would produce a combined reward greater than the sum of that produced by
their actions if the other agent did not exist.

• A symmetric compromise situation is one where there are individual rational deals for
both agents now that they are both in the same world, but where their utility would be
greater if they were alone. This would include distributive situations, where the resources
of the agents’ world have to be divided between them, and there is no way for them to
cooperate and increase their individual gains beyond what they would achieve had they
been alone in the world.

• A non-symmetric cooperative/compromise situation is one in which the best individual
rational deal between the two agents would gain more utility for one agent compared to
what it would have been able to gain if it were alone in the world, but have the opposite
effect on the other agent. Therefore, it is a cooperative arrangement for one of them, but
a compromise for the other.

• A conflict situation is one in which negotiation is not fruitful due to the lack of either a
negotiation set, or of any individual rational deals altogether.

DEFINITION 4. An individual rational or individually rational deal is a deal that results in
a utility for a negotiator that is at least as great as the utility it will get without making any
deal.

DEFINITION 5. A deal among agents Pareto-dominates another deal if it allows one or
more agents to gain utility without forcing one or more other agents to lose utility.

DEFINITION 6. The negotiation set is the set of all deals that are individual rational and
are not Pareto-dominated by any other deals for the negotiators.

2.1.3 Distributive and Integrative Negotiation

Distributive negotiations are based on the concept of “cutting up a pie,” where the size of the
pie is fixed. They occur when the problem is, or is perceived as a “zero-sum game,” where
as the value along a single dimension shifts in either direction, one side is better off and the
other is worse off. In such cases, the negotiators focus on mutually exclusive goals (Kersten,
2001), either with an all-or-nothing view of their utility or with the proportion of the contested
resources they acquire deemed to be positively correlated to their utility. Examples of these
include auctions and airline ticket reservations.

Integrative negotiations, on the other hand, are based on the concept of “expanding the pie.”
They occur when the participants or mediators find ways to resolve disputes using information
about the actual needs and priorities of the participants. Integrative negotiations will naturally
be multi-issue negotiations, as single-issue negotiations will force the participants to compete
over possession or partitioning of a uniform pool or resources. If the participants have different
requirements and priorities in reaching their respective goals, there exists a possibility that the
existing resources can be distributed in a way that each participant can still do so. In such
multi-issue negotiations, the opportunity for joint improvement is provided by the difference
in priority and weight attached to the different issues by individual agents (Coehoorn and
Jennings, 2004).

2.2 Position-based and Interest-Based Negotiation

A negotiation position of an agent can be defined in terms of the resource(s) that agent wants
to acquire from other negotiators. Position-based negotiation, or positional bargaining, occurs
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one where the participants consider only their own negotiation positions, and where the dia-
logue between participants is focused on the same. Examples of positional negotiations include
alternating-offer bargaining and auctions (Rahwan et al., 2003). Any change in position is
brought about solely by lack of progress in reaching an agreement with the position already
held.

In interest-based negotiation, on the other hand, agents may argue about each other’s
beliefs and other mental attitudes in order to justify their negotiation positions, and attempt
to influence each other’s negotiation positions. By understanding the reasons behind positions,
a problem can be redefined in terms of the underlying interests. By discussing and considering
these interests, participants are more likely to reach a mutually acceptable agreement (Rahwan
et al., 2003).

Therefore, while a multi-issue position-based negotiation can involve attempts at distribu-
tive bargaining progressing to integrative bargaining through trial-and-error with incomplete
information, a multi-issue interest-based negotiation becomes integrative once the participants’
interests are made known to their fellow participants, followed by a distributive bargaining
phase to split up the value addition.

2.3 Negotiation and Multi-Agent Systems

A multi-agent system is a system of loosely-coupled interactive intelligent computer agents.
Work on negotiation in multi-agent systems is rich with both theoretical and empirical studies,
some of which follow in this section.

Rubinstein (1985) provided a theoretical model for prescribing negotiating strategies in set-
tings of repeated interactions that are optimal under certain conditions (e.g., participants are
rational and consistent in their beliefs about each others’ objectives). Zlotkin and Rosenschein
(1996) explored the concept of state-oriented domains, where the description of the world
is modelled as a state, and where operators cause the world to move from one state to an-
other. It also proposed multi-agent Unified Negotiation Protocols - a set of product-maximizing
mechanisms based on either semi-cooperative deals or multi-plan deals, aiding in both conflict
resolution and cooperative agreement. Faratin et al. (2002) developed an algorithm for the
negotiation of multi-feature contracts using similarity heuristics over iterative offers, proposals
and counter-proposals to vary agents’ own offers towards their opponent’s offers without losing
value for themselves.

DEFINITION 7. An offer or proposal is a possible reallocation of resources to which the
proposing agent is willing to commit, but only if the other agents involved in the reallocation
also commit to it.

Some “noisy” estimation methods like kernel density estimation (Coehoorn and Jennings,
2004) or Bayesian refinement (Buffett and Spencer, 2005; Hindriks and Tykhonov, 2008) have
been successfully developed and demonstrated for use in bilateral position-based negotiation to
help agents figure out what their opponent needs. Winoto et al. (2004) used formal analysis
and simulations to show that use of non-monotonic-offers protocols leads to higher surpluses
and fewer aborted negotiations compared to monotonic-offers protocols, as long as the negoti-
ations are not dominated by agents who make arbitrary or bullying offers, or who only accept
monotonic bargaining.

DEFINITION 8. With each sequential offer in monotonic bargaining, agents are only allowed
to raise or maintain the utility of the offer to their opponents compared to that of the previous
offer.

Soo and Hung (2002) performed experiments with cooperative negotiators in games with a
limited number of messages, and implemented agents that could incrementally learn from each
of the other agent’s proposals. They demonstrated empirically that such negotiation learning
agents could get closer to the Pareto efficiency agreement much faster than such non-learning
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negotiating agents as simple random agents, rational agents, and cooperative agents. Narayanan
and Jennings (2005) defined an adaptive negotiation model and cast it as a Markov Decision
Process, using a multi-agent negotiation simulation to demonstrate its ability to train optimal
negotiation policies in a dynamic e-commerce environment. Lai et al. (2007) presented a model
for alternating offer multi-issue negotiations for agents with non-linear utility functions, employ-
ing a moving baseline to make the negotiation space search tractable, and using a simulation
to empirically demonstrate that the model asymptotically approaches Pareto optimality.

DEFINITION 9. An agreement is Pareto efficient/optimal if there is no other agreement
where one agent can gain additional utility at the expense of any other agents’ utilities (that
is, no other agreement Pareto-dominates it).

Some studies have also been conducted on the topic of combinatorial auctions (Cramton
et al., 2004), where negotiators can bid for packages of items together. Koenig et al. (2006) em-
pirically showed that teams of agents playing using a coordination system based on sequential
single-item auctions performs almost as good as would be expected from an optimal combi-
natorial auctions and much better than a coordination system based on parallel single-item
auctions. Archer et al. (2003) discovered methods to make combinatorial auctions truthful by
creating an incentive compatible version of the randomized-rounding approximation algorithm,
resulting in an approximation algorithm that makes honesty in the agents’ best interests.

DEFINITION 10. An incentive compatible design is one that makes honest reporting of
private information part of the dominant strategy of all negotiating agents (Babaioff and Walsh,
2003).

Talman et al. (2005) describes a model where agents have to exchange resources to achieve
their goals, while not knowing each other’s available resources. It describes how helpful (co-
operative and reliable) agents that are task independent engage in benevolent behaviour and
are taken advantage by unhelpful agents. The source also notes, though, that task-independent
helpful players do better than unhelpful players overall, as the latter do not realize the full
potential of cooperating with others. This dissertation will analyse human negotiators’ perfor-
mance in an mediated interest-based negotiation setting where negotiators are aware of each
others’ resources, and study the relationship between task dependency, interest revelation, per-
formance and “helpfulness” for human negotiators.

Work in automated negotiation in Artificial Intelligence (AI) has proposed algorithms for
argumentative strategies which support or attack the different positions of parties in a negoti-
ation (Kraus et al., 1998; Rahwan et al., 2003). An argumentation-based negotiation protocol
that links offers and arguments was proposed by Kakas and Moraitis (2006), describing the ex-
tension of negotiation strategies within other multi-agent negotiation mechanisms, and proving
the advantages such an approach offers in allowing agents to dynamically adopt strategies in
response to their environments. Argumentation-based negotiation algorithms have been used
by computational agents and several works have studied conditions under which such strate-
gies outperform position-based protocols (Pasquier et al., 2007; Rahwan et al., 2007). This
dissertation directly extends these studies by showing that argumentative-type protocols are
advantageous to people, and by introducing a form of “argumentation by proxy” through the
use of interest inquiry and revelation dialogue.

DEFINITION 11. Argumentation is defined as the construction of statements of position or
support, and logical evaluation of those statements in relation to other such statements.

2.4 Negotiation and Humans

Studying the behaviour of human negotiators is complicated by various sub-optimal and non-
rational actions that are observed when humans negotiate. These can be due to emotional
or cultural factors. Sometimes, these behaviours are consistent with the known phenomenon
of “bounded rationality”, which is observed in human reasoning and decision-making (Simon,
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1957). Some of these observed behaviours are summarized in Hindriks and Jonker (2008), and
are listed and described here.

• Making too large concessions, thereby proposing for or accepting too-small a share of the
bargaining pie in a distributive situation or phase. This may happen when a person is
too afraid of rejection, and offers their entire surplus.

• Failing to recognize and exploit the opportunity to create value in a potentially integrative
situation.

• Rejecting an offer that is better than any other available option. This could happen as a
result of suspicion or as a punitive action.

• Settling for terms worse than alternative options, such as when humans agree to an offer
even when it is clearly worse than other known alternatives, perhaps out of a sense of
sympathy or guilt.

Hindriks and Jonker (2008) also lists some causes for such behaviour.

• Lack of training, or untimely, vague and inaccurate feedback resulting in self-reinforcing
incompetence.

• Lack of preparation, leaving the negotiator unaware of an important part of the bargaining
pie and/or the preferences and circumstances of the parties involved

• Structural barriers to agreement, including die-hard bargainers, cultural and gender dif-
ferences, disruptive or in communicative opponents, and communication failures

• Mental errors, such as the escalation error, biased perception, irrational expectations,
overconfidence, and unchecked emotions.

• Satisficing (Simon, 1957), the practice of not seeking to maximize outcomes, but settling
for “good enough”, due to uncertainty of the future, the costs of acquiring information,
and the limitations of human computational capacities. This forces the humans to act
within “bounded rationality”.

DEFINITION 12. Bounded rationality is a decision-making process whereby the cost of time,
computational power and information management lead an agent to settle for an outcome that
falls short of an outcome of superior utility that would have been reached if the aforementioned
costs were not considered.

Culture may also influence human negotiation behaviour. This influence has been modelled
along five dimensions of cultural characteristics in the Hofstede model, described in Hofstede
et al. (2008).

• Affiliation (collectivism vs. individualism): Measured between complete group welfare
concern and total individual welfare concern.

• Hierarchy (large vs. small power distance): Measured between between highly stratified
authoritative hierarchy and more level egalitarian power-sharing.

• Aggression and Gender (masculinity vs. femininity): Measured between a highly mascu-
line heavy-handed fighting society, and a strongly peace-loving, consensus-seeking society.

• Otherness and Truth (strict uncertainty avoidance vs exploratory tolerance): Measured
between a society of strict rules, rituals and absolutism, and one that encourages curiosity,
exploration, diversity and novelty.

• Urgency of Gratification (short- vs. long-term): Measured between attitudes of “living for
today” with conspicuous consumption and strict norms of honour and propriety, and of
“saving for a rainy day” with pragmatism, planning, perseverance and calculated foresight.
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Hofstede et al. (2008) modelled these dimensions using the ABMP bargaining model (which
has a utility function based on expected gain, quality and risk) and concluded that this enhanced
model can be used to develop agents for cross-cultural bargaining. Further on the topic of
gender, Katz and Kraus (2007) performed empirical evidence that using different strategies
of negotiation against male and female negotiators improved performance, and presented a
learning algorithm that could provide an online indicator of the gender separability-level of the
population which further increased performance. Weingart et al. (1996) showed that human
players trained in specific negotiation tactics before negotiating were able to perform better in
integrative negotiations, but not in distributive negotiations.

DEFINITION 13. A utility function of an agent is a function that takes the state of the
world as an input and returns the utility as output.

There are few works offering an empirical analysis of peoples negotiation strategies in re-
peated interactions. Work in the psychological literature about strategic interaction has fo-
cused on specific domains (e.g., seller-buyer disputes (Loewenstein et al., 1989), Middle East
peace talks (Atran et al., 2007) or completely abstract settings like the prisoners’ dilemma.
Loewenstein and Brett (2007) conducted a study which looked at how goal framing prior to the
negotiation procedure affects strategy revision. None of these works have compared the effects
of goal revelation directly within repeated negotiation.

DEFINITION 14. Goal framing refers to how an agent represents its goals in terms of specific
sub-goals, interests or positions.

Bosse and Jonker (2005) presented two experiments involving humans and rational nego-
tiation software agents on a platform different from the one used in this dissertation. The
results indicate that the negotiations are fairer when conducted with their agents alone, com-
pared to negotiations that pitted humans against agents, and that when pitted against agents,
humans did better than agents in terms of individual performance. An experiment featuring
humans against agents was also conducted in Lin et al. (2008), where the agents were playing
using a bounded rationality model, and the negotiators had to do with incomplete informa-
tion. In this case, the agents did better than the humans, achieving more and individually
better agreements. However, these were performed using position-based negotiation games,
not interest-based games like the ones used in this dissertation. As was the human negotia-
tion experiment by Bosse et al. (2004), performed on the same platform as that used in Bosse
and Jonker (2005), and showing that humans in multi-issue negotiation games find it difficult
to guess where the Pareto Efficient Frontier is located, making it difficult for them to accept
proposals.

Work by Heiskanen et al. (2001) has found that people minimize the amount of private
information they reveal in negotiation to avoid weakening their positions, while Vorauer and
Claude (n.d.) observes that human negotiators tend to overestimate the accuracy of their
opponents’ goal estimations the more they know about their opponents’ goals and the less
constrained their communication protocol is. This dissertation experiments over two levels of
communication constraint severity, and shows that under certain conditions people are willing
to disclose private information to others, which results in more efficient agreements.
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Chapter 3

Colored Trails Platform

Colored Trails (CT) is a testbed developed for the purpose of investigating the decision-making
that arises in task settings, where the key interactions are among goals, tasks required to
accomplish those goals, and resources needed to perform the tasks (Grosz et al., 2004). The
experiments performed for the purpose of producing this dissertation’s results used special-
purpose adaptations of CT’s third version to permit the negotiation protocols of interest to be
implemented in the gameplay.1

The elements and gameplay of a Colored Trails negotiation game are described in Section
3.1 and Section 3.2 respectively. The various panels and actions in the modified interface are
described next in Section 3.3, followed by the analogy between a game on the platform and a
real-life negotiation scenario in Section 3.4.

3.1 Game Elements

The main elements in a CT game are the board, the players, the goals, the chips and the scoring
function.

The board is a rectangular coloured tile array, the size, colours and layout of which can be
specified by a dimensional, palette and grid specifications. The players are represented on the
board by custom icons, and can be uniquely identified by a unique in-game ID, as well as a pin
number across games. Their actions can be controlled either through a graphical user interface
by a human player or by a software agent.

Goals are represented by custom icons as well, and can either be designated for specific
players or open to all players. The chips serve as resources for trading, coloured according to
a specific palette and allocated to each player by the game setup. Generally, the chips will be
coloured using the same palette as that which was used to colour the game board.

The scoring function allows the game creator to set the rewards or penalties for reaching
the goal, for each chip the player has left at the end of a game, and for each unit of distance
the player the player remains from its goal after attempting to move towards it. In order to
introduce incentives against lengthy negotiation, the scoring function was extended to include
a cost for the number of dialogue rounds the players went through before their game ended.

All of these elements are packaged together into a single game state object, which can be
persisted for repeat use.

1Downloads of and more information about Colored Trails are available at the project website,
http://viki.eecs.harvard.edu/confluence/display/coloredtrailshome/Home
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3.2 Gameplay

A CT game is centred around a running server application, which hosts the players and runs
the game configuration. The players connect to the server and wait for the controller to set
them up with a game and opponent(s). Various details of the game, such as the positions and
goals of other players may be hidden from and revealed to them by the game configuration,
which also controls the players’ roles, turns, availability of actions and phase transitions. A
modification was made to the player states to control whether a player’s goals were visible to
its opponents.

Players are assigned an initial position on the board, and a set of chips. The objective of a
player is to move towards the goals that are open to it i.e. either goals specific to the player or
generic goals open to all players. In order to move to an adjacent tile, a player needs to give up
a chip that is of the same colour as that tile. Chips may be transferred among players through
negotiations wherein a player offers certain chips from her own chipset in exchange for certain
chips from her opponent’s chipset. Players cannot ask for chips their opponents do not have,
and cannot offer chips they do not have. Negotiation, exchange, movement and scoring take
place over three phases.

The first phase is the communication phase, during which players may exchange negotiation
dialogue messages. At the end of the communication phase, the movement phase starts with
the execution of any exchange that may have been agreed upon by the players, followed by
the server moving each player so that its score is maximized given its post-exchange chips and
goals. After they have moved, the scores are computed for each player. Finally, the feedback
phase allows the players to see the results of their movements. Each phase can last for a certain
amount of time, which is also configurable.

3.3 Game Interface

The user interface consists of eight panels which are displayed by the controller as determined
by the gameplay configuration. (figure for each)

• The taskbar contains the main action buttons for the players, allowing them to connect
to a server and propose a transaction. A button for goal revelation was added to this
panel for the IBN games. Figure 3.1 depicts an example of a taskbar in an IBN game
right after a goal inquiry from the responder has been received, permitting the proposer
to either make a new proposal or reveal her goal.

Figure 3.1: CT3 GUI Taskbar in an IBN Game

• The main panel displays the game board and the chipsets of the players (filtered appro-
priately), also displaying the current phase and how much time remains before it ends.
Figure 3.2 depicts an example of a main panel during the Communication Phase, where
the player’s opponent’s goal is not visible and the player has selected a particular path to
highlight on the board.

• The proposal composition window allows players to select the number of chips of each
colour that they wish to offer and request, and to send this proposal to their opponents.
It does not allow players to offer more chips than they have, or request more chips than
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Figure 3.2: CT3 GUI Main Panel

are in the possession of the opponent to whom they are proposing. Figure 3.3 depicts an
example of a proposal composition window as seen when a player is preparing to request
a green chip in exchange for a red chip.

• The response action window allows a player to whom a proposal has been sent to reply
with rejection or acceptance. After the response has been sent, the window displays the
response that was sent. This window was extended with a button that allows responders
to request the proposer to reveal her goal. Figure 3.4 depicts an example of a response
action window in an IBN game right after a proposal has been received, allowing the
responder one of the three available options by clicking one of the three enabled buttons.

• The proposal tracking window displays the sent offer, waiting for the response to the
proposal and displaying it once it has been received.

• The response tracking window appears after a response has been sent, displaying the
response message.

• The pathfinder window is a decision support tool that shows the players what paths they
can take to reach their goals, as well as information indicating how beneficial each path
would be. The pathfinder also allows players to view the path options for their opponents,
if the game state permits. A chip count changer set into the pathfinder lets players see
the hypothetical changes to their path options if they were to add or subtract chips of
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Figure 3.3: CT3 GUI Proposal Composition Window

Figure 3.4: CT3 GUI Response Action Window in an IBN Game

each colour. In order to facilitate the discovery of alternative paths and to make potential
exchanges easier to visualize, the pathfinder was modified to show not only the chips the
player would need to get to his goal, but also the chips the player would have in surplus
if he got to his goal, the number of tiles remaining between the player and the goal if he
made his best move, and the number of tiles he would be able to traverse in his best move
along the path. Figure 3.5 depicts an example of a pathfinder window where the shortest
path the player’s goal has been highlighted for viewing on the game board in the main
panel.

• The mood window appears at the start of each game, forcing the player to engage in a
neutral activity that is designed to minimize the effects of past games on the player’s
behaviour in the game to come. In this experiment, it asks the player to choose from
three emotion icons one that best represents their mood.
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Figure 3.5: CT3 GUI PathFinder Window

3.4 Task Analogy

CT provides a realistic analogy to task settings, highlighting the interaction among goals, tasks
required to achieve these goals, and resources needed for completing tasks. Chips correspond to
agent resources and skills required to fulfil tasks. Different tiles on the board represent different
tasks with different requirements. A players possession of a chip of a certain colour corresponds
to having the required ability available for use when needed. Not all players possess chips in
all colours, much as different agents vary in their capabilities. Traversing a path through the
board corresponds to performing a complex task whose constituents are the individual tasks
represented by the colours of each tile. It has been shown that people are more likely to
engage in cooperative behaviour when using this game than when using completely abstract
representations such as payoff matrices (Gal et al., 2007).
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Chapter 4

Experimental Setup

This chapter describes and justifies the decisions that were taken in the setup of the experiment,
specifically with respect to the design of the protocols, the configuration of the games, the design
of the player match controller, and the preparation of the players.

The specific variants of the position- and interest-based negotiation protocols that were used
for the experiments are described in Section 4.1. This is followed by a description of the setup
of the experiment’s game configurations in Section 4.2 and the controller design in Section 4.3.
Finally, the selection and preparation of the participants is described in Section 4.4.

4.1 Negotiation Protocols

Two negotiation protocols were employed in the empirical study in order to isolate and analyse
the effects of interest information dialogue on negotiation.

DEFINITION 15. A negotiation protocol is a definition of the types of dialogues that can be
used in the negotiation, what content they may contain, when they may be used, and by which
negotiator(s) they may be used.

The first was a position-based negotiation (PBN) protocol wherein the agents had to make
their proposals based on information limited to the positions and resource pools of their op-
ponents, and attempt to guess their opponents’ resource deficits and surpluses based on their
opponents’ proposals and their opponents’ reactions to their proposals. This protocol estab-
lishes a baseline for agent performance and behaviour. This protocol is described in Subsection
4.1.1.

The second was an interest-based negotiation (IBN) protocol that extends the position-
based negotiation protocol by allowing agents to respond to a proposal by inquiring into their
opponents’ goals, and by allowing agents to reveal their goals to their opponents should they
be asked to do so. This protocol is described in Subsection 4.1.2.

4.1.1 Position-Based Negotiation

The PBN protocol is based on the alternating offer protocol. The protocol operates in a turn-
based mode, with one agent starting out in the role of the proposer and the other agent starting
out in the role of a responder. The initial role allocation is random. Both agents can only see
their opponents’ positions and resources. The proposer may choose resources from her resource
pool to offer her opponent, choose resources from her opponent’s resource pool to request in
return, and propose this transaction to the responder.

The responder can accept the proposal, in which case the agents’ resources are allocated
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accordingly and the negotiation terminates. Alternatively, the responder can reject the pro-
posal, in which case the negotiation continues with the responder given the role of proposer
and vice-versa. The responder or proposer can also opt out of the negotiation during their
turn, in which case the negotiation terminates in a conflict allocation, i.e. no change in the
resource pools of the agents. Once a proposal has been rejected by a responder, it is considered
dismissed, and the responder may not retract his rejection; he must either propose the same
transaction in reverse, or wait until his opponent makes the same proposal again. The state
diagram for this protocol is shown in Figure 4.1.

Figure 4.1: State Flow of Position-Based Negotiation Protocol

4.1.2 Interest-Based Negotiation

The IBN protocol extends the PBN protocol by allowing an additional response to a proposal:
in addition to opting out, accepting or rejecting a proposal, a responder may send a message
back to the proposer asking the proposer to reveal her goal to the responder. An agent can
only ask for his opponent’s goal when he is in the role of a responder, and only if he has not
already revealed his goal.

In this case, the proposer can either opt out, make a new proposal, or reveal her goal to the
responder. Should the proposer reveal her goal, the responder and proposer switch roles and
the game continues in the turn of the new proposer. An agent can only reveal her goal to her
opponent when she has been asked to do so. Should she choose to make a new proposal instead
of then revealing her goal, she must wait to be asked for her goal again in order to reveal it.
The state diagram for this protocol is shown in Figure 4.2.

4.2 Game Setup

The games played in the experiments are set up to facilitate a large space of possible transac-
tions, allow multiple paths of movement towards the goals, force at least one of the players to
negotiate, discourage the players from dragging out negotiations, and encourage the players to
be conservative with their resources.

In order to keep the game simple for the players, the game board is set up as a 5-by-5 tile
layout, with a palette of 4 colors for board tiles and player chips. Two players start out in
random locations, and each has a randomly-located goal, visible at first to them alone. Each
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Figure 4.2: State Flow of Interest-Based Negotiation Protocol

player is initially allotted 7 random chips, to increase the possibility of there being multiple
possible paths to their goals.

A number of constraints apply to the setup of the games. Both players must not be able to
reach their respective goals on their own, ensuring that at least one player is forced to attempt
negotiating a transaction in order to reach its goal. There must be some possible combination
in the union of resources allotted to both players which permits at least one player to reach
its goal. Either player can reach its goal with the other’s help, but it may not be possible for
both players to reach the goal. This ensures that in any game, it is potentially possible for at
least one player to reach its goal. As a result, the game setup is designed to produce a bilateral
negotiating situation that can be symmetric cooperative.

The positions of both players and both goals must never share the same tile on the board,
which makes the board layout clearer to GUI players by preventing different icons from over-
lapping, and prevents players from being placed on top of their own goals. Each player and
her goal must be in either the same row or column of the board, allowing the player only one
shortest path to the goal, so that she may be encouraged consider other paths.

The scoring function used for both PBN and IBN games gives the highest weightage of
100 points for reaching the goal, upon which it adds 10 points for each chip left over after
moving. There is also a penalty of 15 points for each minimal Manhattan distance unit the
players remain from the goal after moving, and 5 points for each rejected offer of transaction
for both players. Rejected offers counted for this purpose include those that have been met
with goal revelation requests, but do not include rejections of blank offers, and goal inquiries
or revelations. The intended net effect is to encourage players to reach their goals first and
foremost, move as close to their goals as possible otherwise, trade away and use as few chips as
possible, and reach agreements with as few transaction offers as possible.

4.3 Controller Design

A CT game controller was adapted for the PBN and IBN protocols. In both cases, the game
controller allows the players to play in turns, and disables the players’ action buttons if it is the
other player’s turn to send or respond to messages. The players are allowed a maximum of 4
minutes of communication phase to exchange offers or information until they reach agreement.
If the players do not reach an agreement within 4 minutes, the communication phase terminates
with no transaction assumed, a condition known as the no negotiation alternative or NNA. If
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they reach an agreement, the transaction thereby agreed upon is registered and the game
transitions to the movement phase.

A game generator utility was developed to compose and load prefabricated game pools
according to the requires specification and constraints, and an experiment controller was devel-
oped to pair players and assign them a number of games from the pool as required. The reason
for prefabricating and persisting games into a pool is that the game pool can be shared between
the PBN and IBN runs of the experiment, and the player performance in both protocols can
be compared for identical decision-making settings or the same set of games.

The experiment controller detects the players logged onto the game host server and loads
a pool of games. It pairs up available players and sequentially distributes one game from the
pool to each pair, initializing it with the configuration class corresponding to the experiment’s
negotiation protocol. When all the games allotted this way have terminated, the controller
resumes pairing available players and allotting games. It continues doing this until each player
has played every other player, once beginning as a proposer and once more beginning as a
responder.

For each game, CT’s logger was used to persist the initial game state, record proposals
and other messages, and log NNA scores, proposal-hypothetical scores and final scores for each
player.

4.4 Participants

Twenty-two subjects participated in the experiment, drawn from a pool of students and adults
residing in the Boston area. Twelve people participated in the IBN condition while ten people
participated in the PBN condition. Each person was given an identical 30 minute tutorial on
CT, and played three practice rounds. Each subject was identified by a serial number, was
seated in front of a terminal for the entire length of the experiment, and could not see or speak
to any of the other participants.

Subjects were not informed of the identities of their opponents in the games they played,
either onscreen or by the supervisor. They were paid in a manner consistent with their aggregate
scores in all of the games they played. In addition, subjects scores were not revealed at any
point during the experiment. Between each game, players engaged in a neutral activity which
did not affect their payment (answering questions about their mood), designed to minimize the
effects of past games on their future performance.
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Chapter 5

Results and Analysis

65 uniquely-configured games were eventually played in both conditions - some more than once
- among the human players for each condition. In 14 of these games, players were co-dependent
on each other to get to their respective goals, and in the other 51 games, only one of the players
was independent of the other player as far as reaching their goals was concerned. Players that
queried their opponents about the latter’s goal are henceforth referred to as “goal solicitors,”
and those players that subsequently revealed their goal will be referred to as “goal revealers”.
Despite there being no interest-related dialogue in the PBN condition, the term “goal revealers”
is used therein to refer to those players in the PBN condition that align with the goal revealers
in the same settings as in the IBN condition. The same applies the use of the term “goal
solicitors” in PBN games).

The following sections describe specific analyses of the results from the experiments. The
analysis across different variables of task dependency, protocol, and IBN dialogue utilization is
described in terms of the performance of the players in Section 5.1, and in terms of the players’
likelihood of agreement in Section 5.2. Finally, the players’ behaviour in terms of goal inquiry
and revelation dialogue utilization is presented in Section 5.3, and various observations about
the patterns seen in the analysis are presented in Section 5.4.

5.1 Performance

This section analyses the effect of goal revelation and task dependency on individual and social
outcomes.

Games with Goal
Revelation(s)

All Games

Revealing Player 41/23 38/38
Soliciting Player 7/7 34/32

Combined 49/32 72/61

Table 5.1: Average benefit for players in IBN/PBN conditions for different numbers of goal
revelations (significant difference in bold)

Table 5.1 shows the average benefit to revealers and solicitors in games played in both the
IBN condition and the PBN condition (left and right entries within the same cells). The benefit
to a player in a game is defined as the difference between the proposed outcome score and the no
negotiation alternative (NNA) score. Therefore, if no agreement is reached, a player’s benefit is
zero. The results are measured with respect to the total set of games played in both conditions
(column marked “All Games”) and with respect to the games in which one or both players
revealed their goals in the IBN condition (column marked “Goal Revelations”). In the latter
case, the figures for the PBN side come from the scores of the players whose game roles match
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the roles of the revealers and solicitors for the same games in the IBN protocol.

As shown in the table, the combined average benefit for players in the IBN condition was 49,
which is 17 points greater than the average PBN benefit in cases where there was at least one
goal revelation (SE = 5, paired t-test t(29)=1.7, p=0.04). There was an insignificant 5-point
difference between conditions in the combined benefit for those games in which no revelations
occurred (SE = 2, paired t-test t(34) = 0.5; p = 0.28). This is because there was a combined
advantage to players in the IBN condition when the number of revelations was greater than
zero, but not when this number equalled zero. In addition, it turns out that this advantage
is significant enough to affect players’ total performance. Also, as shown by the table, the
combined average benefit for both classes of player in all games was 72 in the IBN condition,
which is 11 points greater than in the PBN condition (SE = 3, paired test t(64) = 1.60, p =
0.04). In total, there were more goal solicitors than goal revealers, and thus the numbers in the
“combined” row do not necessarily equal the summation of “revealing” and “soliciting” players.

Table 5.1 shows that in both conditions, the relative benefit to goal solicitors from playing
the IBN protocol instead of the PBN protocol is significantly less than the relative benefit to
goal revealers. Specifically, revealers in the IBN condition increased their average benefit by
18 points, as compared to their performance in the corresponding games in the PBN condition
(SE = 3, t(29) = 1.7, p = 0.04). However, there was no significant difference in the benefit
between those players that solicited goals in the IBN condition and the corresponding games
in the PBN condition (both 7 points).

Games with No
Goal Revelation

Games with Goal
Revelation(s)

All Games

Independent Player 19/0 -9/-15 15/-2
Dependent Player 49/59 56/35 40/50

Table 5.2: Average benefit for players in IBN/PBN conditions for different player dependencies
(significant difference in bold)

Table 5.2 shows the benefit to players as a function of their dependencies, as well as the
number of goals they revealed. As shown by the table, the benefit for dependent players was
consistently higher than the benefit for independent players, across conditions. In particular, in
those games in the IBN condition where at least one goal was revealed (and the corresponding
games in the PBN conditions) they willing to make a sacrifice. This generosity is considerably
more effective in the IBN condition, where the average benefit to dependent players is 19 points
greater than in the PBN condition (SE = 2.3, t(26) = 2, p = 0.02). Despite the sacrifice
incurred by independent players, their overall benefit in the IBN condition is 15 points, 17
points greater than the benefit of players in the PBN condition (SE = 2.3, t(48) = 2.3, p =
0.01). Lastly, there were significantly more dependent revealers than independent revealers (27
vs. 8), and more independent solicitors than dependent solicitors (24 vs. 11). This explains
the finding of Table 5.1 that the benefit of solicitors is significantly less than the benefit of
revealers. The combined performance for co-dependent games was also found to be higher than
that of single-dependent games, but this difference was not significant, perhaps because of the
low number of co-dependent games.

Considering all the games played in IBN, including additional games that were not played
in the BO condition due to time constraints, the average benefit for revealers was 64 when
agreement was reached, 24 points higher than the benefit in games where agreement was reached
without revelation (SE = 4.3, t(146) = -2.32, p = 0.01). This trend was reversed for goal
solicitors, whose benefit in the case where goals were revealed was 22, about 30 points lower
than in the case when they were not revealed (SE = 5, t(146) = -2.8, p = 0.02).
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5.2 Agreement

This section looks at the effect of goal revelation and task dependency on likelihood of players
coming to an agreement.

IBN
Agreement Failure

PBN
Agreement 11 7

Failure 16 31

Table 5.3: Pairwise agreement ratio

Table 5.3 presents a pairwise comparison between the number of agreements in both con-
ditions. As can be seen in the table, 16 of the games that resulted in agreement in the IBN
condition had failed in the PBN condition. In contrast, only 7 of the games that succeeded
in the PBN condition failed to reach agreement in the IBN condition, and this difference was
statistically significant (χ2(1,N = 65) = 3.92, p = 0.04).

Single-dependent Co-dependent Total

IBN 33 (64%) 14 (100%) 47
PBN 26 (50%) 12 (85%) 38

Table 5.4: Agreement frequencies by dependency

Table 5.4 shows the number of games that resulted in agreement as a function of the de-
pendency relationship between players. As can be shown by the table, in both conditions,
co-dependent players were significantly more likely to reach agreement than combinations of
independent and dependent players (Fisher’s exact test p < 0.01). In all, there were 9 more
acceptances in the IBN condition than there were in the PBN condition (47 compared to 38),
and this difference was statistically significant (paired t-test, p < 0.05).

5.3 Inquiry and Revelation Behaviour

Among all 113 IBN-played games, there were 39 games in which one goal was revealed, and 10
games in which two goals were revealed, making for a total of 59 revelations. In all, at least one
goal was revealed in 43% of the games. The majority of goal revelations (73%) were performed
by dependent players, as shown in the top row of Table 5.5, and significantly higher than the
number of revelations performed by independent players (χ2(1) = 6.1, p = 0.01).

Independent Dependent Both

Goal Revelations 16 (27%) 43 (73%) 59 (100%)
Revelation/Solicitation 16/26 (62%) 43/50 (86%) 59/76 (78%)

Table 5.5: Goal revelation distribution and frequency

At the individual player level in the same games, out of the 26 times independent players were
asked to reveal their goals, they did so 62% of the time, whereas 86% of the 50 solicitations of
dependent players’ goal locations were met with a revelation by the dependent player, as shown
in the bottom row of Table 5.5. Overall, players revealed their goals 78% of the 76 times they
were solicited for the information.

Figure 5.1, which plots goal solicitation frequency against the availability of Pareto optimal
outcomes, shows that a low number of Pareto optimal offers possible in a game correlates with
a higher likelihood that the goal solicitation option will be used in that game. On the other
hand, games that feature higher numbers of possible Pareto optimal offers are less likely to
feature use of the goal solicitation option. In the figure, it can be seen that games with under
15 Pareto optimal offers are more likely to feature solicitations, a trend reversed in games with
more than 15 Pareto optimal outcomes.
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Figure 5.1: Distribution of games featuring goal solicitations for different numbers of Pareto
optimal outcomes possible

5.4 Analysis Notes

The analysis of the data reveals that when human negotiators were asked to reveal the locations
of their goals in response to offers they made, they were more likely than not to reveal this
information. Dependent players, in particular, were more likely than independent players to
reveal their goals. Games which featured interest inquiry and revelation dialogue options were
more likely to result in agreements than games in which negotiation was based purely on
positions.

The revelation of goals also had a noticeable effect on performance of the players. Games
with goal revelations in them resulted in better social outcomes compared to those without.
Playing IBN games was also found to be better for the social benefit than PBN games. De-
pendent players in games where at least one player revealed their goal experienced a significant
increase in individual outcome compared to their performance in the same settings played with
position-based negotiation.

Independent players, on the other hand, experience a utility decrease in games which fea-
tured goal revelation, although they experience a significantly greater overall benefit in interest-
based negotiation games compared to their benefit from the same settings played with position-
based negotiation protocols. In interest-based negotiation games where no goals were revealed,
they did significantly better than they did in the same settings played with position-based
negotiation protocols.

The negative correlation between the number of Pareto optimal outcomes possible in a game
and the use of solicitation therein would imply that human negotiators’ use of goal solicitation
is influenced at least partially by the difficulty of the negotiation, the estimation of which
correlates with the number of Pareto optimal outcomes possible.
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Chapter 6

Discussion

The adapted platform proved, for the most part, to be robust and reliable during the exper-
iments. Enough flexibility was built into the software, though, to ensure that the controller
settings could be manipulated and the pooled sequence of games could be reloaded and resumed
from any point of failure. This feature came in handy during the experiments, as the platform
is built to run as a client-server system, and some glitches due to network issues and other
technical difficulties are to be expected. This flexibility and robustness will prove to be useful
in future experiments.

The experiments themselves were the source of a large amount of data, especially from the
IBN games. Being able to identify games with the same original decision-making settings was
useful in analysing how the same games played out differently when played with the PBN and
IBN protocols. Creating a game pool that could be reused between protocols was also vital to
this kind of analysis.

The remainder of this chapter includes discussion in Section 6.1 of a few hypotheses based
on the analysis, and discussion in Section 6.2 of how the dissertation’s execution and findings
might be applied to further various fields of research.

6.1 Hypotheses

The human subjects appear to show much trust when it comes to goal revelation. While
dependent players revealed on asking at a higher rate than dependent players, both classes
of players revealed more often than not, when they were asked to do so. Interestingly, in
games where goals were known to at least one of the players, independent players actually lost
some utility to help the dependent players gain much more utility, raising the social benefit in
the process. Therefore, the aforementioned trust may have been justified, after all, by these
appearances of altruistic behaviour.

However, independent players gained significant utility in IBN games that did not feature
goal revelation. One possible explanation for this is that, because the dependent players may
have volunteered to offer most of or their entire surpluses in each proposal, there would be less
of a likelihood that the independent players would solicit goal locations in those cases. Should
the independent player still refuse such a generous offer, the dependent player would try to
move on to an alternative path, or quit the negotiation if none are available. Even though such
a situation would be relatively less gainful for the dependent player, it would be much more
beneficial for the independent player, almost regardless as to which party knows the other’s
goal.

Games played with a protocol that allows for goal solicitation and revelation are also more
likely to reach agreement between human players, compared to when the same game is played
based on positions alone. This may be due to increased levels of trust between the players,
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knowing that in a game that allows for goal solicitation and revelation, deception can be un-
covered, dead-ends can be discovered, and exchanges can be optimized with the revelation of
goal information. Therefore, the players would keep their proposals as generous as possible and,
expecting the same from their opponents, terminate negotiations with agreement at a greater
rate than they would have in a game where information will always be incomplete.

6.2 Applications

Aside from the study of negotiation in informatics, the execution and findings of this dissertation
could find application in a number of fields, discussed in Subsections 6.2.1 to 6.2.3.

6.2.1 Multi-Agent Systems

The development of strategies for agents in multi-agent systems could be enriched with heuristics
learned from human negotiation strategy, enabling the discovery of shortcuts through complex
negotiation environments. Rational negotiation agent strategies could also be augmented with
some human negotiation strategies, in order to be more competitive when dealing with humans.

This can include being able to identify whether the agent’s opponent is a human or another
software agent, optimizing the outcome for the agent beyond pure rationality when dealing
with human negotiators, and not being completely exploitative as to put human negotiators off
and/or let them know they are dealing with software agents. For example, given that human
negotiators are willing to sacrifice on maximizing utility when they know the goal of a dependent
opponent, it might be a wise strategy for a dependent agent to make a conservative initial offer
and encourage a solicitation to reveal its goal.

6.2.2 Decision Support Systems

The same issues explored in Subsection 6.2.1 are applicable to the development of decision
support systems. Knowledge of how the typical human negotiator responds to proposals and
information under different protocols, gained through experiments such as those performed for
this dissertation, can greatly aid human negotiators in strategically optimizing their outcomes,
especially when faced with complex multi-issue negotiations, a mixture of human and software
agents for opponents, and a variety of negotiation protocols.

6.2.3 Psychology and Cognitive Science

The experiments generated many interesting results, some of which could be interpreted in
relation to concepts of trust, altruism and generosity in PBN and IBN scenarios. These results
and other such experiments will further the understanding of the workings of the human mind
in situations that require negotiation, and aid in the successful resolution of the same. Cognitive
science could especially benefit from the use of these findings, and those from other experiments
using this platform, to study how negotiation is affected by human “theory of mind”, or the
ability to guess and attribute mental states and thought processes to perceived intelligent agents
(Premack and Woodruff, 1978).
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Chapter 7

Future Work

While much has been revealed about the behaviour and effects on performance of players of
goal revelation in mediated negotiation games, the scope of the experimentation was limited to
the study of a particular variant of interest-based negotiation protocol. While the game config-
urations, experimental setups and utility functions used for the experiments were designed to
cover as many facets and combinations of gameplay as possible, there are many other scenarios
yet to be explored, and many more other variables yet to be analysed.

Therefore, a few additional ways in which the experiments could be modified in order to
learn more about human behaviour in IBN games are presented below.

• Running an experiment with full initial visibility of opponents’ goals, and comparing the
data to that which was collected from the IBN experiment.

• Modifying the protocol to allow players to ask about their opponent’s goals without having
to have been made an offer.

• Modifying the protocol to allow players to reveal their goals without having to be asked
to do so first.

• Changing the utility function to remove the distance-to-goal penalty i.e. making it all-or-
nothing.

• Modifying the initial player positioning to allow for more than one absolute shortest path
to the players’ goals.

• Having each human subject play each possible opponent a fixed number of times, with
both aware of each other’s identities, in order to study active reciprocity.

• Building classifiers based on the collected data. For example, to decide, based on the
number of chips one has, and the no-negotiation alternative score one can get, whether it
is beneficial to reveal one’s goal.
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Chapter 8

Conclusions

This work opens avenues of exploration in the study of goal revelation in negotiation. It features
the first empirical study of the effects of goal revelation on the individual and social outcomes
of negotiations, and of the negotiation behaviour of human experiment subjects. It demon-
strates the usefulness of the Colored Trails platform for experimentation on human subjects in
negotiation games, and the ability to extract interesting results from such experiments.

The experiments revealed some interesting patterns in human negotiation with the use and
consequences of goal revelation for players in various dependency situations. Analysis of the
data from the experiments reveals that human negotiators are likely to reveal their goals when
the information is solicited, especially if they are dependent on the negotiator who is requesting
the information. For interest-based negotiation games, the likelihood of agreement is found
to be higher than that in position-based negotiation. The revelation of goals also leads to a
significant increase in benefit for players in a dependent position, and an increase in the social
benefit as well.

The protocols and the experiments developed for this dissertation set a precedent for further
study of goal revelation in negotiation, including studies that may employ other platforms. They
also lay the groundwork for the development of computer agents that can competently negotiate
with humans in mediated settings that feature goal revelation options, empowered with rules
derived from and trained on the data collected from experiments like these.
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