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Abstract

The inherent variability of each new conviction and the vol-

ume of potentially useful data complicate the provision of

relevant information to judges carrying out sentencing ac-

tivities. This paper describes a prototype sentencing in-

formation system which allows a judge to retrieve previous

examples of sentencing behaviour by interactive instantia-

tion of detailed templates. The case-based advisory system

uses a direct manipulation interface to facilitate user inter-

action, The direct manipulation interface was well received

and judges found that they were rapidly able to construct

meaningful queries and retrieve appropriate data despite

having limited prior experience of computer use. We iden-

tify the importance of dynamic query systems in relation to

further development of applications of this type.

Keywords: sentencing information systems, case-based

advisory systems, direct manipulation interfaces, decision

support systems.

1 INTRODUCTION

1.1 Organisational Decision Support Systems

The advent of changes in the environment in which large

organisations operate has forced many to re-orientate their

efforts. The use of software such as distributed decision sup-

port systems is fundamentally imp~rtant in the practice of

business process reengineering [1] . Computer assistance for

decision support systems requires the use of tools for search-

ing and retrieving data, viewing and manipulating the re-

sults of such a search, analysing and organizing the data

and inserting new data. In the context of business infor-

mation processing the technicsl focus of decision support

systems has moved from large centralised data processing

applications to distributed inter-organisational information
systems. There has been a corresponding increase in the

user population which is now more likely to have little op-

portunity to develop traditional computer skills. Added to

this is the enhanced likelihood that users will have limited
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perception of the semantics of data stored within such sys-

tems [2].

The need to respond to changes in the environment is

also being experienced in organisations which control the

administration of justice. In common with the impact of

such changes on commercial organisations, there is consid-

erable interest in the use of computer systems to enable

evolutionary changes to preserve the best features of pre-

existing practices. The development of software which pro-

vides judges with information about previous sentencing be-

haviour and at the same time preserves judicial indepen-

dence is an example of the provision of such software sup-

port.

1.2 Sentencing Information Systems

Computer support for sentencing has been investigated in a

number of jurisdictions. Chan [3] describes a system imple-

mented in New South Wales which provides access to first

instance sentences as well as to sentencing law and appeal

court judgments. The system is implemented in a mainly

statutory jurisdiction and convictions are entered by speci-

fying the act and section which relate to the offence. Char-

acteristics of the offender may be specified by the user and

sentencing patterns are displayed to show the distribution

of particular types of sentence. The system is menu driven

and the user chooses options by use of the cursor control

keys and the keyboard. The data is centralised and can be

accessed over a dial-up link from remote sites.

A similar approach to decision support for sentencing has

also been investigated in Canada [4]. This approach uses

broad characteristics to classify convictions on the basis of

the seriousness of the offence, the culpability of the offeuder,

the offender’s previous history, aggravating and mitigating

factors, the effect on the victim and the frequency of the

offence in the community. The system constructs a table

showing the distribution of sentences of various types. Al-

though this system was supplied to judges, it was found to

be of limited utility since judges were not motivated to use

information in this form.

An alternative approach to providing computer support

for sentencing is to use a knowledge-based system to guide

sentencing decisions. Murbach and Norm [5, 6] describe a

prototype sentencing decision support system which is lim-

ited to fraud cases. Discussion with the judiciary was used
to establish a sentencing model and subsequently constrnct

a knowledge-based system to incorporate the reasoning pro-

cess.
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The knowledge-based systems approach is particularly

relevant where sentencing guidelines are used to inform sen-

tencing practice. ASSYST [7] was developed to provide

such support. The system reflects the Sentencing Reform

Act 1984 and uses an heuristic approach to combine offence

seriousness with previous conviction history to produce a

guideline sentence. This system has been successfully im-

plemented and is in use throughout the Federal criminal

justice system. Bainbridge [8] describes a knowledge-based

system which addresses the question of the legaf competence

of a sentence. The system incorporates details of sentencing

principles for robbery and theft. The JUDGE system [9]

uses a case-based reasoning approach to suggest appropri-

ate sentences for a limited range of crimes on the basis of a

variety of offence and offender characteristics.

1.3 Case-based systems (CBS)

Case data can be used to support decision making by pro-

viding systems with a range of reasoning capabilities. The

case-based reasoning model (CBR) [1 O, 1 I] provides for au-

tomatic generation of problem solutions whereas in the case-

based advisory (CBA) approach, the aim is to support the

human problem solver [1 I]. There is a considerable area of

overlap between these two models.

CBR is one of the Artificial Intelligence technologies

which has successfully translated from research effort into

useful applications. It holds a position equivalent to rule-

based systems, although the implicit meaning of the term

‘expert’ differs between these paradigms. In CBR systems,

the expertise is focussed on skiU at recalling previous experi-

ences which are relevant to current problems. In rule-based

systems the work of the expert is simulated by applying

generalised heuristics to a set of facts which result in a new

deduction.

CBR systems operate in a series of steps:

● specification of a problem in a form which is related to

the specification of other similar problems,

● retrieval of prior cases which match the problem spec-

ification,

● selection of those cases with the best precision.

● adaptation of cases to match a new set of circum-

st antes,

o evaluating the solution proposed by the adaptation

stage,

● addition of new cases to the case base.

The output of a consultation with aCBR system is the

classification of a new case. In this context, it is important

to retain casesin which the outcome was viewed as valid as

wefl as contrary cases where the outcome was invalid.
Applications of CBR can be categorised on the basis of

the purpose for which the case-base is employed. Two pat-

terns of use are recognizable: problem-solving and interpre-

tive. In problem-solving systems, theaimis to generate the

solution to a new problem by using the solution from an

older, similar problem. The adaptation stage is of major

importance in producing a satisfactory solution since it is

likely that no exactly matching cases wilf be fouud in the

case-base. This approach is typically used in the application

of CBR to generating solutions to design problems.

The interpretive approach to CBR focuses on the use

of previous cases to provide a context against which a new

case can be evaluated. There is less emphasis on the need

for the system to produce a solution and greater emphasis

on the need to arrange that case retrieval provides a set

of cases which can be used to put current problems into

a perspective. This style of CBR is typicaf of the way in

which a lawyer would use precedent as support for current

arguments. The match between interpretive CBR and the

information requirements of the legal profession has long

been recognised.

In both problem-solving and interpretive CBR systems,

the stages concerned with problem specification and case re-

trieval areof major importance. The first of these stages can

be implemented by the instantiation ofa template torepre-

sent the structure of the current problem and the matching

of this template in the case-base.

Two significantly different approaches to template in-

stantiation exist : user-directed approaches and techniques

of providing assistance usually by the use of rule-based sys-

tems. User-directed template instantiation is the simplest of

the approaches and has been used to collect relevant cases

where the domain ix clearly defined [12]. In this approach,

the user is prompted to specify the predicates to be usedin

case retrieval.

Where the case predicates are of an abstract nature, sev-

eral authors have applied rule-based systems to expand the

definition. This approach to integrating rule-based systems

and CBR is appropriate to legaf case-based systems where

predicates are imprecise or “open textured”. Thus a case-

base maycontain data which relates implicitly tothepredi-
cate “malice”. Inorder to retrieve such cases this predicate

would require to be mapped to predicates explicitly stored

in the case-base [13, 14].

CBA is an alternative approach to case-based systems

described by Kolodner [II]. This pattern allows the system

less autonomy and relys on the user to provide adaptation

and associated decision making. CBR systems provide a

software model of human reasoning whereas by contrast,

case-based advisory systems are used to give direct support
for human reasoning. The system is specialised to provide

partial matching to ensure that arange of potentially useful

cases are retrieved.

Case retrieval can involve alternative approaches to the

indexing process which is necessary for matching the tem-

plate to the data in the case-base. Indexing can be carried

out on the basis of surface features or structural features.

The use of surface features is perhaps the most common

pattern in applications of case-based reasoning. Such sur-

face features can be incorporated in the template to gen-

erate a database query in a language such as SQL (Struc-

tured Query Language). This approach may be enhanced

by weighting attributes and combining weights to arrive at

a measurement of nearness, thereby giving a means of rank-

ing the potential relevance of cases retrieved.

The process of structural indexing is similar to the con-

struction of a decision tree which is used to classify cases,
Theprocess is related tomachlne learning by induction but

leaf nodes in the decision tree contain groups of cases rather

than single instances [15].

1.4 Direct maniptdation interfaces

Shneiderman [17] first characterised direct manipulation in-

terfaces (DMI) following work at Xerox PARC. The features

of such systems are that objects of interest are represented

continually on the computer display and manipulation of

these objects isachieved by physical actions such as pressing
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labelled buttons, dragging articles on the screen etc. Inter-

actions between the user and the system are characterised as

being rapid, incremental, reversible and having immediately

visible impact.

The user of such DMIs is empowered to concentrate on

the semantics of the interaction. This contrasts with con-

versational interfaces where theuser needs to grasp both the

syntax and the semantics of the system. Examples of such

conversational interfaces are database query languages such

as SQL. The philosophy for direct manipulation interfaces is

founded on the assumption that users are likely to bentive

and to be only occasional users ofsnch systems. Thetypicai

‘desk-top’ metaphor of Macintosh and Windows applications

requires limited user support documentation, relying instead

on the assumption that the user will be able to explore the

system interactively and that where such exploration fails,

online help facilities will be enough to provide the necessary

assist ante.

Empirical evidence suggests that in database manipu-

lation exercises novice users find DMIs faster, easier, less

error prone and more stimulating than equivalent conver-

sational interfaces. Where tasks become more complex or

where there is a need to specify repeated operations on data

objects, conversational interfaces may well be more appro-

priate [18].

2 The S1S project

Theaimof the Sentencing Information System (SIS) project

is to produce an application which allows a judge to retrieve

previous examples of sentencing behaviour. Such examples

are selected by the system as being closely related to a con-

viction of current interest. The fundamental importance of

involving the whole judiciary in the project was recognised

at an early stage, We also recognise that the system must

be ‘transparent’ to the judge - the judge must be in com-

plete control of the specification and retrieval of the cases.

This requirement implies that user-directed template con-

struction and unweighed indexing of surface features are

the appropriate methods of case retrieval. Although user

directed template construction is appropriate in this proto-

type, it can involve extensive user interaction In this con-

text it is clear that direct manipulation interfaces provide

considerable advantages over narrative, keyboard-driven in-

terfaces.

Since the work pattern of a High Court judge in Scot-

Iand can involve travel toanyof the locations at which the

High Court may sit and theprocess ofsentencing is carried

out relatively infrequently, a pattern of operation is required

which combines maximum portability with support and ease

of use.

We considered that rule-based systems technology was

inappropriate in this exercise because of the potential diffi-

culty in extracting a set of rules adequately to describe the

complexity of the domain. Furthermore, the rule-based id-

iom could be interpreted as compromising judiciaJ indepen-

dence by suggesting a “correct” sentence rather than acting

as an aid to recollection by retrieving a set of compara-

ble cases. The case-based advisory approach satisfactorily

avoids both of these difficulties whilst at the same time leav-

ing the decision on appropriate sentence in the hands of the

user. The data required to underpin the system was avail-

able in the form of indictments and case papers.

2.1 Systems Design

During a consultation of the S1S a judge may be interested

in, for example, the sentencing patterns for assaults. S/he

may be particularly interested in assaults which involved the

brandishing of a sharp weapon but not injury and which

were carried out on particularly vulnerable individuals. To

provide access to sentences passed for cases with this sort

of profile, all Scottish High Court convictions over a 5 year

period were classified and recorded. The jurisdiction yielded

a total of approximately 45OO cases over the period. Very

many of the offences in the jurisdiction were charged under

common law. A categorisation was designed which sepa-

rated similar offences into discrete groups.

To cope with the variability in the characteristics which

judges may take into account when sentencing, a study was

carried out to establish the important features of each of the

offence categories identified at the offence structuring stage.

The intention of this knowledge engineering stage was to

provide a basis for indexing each case to be entered in the

system. Each identified attribute represents a single index.

The S1S allows a user to select one or more indexes de-

pending on whether they are perceived to be relevant to the

conviction in hand. We characterise the use of a ‘main’ con-

viction together with a choice of characteristics as the prin-

cipal offence approach to analysing previous similar cases.

The similarity metric used to retrieve cases in the principal

offence model is a direct match between the indexed charac-

teristics of the offence and offender and the explicit interests

of the judge in sentencing the case at hand.

A characteristic feature of CBS is that template instan-

tiation and case retrieval define the types of cases which

will be presented to the user for consideration. Similarities

may be characterised as the quality of a case being such

that its characteristics explicitly resemble those of the case

at hand. For example, a judge could choose to retrieve all

cases of assaults involving a sharp weapon, a vulnerable vic-

tim and no injury. Although such a definition of similarity

may provide a good means of locating useful similar con-

victions, a database of 45OO cases will often provide only a

handful of cases, and on many occasions, when several in-

dexing attributes have to be set, no cases will be retrieved.

In this approach, sentences for other cases which may also

be regarded as anrdogous may also be missed

To overcome this limitation of the principal offence ap-

proach, a model was constructed which uses an alternative

definition of similarity to group cases. The metric of similar-

ity used in this model is a set of characteristics which can, for

example, distinguish a seriously aggravated robbery from an

aggravated robbery. These characteristics were identified by
discussion with the judiciary as appropriate for the purposes

of partitioning cases.

Convictions were re-classified using this technique and

recentered into the case base. The benefits of the approach

based on composite similarities is that it greatly reduces

the interaction required in order to produce a distribution

of disposals related to convictions similar to the type un-

der consideration. Instead of being required to make sev-

eral distinct choices, the judge is invited to use a compound

approach to a particular caxe which includes all relevant

characteristics. The second benefit of this approach is that

it results in distributions which contain larger numbers of

relevant individual sentences. Such distributions provide a

clearer impression of appropriate ranges of disposals.
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Figure 1: The offence

2.2 S1S Operation

The principal offence approach snb-system allows the user to

select a particular offence category and the classification of

the offence within that category. Having made these choices

it is then possible to either select specific characteristics of

the offence, select specific characteristics of the offender or

view the data with neither offence nor offender characteris-

tics specified. The latter course of action would be chosen

to view the distribution of cases which are geuerally similar

to the oneat hand (i.e. the same classification) with a view

to refining the data set by specifying further characteristics

at a later stage. If the user elects to set the offence charac-

teristics, s/he is presented with a list of the characteristics

relevant to cases of the same type as the current case. The

direct manipulation interface presents these characteristics

as a set of buttons which display menus showing the pos-

sible settings of each characteristic. By default the current

setting of a characteristic is shown by an icon on the but-

ton. All characteristics are initially set to ‘Ignore’: that is

the characteristic willnot beusedto filter the cases selected

(Figure 1).

When the characteristics have been set to the satisfaction
of the user, it is possible to either display the distribution

of sentences or to enter characteristics of the offender. The
offender characteristics are entered in an analogous way to

the offence characteristics through the use of buttons and

menus.

The distribution ofsentences is presented atseverallev-

els. At the top level the sentences are grouped on the basis

of categories of disposal (Figure 2). Each category may then

be further explored to show a distribution of the disposals of

casesin that category. Further investigation of the dktribu-

tion ofeach category reveals detail of the sentence imposed,

characteristics page.

together with reference information which would allow the

user to retrieve case papers associated with individual dis-

posals. At the lowest level, the system provides access to

the summary of the details of the case which is held in the

database (Figure 3).

Within the CBS paradigm, there is an acknowledged

need for solutions with negative outcomes to be used to alert

decision makers to potential problems concerning certain

courses of action [16]. In the context of exploring sentencing

possibfities, these negative outcomes can be equated with

cases where a sentence was overturned on appeal. By the

same argument, a sentence which was confirmed on appeal

can be viewed as strongly supportive of a particular course

of action. In order to provide support for the use of nega-

tive outcomes anappeal case-base can reexplored from the

point of view of the disposals imposed or supported by the

Appeal Court. Bydefault, data represented in distributions

relates to first instance sentences. The user may explore

whether a particular disposal was appealed and, if so, the

nature of the outcome, by selecting particular groups of data

and accessing the lowest level details about each particular

case. As an alternative, data in displays may be limited
only to those cases which went to appeal. The effect of this

is to provide access to a very much restricted set of con-

victions, which nevertheless represent outcomes which are

regarded as having greater significance in consideration of

current courses of action by the sentencer.

2.3 S1S Implementation

The S1S was implemented using a proprietary interface-

building tool [19]. This system provided abasis for eliciting

user response in the form of menu choices. Menus are, in
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general, hidden behind buttons to simplify the user inter-

~ace. The system was designed to be p;es&ted to the user

on acolour screen. While such software wilf run on anycom-

patible hardware platform, the intention is that the system

would be made available to the judiciary on a notebook ma-

chine capable of operating in stand-alone mode. The need

for such a portable system is imposed by typical judicial

work patterns.

The overall architecture allows the interface to collect

the index choices from the user andtoprocess these choices

against the data store. The latter consists of data arranged

in a series of relational database tables. Between the user

and tbe case store are three sub-systems which control the

retrieval of data from the case store and the characteristics

which are offered to the user for selection. The sub-systems

implement the principoJ offence approach, the modified of-

fence approach andthe appeals module. Atall stages choices

can only be made by input from the mouse, the keyboard

being rendered inoperative tosimphfy user interaction. The

choices made by the user are assembled into an SQL query

such as that shown in Figure 4. This query is then used to

retrieve the appropriate case from the database. Once data

has been retrieved it can be explored by ‘point and click’.

Objects of interest such as bars on frequency distributions

are sensitive to selection and able to reveal details about the

cases referenced.

3 RESULTS

The process of involving a wide section of the target user
.omxnunity has been of considerable benefit to the project.

The jurisdiction of Scotland is of manageable size and during

thecourse of the development of the prototype nearly all of

the judges were consulted. There was general agreement

that the S1S was of significant utility in accessing relevant

information, although a number of potential improvements

were suggested, including a context-sensitive help system

and improved navigational flexibility.

The direct manipulation interface was well received and

judges found that they were rapidly able to construct mean-

ingful queries and retrieve appropriate data despite having

limited prior experience of computer use, Some users felt

that this facility could be enhanced by using touch screen

technology rather than mouse-driven input.

A preliminary evaluation which involved extended access
to the system by four high court judges revealed that users

were particularly interested in the facility for displaying the

low-level details of cases which could be accessed by ‘drill-

down’ from the dktribution displays. This provided confir-

mation to the user that the cases extracted were of relevance

to the conviction under consideration. There was, however,

a reported need to support such summary case details with

a more detailed description of the circumstances surround-

ing the sentence. This information is partly available in the

narrative of the indictment but is also the basis of a judicial
sentencing report which is completed for custodial sentences

of 4 years or more. Text in the form of appeaf court decisions

was also identified as being of use to sentencers and could

be incorporated in the lowest level of the system. Judges

were particularly interested in the potential of the system

for informing sentencing decisions on unusurd cases.

The delivery of the S1S on a notebook personal computer

was seen by users as a useful environment in which to work

although concern was expressed about the speed of response
of the initial prototype. A second prototype was produced

which cut response time down to about 5 seconds. This was
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seen as adequate but users showed evidence of habituation

to this improvement. The advent of palm-top computers

may provide for less intrusive delivery of the S1S but further

research to improve performance is important if applications

of this sort are to be widely accepted.

4 CONCLUSIONS

The S1S system was constructed as a prototype to enable

exploration of the concept of a computer-based tool for as-

sisting sentencers to retrieve relevant cases. A particular

problem with the domain is that given a limited number

of available cases it is important to balance refinement of

case selection with the need to retrieve enough similar cases

to provide a satisfactory distribution of disposals. Further

refinement of the offence classification is required to tune

the system so that data retrieved is of maximum benefit to

end users. A significant problem is presented by the limi-

tations of performance which are inherent in the combina-

tion of resource-hungry applications and current personal

computer hardware capabilities. One outcome of informal

observations of the use of the system by members of the ju-

diciary is that there is a tendency to use the system in a
manner similar to a spreadsheet to provide a ‘what-if’ facil-

ity. The implications of adding in offence and offender char-

acteristics can be explored cumulatively by adding in each

characteristic singly and immediately observing the effect

on the distribution of disposals. The prototype, however,

produces displays using SQL grouping queries which are rel-

atively time-consuming for the data server to process, thus

limiting the use of the tool for exploratory purposes. The

potentiaJ benefits of dynamic query systems have been iden-

tified in connection with applications of this type [20]. In

select sentence. type, count(*)

from robberies

uhere of fence _category = ‘complete robbery)

and victim = ‘occupationally vulnerable)

and injury = ‘none>

group by sentence.type;

Figure4: SQLquery generated bychoices in Figure 1

this approach, the display is continually updated to match

the setting of selection objects (buttons or sliders) giving

users immediate feedback of the impact of their choices.

This technology is only marginally feasible using currently

available tools. We are developing research interests in high

performance database systems using data compression as a

means of delivering data to applications such as the S1S at

a rate sufficient to satisfy observed needs of users.
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