
Behavioural and Context Analysis in an OnlineDispute Resolution EnvironmentPaulo Novais, Davide Carneiro, Maro Gomes, and José NevesCCTC/Department of Informatis, University of Minho, Braga, Portugal{pjon,darneiro,jneves}�di.uminho.ptpg18373�alunos.uminho.ptAbstrat. Current Online Dispute Resolution tools fous mainly on thesupport of the on�it resolution proess. As a onsequene, importantissues that are onsidered in traditional approahes, suh as party's be-haviours and ontext information, are left aside. This omission has anin�uene on the ourse of ation and, onsequently, on the outome, asparties must take deisions without onsidering all the possible informa-tion. In order to takle this hallenge we aim to develop mehanisms thatoperate in a virtual environment for dispute resolution to ollet ontextinformation and better pereive the state of the parties. The main ob-jetive is to empower the urrent tehnology-based on�it resolutionplatforms with a ontext layer. Partiularly, in this work, we detail ourapproah on the analysis and interpretation of the user behaviour duringa negotiated proess, fousing on the on�it handling style and the levelof stress. The main aim of the study is to assess the in�uene of stresson the behaviour of the parties and on the outome of the negotiatedproess.Keywords: Online Dispute Resolution, Human-Computer Interation,Behavioural Analysis, Negotiation1 IntrodutionUnresolved or unmanaged on�its often represent the largest reduible ost inan organization. Despite the extensive literature in soial and organizationalsienes that addresses on�its, remarkable advanes in omputer sienes aresare. Thus being, the urrent trend in Online Dispute Resolution (ODR) on-tinues to fous mainly on the development of tools that an support the genera-tion and exhange of proposals, doument management and plain ommuniation[4℄. As a result, the atual ODR systems leave aside important issues that arepresent in traditional fae-to-fae dispute resolution proesses, namely ontextinformation suh as body language or behaviour [1℄. Suh issues have a pre-ponderant role in human behaviour and ommuniation [7℄. As a onsequene,the omission of this ontext information an in�uene the ourse of ation and,onsequently, the outome in a on�it resolution senario.The use of Arti�ial Intelligene and, more partiularly, Ambient Intelligenetehniques an help suppress this gap [2℄. This work aims to develop mehanisms



2 Paulo Novais, Davide Carneiro, Maro Gomes, and José Nevesthat operate in a ODR-oriented virtual environment to ollet ontext informa-tion and pereive the behavioural patterns of the users [5℄. The approah followedonsists in extending a simple and plain ommuniation hannel (e.g. instantmessaging, e-mail, forums or even video-onferening) with a ontext layer thatan give meaning to what is said. This layer is pervasive and transparent. Thisis important sine the onsiousness of the monitoring may hange the observedbehaviour.In the partiular ontext of tehnology-supported on�it resolution, the abil-ity to haraterize a party's situation may be extremely relevant. A mediatormay use suh information to improve the odds of ahieving suessful outomesby planning the right strategy, pereiving how eah issue a�ets eah party ordeteting when it is time to take a break before emotions esalate. Similar ativ-ities are performed by human mediators in fae-to-fae settings. However, thisis di�ult to undertake in urrent ODR tools.The proposed framework will provide valuable ontent to support the dei-sion making proess, overoming some of the ruial needs of on�it resolutionand management methods. One of the objetives is to abolish the use of the ur-rent self-reporting instruments and replae them with automated ones. Moreoverthese instruments must emphasize on pereiving the partiipants' behaviour inreal time. This framework will monitor the on�it resolution proess, trakingits dynamis and providing the deision maker with relevant information for tak-ing well grounded deisions. It is integrated in the UMCourt on�it resolutionplatform, extending its servies with a ontext layer.2 A Con�it Resolution Environment to SupportDeision Making with Context InformationThe proposed framework builds on teleommuniation tehnologies and on theUMCourt on�it resolution platform that provides a range of servies previouslydeveloped suh as a virtual negotiation environment, generation of ideas/solutionsor information retrieval [10�12℄.UMCourt was developed taking into onsideration the possible integrationwith other modules and expansions. It also provides a set of servies that externalappliations may request to make use of the implemented funtionalities. More-over, to support interoperable mahine-to-mahine interation over a network aset of Web servies using SOAP (Simple Objet Aess Protool) protool tothe strutured information exhange was implemented. Other omponents (likethe Con�it Environment) interat with the Web servie using SOAP messages,onveyed using HTTP with an XML serialization in onjuntion with other Web-related standards.In pratial terms, a tehnologial framework was developed to support thedeision-making of the on�it manager by failitating aess to informationsuh as the on�it handling style of the parties or their levels of stress [3℄. Thedevelopment of suh a framework results in a set of servies or funtionalities that



Behavioural and Context Analysis in an ODR Environment 3support the work of the on�it manager, releasing him for more omplex issuessuh as the improvement of interpersonal ommuniation and relationships.The resulting environment thus enompasses several funtionalities:� Negotiation-oriented servies - it was developed a set of supporting serviesfor the negotiation proess, fousing on work�ows, for the ommuniationbetween the parties and for olleting and providing of information for themanager.� Non-invasive estimation of stress � the main objetive was to inorporatenon-invasive methods for estimating the level of stress of the partiipants[13℄, whih is of utmost importane in on�it resolution and an even beorrelated with the on�it resolution style [14℄ and the level of esalationof the on�it. The e�ets of stress were suessfully measured by analysingthe interation patterns of users with handheld devies, onsidering featuressuh as touh intensity, aeleration of gestures, amount of movement ortouh duration.� Automati estimation of personal on�it resolution styles � estimation ofthe on�it resolution style without the use of questionnaires [15℄ by using ageneri model, with a theoretial bakground, using data from the work�owsof the negotiation proess in the ontext of on�its.Throughout the on�it resolution proess, the main objetive of the envi-ronment is to aquire data about the user that an be used to infer knowledgeto haraterize their behaviour. The variety of user types and the multitudeof potential objetives of eah partiular environment demands an exhaustiveanalysis of all omponents to be inluded. Therefore, an intelligent environmentwith di�erent sensors and devies was built, in order to provide several souresof information about the user's ontext and state (Figure 1). These devies aredepited in Table 1 and aquire di�erent kinds of information from the user ina non-intrusive way onerning the way the user uses the interfaes or even theway the user moves.While the user onsientiously interats with the system and takes his/herdeisions and ations, a parallel and transparent proess takes plae in whihontextual and behavioural information is sent in a synhronized way to theon�it resolution platform. The platform, upon onverting the sensory infor-mation into useful knowledge, allows for a ontextualized analysis of the user'sbehaviour. This ontextualized analysis may be performed by the platform itself(e.g. for performing deision-support related tasks suh as lassi�ation of theurrent on�it handling style) or by the mediator. When the parties reeivefeedbak from the platform (e.g. a new proposal), it may also inlude some kindof feedbak from their state (e.g. an avatar depiting the level of stress/esalationof the other partiipants). This will allow every partiipant to take better frameddeisions.



4 Paulo Novais, Davide Carneiro, Maro Gomes, and José NevesDevie Brief Desription Main featuresHP Touhsmart All-in-one PC touhsreen, web am, large sreenSamsung Galaxy Tab Tablet PC touhsreen, web am, aelerome-ter, relatively large sreen, mobile,Android OSHTC PDAs Smartphones touhsreen, amera, aelerome-ter, mobile, Android OSTable 1. Brief desription of the funtionalities of the devies that onstitute theenvironment.

Fig. 1. The devies that make up the environment.2.1 Feature ExtrationExtration of representative features from the sensor data provided by the de-sribed devies is paramount for the onstrution of the high-level informationmodel. The studied features are extrated from multiple sensor observations,and ombined into a single onatenated feature vetor whih generates or trig-gers system ations based on template methods. The features studied an beorganized as follows.Context Features The ontext of the user, in all its di�erent dimensions (e.g.soio-eonomial, geographial, historial, personal), onstitutes signi�ant in-formation that an allow the remaining partiipants to orretly interpret hisdeisions and ations. Context features will thus haraterize the ativity ofeah party within the on�it resolution platform. Some of these features anbe studied through questionnaires or by pro�ling tehniques while others an bestudied in a non-intrusive way, by analysing the nature of the ations performed.As an example, the number and utility of the proposals generated by a givenparty, duly framed in the on�it's spei�ities, may allow to infer the objetivesof the party (e.g. maximization of personal gain).



Behavioural and Context Analysis in an ODR Environment 5Physial Features These features desribe the behaviour of the partiipant'sbodies and an be o-related with aspets suh as the level of stress, esalation orexitement. Partiularly, we are interested in studying how a user moves withinits environment, how fast, and in whih ways. In order to aquire informationfor these features we are using image proessing tehniques that analyse videofeeds from the user's environment. Partiularly, we fous on the estimation ofthe amount of movement over time, whih we have previously determined to berelated to the level of stress [16℄. The image proessing stak uses the priniplesestablished by [17℄ and image di�erentiation tehniques to alulate the amountof movement of a user between two onseutive frames [18℄.Behavioural Features Our behaviour in�uenes many aspets of our daily in-terations with our surroundings. In this work we are fousing on three partiularfeatures that an be studied in a non-intrusive way.� touh patterns - the touh pattern represents the way in whih a user touhesa given devie. In a few words it desribes a variation of intensity over a pe-riod of time. Eah user has a partiular touh pattern, with a spei� inten-sity urve, that an be studied by �tting a quadrati urve. This informationis aquired from touh sreens with support for touh intensity.� touh intensity - the intensity of the touh represents the amount of forethat the user is putting into the touh in a given moment. It is analysed interms of the maximum, minimum and mean intensity of eah touh event.This information is aquired from touh sreens.� agitation level - the level of agitation of the user is given in terms of the natureof their movements. This information is extrated from the video feeds as wellas from aelerometers plaed on handheld objets. Partiularly interestingare the aelerometers of Android platforms, whih are easily aessible.Performane features The performane features relate to the auray ande�ay with whih a user performs given tasks. Two features are studied indetail in our approah:� touh auray - a measure of touhes or liks in ative ontrols versustouhes in passive areas (e.g. without ontrols, empty areas) in whih thereis no sense in touhing. This feature is stritly related to aspets suh asstress or fatigue [16℄. This information is aquired from the several devieson the environment with whih the user may interat.� response - this feature represents the time span between the beginning andthe end of the user's responses to the proess interations. This data isaquired from the di�erent devies with whih the user an interat.3 Inferene ProessTo integrate the multimodal features studied in this work, a deision level in-tegration strategy was used. The deision level fusion methods used inlude



6 Paulo Novais, Davide Carneiro, Maro Gomes, and José Nevesweighted deision methods and mahine learning tehniques. This setion de-sribes the data level integration of the ontextual and behavioural featuresaquired from the available devies in the environment. We fous on the genera-tion of knowledge desribing two high level onepts: personal on�it handlingstyles and stress.The lassi�ation of the personal on�it handling style of an individual istraditionally performed in psyhology through the use of questionnaires [9℄. Thismethod, although well studied and established, has as main disadvantages thefat that it is stati (does not adapt to hanges in the individual's state), thatit is easy to lie in a questionnaire and that it is not straightforward to developquestionnaires that an aurately haraterize the intended reality. One of themain advantages of the approah implemented is that it does not use these self-reporting instruments. It rather relies on the analysis of the proposals exhangedin terms of their utility framed in the ontext of eah ase. Five on�it handlingstyles are onsidered in this work, as de�ned by [6℄.Boundary utility values (e.g. BATNA, WATNA) [8℄ are determined usingpre-determined information spei� for eah ase. The personal handling on-�it style is lassi�ed using data extrated from the proposals' work�ow by de-termining how lose the utility of the proposals are to boundary or entral values(Figure 2). As an example, a party that keeps making proposals with an utilitynear his BATNA is learly showing a ompetitive behaviour. By determining thepersonal on�it style of eah party in eah round, it is possible to analyse itsevolution throughout the on�it resolution proess. The whole proess of ex-trating information about the on�it handling style from onseutive proposalsis desribed in detail in [15℄.When the on�it resolution system has a temporal representation of theevolution of the on�it styles, it may implement dynami on�it resolutionmethods that adapt strategies in real time.Conerning the lassi�ation of the level of stress, the main objetive is to ap-ply mahine-learning algorithms that an lassify data from some of the featuresstudied that are related to stress. Two standard and well known mahine learn-ing tools were used: a deision tree onstrutor and a support vetor mahine. Asthe deision tree onstrutor it was used the J48 algorithm - the java implemen-tation of the C4.5 [19℄. As support vetor mahine, the SMO funtion was used,whih implements John Platt's sequential minimal optimization algorithm fortraining a support vetor lassi�er [20℄. Some experiments were performed usingthe Weka workbenh (Weka 3.6.3) [21℄. The experiments performed allowed todetermine how inreased levels of stress a�et given aspets of the features stud-ied. The models built thus allow to assess, in real time, the stress of the userstaking as input the features desribed in setion 2.1. The experiment in whihthe data used to build the stress model was olleted and studied is desribedin detail in [16℄.
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Fig. 2. The spae that de�nes the personal on�it style in terms of the distane tospei� points of the zone of possible agreement.4 Analysing Behavioural Patterns in Real-time in aNegotiationIn order to ahieve the results doumented in this paper a test environmentwas set up in the Intelligent Systems Lab of the University of Minho1. In thisenvironment, the users are isolated from external stimuli and play a negotiationgame that implies the interation with the devies. The olletion of the data wasorganized into two phases. In a �rst phase, test subjets were required to performthese tasks in a stress-free environment. In a seond phase, the users performedthe same tasks subjet to stressors suh as the vibration of the devies, loud andannoying sounds, unexpeted behaviours of the devies, among others.4.1 The Negotiation GameThe negotiation game simulates a business situation in whih eah party mustahieve a desired outome in the negotiation or go bankrupt. The optimal resultis a win/win situation for both parties. The game starts with the appliationrandomly giving one of the predetermined roles to eah party. The instrutionsto win the game were to negotiate a suessful deal and make sure that theparty in question didn't go bankrupt. Eah party's instrutions were learlypresented, visible to them through the appliation interfaes. The objetivesand the persona for eah party are given:



8 Paulo Novais, Davide Carneiro, Maro Gomes, and José Neves� Role A - party A is a light bulb manufaturer who speializes in spei�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 ormore per light bulb. If he does not ahieve this, he goes bankrupt. Party Ais also given the information that Party B also needs to make this deal.� Role B - party B is a retailer of light bulbs. He reently signed a ontrat tosupply a hotel hain 6,000 of these spei� light bulbs. The hotel is preparedto pay 2 euros per light bulb. If Party B does not manage to negotiate withParty A to buy the light bulbs at 1,20 or less, he will go bankrupt. Party Bis told that party A is in a �nanial trouble and needs to make the deal tosurvive.The game is to last at most ten rounds (in the training phase) or �ve minutes(in the stressful phase). If a suessful outome is not ahieved in this time, bothparties go bankrupt. The ZOPA (Zone of Potential Agreement) [22℄ is boundedby the BATNA (1 euro) and the WATNA (1,20 euro). The range of possibleagreement is 0.20, but the parties are not aware of this detail.4.2 Statistial Data AnalysisWhile the parties play this game, data about their behaviour is olleted in orderto be analysed. To determine to whih extent eah feature that was onsidered isor is not in�uened by stress for eah user, data from both phases is ompared.Provided that most of the distributions are not normal, the Mann-Whitney testis used to perform the analysis. This test is a nonparametri statistial hypothesistest for assessing whether one of two samples of independent observations tendsto have larger values than the other.The null hypothesis is thus: H0 = The medians of the two distributions areequal. For eah two distributions ompared, the test returns a p-value, with asmall p-value suggesting that it is unlikely that H0 is true. For eah parameter,data from both phases is ompared. In all the tests, a value of α = 0.05 is used.Thus, for every Mann-Whitney test whose p − value < α, the di�erene isonsidered to be statistially signi�ant, i.e., H0 is rejeted. A signi�ant di�er-ene between data from the two phases means that the parameter is e�etivelyin�uened by stress for this spei� user. Table 2 desribes the dataset used inthis experiment.5 Experiment ResultsIn this setion we make an analysis of the e�et of stressors on the on�ithandling style of the parties. In order to do it we ompared the data of the twophases of the game (without and with stressors) for the same pairs of players insearh for statistially signi�ant di�erenes due to the ation of the stressors.The main aim of the study is to assess the in�uene of stress on the behaviourof the parties and on the outome of the negotiated proess. This experiment



Behavioural and Context Analysis in an ODR Environment 9Data Brief Desription Size of DatasetAeleration Data onerning the aelerationfelt on the handheld devie whileplaying the game 33366Movement A dataset ontaining informationabout the amount of movementduring the tests 9137Touhes This dataset ontains informationabout the touhes 590Proposals Data onerning the proposalsmade by the parties in all rounds 60Table 2. Summary of the data generated during the experiment. The size of thedatasets omprises all the data generated, i.e., �rst and seond phase.involved 14 users playing the game, in a total of 60 negotiation rounds. The datagathered inluded inputs from the devies, whih was used to estimate the levelof stress of eah user using the models developed in previous work [16℄. Thesemodels were used to determine how the level of stress relates with the behaviourof the partiipants in a negotiation.In order to statistially deal with this data, a numeri sale was used to de-sribe the on�it handling styles. Table 3 depits the on�it handling stylesonsidered, the number of times that eah style was evidened by eah par-tiipant and the ordinal rank attributed in order to be used by data-miningalgorithms. The exat numeri quantity of a partiular value has no signi�anebeyond its ability to establish a ranking over a set of data points. Therefore,rank-ordering was used whih desribes an order but does not establish relativesize or degree of di�erene between the items measured. This was a mandatorystep to make the data suitable for statistial and mahine-learning tehniques.Con�it Handling Style Number of times used during thegame Ordinal rankCompeting 30 1Collaborating 12 2Compromising 8 3Aommodating 10 4Avoiding 0 5Table 3. Summary of the on�it handling styles, the number of times that eah stylewas evidened and the rank-ordering of eah style.One of the �rst onlusions ahieved when analysing the data is that partiesshow a ompetitive style of negotiation most of the times, both in stressed and



10 Paulo Novais, Davide Carneiro, Maro Gomes, and José Nevesalm settings. However, when alm, the use of more ooperative style is slightlylarger. The histograms depited in �gure 3 depit this: the green urve refers tothe distribution of the on�it handling styles in the alm phase while the redline refers to the distribution in the stressed phase. However, the di�erenes arenot statistially signi�ant (MannWhitneyTest = 0.33). On average, the styleof a party when stressed is 1.525 (loser to ompeting) and when alm is 1.74(loser to ollaborating).

Fig. 3. The distribution of the styles used by the parties: the red line represents datafrom the stressed phase while the green line represents data from the alm phase. TheX axis represents the ordinal rank of the on�it handling styles as de�ned in Table 3.In a alm state the users evidene more ooperative styles.The evaluation of the progress of the on�it styles during the negotiationproess was entred on the average slope of its numeri values. In other words,the objet of study was the variation of the on�it styles used by eah partywithin the negotiation game. It was onluded that in a stressful state the partiestend to vary their on�it handling style more (on average 0.71 points betweenthe beginning and the end of the game) than when they are alm (on average0.61 points). This is in line with other results that point out to more sudden andless weighted deisions under stress. Besides that, it was also onluded that the'manufaturer' role presents a higher average slope (faster hange in the on�itstyle), being on average 0.83 than the 'retailer' (on average 0.51 points).Let us now analyse the values of the proposals exhanged by the partiesduring the negotiation. It an be onluded that both parties hange more thevalues of the proposals (on average 0.19) when under stress than during the almphase (on average 0.14). Moreover, the 'manufaturers' present a more dynami



Behavioural and Context Analysis in an ODR Environment 11proposal evolution (hanging 0.19 in average) than the 'retailers' (average slopeis 0.11).The eulidean distane to the optimum value was also analysed, i.e., it wasstudied the deviation given the most desirable negotiation outome (the valuethat prevented both parties from entering into bankrupty). Under a stressfulsituation both parties were at a distane of, in average, 0.154 euros from theoptimum value while in stress-free situation the distane dereases to 0.071 euros,in average. Therefore, it an be onluded that in a stressful situation it ismore likely that the parties propose more unooperative values. This an beexplained as a onsequene of ating too quikly or relying too muh on oerion.When parties are under pressure they an ommit strategi mistakes or give inunwanted onessions. It may also lead to bad agreements.Ating too quikly is also a known response to external and internal stressors.Indeed, onsidering the duration of the rounds, one an state that 90% of thenegotiation rounds had a shorter duration under a stressful environment thanunder a stress-free one. However, only in 30% of these ases was the di�erentstatistially signi�ant (at a level of 0.05).Conerning the evolution of the on�it handling style in eah game played, itis possible to onlude that 80% of the partiipants used a ompetitive on�itstyle, whih is assertive and unooperative, in the early rounds. During thegame 55% of the players improve their styles (shifting towards more ooperativesolutions), 35% remain on the same style and 10% beome more ompetitive.It is stated that 'ompetitors' often use power as the primary tool for handlingon�it, and work to prove the importane of one side of the argument in orderto win. This an be one explanation. Otherwise, they are usually more onernedwith winning the game than �nding the best solution. Taking into onsiderationthe pre-onditions of the game, the seond hypothesis is more plausible.In order to provide a more spei� view of the results, one atual ase ishighlighted. 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 linerepresents the values proposed by the 'retailer' and the red one by the 'manu-faturer'. It is possible to see that the 'manufaturer' is more �exible (hangesmore often). This is a reurrent behaviour and an be explained by the fat thatthe seller (in this ase, the 'manufaturer' role), in a buyer's market, needs tobe more �exible and expet more negotiation about ontingenies. Comparingthe lines, in a alm state the 'manufaturer'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, respetively.Similar results are also observed in other pairs of players and are in line withthe previously desribed onlusions: stressed partiipants take hastier and lessweighted deisions.6 Conlusions and Future WorkIn a general way, the results ahieved were onsistent for the majority of thepartiipants. They an be summarized as follows:
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Fig. 4. Evolution of the values proposed during the negotiation when under stress (a)and without stress (b). The red line depits the values proposed by the manufaturerwhile the blue line depits the values proposed by the retailer. It is possible the seethat under stress the values proposed vary faster.� Stressed partiipants take hastier deisions, taking less time to think themthrough;� Stressed partiipants are more prone to hange their behaviour and do it inmore signi�ant ways (we foused on the values of the proposals exhangedand on the on�it resolution style evidened);� Under a stressful environment, outomes tend to be farther away from theoptimum result;� Under stress partiipants tend to be more ompetitive;These results stress the need for seeking alm and harmonious environmentsfor on�it resolution. As a onsequene, it an be seen one more that ourt-rooms are not the ideal on�it resolution environment as these are highly om-petitive milieus in whih parties forget eah other's natural ambitions and fouson the maximization of the own gain. Alternative environments, foused on o-operative strategies, should be preferred.Moreover, in order for on�it managers to improve their ation, aess to theontext information mentioned should be provided. This would allow them to de-tet, in due time, an esalation on the level of on�it and prevent a degradationon the relationships. This ontext information, that is available in fae-to-faesettings, must also be onsidered in virtual settings so that on�it managersan inrease the e�ieny of their deisions by onsidering more omplete infor-mation.Despite its apparent advantages, this approah may also enompass risks.One of the main onerns raised is related with the risk of people trying toontrol the system if they know how it works. On the one hand it is known thatpeople have tried to heat systems as muh as they try to make them heat-proof (e.g. parties in ourt will also try to manipulate deision-makers leadingthem into believing what they want). We argue that in this approah this kindof behaviours may be hindered. On the one hand, the proess is transparent,i.e., parties will not be aware of how the proess of ompiling this information
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