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Abstract. This paper introduces a dependency analysis and a catego-
rization of conceptualized and existing economic decision support mech-
anisms for negotiation. The focus of our survey is on economic decision
support mechanisms, although some behavioural support mechanisms
were included, to recognize the important work in that area. We cat-
egorize support mechanisms from four different aspects: (i) economic
versus behavioral decision support, (ii) analytical versus strategical sup-
port, (iii) active versus passive support and (iv) implicit versus explicit
support. Our survey suggests that active mechanisms would be more
effective than passive ones, and that implicit mechanisms can shield the
user from mathematical complexities. Furthermore, we provide a list of
existing economic support mechanisms.

Keywords: Negotiation support + Economic decision support + Survey

1 Introduction

Negotiation is part of our daily lives, informally at home or formally in matters
of business. We negotiate to reach a consensus if we have a potential conflict of
interests [19,43,65]. While some people are very good at negotiation, others have
difficulty in reaching optimal outcomes and mostly end up with suboptimal out-
comes [56,65]. When to offer what in negotiations, is the motivation of this paper
and our research objective to support users with the aim to, if possible, obtain
settlements that are 1) Pareto-optimal with respect to the preference profile of
the negotiators, 2) good for the negotiator that negotiates according to these
findings, and 3) that satisfy the additional constraints the user might set. Well-
known additional constraints are social wellfare (ensuring that no negotiator is
unduly disadvantaged), and timeliness.

Improved negotiation outcomes can be reached by training people before they
enter the negotiation, delegating the negotiation to others, or supporting them
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during the negotiation. For all of these options, one can either turn to other
humans or to artificial intelligence, or to a combination of both. In this paper,
the focus is on the use of artificial intelligence, see e.g., [8,33]. We follow Kersten
and Lai [35] in using the term e-negotiation system (ENS) to cover the whole
set, of software systems for negotiation facilitation, support, and automation. We
differentiate between analysis and decision support, and between Economic Deci-
sion Support (EDS) and Behavioral Decision Support (BDS) when discussing the
literature on ENSs, following [22]. We found this differentiation useful as they
form two dimensions to study; the need for support and the way mechanisms
provide support. For example, the BDS side studies questions such as how to
offer support on emotional aspects [15,49], and how to support humans in get-
ting rapport with other human negotiators? On the EDS side belong challenges
such as: What is an optimal strategy to reach optimal win-win solutions?

As we report in this paper, support mechanisms can serve as analytical mech-
anisms that inform both EDS and BDS mechanisms, target behavioral aspects,
and/or target economic aspects. For example, the analysis of the economic
aspects of a negotiator’s preferences can be used to explain the emotional state
of a negotiator, whereas a behavioral support mechanism advises the negotiator
to make use of economic arguments in their conversation with other negotiators.
When supporting or replacing humans by ENSs in experimental settings (cf.
[9,21,35]), early successes of improved negotiation outcomes suggest that the
EDS systems permit higher joint outcomes and more balanced contracts to be
reached, while the BDS systems have a positive impact on negotiator attitudes.
However, caution is needed as experimental results reported in Gettinger et al.
[22] show that these expectations are not always met. In particular, their exper-
iments did not support the hypotheses “More agreements/Better joint agree-
ments/More fair agreements will be reached by negotiators provided with the
EDS implemented in the eNSS Negoisst than by negotiators for whom this type
of support is not available”. Furthermore, contrary to expectations, negotiators
supported by a BDS system implemented in the VienNa system were more sat-
isfied with the outcomes but less satisfied with the negotiation process. Given
our expertise in system design, these findings lead to the thought that these
unexpected (and unintended) results might be caused by the underlying design
assumptions or the interaction effect between the mechanisms in the systems. In
the remainder of this article, we zoom in on the economic support mechanisms
for bidding. Note that we use the words of bidding and offering interchangeably."

Our interest is in the design and engineering of Al technology for ENSs. Thus,
our research questions derive from our observation that in the systems’ perfor-
mance, described in the literature, several of the unexpected (and unintended)
results might be caused by underlying design assumptions and/or by interaction
effects between the support mechanisms. In particular, we found two dimensions
that struck us as important. The first is that each existing ENS system captures
some negotiation expertise implicitly and others explicitly. In detail, negotiation

! In the automated negotiation literature the words bid and bidding are rather com-
mon, while in the general literature on negotiation the common word is offer.
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knowledge or concepts can be exposed to the user implicitly; for example, the
concept of utility is not useful for lay people, but can still implicitly be used
in the system. However, for trained negotiators, utility is a well-known concept
that can be discussed explicitly. We assume that implicit EDS mechanisms in the
ENS system can increase the efficiency of the negotiation outcome by shielding
the user from mathematical complexities. The second dimension is that some
support mechanisms are actively pushed to the user, and some are passively
available (can be pulled by the user). We expect that actively pushed support
mechanisms are more effective than passive support mechanisms. Based on these
considerations, we formulated the following two research questions.

— RQ-1 Mechanisms: What economic decision support mechanisms are avail-
able for bidding in ENSs?

— RQ-2 Design: What choices in the design of economic decision support
mechanisms contribute to their success or failure?

Our research method is a combination of a literature study and an empirical
study. For RQ-1, we survey and categorize the existing bidding support mech-
anisms in the literature and study their interdependencies. For RQ-2, we apply
three methods: Firstly, we investigate the categorizations of ENSs as found in the
literature, as they provide an overall design perspective of ENSs. Secondly, we
focus on the economic decision support mechanisms of existing ENSs and finally,
we identify the design choices for the existing ENSs and formulate hypotheses on
what underlying design considerations potentially influence their effectiveness.

The structure of this paper is as follows. After mentioning the related work
in Sect. 2, we review the literature on negotiation (support) systems and extract
the bidding support mechanisms and their interdependencies offered by these
systems in Sect.3. The paper ends with conclusions and an outline for future
research in Sect. 4.

2 Related Work

There is a wealth of research literature on negotiation, ranging from literature
about human negotiations to the use of artificial intelligence to train, represent
or support people in their negotiations. The history of research on providing
computer support for negotiation is long, actually dating back to the 1960s,
see, e.g., [20]. Worth mentioning is the Aspire system [37], which is one of the
early negotiation support systems used for training negotiators. There is a steady
stream of papers on these topics, with survey papers being published every couple
of years, see Jelassi and Foroughi (1989) [27], Foroughi (1995) [20], Kersten and
Lai [35], Wang [73], Marsa-Maestre et al. (2014) [45], and Baarslag (2017) et al.
[8].

All research on ENS systems relies on insights from the rich literature on
negotiation between human negotiators, see, e.g., Harvard’s Business school with
proponents such Fisher and Ury, e.g., [19], Lewicky [43], and Thompson [65], to
name but a few. That literature is vital to understand the participants’ behavior
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and the roles that they might have in a negotiation, be it as a negotiator, as
a party represented by a negotiator, participant, as an advisor to a negotiator,
or as mediator. Besides the human aspects and attitudes, there is also litera-
ture on the mathematical and economic aspects of negotiation, see, e.g., Raiffa
and colleagues [56]. Additional insight comes from the literature that uses vir-
tual agents to study human negotiation behavior, see e.g., [42,55]. Furthermore,
virtual agents and feedback systems have been developed to train people in
predetermined negotiation scenarios, see e.g., [23,28,47].

Reviews of the research on ENS systems show that there are many different
aspects of negotiation for which support would be appreciated and that con-
tributes to our overall objective [8,21,22,35,61], with early work dating back to
the 1970s, see [51] and the literature survey in Sect. 3. Here, we provide classifi-
cations on types of support and an overview of the variety of key functions and
tasks of software to benefit negotiations.

The proposal of Gettinger et al. [22] to differentiate between mechanisms for
decision support and analytical mechanisms is the basis for the lay-out in Sect. 3,
as analytical mechanisms can inform both EDS and BDS mechanisms. The dual
use of analytical techniques also explains why the research fields of automated
negotiation, see e.g., [6,33,38,59,68], and e-negotiation systems share important
research challenges, namely how to deal with uncertainty about the negotiating
parties, understanding the domain of negotiation, analyzing and understanding
behavioral patterns of the negotiators, see e.g., [8]. The uncertainties negotia-
tors face about the preferences and underlying concerns of the other negotiating
parties have economic and emotional aspects. From an economic point of view,
gathering more information about the profile of the other negotiators improves
the possibilities of offering contracts that the others can accept. From an emo-
tional point of view, reducing this uncertainty in the negotiator’s mind poten-
tially reduces stress which in turn enhances the capability of the negotiator to
find integrative bargaining solutions. Such insights spur the research on oppo-
nent modeling (in particular preference modeling and estimating the opponent’s
reservation value), see, e.g., [3,6,33,52,68] and strategy recognition [40,74]. Cre-
ating a computational profile of the other negotiators is an essential step in
other analytical tools, such as the determination of an estimated Pareto Optimal
Frontier.

For the research and development of autonomous agents that support humans
in negotiation or even autonomously fulfill the role of negotiator, more negotia-
tion aspects need computer-readable formatting. In computer science and arti-
ficial intelligence, this is referred to as formal representations, e.g., referring to
formal models, formal protocols, and ontologies. In the literature, negotiation
process models are distinguished from negotiation protocols, see [39]. Negotia-
tion process models describe the sequence of negotiation activities and phases.
Negotiation protocols govern the processing and communication tasks, imposing
restrictions and obligations on negotiation activities [18]. Work on formal pro-
tocols for negotiation makes it easier for agents to participate in negotiations,
either in a supportive role or as automated negotiators, see e.g., [2,46,54,58].
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Finally, the work that is most closely related to this paper is that of Chen et
al. [13], Gettinger et al. [22], Schoop et al. [61], and Yuasa et al. [75,76], as
discussed in more detail in the next section.

Formal models and ontologies are used to model the domain of negotiation.
They are relevant for supporting the preparations for a negotiation, e.g., by
using machine learning for market analysis and discovering patterns in the nego-
tiating behavior of opponents in repeated negotiations. The research questions
related to understanding behavioral patterns of negotiators are quite broad in
themselves. Two example challenges are the following. Can we detect decep-
tion [24,48]7 How can agents create rapport with people [12,53,67]7 All these
examples show that the challenge of developing ENS systems is a complex prob-
lem in which support mechanisms might enable other mechanisms and influence
both economic decisions as well as behavior decisions. We give a few pointers
to the automated negotiation literature: the literature of Automated Negoti-
ating Agents Competition (ANAC) [33], team negotiation by Sanchez [59,60],
negotiation for the Diplomacy game [29,30]. The negotiation handbook [46] rec-
ommends what negotiation mechanism to use for a given negotiation scenario.
An overview of the current challenges in Al for negotiation is presented in [8].

3 Decision Support Mechanisms for Negotiations

We identify the analytical means and decision support (for BDS and EDS)
needed for the economic decisions on 1) which concrete offers to make when
and 2) whether or not to accept an offer or to end the negotiations without an
agreement. We based our findings on literature surveys of the available categori-
sations of ENS systems. Note that we use the word bidding for what in other
papers might be referred to as making offers and counteroffers.

Furthermore, we present an analysis of a literature survey focusing on EDS
mechanisms for bidding support and advice. We considered analytical mecha-
nisms that EDS mechanisms might need, and BDS mechanisms that rely on the
same analytical mechanisms. Before presenting our survey results, we discuss the
categorizations that can be found in the literature.

3.1 Categorizations and Classifications

Reviews of existing ENS systems show that there are many different aspects of
negotiation that might be supported. Gettinger et al. [22] differentiate between
analysis and decision support and between economic decision and behav-
ioral decision support. Where analytical mechanisms inform the negotiator, deci-
sion support mechanisms provide strategic considerations; advising or critiquing
on decisions. Finally, essential functions and tasks of software in e-negotiation
should be considered [35,71].

Considering this, we decided to use two dimensions in our categorization. The
first dimension entails the type of decisions, for which we follow Gettinger et al.
[22]: economic versus behavioral decisions. The second dimension entails the



Bidding Support Mechanisms and Their Effectiveness 35

mechanism’s intended support of decisions: analytical or strategical. These
dimensions turn out to be quite helpful in our analysis of the available mecha-
nisms in the literature.

Systems playing a more active role on, e.g., making offer suggestions are
still rare, as stated by Vetchera et al. in [72]. Here, eAgora [13] is mentioned as
an exception, demonstrating important points for the design and engineering of
ENS systems. For the design, a deliberate choice should be made to integrate the
support mechanisms to provide passive or active support. We define a support
mechanism to provide active support if it pro-actively pushes advice or infor-
mation to the user in a timely manner. Similarly, we define a support mechanism
to provide passive support if the support is available upon user request. In our
survey, we looked for mechanisms that can provide analytical and/or strategic
support and take into account whether that support is provided actively or pas-
siwely (upon request). For engineering it shows that the problem formulation,
modeling of the preferences, situation, and behavior of the negotiating parties
are still difficult for humans and technology.

When studying the literature, we furthermore found, that the difference
between providing explicit versus implicit support is essential. How ENS sys-
tems structure the negotiation process and organize the interfaces is based on
expert negotiation knowledge. In that manner, the system tmplicitly supports
the user by highlighting some aspects and takes care of other aspects that the
system designers thought do not need the user’s attention. For example, the
Negoisst interface reduces the negotiator’s cognitive load for modeling their
preferences and evaluating offers, and Pocket Negotiator (PN) first guides users
in becoming aware of their own preferences before asking them to reflect on
their opponents’ preferences. Explicit support is visible in the negotiation and
relational concepts that the system uses to present information or discuss nego-
tiation aspects with the user. For instance, Negoisst explicitly displays a utility
tracking chart of the offers, EmoNeg provides explicit support on dealing with
emotions, and PN explicitly asks for the users’ interests in the negotiation. We
conclude that design decision about providing implicit versus explicit support,
and making it active or passive, are important for the effectiveness of support
mechanisms.

We searched for components and mechanisms that correspond to the key
functions and tasks software in ENSs as listed in [35], and also functions that
come from the literature on automated negotiation [33], what to bid when, when
to accept a bid, when to walk away, see [5]. The strategic support mechanisms
we included in our survey are those that focus on EDS. That same literature
also inspired our search for analytical support mechanisms. Analytical support
is about providing information on the ongoing negotiation to the user on both
economic and behavioral aspects. Economic analytical mechanisms include, for
example, displaying how good the offers are for each negotiating party, prefer-
ence profiling, which bids were made when (this is called the negotiation dance
or history [56]), recognizing the opponent’s strategy [40], providing information
on where optimal outcomes can be found so that human negotiators can avoid
sub-optimal outcomes. Behavior analytical mechanisms are, for example, emo-
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tion recognition. Note that all mechanisms for strategic advice rely directly or
indirectly on analytical or other strategical mechanisms, while analytical mech-
anisms only rely on other analytical mechanisms.

In summary, we decided to use the following dimensions for our categorisation
of the support mechanisms:

D1: economic versus behavioral decision support
— D2: analytical versus strategical support

— D3: active versus passive support

— D4: implicit versus explicit support
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Fig. 1. Decision support mechanisms for negotiation

The survey results are presented in Fig. 1, in which the mechanisms are pre-
sented in rectangles, the ENSs using them are mentioned in the tags of the
rectangles, the dependencies between the mechanisms are indicated by dotted
arrows, and the color coding are classifications. In particular, following a depen-
dency arrow from mechanism M to mechanism M’ means that the results of
M are used in M’. The color coding refers to dimension D2: analytical support
(in yellow), strategic advice (in green), and whether the mechanism directly
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relies on the negotiation context information (in orange). The tags contain two
types of information: a number referring to the ENS system and some additional
information on the design choices according to dimensions D3 and D4. The tags
are further explained in the legend of the figure.

In the remainder of this section, we explain each support mechanism in more
detail and discuss whether and how it is used in the ENS systems we found. We
explain more about the dependencies and the color labels in the diagram, for which
we roughly follow the dependency arrows in the diagram (from right to left).

3.2 Existing Support Mechanisms

In this section, we present the list of support mechanisms from literature that
underlie ENS systems in providing Economic Decision Support (EDS). However,
as motivated in the Introduction and Sect.3 some of these mechanisms also
enable behavioral Decision Support mechanisms and we categorized these as
ENS systems that (also) provide EDS. In comparison with Fig. 1, we roughly
work from right to left, going from purely analytical support mechanisms to
mechanisms for strategic advice.

To support the user, the ENS needs information about the negotiation con-
text, the domain of negotiation, the user’s preferences, if possible, similar infor-
mation about the other negotiators, and about previous negotiations in similar
contexts. The negotiation context is a broad container of topics not covered by
the mechanisms discussed below. Information that is part of the negotiation con-
text is, for example, the negotiation’s deadline, the cultural background of the
negotiators, and the emotional setting of the negotiation. A brief description of
each support mechanism shown in Fig. 1 is provided below.

Domain Elicitation. Mechanisms for domain elicitation support the user to
establish the issues (also called attributes) of the negotiation, i.e., the aspects
to agree upon. Associated with each issue is a range of possible values that have
to be identified, next to any dependencies between issues. An interactive user
interface is the common form of support for this, occasionally supplemented with
information from previous negotiations and from scraping the Internet.

Negotiation History Display and Negotiation Data. Negotiation History
Display is a support mechanism that keeps track of and displays each player’s offers
during the negotiation. Its simplest form is just maintaining a list of past offers
made by both participants. Our categorization depends on the more sophisticated
variant; Graphical Outcome Space, depicting history graphically in the outcome
space along with the (estimated) utilities of all negotiators. By analyzing the his-
tory of offers, users may understand their opponents’ attitudes or strategies better.
One of the first to discuss this is Raiffa [56], who called the sequence of exchanged
offers; the negotiation dance. We broadened this by including past negotiations
to learn more about the opponents’ negotiation strategies and typical preference
profiles per domain. Several versions are in existence, in PN, also for multi-lateral
negotiations, see e.g., GENIUS and the newer GeniusWeb environments [44]. That
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data needs to be stored in a repository, called Negotiation Data in Fig. 12. With
the advance of machine learning algorithms, this category gains importance. It is
part of the strategic advice and the other support mechanisms to timely share and
exploit information extracted from the Negotiation History.

Offer Construction Panel. A basic mechanism, offered by all ENSs with
EDS, that facilitates the user in constructing offers.

Preference Profiling. All support on what to offer requires information on
the user’s interests and preferences. Some systems in addition use similar infor-
mation about the other negotiators. The essence of preference profiling is to
discover what issues are more important than others, and per issue, which val-
ues are preferred. In case the system supports interest-based negotiation; also
the underlying concerns and interests of the user (and the other negotiator) need
to be established. There is a wealth of literature about preference elicitation, see,
e.g., [10,14]. We found support for this phase in existing ENS systems, see e.g.,
[21,32,37]. Additionally, including other negotiators’ preferences enables a sys-
tem to provide more effective advice on what to offer and more insight on current
and past offers made by the negotiators. Note that the user might actively do the
profiling together with the artificial intelligence, by bringing in their knowledge
about the opponent. However, even without human help, artificial intelligence
techniques have been developed for modeling the opponent’s preferences based
on the opponent’s offers; see [6] for a survey of such techniques. Presenting the
preferences profiles to the user for easy inspection is also useful, see. e.g., [14].

Negotiator Style Elicitation. To most effectively advise the user on strate-
gic decisions, the system would benefit from information on the usual style of
the user regarding negotiation. For the system could deploy, e.g., a form of the
Thomas-Kilmann conflict-handling mode instrument [64]. For example, it may
not help to advise the user to play a hard-ball strategy (not making any conces-
sions) if the user emotionally is not able to do so even if the user would agree
that this would be smart in the current situation.

Utility Estimation. Mechanisms for Utility Estimation provide the (estimated)
utility of (potential) offers from the different perspectives of the negotiating
parties. This functionality is based on the system’s mechanism for Preference
Profiling and can support the user in making an informed decision about what
to offer and what offers to accept or reject. Such a mechanism can be seen as
a simple form of the more elaborate critiquing offers mechanism, as discussed
below.

Estimated Pareto Optimal Frontier (EPOF). The mechanism for estimating
the POF provides insights into which offers are thought to be Pareto optimal.
Such a mechanism depends, of course on having preference profiles available of
all negotiators. Typically, these negotiators’ preference profiles are not available
and have to be estimated by preference profiling mechanisms. Presenting the

2 Note that the input comes from many of the mechanisms, but that these input links
are not depicted in the figure.
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EPOF can be done graphically for bilateral negotiations, but not for multi-
lateral negotiations. In that case, listing the offers on the EPOF together with
the estimated utilities for all negotiators might be an option.

Strategy Recognition. Mechanisms for Strategy Recognition aim to help the
user recognize their opponent’s strategy during negotiation so that user can
adjust or refine his actions accordingly. Strategy Recognition for negotiation is
still in its infancy. Currently, there have only been a few attempts in this direc-
tion; see, e.g., [40]. Maintaining the negotiation history is essential for strategy
recognition.

Emotion Recognition. Mechanisms for Emotion Recognition can potentially
be deployed to help users recognize their own and the other negotiators’ emo-
tional state. There is a wealth of literature on automated emotion recognition,
which requires the use of multi-modal sensors to “read” the negotiators. However,
using such sensors is ethically questionable. In the systems we found, emotion
recognition is basically delegated to the user, whom via the user interface indi-
cates the emotional state of the opponent [11,13]. Such mechanisms can be used
to inform behavior decision support mechanisms.

Negotiator Models. We introduced the Negotiator Models repository that
maintains all the data on the user and the other negotiators as acquired by the
various mechanisms present in a system. From this repository, other mechanisms
can extract information to support the user.

Graphical Outcome Space. A graphical representation of the possible out-
comes of a bilateral negotiation that plots all possible offers on the space spanned
by the utilities for both negotiators. This is only possible if the mechanism has
access to the estimated utility functions for both negotiators and to the domain
specification. It, therefore, depends directly on the Utility Estimation mechanism
and indirectly on the mechanisms Preference Profiling and Domain Elicitation.
If the EPOF is to be plotted, it also directly depends on the related mecha-
nism. Having offers depicted in the graph provides easy insight into the use of
that offer’s efficiency. This would present a potential dependency on Negotiation
History Display.

Bidding Strategy Selection. There already exist many competitive bidding
and acceptance strategies, see e.g., [1,5,7,33,57]. Given these strategies, one
would expect that negotiation support systems would also provide some strategic
advice on what bidding strategy to select. So far, we have found no system
that does so. Although eAgora [13] and PN let the users set and adjust their
negotiation strategy.

Behavior Decision Support. In human negotiations interpersonal relationships
are vital. The user may need emotional and conversational support to create rap-
port with the negotiation partner. There are some studies regarding how facial
expressions affect the negotiation process. For instance, experiments have shown
that human negotiators concede more when they are negotiating with a virtual
agent having an angry facial expression than with an agent with a happy face
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[49,70]. Similarly, in the study reported in [25], it is shown that dominant move-
ments and emotional expressions are variables that provide higher scores during
human agent negotiations. Yuasa et al. present a study in which their ENS system
EmoNeg advises the participants on how to adapt their facial expressions to bal-
ance the emotions during negotiations. This form of emotional manipulation also
enforces in human negotiators how important the negotiation atmosphere is. More
information on these aspects can be found at, e.g., the Harvard Business School.
The mechanism of EmoNeg is embedded in Fig. 1 under the name Emotion Sup-
port. Furthermore, mechanisms for Conversation Support are available in the
Negoisst and the VienNa ENS systems.

Graphical Offer Selection. The Graphical Offer Selection mechanism is related
to the Offer Construction Panel mechanism as it also allows the user to construct
an offer. However, the mechanism relies entirely on the Graphical Outcome Space
mechanism. It allows the user to click on a point in that space, and its underlying
offer is immediately constructed as a bid in the Offer Construction Panel. In PN
this mechanism is implemented for the EPOF offers only.

Bidding Advice. Mechanisms that provide Bidding Advice, i.e., advice on what
to offer or counteroffer, ideally have access to the negotiation context (e.g., to
know the negotiation deadline or other constraints), and to the models of all
negotiators; not just to the user’s model. In particular, the mood and/or emo-
tional states of the negotiators, information on their preference/utility profiles
and their negotiation strategies. We found two specific forms of bidding advice in
the ENS systems, namely Critiquing Offers and k& Best Offers. Critiquing
Offers as discussed and used in eAgora [13] is a mechanism that pro-actively
critiques offers received from the opponent (e.g., to reject an offer) or that the
user plans to make (e.g., that the user is conceding too much) based on a set of
critiquing rules. k£ Best Offers is a mechanism that suggests k best alternative
offers to make based on the selected strategies and the preferences. Variation is
in terms of the parameter k, and whether or not only the user’s strategy and
preferences are taken into account (user-oriented), or also those of the other
negotiators (all-oriented). The mechanism is used in eAgora [13] (k = 5, user-
oriented), FPJ [21] (k = 3, user-oriented), and PN [32] (k = 1, all-oriented).

Stopping Advice. We found two explicit mechanisms on stopping the nego-
tiation; Accept Offer and End Negotiation without Agreement. We
found three systems that provide the Accept Offer mechanism, i.e., FPJ [21],
eAgora [13], and PN [32]. For an overview of strategies for accepting bids, see [7].
Strategic advice on when to walk away from the negotiation without an agree-
ment is discussed in [34]. Both the advice to accept the offer or to end the
negotiation without an agreement can be encountered in PN.

3.3 Available Decision Support Systems for Negotiation

Given the long history of the field of ENSs one might expect fully fledged ENSs
readily available to the interested negotiator. However, to date, our search for sys-
tems that offer active and concrete support during potentially real negotiations
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on arbitrary domains and for which peer-reviewed scientific papers are available,
returned only the following systems®: FPJ [20], EmoNeg [76], Aspire [37],
Negoisst [62], VienNa [16], eAgora [13], and Pocket Negotiator (PN) [32].
These systems play a major role in our survey and in our resulting diagram, see
Fig. 1.

The FPJ System. A negotiation support system with a long history is that of
Foroughi, Perkins, and Jelassi ([20,21]) that offers mechanisms they call Contract
Point Evaluator and Decision Tool. Yet, we could not find a current version of the
tool. The Decision Tool estimated the point structure of the other negotiating
party, which is why the mechanism Preference Profiling in Fig. 1 is tagged with a
“2” and the parameter “b” indicating a preference structure for both negotiating
parties. The Decision tool generated all possible outcomes and ranked them in
descending order of the joint utilities (summation), which is why the Utility
Estimation mechanism has the tag 2(b) as well. In their system, the three bids
with the highest joint outcome were displayed to the user, which is a form of the %
Best Offers (k = 3) mechanism. Note that their mechanism was implemented as
an active mechanism with the implicit aspect of the suggestion to pick from the
three best options. The Contract Point Calculator in [20] allowed people to enter
an offer, which is a form of the Offer Construction Panel. The Contract Point
Calculator calculated the user’s score (utility) for that offer, but not that of the
opponent. In their experiments, Foroughi et al. varied on the competitiveness
of the bargaining task, and they showed that their system improved negotiation
outcomes and user satisfaction [21].

The EmoNeg System. The EmoNeg system by Yuasa et al. [76] provides
bidding advice on the height of the offer based on the user’s utility function,
which means the system has a form of Utility Estimation but only from the
user’s perspective; thus tagged with a “3” without the parameter “b”. The paper
presents the system for negotiation within the game“Monopoly” and makes no
mention of providing support for domain elicitation. However, there is an Offer
Construction Panel. EmoNeg specialises on emotion support on the basis of
Newcomb’s ABX model [50] to advice humans during negotiations on their next
move. The rule-based mechanism for this is based on [66], and by asking the user
to perform the task of Emotion Recognition from the other negotiator’s facial
expression.

The Negoisst System. Negoisst [61,62] is an ENS system that provides deci-
sion support, communication support, and document management as depicted
in Fig. 2. In this paper, we only focus on its decision-support elements; however,
we tagged Negoisst on the Behavior Decision Support mechanism Conversation
Support. Negoisst provides support to the user for preference elicitation and
utility estimation, and it displays and stores the negotiation history, as tagged

3 Note that FPJ and EmoNeg are names given to these systems by the authors of the
current paper.
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accordingly in Fig.1. We interpret the way that AN egoisst documents and pro-
cesses the information, the messages exchanged between the negotiators, and the
use of the informal “green” and formal “red” workspaces as a form of Domain
FElicitation mechanism. Messaging is based on Speech Act Theory [63]. The mes-
sage editor is a form of Offer Construction Panel The utility estimation of offers
and counteroffers is estimated based on the preference elicitation process giving
a utility range for partial offers. The Negotiation History Display mechanism
shows the estimated utility of previous offers concerning only the user’s own
preferences. Note that A egoisst has storage of Negotiation Data and Negotiator
Models.

Pmontiatian Tithe Wedems  ttatus Open Negotiation Protocol
Noyothn Portsiore "'":' . ke d " proces
Contract partner
 Tansterbever oo aaay Sollor Wesdow Haker
ender (Window Hehes) P et Vvt (Linied)
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Fig. 2. Bidding interface of Negoisst [61]

The eAgora System. eAgora [13] is an ENS system for multi-issue negotia-
tions in e-marketplaces. The eAgora agent generates and actively pushes a set
of attractive alternative offers to the user (k Best Offers, with k = 5), actively
pushes critique on offers that the user contemplates to submit, and on offers
received by the opponent (Critiqguing Offers) as seen in Fig.3. eAgora imple-
ments Strategy Recognition a fuzzy assessment of the concessions of the oppo-
nent measured according to the user’s utility function. The Bidding Strategy
Selection allows the user to select “competitive”, “collaborative”, “compromis-
ing”, or “accommodating”. Furthermore, eAgora implements forms of Domain
FElicitation, Offer Construction Panel, Preference Profiling (for the user only),
Utility Estimation (for the user only), Strategy Recognition, and Accept Offer,
see Fig. 1.

The authors motivate actively pushing advice by stating that users do not
need advanced technical or decision analytical skills. Presenting a set of top
alternatives instead of just one is motivated by two arguments. First, the user
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Fig. 3. The user interfaces of eAgora [13]

preference model is only an approximation of the user’s true preferences, and
providing a set of alternatives gives the negotiator a better idea of what good or

satisfying offers are like.

The VienNa System. VienNa [16,17] is a mediation support system that col-
lects information on how flexible negotiators are on the negotiation issues and
process by using an e-survey. The flexibility score is presented in a grid, see Fig. 4.
The system provides interaction advice regarding integrative agreements, fair-
ness, information exchange, and fractionation of issues. Their interaction advice
is a facilitation type of support, tagged as the Conversation Support mechanism

in Fig. 1.
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Fig. 4. Qualitative analysis of flexibility in VienNa [17]
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Pocket Negotiator. The Pocket Negotiator [32] (PN) provides guidance
throughout the negotiation process. In this article, we focus on its EDS aspects
in the bidding phase. The PN provides the following mechanisms, see Fig. 5:

Bidding (round 8/10) (-]

Pocket Negotiator

Login Help

B My bid

Introduction

Prepare & Fxplore

Other's interests

Other's preferences

M
Closure 2

Enter my bid Suggest bid

@ Accept currentbid @ End negotiations

Fig. 5. Bidding interface of the Pocket Negotiator

Domain Elicitation: PN has an interest-based domain editor for modeling
multi-issue bilateral domains.

Offer Construction Panel: A GUI with pull-down menu’s per issue to select
values.

Preference Profiling: PN provides panels for interest-based preference profil-
ing. Users are guided through profiling their own, as well as in estimating their
opponent’s preferences.

Utility Estimation: Based on the preference profiles PN automatically creates
utility functions for both the user and the other negotiator, see the red bars in
Fig. 5.

Negotiator Style Elicitation: A mini questionnaire helps users reflect on their
own negotiation style and expertise and that of the other negotiator.

Graphical Outcome Space: In the right of Fig.5 the axes represent utility
(y-axis = user, x-axis = other negotiator). The mechanism uses the (estimated)
utility functions to plot offers as dots in the space. The colour of the background
indicates efficiency: from green (efficient) via orange to red (inefficient).

Negotiation History Display: The offers made by both negotiators are logged
and presented as dots in the Graphical Outcome Space on the right of Fig. 5. This
provides the user with insights in the progress of the negotiation. The user can
hover over these offers to see their content in a pop-up window.
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EPOF: This mechanism uses the (estimated) utility functions of the negotiators
to compute the EPOF, and displays these offers as dots in the Graphical Outcome
Space on the right of Fig. 5. The EPOF construction depends on the results of
the Estimated Utility mechanism, which in turn relies on the Preference Profiling
mechanism and on the Domain Elicitation mechanism.

Graphical Offer Selection: The user can click on dots of the EPOF in the
Graphical Outcome Space as presented on the right of Fig. 5. Selected offers are
copied immediately to the Offer Construction Panel. Hovering over a dot, causes
the contents to be displayed.

Strategy Selection: Users can select the agent and accompanying strategy to
support them with bidding and stopping advice. PN offers a range of strategies
to pick from, including Tit-for-Tat, Hard Headed, Optimal Conceder, and Deniz,
based on the literature [26,31,33,41].

Critiquing Offers: PN provides an implicit form of critiquing offers by depict-
ing the user’s utility and that of the opponent through red bars, on the right of
Fig. 5. This mechanism depends on the mechanism Utility Estimation.

k Best Offer: PN provides this mechanism for k£ = 1 passively; in the tag this is
indicated by the parameter “r” that stands for “upon request”. The mechanism
is accessible to the user by clicking on the Suggest Bid button (at the bottom
of Fig.5).

Stopping Advice: PN provides active variants of the mechanisms Accept Offer
and End Negotiation without Agreement. The actual advice comes from the sup-
porting agent selected by the user.

Repositories: PN logs the negotiation sessions in a Negotiation Data repository,
containing also domain models, preference profiles, negotiator models of both the
user and the other negotiator, and a repository of negotiation support agents.

To emphasize, PN users can create offers in three ways: by selecting a value
for each issue in the Offer Construction Panel, by clicking on offers on the EPOF
in the Graphical Outcome Space, or by asking for a suggestion (“Suggest bid”).

In summary, PN provides passive economic bidding advice with some implicit
and nudging aspects. The design choice to make only offers on the EPOF click-
able, gently encourages (nudges) users not to make Pareto sub-optimal bids.
The k Best Offers mechanism is passive as the user has to request it by clicking
on the “Suggest Bid” button. The support agent selected by the user actively
provides stopping advice to the user.

Other Related Systems. We do not want to end this section without referring
to the other excellent systems in the field of negotiation and negotiation support.
The Aspire system [37] is one of the early negotiation support systems used for
training negotiators. Aspire provides advice to negotiators, but not through gen-
erating offers or critiquing offers. The support is text-based, and the system tries
to teach negotiators what effect their explanations of their motivation behind
their bids might have on their opponents. It is, however, not easy to adapt the
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system to new negotiation domains and thus not easy to use for real negotiations
in changing domains.

The Shaman system [36] is a framework for the construction and operation
of heterogeneous systems enabling business interactions such as auctions and
negotiations between software and human agents across those systems. It does
not provide support mechanisms of its own, but integrates them.

Looking a bit further afield, we recommend the reader also to consider the
Social agent for Advice Provision (SAP) [4]. SAP is an agent that models human
choice selection using hyperbolic discounting and samples the model to infer the
best weights for its social utility function. In contrast to ENS systems, the SAP
agent argues with its human opponent to convince the opponent to take actions
that are mutually beneficial to the system and the human. SAP explicitly reasons
about the trade-offs between the costs to both participants in the selection pro-
cess based on a social weight. Both the work by [4,69] is relevant for negotiation
support systems, as it will optimize the advice that can be given to the human
user. One might adapt other ENS systems to advise the human negotiator on
potential trade-offs.

4 Conclusions and Future Work

This paper introduces a categorization of potential and existing economic deci-
sion support (EDS) mechanisms. The study focused on analytical support and
strategic advice. Our survey of the literature revealed that mechanisms can be
integrated into the e-Negotiation Support (ENS) systems to actively (push) or
passively (available upon request) provide support to the user. Furthermore, the
mechanisms can explicitly or implicitly refer to negotiation concepts and knowl-
edge. In literature, we found evidence that the use of implicit knowledge can be
beneficial for the user as it can shield the user from mathematical complexities.
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