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Literature review Part 2; Geographical Data Mining: Data and Methodology

This chapter details methodology charting the evolution of GDM as an approach to mitigate real world problems.  Section 3.0 defines GDM in detail and focuses on the development of Exploratory Spatial Data Analysis (ESDA) methods applied since the early 1990’s in a wide variety of geographical research.  These include various versions of Geographical Analysis Machines of Openshaw et al., the Geographical Weighted Regression method of Fotheringham et al., ...  Section 3.1 describes the available and existing geographical data related to the problem of road accident incidence.  These include Stats19 Personal Injury Road Accident data, (Ordnance Survey) digital map data, Census data …  Section 3.2 outlines some analytical aims.  It describes the desire to analyse all the data for the entire country at the finest resolution possible in order to dig down and ‘explain’ spatio-temporal clustering.  Section 3.3 details methodology.
3.0
Exploratory Spatial Data Analysis and the evolution of GDM
Def: ESDA

Why is GDM the next step:

The next subsection is concerned with defining GDM.  Subsection 3.0.1

… 
3.0.0
Defining Geographical Data Mining
“Geographical data mining (GDM) is regarded as a special form of data mining that seeks to perform similar functions but is modified to take into account the special features of geoinformation and the rather different styles and needs of GIS and geographical explanation.” (Openshaw 1999)
The special features of geoinformation are summarised in Table 3.1.

Table 3.1
Special features of geoinformation
	Observations are not independent

	Data uncertainty and errors are often spatially structured

	Whole map statistics are seldom helpful

	Non-stationarity is to be expected

	Relationships are often geographical localised - rather than global

	Non-linearity is the norm

	Data distributions are non-normal

	High levels of multivariateness but with redundancy

	Time often interacts with space

	Most GIS data layers are categorical

	The locational element is important

	The modifiable nature of all spatially aggregated data

	Results reflect definitional dependencies

	There can be a fair amount of junk data


(Source: Openshaw 1999)
Geoinformation can relate to: a complex physical object, like a road network; or something more abstract, such as, a postcode or census tract where the boundaries of the regions are not naturally distinguished by physical characteristics or the appearance of the landscape.  In any case geoinformation is special in that it is not independent or identically distributed like much other non-geographical data.  In other words, geographical distributions are spatially and temporally patterned, values attributed to each region of space-time are autocorrelated and are also related to values of other variables in others regions.  The strengths of these relationships tend to vary according to a great number of complexly interrelated scale dependent processes.  There is a fundamental difference (with respect to the type of patterns that can be sought) in data that have no spatial or temporal reference, data that have one but not the other, and data with both.  Another thing worth pointing out here is that outside influences abound not least in trends over time that effect the entire region albeit in locally varying and possibly unusual ways. 
Geographical Data Mining (GDM) is defined and outlined in Openshaw (1999).  It involves the analysis of ‘sufficiently volumous’ amounts of geographical data, which are usually both spatially and temporally referenced and have multiple attributes.  Many (if not all) geographical variables are interrelated and the main part of this GDM involves integrating all the data and searching for patterns which suggest relationships between the data and how these can be useful in the context of a specific objective, such as, improving road safety.

3.0.1
The evolution of GDM

This subsection is further subdivided.  The next sub-subsection ESDA.  Section 3.0.1.1 GAM.  Section 3.0.1.2 GWR.

3.0.1.1
Exploratory Spatial Data Analysis

ESDA highlights the importance of generalising, visualising and investigating patterns in the data using dynamic linked graphics.  
3.0.1.1
GAM

Get Openshaw work in order.

GAM GEM STAM STAC

Openshaw (1994) Two exploratory space-time-attribute pattern analysers relevant to GIS.  In Fotheringham and Rogerson (eds) Spatial Analysis and GIS (Taylor and Francis)
3.0.1.2
GWR

Get Newcastle United work in order.
3.0.2
Problems and Benefits of GDM
Need to regard each cluster as being a database anomaly in the first place.  Is there something strange or erroneous in the existing data? – Is a value missing or too high, was it a single event or a more general change?

There is a need to develop better ways of enriching, analysing and modelling the available data.  One way to do this is to generate cross-scale density surfaces.
3.2
Data

The main source of personal injury road accident incidence data for Great Britain derives from a historical form commonly known as Stats19.  This name now also refers to a digital database maintained by the government department in charge of transport. These are supplied on an annual basis to the Essex Data Archive from where it is made available for academic research.  The GDM approach adopted here is almost entirely vindicated by the availability of this data, which contains various spatial and temporal references and is described in more detail in Subsection 3.2.0.  Digital map data, such as, Ordnance Survey (OS) MasterMap is extremely relevant and is detailed in Subsection 3.2.1.  Perhaps most importantly it can be used to identify where and when changes in the physical appearance of the road layout occur.  The UK Census of Population is the other main source of data that will be used.  These data are described in Section 3.0.2.

3.2.0
Stats19

Stats19 data is now a database about personal injury road accidents in the UK and is currently stored as three relational tables:  One table provides information on where and when these accidents occur and also information on the road and weathers conditions.  Another table provides information on the casualties, and the other provides information on the vehicles involved.  Principally these data are for informing debate on matters of road safety and provide a perspective for particular road safety problems and suggested remedies.

The data are used to support applications for remedial engineering work on public roads.  At both national and local level they provide the basis for supporting education, training and publicity campaigns and also for monitoring and formulating policies to improve all aspects of road safety and road traffic legislation.  In particular, the data are essential for monitoring progress towards publicly declared targeted reductions in road casualties at both national and local area level.  At an international level, the data contribute to a programme of work sponsored by the European Commission (EC) and the Organisation for Economic Co-operation and Development (OECD), to develop international road accident database (IRTAD) to support research and the exchange of information and best practice between countries. 

The collection of Stats19 data is reviewed every five years and the next review is due in 2002.  The review is to establish if the data provides essential information for Government, whilst minimising the burden of form filling and data provision on businesses, Local Authorities and Police Forces.  To perform the review the government department dealing with transport consults with the Standing Committee on Road Accident Statistics (SCRAS) and various road safety organisations not represented on SCRAS.

SCRAS includes representatives from: the Association of Chief Police Officers (ACPO), its Scottish counterpart, the Royal Ulster Constabulary, the Association of County Councils (ACC), the Association of Metropolitan Authorities (AMA), the Convention of Scottish Local Authorities (COSLA), the Scottish and Welsh Offices, and various central government departments.  It considers how to improve the consistency of reporting between Local Police Forces and how Stats19 data collection should respond to changes in the road safety environment.

The Road Traffic Act: 1988, Section 170 (amended by section 72 of the 1991 Act), and Section 192 specifies the public duty to report road accidents to the police on public roads in England and Wales.  The Roads (Scotland) Act 1984 specifies the public duty in Scotland.  Whenever the police attend, or are notified, of a personal injury road accident they complete a Stats19 accident report form. The form, and data collected varies between Local Authority and Police Force areas reflecting different local road safety requirements and circumstances.  In England, within each local area, Stats19 data are collated by a central unit referred to as a Local Processing Authority (LPA) which can be managed directly either by the Police or Local Authority, or be sub-contracted to a private consultancy.  In Scotland and in Wales the Scottish Office and the Welsh Office act as LPAs for the central government department dealing with transport.  In 1997 there were 51 Local Police Force areas in Great Britain of which 22 were also the LPA.  After Stats19 data has been validated, the LPA makes the data available to both the central government department dealing with transport and the local highway authority.  The data submitted to the central government department dealing with transport then undergo further validation checks.

A new system for recording contributory factors in road accidents has been detailed (documentation is unpublished but available on request). It describes the proposed collection methodology designed to improve accuracy at a local level and to produce consistent data for national level analysis (ref: 1997 quinquenial review).  The road safety policy division of the central government department dealing with transport supported this development.  They hoped it would produce national analyses of underlying causation patterns which could be used to underpin publicity campaigns and also target research.
A great deal of road safety research is based upon Stats19 data (see: chapter 2 sections ?; listing of available publications is shown in Part 2: Appendix E of 1997 quinquenial review;  Road Accidents Great Britain the casualty report is an annual report which is perhaps the most important of these to review).
Reference appendix which details tables.
3.2.1
Digital map data

The Ordnance Survey (OS) is the UK national mapping agency.  They have massive amount of digital data that are distributed as products in various forms.  A new Digital National Framework Initiative was launched in YEAR in order to GOALS.  MasterMap is an outcome from this and the data is detailed below.  It depicts mainly physical characteristics of the landscape such as the outlines of buildings and roads.  The data can be used to generate useful spatial variables related both to the immediate road environment and its surrounding area.

3.2.2
UK Census data

Changing patterns in the distribution of population probably relate to changes in the pattern of road accident risk and road accident incidence. Regardless of the changes, the characteristics of areas and their populations do reflect differences in risk and incidence rates.

A census of population is carried out in the UK at ten yearly intervals.  Digital data for 1991 data is currently available and data for 2001 should become available soon.  The data provides a snapshot of information about most of the population of Great Britain.  Small samples of the data are digitally available at the micro scale, but in general the data is aggregated to areas and distributed in a way that preserves confidentiality.  The data represents population characteristics of areas.  Some variables of interest include car ownership,…, age/sex population disaggregation.

The Special Workplace Statistics provides information about commuting flows and are of interest for a variety of reasons.
The data is available digitally in various formats and have much utility for the analysis of road accident incidence.  
What about time series of census data?

3.2.3
Other data

What else is available? 

Postcodes of Casualties - Oliver mentioned that ITS were acquiring some such data for another project.

Traffic flow data

Hospital records

Causality data

Insurance data

DVLA data

Police Fatal Road Accident Reports

DEM 

Land use and other geographical data from which surrogates can be derived

3.3
Analytical wants and needs

3.3.0
Research questions

3.4
Methodology

3.4.0
…

3.4.1
Case studies
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