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Abstract. Current Online Dispute Resolution tools focus mainly on the
support of the conflict resolution process. As a consequence, important
issues that are considered in traditional approaches, such as party’s be-
haviours and context information, are left aside. This omission has an
influence on the course of action and, consequently, on the outcome, as
parties must take decisions without considering all the possible informa-
tion. In order to tackle this challenge we aim to develop mechanisms that
operate in a virtual environment for dispute resolution to collect context
information and better perceive the state of the parties. The main ob-
jective is to empower the current technology-based conflict resolution
platforms with a context layer. Particularly, in this work, we detail our
approach on the analysis and interpretation of the user behaviour during
a negotiated process, focusing on the conflict handling style and the level
of stress. The main aim of the study is to assess the influence of stress
on the behaviour of the parties and on the outcome of the negotiated
process.
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1 Introduction

Unresolved or unmanaged conflicts often represent the largest reducible cost in
an organization. Despite the extensive literature in social and organizational
sciences that addresses conflicts, remarkable advances in computer sciences are
scarce. Thus being, the current trend in Online Dispute Resolution (ODR) con-
tinues to focus mainly on the development of tools that can support the genera-
tion and exchange of proposals, document management and plain communication
[4]. As a result, the actual ODR systems leave aside important issues that are
present in traditional face-to-face dispute resolution processes, namely context
information such as body language or behaviour [1]. Such issues have a pre-
ponderant role in human behaviour and communication [7]. As a consequence,
the omission of this context information can influence the course of action and,
consequently, the outcome in a conflict resolution scenario.

The use of Artificial Intelligence and, more particularly, Ambient Intelligence
techniques can help suppress this gap [2]. This work aims to develop mechanisms
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that operate in a ODR-oriented virtual environment to collect context informa-
tion and perceive the behavioural patterns of the users [5]. The approach followed
consists in extending a simple and plain communication channel (e.g. instant
messaging, e-mail, forums or even video-conferencing) with a context layer that
can give meaning to what is said. This layer is pervasive and transparent. This
is important since the consciousness of the monitoring may change the observed
behaviour.

In the particular context of technology-supported conflict resolution, the abil-
ity to characterize a party’s situation may be extremely relevant. A mediator
may use such information to improve the odds of achieving successful outcomes
by planning the right strategy, perceiving how each issue affects each party or
detecting when it is time to take a break before emotions escalate. Similar activ-
ities are performed by human mediators in face-to-face settings. However, this
is difficult to undertake in current ODR tools.

The proposed framework will provide valuable content to support the deci-
sion making process, overcoming some of the crucial needs of conflict resolution
and management methods. One of the objectives is to abolish the use of the cur-
rent self-reporting instruments and replace them with automated ones. Moreover
these instruments must emphasize on perceiving the participants’ behaviour in
real time. This framework will monitor the conflict resolution process, tracking
its dynamics and providing the decision maker with relevant information for tak-
ing well grounded decisions. It is integrated in the UMCourt conflict resolution
platform, extending its services with a context layer.

2 A Conflict Resolution Environment to Support
Decision Making with Context Information

The proposed framework builds on telecommunication technologies and on the
UMCourt conflict resolution platform that provides a range of services previously
developed such as a virtual negotiation environment, generation of ideas/solutions
or information retrieval [10-12].

UMCourt was developed taking into consideration the possible integration
with other modules and expansions. It also provides a set of services that external
applications may request to make use of the implemented functionalities. More-
over, to support interoperable machine-to-machine interaction over a network a
set of Web services using SOAP (Simple Object Access Protocol) protocol to
the structured information exchange was implemented. Other components (like
the Conflict Environment) interact with the Web service using SOAP messages,
conveyed using HTTP with an XML serialization in conjunction with other Web-
related standards.

In practical terms, a technological framework was developed to support the
decision-making of the conflict manager by facilitating access to information
such as the conflict handling style of the parties or their levels of stress [3]. The
development of such a framework results in a set of services or functionalities that
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support the work of the conflict manager, releasing him for more complex issues
such as the improvement of interpersonal communication and relationships.

The resulting environment thus encompasses several functionalities:

— Negotiation-oriented services - it was developed a set of supporting services
for the negotiation process, focusing on workflows, for the communication
between the parties and for collecting and providing of information for the
manager.

— Non-invasive estimation of stress — the main objective was to incorporate
non-invasive methods for estimating the level of stress of the participants
[13], which is of utmost importance in conflict resolution and can even be
correlated with the conflict resolution style [14] and the level of escalation
of the conflict. The effects of stress were successfully measured by analysing
the interaction patterns of users with handheld devices, considering features
such as touch intensity, acceleration of gestures, amount of movement or
touch duration.

— Automatic estimation of personal conflict resolution styles — estimation of
the conflict resolution style without the use of questionnaires [15] by using a
generic model, with a theoretical background, using data from the workflows
of the negotiation process in the context of conflicts.

Throughout the conflict resolution process, the main objective of the envi-
ronment is to acquire data about the user that can be used to infer knowledge
to characterize their behaviour. The variety of user types and the multitude
of potential objectives of each particular environment demands an exhaustive
analysis of all components to be included. Therefore, an intelligent environment
with different sensors and devices was built, in order to provide several sources
of information about the user’s context and state (Figure 1). These devices are
depicted in Table 1 and acquire different kinds of information from the user in
a non-intrusive way concerning the way the user uses the interfaces or even the
way the user moves.

While the user conscientiously interacts with the system and takes his/her
decisions and actions, a parallel and transparent process takes place in which
contextual and behavioural information is sent in a synchronized way to the
conflict resolution platform. The platform, upon converting the sensory infor-
mation into useful knowledge, allows for a contextualized analysis of the user’s
behaviour. This contextualized analysis may be performed by the platform itself
(e.g. for performing decision-support related tasks such as classification of the
current conflict handling style) or by the mediator. When the parties receive
feedback from the platform (e.g. a new proposal), it may also include some kind
of feedback from their state (e.g. an avatar depicting the level of stress/escalation
of the other participants). This will allow every participant to take better framed
decisions.
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|Device |Brief Descripti0n|Main features |

HP Touchsmart All-in-one PC touchscreen, web cam, large screen

Samsung Galaxy Tab|Tablet PC touchscreen, web cam, accelerome-
ter, relatively large screen, mobile,
Android OS

HTC PDAs Smartphones touchscreen, camera, accelerome-
ter, mobile, Android OS

Table 1. Brief description of the functionalities of the devices that constitute the
environment.

Fig. 1. The devices that make up the environment.

2.1 Feature Extraction

Extraction of representative features from the sensor data provided by the de-
scribed devices is paramount for the construction of the high-level information
model. The studied features are extracted from multiple sensor observations,
and combined into a single concatenated feature vector which generates or trig-
gers system actions based on template methods. The features studied can be
organized as follows.

Context Features The context of the user, in all its different dimensions (e.g.
socio-economical, geographical, historical, personal), constitutes significant in-
formation that can allow the remaining participants to correctly interpret his
decisions and actions. Context features will thus characterize the activity of
each party within the conflict resolution platform. Some of these features can
be studied through questionnaires or by profiling techniques while others can be
studied in a non-intrusive way, by analysing the nature of the actions performed.
As an example, the number and utility of the proposals generated by a given
party, duly framed in the conflict’s specificities, may allow to infer the objectives
of the party (e.g. maximization of personal gain).
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Physical Features These features describe the behaviour of the participant’s
bodies and can be co-related with aspects such as the level of stress, escalation or
excitement. Particularly, we are interested in studying how a user moves within
its environment, how fast, and in which ways. In order to acquire information
for these features we are using image processing techniques that analyse video
feeds from the user’s environment. Particularly, we focus on the estimation of
the amount of movement over time, which we have previously determined to be
related to the level of stress [16]. The image processing stack uses the principles
established by [17] and image differentiation techniques to calculate the amount
of movement of a user between two consecutive frames [18].

Behavioural Features Our behaviour influences many aspects of our daily in-
teractions with our surroundings. In this work we are focusing on three particular
features that can be studied in a non-intrusive way.

— touch patterns - the touch pattern represents the way in which a user touches
a given device. In a few words it describes a variation of intensity over a pe-
riod of time. Each user has a particular touch pattern, with a specific inten-
sity curve, that can be studied by fitting a quadratic curve. This information
is acquired from touch screens with support for touch intensity.

— touch intensity - the intensity of the touch represents the amount of force
that the user is putting into the touch in a given moment. It is analysed in
terms of the maximum, minimum and mean intensity of each touch event.
This information is acquired from touch screens.

— agitation level - the level of agitation of the user is given in terms of the nature
of their movements. This information is extracted from the video feeds as well
as from accelerometers placed on handheld objects. Particularly interesting
are the accelerometers of Android platforms, which are easily accessible.

Performance features The performance features relate to the accuracy and
efficacy with which a user performs given tasks. Two features are studied in
detail in our approach:

— touch accuracy - a measure of touches or clicks in active controls versus
touches in passive areas (e.g. without controls, empty areas) in which there
is no sense in touching. This feature is strictly related to aspects such as
stress or fatigue [16]. This information is acquired from the several devices
on the environment with which the user may interact.

— response - this feature represents the time span between the beginning and
the end of the user’s responses to the process interactions. This data is
acquired from the different devices with which the user can interact.

3 Inference Process

To integrate the multimodal features studied in this work, a decision level in-
tegration strategy was used. The decision level fusion methods used include
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weighted decision methods and machine learning techniques. This section de-
scribes the data level integration of the contextual and behavioural features
acquired from the available devices in the environment. We focus on the genera-
tion of knowledge describing two high level concepts: personal conflict handling
styles and stress.

The classification of the personal conflict handling style of an individual is
traditionally performed in psychology through the use of questionnaires [9]. This
method, although well studied and established, has as main disadvantages the
fact that it is static (does not adapt to changes in the individual’s state), that
it is easy to lie in a questionnaire and that it is not straightforward to develop
questionnaires that can accurately characterize the intended reality. One of the
main advantages of the approach implemented is that it does not use these self-
reporting instruments. It rather relies on the analysis of the proposals exchanged
in terms of their utility framed in the context of each case. Five conflict handling
styles are considered in this work, as defined by [6].

Boundary utility values (e.g. BATNA, WATNA) [8] are determined using
pre-determined information specific for each case. The personal handling con-
flict style is classified using data extracted from the proposals’ workflow by de-
termining how close the utility of the proposals are to boundary or central values
(Figure 2). As an example, a party that keeps making proposals with an utility
near his BATNA is clearly showing a competitive behaviour. By determining the
personal conflict style of each party in each round, it is possible to analyse its
evolution throughout the conflict resolution process. The whole process of ex-
tracting information about the conflict handling style from consecutive proposals
is described in detail in [15].

When the conflict resolution system has a temporal representation of the
evolution of the conflict styles, it may implement dynamic conflict resolution
methods that adapt strategies in real time.

Concerning the classification of the level of stress, the main objective is to ap-
ply machine-learning algorithms that can classify data from some of the features
studied that are related to stress. Two standard and well known machine learn-
ing tools were used: a decision tree constructor and a support vector machine. As
the decision tree constructor it was used the J48 algorithm - the java implemen-
tation of the C4.5 [19]. As support vector machine, the SMO function was used,
which implements John Platt’s sequential minimal optimization algorithm for
training a support vector classifier [20]. Some experiments were performed using
the Weka workbench (Weka 3.6.3) [21]. The experiments performed allowed to
determine how increased levels of stress affect given aspects of the features stud-
ied. The models built thus allow to assess, in real time, the stress of the users
taking as input the features described in section 2.1. The experiment in which
the data used to build the stress model was collected and studied is described
in detail in [16].
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Fig. 2. The space that defines the personal conflict style in terms of the distance to
specific points of the zone of possible agreement.

4 Analysing Behavioural Patterns in Real-time in a
Negotiation

In order to achieve the results documented in this paper a test environment
was set up in the Intelligent Systems Lab of the University of Minho!. In this
environment, the users are isolated from external stimuli and play a negotiation
game that implies the interaction with the devices. The collection of the data was
organized into two phases. In a first phase, test subjects were required to perform
these tasks in a stress-free environment. In a second phase, the users performed
the same tasks subject to stressors such as the vibration of the devices, loud and
annoying sounds, unexpected behaviours of the devices, among others.

4.1 The Negotiation Game

The negotiation game simulates a business situation in which each party must
achieve a desired outcome in the negotiation or go bankrupt. The optimal result
is a win/win situation for both parties. The game starts with the application
randomly giving one of the predetermined roles to each party. The instructions
to win the game were to negotiate a successful deal and make sure that the
party in question didn’t go bankrupt. Each party’s instructions were clearly
presented, visible to them through the application interfaces. The objectives
and the persona for each party are given:
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— Role A - party A is a light bulb manufacturer who specializes in specific
types of light bulbs. He is however not the only supplier of this light bulb.
In order to stay in business, he needs to sell 6,000 light bulbs at 1 euro or
more per light bulb. If he does not achieve this, he goes bankrupt. Party A
is also given the information that Party B also needs to make this deal.

— Role B - party B is a retailer of light bulbs. He recently signed a contract to
supply a hotel chain 6,000 of these specific light bulbs. The hotel is prepared
to pay 2 euros per light bulb. If Party B does not manage to negotiate with
Party A to buy the light bulbs at 1,20 or less, he will go bankrupt. Party B
is told that party A is in a financial trouble and needs to make the deal to
survive.

The game is to last at most ten rounds (in the training phase) or five minutes
(in the stressful phase). If a successful outcome is not achieved in this time, both
parties go bankrupt. The ZOPA (Zone of Potential Agreement) [22] is bounded
by the BATNA (1 euro) and the WATNA (1,20 euro). The range of possible
agreement is 0.20, but the parties are not aware of this detail.

4.2 Statistical Data Analysis

While the parties play this game, data about their behaviour is collected in order
to be analysed. To determine to which extent each feature that was considered is
or is not influenced by stress for each user, data from both phases is compared.
Provided that most of the distributions are not normal, the Mann-Whitney test
is used to perform the analysis. This test is a nonparametric statistical hypothesis
test for assessing whether one of two samples of independent observations tends
to have larger values than the other.

The null hypothesis is thus: Hy = The medians of the two distributions are
equal. For each two distributions compared, the test returns a p-value, with a
small p-value suggesting that it is unlikely that Hj is true. For each parameter,
data from both phases is compared. In all the tests, a value of a = 0.05 is used.

Thus, for every Mann-Whitney test whose p — value < «, the difference is
considered to be statistically significant, i.e., Hy is rejected. A significant differ-
ence between data from the two phases means that the parameter is effectively
influenced by stress for this specific user. Table 2 describes the dataset used in
this experiment.

5 Experiment Results

In this section we make an analysis of the effect of stressors on the conflict
handling style of the parties. In order to do it we compared the data of the two
phases of the game (without and with stressors) for the same pairs of players in
search for statistically significant differences due to the action of the stressors.
The main aim of the study is to assess the influence of stress on the behaviour
of the parties and on the outcome of the negotiated process. This experiment
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|Data |Brief Description |Size of Dataset|

Acceleration|Data concerning the acceleration|33366
felt on the handheld device while
playing the game

Movement [A dataset containing information|9137
about the amount of movement
during the tests

Touches This dataset contains information|590
about the touches
Proposals |Data concerning the proposals|60
made by the parties in all rounds

Table 2. Summary of the data generated during the experiment. The size of the
datasets comprises all the data generated, i.e., first and second phase.

involved 14 users playing the game, in a total of 60 negotiation rounds. The data
gathered included inputs from the devices, which was used to estimate the level
of stress of each user using the models developed in previous work [16]. These
models were used to determine how the level of stress relates with the behaviour
of the participants in a negotiation.

In order to statistically deal with this data, a numeric scale was used to de-
scribe the conflict handling styles. Table 3 depicts the conflict handling styles
considered, the number of times that each style was evidenced by each par-
ticipant and the ordinal rank attributed in order to be used by data-mining
algorithms. The exact numeric quantity of a particular value has no significance
beyond its ability to establish a ranking over a set of data points. Therefore,
rank-ordering was used which describes an order but does not establish relative
size or degree of difference between the items measured. This was a mandatory
step to make the data suitable for statistical and machine-learning techniques.

Conflict Handling Style|Number of times used during the|Ordinal rank
game

Competing 30 1

Collaborating 12 2

Compromising 8 3

Accommodating 10 4

Avoiding 0 5

Table 3. Summary of the conflict handling styles, the number of times that each style
was evidenced and the rank-ordering of each style.

One of the first conclusions achieved when analysing the data is that parties
show a competitive style of negotiation most of the times, both in stressed and
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calm settings. However, when calm, the use of more cooperative style is slightly
larger. The histograms depicted in figure 3 depict this: the green curve refers to
the distribution of the conflict handling styles in the calm phase while the red
line refers to the distribution in the stressed phase. However, the differences are
not statistically significant (MannWhitneyTest = 0.33). On average, the style
of a party when stressed is 1.525 (closer to competing) and when calm is 1.74
(closer to collaborating).

Fig. 3. The distribution of the styles used by the parties: the red line represents data
from the stressed phase while the green line represents data from the calm phase. The
X axis represents the ordinal rank of the conflict handling styles as defined in Table 3.
In a calm state the users evidence more cooperative styles.

The evaluation of the progress of the conflict styles during the negotiation
process was centred on the average slope of its numeric values. In other words,
the object of study was the variation of the conflict styles used by each party
within the negotiation game. It was concluded that in a stressful state the parties
tend to vary their conflict handling style more (on average 0.71 points between
the beginning and the end of the game) than when they are calm (on average
0.61 points). This is in line with other results that point out to more sudden and
less weighted decisions under stress. Besides that, it was also concluded that the
‘manufacturer’ role presents a higher average slope (faster change in the conflict
style), being on average 0.83 than the 'retailer’ (on average 0.51 points).

Let us now analyse the values of the proposals exchanged by the parties
during the negotiation. It can be concluded that both parties change more the
values of the proposals (on average 0.19) when under stress than during the calm
phase (on average 0.14). Moreover, the 'manufacturers’ present a more dynamic
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proposal evolution (changing 0.19 in average) than the ’retailers’ (average slope
is 0.11).

The euclidean distance to the optimum value was also analysed, i.e., it was
studied the deviation given the most desirable negotiation outcome (the value
that prevented both parties from entering into bankruptcy). Under a stressful
situation both parties were at a distance of, in average, 0.154 euros from the
optimum value while in stress-free situation the distance decreases to 0.071 euros,
in average. Therefore, it can be concluded that in a stressful situation it is
more likely that the parties propose more uncooperative values. This can be
explained as a consequence of acting too quickly or relying too much on coercion.
When parties are under pressure they can commit strategic mistakes or give in
unwanted concessions. It may also lead to bad agreements.

Acting too quickly is also a known response to external and internal stressors.
Indeed, considering the duration of the rounds, one can state that 90% of the
negotiation rounds had a shorter duration under a stressful environment than
under a stress-free one. However, only in 30% of these cases was the different
statistically significant (at a level of 0.05).

Concerning the evolution of the conflict handling style in each game played, it
is possible to conclude that 80% of the participants used a competitive conflict
style, which is assertive and uncooperative, in the early rounds. During the
game 55% of the players improve their styles (shifting towards more cooperative
solutions), 35% remain on the same style and 10% become more competitive.
It is stated that ’competitors’ often use power as the primary tool for handling
conflict, and work to prove the importance of one side of the argument in order
to win. This can be one explanation. Otherwise, they are usually more concerned
with winning the game than finding the best solution. Taking into consideration
the pre-conditions of the game, the second hypothesis is more plausible.

In order to provide a more specific view of the results, one actual case is
highlighted. It shows the evolution of the values proposed during the negotia-
tion with stress (Figure 4 (a)) and without stress (Figure 4 (b)). The blue line
represents the values proposed by the ’retailer’ and the red one by the ’'manu-
facturer’. It is possible to see that the 'manufacturer’ is more flexible (changes
more often). This is a recurrent behaviour and can be explained by the fact that
the seller (in this case, the 'manufacturer’ role), in a buyer’s market, needs to
be more flexible and expect more negotiation about contingencies. Comparing
the lines, in a calm state the 'manufacturer’s’ average slope is 0.31 and the ’re-
tailer’s’ is 0.056. When under stress, the values rise to 0.5 and 0.1, respectively.
Similar results are also observed in other pairs of players and are in line with
the previously described conclusions: stressed participants take hastier and less
weighted decisions.

6 Conclusions and Future Work

In a general way, the results achieved were consistent for the majority of the
participants. They can be summarized as follows:
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(@) (b)

Fig. 4. Evolution of the values proposed during the negotiation when under stress (a)
and without stress (b). The red line depicts the values proposed by the manufacturer
while the blue line depicts the values proposed by the retailer. It is possible the see
that under stress the values proposed vary faster.

— Stressed participants take hastier decisions, taking less time to think them
through;

— Stressed participants are more prone to change their behaviour and do it in
more significant ways (we focused on the values of the proposals exchanged
and on the conflict resolution style evidenced);

— Under a stressful environment, outcomes tend to be farther away from the
optimum result;

— Under stress participants tend to be more competitive;

These results stress the need for seeking calm and harmonious environments
for conflict resolution. As a consequence, it can be seen once more that court-
rooms are not the ideal conflict resolution environment as these are highly com-
petitive milieus in which parties forget each other’s natural ambitions and focus
on the maximization of the own gain. Alternative environments, focused on co-
operative strategies, should be preferred.

Moreover, in order for conflict managers to improve their action, access to the
context information mentioned should be provided. This would allow them to de-
tect, in due time, an escalation on the level of conflict and prevent a degradation
on the relationships. This context information, that is available in face-to-face
settings, must also be considered in virtual settings so that conflict managers
can increase the efficiency of their decisions by considering more complete infor-
mation.

Despite its apparent advantages, this approach may also encompass risks.
One of the main concerns raised is related with the risk of people trying to
control the system if they know how it works. On the one hand it is known that
people have tried to cheat systems as much as they try to make them cheat-
proof (e.g. parties in court will also try to manipulate decision-makers leading
them into believing what they want). We argue that in this approach this kind
of behaviours may be hindered. On the one hand, the process is transparent,
i.e., parties will not be aware of how the process of compiling this information
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is implemented. On the other hand, even if parties try to cheat the system, it
is difficult to fake expressions, gestures or other behavioural features since they
are more reflexes than conscious behaviours.

Given this, we conclude that this approach may encompass several interesting
advantages for mediators, specifically for the ones operating in online environ-
ments, allowing them to take more informed decisions. Work will continue by
including additional sources of information, such as mouse and keyboard inter-
action patters. The main aim is to have a multitude of inputs that enable the
construction of a seamless environment for the acquisition of context informa-
tion, based on several different devices, as rich as possible.
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