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1. Introduction 

Machine learning is that subsection of learning in which the artificial intelligence system 

attempts to learn automatically (Mitchell 1997). Knowledge discovery is the non-trivial 

extraction of implicit, previously unknown and potentially useful information from data. 

Knowledge Discovery (KDD),  (Fayyad et al 1996) has been traditionally used in the legal 

domain to discover relevant information from files (known as e-discovery).  In its early days, 

in the 1990s, it was not used to extract information to make legal arguments.   

In his PhD studies, Andrew Stanieri (Stranieri 1997) under the supervision of John 

Zeleznikow conducted a major piece of empirical legal research, in showing that machine 

learning could be gainfully used to make legal arguments.  In building the Split-Up system, 

we do not use legal principles or rules to model the way judges actually combine factors to 

arrive at a decision. Rather, what judges have actually done in deciding real cases is 

assimilated by machine learning techniques so that a sub- symbolic representation of the 

exercise of discretion is established. The starting point for the process is an identification of 

factors that are currently, or have in the past been, relevant in the determination of a property 

outcome (Zeleznikow 2004). 

The technique was used was that of neural networks.  Because neural networks are statistical 

reasoning systems (essentially black boxes), we needed some way to rationalise the outcomes 

developed in his Split-Up system.  We did so be complementing his neural networks by rule-

based reasoning and a theory of argumentation developed by the British philosopher Stephen 

Toulmin (Toulmin 1958). 

We developed some legal theory during his research – namely the use of commonplace (as 

distinct from landmark cases) as the data sets when using legal data mining;  and theories of 

discretion (Kannai et al 2007). 

In evaluating their Split-Up system Stranieri and Zeleznikow (1999) found that the advice 

given by the system could be more gainfully used in supporting negotiation.  Their work on 

the use of Artificial Intelligence was then extended to the use of Game Theory (Bellucci and 

Zeleznikow 2006). Simultaneously Zeleznikow (2002) observed that the internet could be 

used to provide legal support for self-represented litigants. 

This research has now been integrated into a framework for developing User-Centric Online 

Dispute Resolution Systems.  In this paper we discuss the development of  this framework. 
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2. Machine Learning in the Split-Up system 

In the Split-Up project (Stranieri et al., 1999) wished to model how Australian Family Court 

judges exercise discretion in distributing marital property following divorce. Section 79(1) of 

the Family Law Act (1975) empowers judges of the Family Court to make orders altering the 

property interests of parties to the marriage but does not lay down procedural guidelines for 

judicial decision-makers. In practice, judges of the Family Court follow a five-step process in 

order to arrive at a property order: 

1. Ascertain the property of the parties. 

2. Value all property of both parties. 

3. Determine which assets will be paramount in property considerations. This is referred to as 

common pool property distribution. 

4. Determine a percentage of the property to be awarded to each party. 

5. Create an order altering property interest to realize the percentage. 

The Split-Up system implements steps 3 and 4 above, the common pool determination and 

the prediction of a percentage split. According to domain experts, the common pool 

determination task (Step 3) does not greatly involve the exercise of discretion, in stark 

contrast to the percentage split task (Step 4).  

Consequently, Split-Up implements the common pool determination by eliciting heuristics as 

directed graphs from domain experts using a methodology we have called sequenced 

transition networks (Stranieri & Zeleznikow (2001). 

Domain expertise in family law is represented in the Split-Up system as arguments. This 

enables an informed data transformation phase and also constrains the data mining. For the 

philosopher Toulmin (1958), practical reasoning, as distinct from analytical reasoning, 

involves the construction of an argument. Arguments, regardless of the domain, have a 

structure, which consists of six basic invariants: claim, data, modality, rebuttal, warrant and 

backing. Every argument makes an assertion based on some data. The assertion of an 

argument stands as the claim of that argument. A warrant justifies why the claim follows 

from the data. The backing supports the warrant and in a legal argument is typically a 

reference to a statute or a precedent case. The rebuttal component specifies an exception or 

condition that obviates the claim. The Toulmin argument structure has been used by a 

number of researchers in various fields to model reasoning.  

The variation that Stranieri et al (1999) used aimed to facilitate KDD. The structure is 

illustrated in Fig.1. Their variation on Toulmin's theory of argumentation does not include 

either modality or rebuttal. 

Whilst these are important components of legal disputation, it was not felt worthwhile to 

include these invariants, given the programming difficulties involved in representing them. 

 



The Family Law Act (1975) directs a decision maker to take into account the past 

contributions of each party to a failed marriage in addition to their resources for coping with 

life into the future. 

Rather than offering one definition for contributions and one for needs, the statute presents a 

'shopping list' of factors to be taken into account in arriving at a property order. For example, 

the age, state of health and financial resources of each partner are explicitly mentioned in the 

statute as relevant factors, yet their relative levels of importance are unspecified. 

Although the statute presents a flat list of relevant factors without specifying how these 

factors relate to each other, we realized that the factors could be placed in a hierarchy. The 

development of the hierarchy required specific knowledge supplied by domain experts. A 

sophisticated hierarchy of 94 factors presented in Fig. 3 was elicited. Figure 4 demonstrates 

that the factors relevant for a percentage split determination (extreme right of figure) are past 

contributions of a husband relative to those of the wife, the husband's future needs relative to 

those of the wife, and the wealth of the marriage. The factors relevant for a determination of 

past contributions are the relative direct and indirect contributions of both parties, the length 

of the marriage and the relative contributions of both parties to the homemaking role. No 

attempt is made in Fig. 3 to represent the way in which relevant factors combine to infer 

factors higher in the hierarchy. The hierarchy of Fig. 3 provides a structure that was used to 

decompose the task of predicting an outcome into 35 sub-tasks. Outputs of sub-tasks further 

down the hierarchy are used as inputs into sub-tasks' higher in the hierarchy. 

Solid arcs in Fig. 3 represent inferences performed with the use of rule sets whereas dashed 

arcs depict inferences performed using neural networks (or indeed any other KDD 

technique). Cases that set a precedent and change future decision-making (landmark cases) 

were discerned from commonplace cases.  

The vast majority of decisions made by the Family Court of Australia do not introduce new 

standards, set new precedents nor invoke a new factor that has not previously been 

considered. These cases are called commonplace cases. This distinction between landmark 

and commonplaces cases helps us to select cases that are most appropriately used to discover 

patterns of discretion in typical cases and not those that result in a change in law. 

To collect data for the Split-Up system, we read family court judgements. Values for relevant 

factors were extracted from each case. Many examples were contradictory. Contradictory 

examples are those that display different outcomes given the same or very similar inputs. In 

non-legal domains these are often attributed to noise as erroneously recorded data. However, 

in discretionary domains of law, we expect some contradictions because individual judges 

have some latitude to weigh the relevant factors in their own way. We adopted the strategy of 

removing cases that domain experts consider erroneous. mA metric to gauge the extent of 

similarity in inputs of multiple examples with the same outputs was developed in order to 

facilitate this. 

According to data mining rules of thumb, the number of examples needed to identify useful 

patterns from 94 variables is in the many tens of thousands. Data from this number of cases 

are rarely available in the legal domain. Furthermore, few cases involve all 94 variables (e.g. 

childless marriages have no values for all variables associated with children) so a training set 

would be replete with missing values. We used the Toulmin structure depicted above to 

decompose the task into smaller tasks each of which involved a sufficiently small number of 

variables in order to facilitate KDD with the small number (103) of examples we had.  



In 1993, the Family Court of Australia would not allow researchers to take data about 

commonplace cases outside their registry1. So Stranieri and his colleagues designed a 

template for data collection, read and coded 103 commonplace cases from the Melbourne 

registry of the Family Court of Australia and cross-validated their results.   The structure 

enabled the collation of training sets with no missing values.  

 

FIG. 1. Toulmin argument structure for one of the Split-Up arguments. 

 

FIG. 2. Data and claim for three arguments in Split-Up. 

Figure 2 illustrates the claim and data item of three arguments. The claim of argument B was 

one of the data items for argument A. In total, the 94 variables were dispersed in 35 

arguments. Twenty of these were classified 'wide bounded' so training sets were assembled 

for KDD. Heuristics for the remaining 15 (classified narrow bounded) were sourced from 

experts for rule sets. 

 
1 Of course, landmark cases featured in Law Reports 



 

FIG. 3. Hierarchy of relevant factors for percentage split determination. 

The Split-Up system was the focus of much publicity. Late in the evening of Wednesday 3 

July 1996, I received a telephone call from the London Daily Telegraph. The newspaper had 

received a press release from La Trobe University about our Split-Up system. It wanted to 

use our software on the then forthcoming divorce of Prince Charles and Lady Dianna. I was 

initially reluctant to meet their request because: 

1. Split-Up operated in the domain of Australian Family Law, and Charles and Diana were 

not Australian residents; 



2. The goal of Split-Up was to provide advice about commonplace cases. The marriage of 

Charles and Dianna was anything but commonplace; and 

3. No-one had any idea of the common pool of marital assets held by Charles and Dianna. 

I informed the Daily Telegraph I could not use the Split-Up system to provide an accurate 

solution. The Daily Telegraph journalists told me that they were not concerned about the 

validity of the result - all they wanted was an interesting article. 

After thinking about the issue, I decided that the project would receive much valuable 

publicity by providing the Daily Telegraph with a solution. The journalists gave me an 

estimate of the common pool property and the contributions and needs of the couple. The 

system ended up classifying Lady Dianna as a single mother who had lost her job. It thus 

suggested awarding her 70% of the common pool. The heading of one article was 

"SOFTWARE TAKES A HARD LINE ON THE PRINCE" A second article had as its heading 

"Computer to help divorce couple's assets". 

Of course, in 1996, the idea of using machine learning and artificial intelligence to make 

legal decisions was very futuristic! 

The Daily Telegraph article led to much media coverage, primarily in Australia, but also 

globally. On Monday 26 August 1996, we had a ten minute simulation on the GTV9 network 

news show A Current Affair2. The take away message from the session was that negotiation 

rather than litigation should be the logical first step in trying to resolve family disputes. 

Zeleznikow and Bellucci (2003) when evaluating the Split-Up system noted that  anecdotal 

experience had led them to believe that Split-Up is of assistance in advising mediators and 

divorcees about possible negotiation stances in family law disputes (Zeleznikow & Bellucci, 

2003), but provides limited support to lawyers and judges.  They found that the Split-Up 

system was very useful in providing disputants with information about their prospective  

BATNAs3. 

3. Game Theory in the Split-Up system 

Walton and Mckersie (1965) propose that negotiation processes can be classified as 

distributive or integrative. In distributive approaches, the problems are seen as zero sum and 

resources are imagined as fixed: divide the pie. In integrative approaches, problems are seen 

as having more potential solutions than are immediately obvious and the goal is to expand the 

pie before dividing it.  

Traditional negotiation decision support has focused upon providing users with decision 

support on how they might best obtain their goals. Such advice is often based on Nash's 

principles of optimal negotiation or bargaining (Nash 1953). Game theory, as opposed to 

behavioural and descriptive studies, provides formal and normative approaches to model 

bargaining. One of the distinctive key features of game theory is the consideration of zero-

 
2 For a video of the Current Affair program about the operation of the Split Up system see 

https://www.youtube.com/watch?v=u7A3H4lUjzM last viewed 29 April 2021. 
3 A BATNA is your best alternative to a negotiated agreement. The reason you negotiate with someone is to 

produce better results than would otherwise occur.   If you are unaware of what results you could obtain if the 

negotiations are unsuccessful, you run the risk of entering into an agreement that you would be better off 

rejecting; or rejecting an agreement you would be better off entering into. 



sum and non-zero-sum games. These concepts were adopted to distinguish between 

distributive and integrative processes. 

Game theory has been used as the basis for the Adjusted Winner algorithm (Brams and 

Taylor 1996). We decided to adapt the Adjusted Winner algorithm to negotiation in 

Australian Family Law. Family Winner (Bellucci and Zeleznikow 2006) takes a common 

pool of items and distributes them between two parties based on the value of associated 

ratings. Each item is listed with two ratings (a rating is posted by each party), which signify 

the item's importance to the party. The algorithm to determine which items are allocated to 

whom works on the premise that each parties' ratings sum to 100; thereby forcing parties to 

set priorities. The basic premise of the system is that it allocates items based on whoever 

values them more. The algorithm was developed using family mediation data provided by the 

Australian Institute of Family Studies4. 

Originally, the system was developed to meet clients' interests, with no concern for legal 

obligations. Zeleznikow (2014) incorporated principles of justice into the new Asset-Divider 

system. The ideas behind the Family Winner system were used to build systems providing 

advice upon plea bargaining (Hall et al. 2005) and the Israel-Palestinian dispute (Zeleznikow 

2014). 

4. Classifying Online Dispute Resolution Systems 

Lodder and Zeleznikow (2010) indicate, ‘whilst there is no generally accepted definition of 

Online Dispute Resolution (ODR), we can think of it as using the Internet to perform 

Alternative Dispute Resolution (ADR).’  The one factor common to all descriptions of Online 

Dispute Resolution is the existence of a fourth party – namely the technology. 

Traditionally, all forms of dispute resolution relied on face-to-face communications. 

Recently, various forms of technology have been used to enhance negotiation.  The use of 

technology can enhance efficiency and efficacy.  

In many ways, ODR is a natural extension of convening over the telephone. In 2021, 

Information Technology offers parties different levels of interactivity immediacy, and media 

richness. There are many different platforms through which parties can communicate: a.  

through text; b. through voice; and c. through real-time video. In the third option, disputants 

can see each other and where necessary, an arbitrator or mediator.  

The Dutch platform Rechtwijzer was designed for separating couples.  It had the Australian 

Split-Up system as its precursor. The developers viewed the aim of the system as ‘to 

empower citizens to solve their problems by themselves or together with his or her partner. If 

necessary, it refers people to the assistance of experts.’ Couples pay €100 for access to the 

Rechtwijzer system.  The system commences by asking each partner for personal information 

such as their age, education and income, as well as their priorities in the dispute such as 

whether they want the children to live with only one parent or part time with each and other 

relevant preferences. 

The prevalent dispute resolution model in Rechtwijzer is integrative negotiation - focussing 

upon the childrens’ and parents’ interests rather than haggling about rights. Nevertheless, the 

 
4 For a video about the operation of the Family Winner system see 

https://www.youtube.com/watch?v=YOZczuvrou4 last viewed 30 April 2021 

https://www.youtube.com/watch?v=YOZczuvrou4


ex-partners are informed of relevant processes - such as those for dividing property, child 

support and standard arrangements for visiting rights.  This allows the disputants to agree 

based on informed consent, and essentially allows the parties to Bargain in the Shadow of the 

Law.5 Final Agreements are reviewed by an independent lawyer.  

The platform uses algorithms to find points of agreement, and then proposes solutions like 

those provided by the Family-Winner system. In the situation where the solutions proposed 

by the Rechtwijzer system are not accepted by the couple, the disputants are encouraged to 

request a mediator (this step costs an additional €360), or ask for a binding decision to be 

made by an adjudicator. Until the step where adjudication is requested, the use of the 

Rechtwijzer system is voluntary and non-binding. The initial goal of the Rechtwijzer 

developers was to have the system as self-financing, primarily through user contributions. 

Sadly, this has not occurred, primarily for commercial reasons unrelated to the quality of the 

system.  

The British Columbia Civil Resolution Tribunal (Salter and Thompson 2016) provides a large 

suite of dispute resolution services: case management, advisory tools and communication 

tools.  The system also supports the manual drafting of agreements. Its focus is upon the 

provision of advice for Housing, Motor injuries, Owners Corporation (also called strata titles 

or condominiums), Small Claims and Cooperative associations and societies disputes. 

In the early years of using artificial intelligence to provide negotiation support, there was 

limited systematic development of systems.  Instead, we observed the development of many 

ad hoc systems which were often constructed to be used in specific negotiation domains.  The 

focus in the development of these systems was upon what technology should be used, rather 

than taking into consideration the needs of users. 

Lodder and Zeleznikow (2005) developed a three-step model for ODR based upon their 

respective AI research – Lodder on argumentation and Zeleznikow on the use of rule-based 

reasoning, case based reasoning, game theory and machine learning. Their ODR environment 

should be envisioned as a virtual space in which disputants can access a wide variety of 

dispute resolution tools.  

Their proposed model is based on the following order. 

1. The ODR tool should provide feedback on the likely outcome(s) of the dispute if the 

negotiation were to fail, in essence to give advice on respective BATNAs. 

2. The ODR tool should then attempt to resolve any existing conflicts using argumentation or 

dialogue techniques.  

3. For those issues not resolved in step two, the ODR tool should employ decision analysis 

techniques and compensation/trade-off strategies so as to facilitate resolution of the dispute. 

 
5 Mnookin and Kornhauser (1979) developed the notion of Bargaining in the Shadow of the Law in the domain 

of US divorce law. They contended that the legal rights of each party could be understood as bargaining chips 

that can influence settlement outcomes. Mnookin and Kornhauser argued that parties in the United States 

negotiate the terms of a divorce in the shadow of US matrimonial law rather than pursue their respective rights 

in a courtroom. 



4. If the result from step three is not acceptable to the parties, the ODR tool should allow the 

parties to return to step two and repeat the process recursively until either the dispute is 

satisfactorily resolved, or a stalemate occurs.  

A stalemate occurs when no progress is made when moving from step two to step three or 

vice versa. When a stalemate occurs, other suitable forms of ADR (such as arbitration or 

blind bidding) can be used on a subset of issues. By narrowing the number of issues and the 

extent of disagreement on each issue, money and time can be saved. In addition, if many 

issues are resolved, then the disputants may feel it is no longer worth the pain of trying to 

achieve their initially desired goals.  

Brown (2008) claims that human-centered design is a methodology that is primarily 

concerned with the users’ experience.  It uses these experiences to develop new solutions that 

are both experimental and iterative.  

While investigating user centric support in the legal domain, Hagan (2018) investigated how 

judicial systems can be made more comprehensible and useable to unrepresented laypeople 

Self-represented or pro-se litigants (SRLs)6 attempt to resolve a variety of disputes, but 

mainly those related to debt, employment, family relationships and a wide spectrum of other 

life problems.  They do so without professional assistance. For such issues, human-centered 

design indicates opportunities for interventions by developing user requirements for 

interventions and providing a shortlist of vetted ideas to support intervention. 

We are hoping to conduct empirical work on examining how ODR systems are currently 

used, and what enhancements should be made to encourage their future gainful use.  We have 

observed that the current focus on ODR, especially with the prevalence of COVID19, is upon 

videoconferencing. A few systems, such as the Civil Resolution Tribunal and systems 

developed by MODRIA7 also provide advisory tools.  

From our observations we believe that a truly helpful ODR system should provide the 

following facilities: 

1. Case management: the ODR system should allow users to enter information, ask 

users for appropriate data and provide users with templates to initiate the dispute.  

Currently, most of this information is collected manually, often via telephone.  Users 

should be able to initiate the conflict, continuously access the data and be aware of 

timelines they need to meet, what documents are required at specific times and the 

progress of the case.  

The ability to engage in case management is especially important for SRLs. Because 

SRLs generally have a limited knowledge of legal processes and procedures, such 

support is vital. 

2. Triaging: the ODR system should indicate which cases require immediate action and 

which cases can wait. The system must also advise upon in which forum the case 

 
6 A pro se or self-represented litigant is one who does not retain a lawyer and appears for himself in court 

(Landsman 2009).  Pro se cases pose inherent problems: they can cause delays, increase administrative costs, 

undermine the judges’ ability to maintain impartiality and can leave the often unsuccessful litigant feeling as 

though she has been treated unfairly. Many laypeople believe that with the right guidebook they can master 

whatever legal challenge they face.  
7 See https://www.tylertech.com/products/Modria last viewed 17 March 2021 

https://www.tylertech.com/products/Modria


should be heard. Triaging systems are important for initiating and expediting action in 

high risk cases, leading to reduced risk to the applicants and community. The 

significance of timely, relevant advice is vital in cases of bail applications, child 

abduction and domestic violence.  

Triaging systems are vital for protecting the interests of at risk SRLs. 

3. Advisory tools: the ODR system should provide processes for reality testing. 

Relevant tools could include, articles, BATNA advisory systems (which would inform 

litigants of the likely outcome of the dispute if it were to be decided by a decision-

maker such as an arbitrator or judge), books providing useful parenting advice, 

calculators (such as those to advise upon tax and child support obligations), copies of 

legislation, reports of cases, and videos of desirable and undesirable behaviour.  

Zeleznikow (2002) first made the argument that advisory tools are a vital initiative for 

supporting SRLs.   

An important associated question with regards to the use of advisory tools is how can 

we design advisory tools that SRLs (or indeed disputants without professional 

advisors) can gainfully use?  Are the legal concepts behind the use of these tools too 

difficult for amateurs to understand? How do we construct suitable user interfaces for 

such disputants?  This issue needs to be the subject of much future research.  

4. Communication tools: the ODR system must provide for communication tools to 

support conciliation, facilitation, mediation and negotiation. Where appropriate, the 

tools could provide shuttle mediation. For many ODR providers, the provision of 

communication tools is their major or indeed only goal. Thomson (2011) describes 

how Relationships Australia Queensland built a Family ODR system that used 

AdobeConnect to emulate Australian Online Family Dispute Resolution. The system 

merely facilitated face-to-face communication.  It made no attempt to provide case 

management, triaging or advisory or decision support tools. 

Online communication tools are important for all disputants and litigants, whether 

they are professionally represented or not. 

5. Decision Support Tools – if after substantial communications, the disputants still 

cannot resolve their conflict, as Lodder and Zeleznikow (2005) suggest, computer 

programs that utilise artificial intelligence and/or game theory can be used to facilitate 

trade-offs. Examples of systems that provide such support are AdjustedWinner and 

Family Winner. Whilst professionals (such as lawyers and mediators) can provide 

significant advice re trade-offs, ODR systems should incorporate suitable decision 

support tools.   

In general, SRLs have a limited experience of and scarce skills in conducting 

negotiations.  Plus, being involved in a conflict, especially when they have no 

professional help, is very stressful for disputants.  Hence, they have a great need for 

decision support tools.  

6. Drafting software or Agreement Technologies: once the parties to a dispute reach 

an in-principle settlement, it is important to provide computer software that assists in 

drafting acceptable agreements.  Research with Relationships Australia Queensland 



found that telephone family mediations had a success rate of 80%, but when Family 

Dispute Resolution Practitioners sent the disputants a parenting plan arising from the 

discussions, many parents claimed that they had not agreed with the plan that was 

circulated. Thus, ODR systems should incorporate Agreement Technologies8. 

Preparing plans (such as parenting plans) that are acceptable to all parties, is a 

complex task.  And the task is of course more difficult when one or two of the 

disputants/litigants do not have professional support. 

Very few disputes will require the use of all six processes.  All ODR systems include step 4 

(communications) and most systems now include step 1(case management).  We 

acknowledge that there are alternative ODR systems that do use other steps in this model, but 

none uses all processes. For example, Adieu Technologies supports triaging (step 2),  offers 

family law advice (step 3) and assists with drafting plans (step 6).9 Smartsettle provides 

decision support to assist negotiation (step 5).10 All Agreement Technologies support step 6. 

The development of a hybrid ODR system using all six processes would be very significant 

for the development of highly useable ODR systems. But currently, would it be feasible to 

build such a system?  Building such a system would be costly and time and resource 

consuming.  Not only would it require us to construct the sub-systems 1 to 6, we would also 

need to ensure that all six sub-systems can communicate with each other.  From a research 

point of view, the creation of the above six step ODR system would be a significant starting 

point for developing intelligent ODR systems.   

5. Conclusion 

In this paper we have indicated the research required to a framework for User-Centric Online 

Dispute Resolution Systems.  This has combined our work on machine learning (for advisory 

systems) and game theory (for decision support tools).  The focus of most ODR systems has 

been upon communications. Most systems also allow for case management.  Where they are 

lacking is support for triaging and providing draft agreements. 

In future empirical research we will evaluate the utility of such a classification and which 

current ODR systems incorporate factors 1-6. 
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