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Abstract

Emerging Internet GIS technology offers an attractive solution to some data
interoperability problems by incorporating existing Internet framework standards,
providing familiar web browsers as user interfaces and enabling access to data
anywhere at anytime. This study investigates the capability of Internet GIS
technology for managing and sharing data using the specific example of the National
Trust for Scotland (NTS) as an internationally recognised non-governmental
organisation uniquely responsible for the protection and conservation of both the

cultural and natural heritage of Scotland.

This research first looks at the organisation and evaluates their perceived
requirements through semi-structured interviews conducted at selected NTS
properties and regional and central offices. The second stage demonstrates how these
requirements can be addressed using Internet GIS technology, through the creation of
three demonstration systems using two software. packages, ArcIMS and ASPMap.
ArcIMS was selected as an example of a commercial GIS software product and
ASPMap as an example of a bespoke system. NTS staff then evaluated these
demonstration systems through questionnaires and during a face-to-face feedback and

evaluation session.

The specific case study is used to broach common sets of issues such as data access
and interoperability, which are shared throughout many research sectors and are
becoming more important with the fast developing nature of the Internet. The
importance of interoperability and the benefits of adhering to metadata guidelines and
open standards are discussed in conjunction with internal and external data sharing.
Recent advancements in web service technology and their potential for inter-

organisational data exchange are also discussed.

If pitched practically to address user’s needs, an Internet GIS would be invaluable for
a spatially oriented organisation like NTS. Results indicated that users required basic
GIS functionality and favoured a bespoke approach, both for financial and practical

reasoins.
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Glossary of Terms

ECW — Enhanced Compression Wavelet

Enables image files to be compressed whilst retaining their spatial projections

GIF — Graphics Interchange Format
An 8-bit-per-pixel bitmap image format that uses the LZW compression
technique

GML — Geography Markup Language
An XML-based encoding for transport and storage of spatial and non-spatial

geographical information

HTML — HyperText Markup Language
Describes how each element should be displayed on the web browser. Cannot

be used to code spatial features

HTTP — HyperText Transfer Protocol

Stateless communication protocol between web browser and web server

JPEG — Joint Photographic Experts Group
Standardised image compression mechanism for full-colour (24 bit) or grey-

scale digital images

KML — Keyhole Markup Language
A language based on the XML standard that uses a tag-based structure with

nested elements and attributes. Specifically used for Google

SOAP — Simple Object Access Protocol
A particular type of XML message

xi



SVG — Scalable Vector Graphics
An XML-based language that describes images, particularly how they should

be displayed in the web browser

UDDI — Universal Discovery, Description and Integration
A searchable registry database or network directory containing web service

descriptions

WMS - Open GIS Web Map Servér
Provides three operations: GetCapabilities (defines what types of map a server
can deliver), GetMap (defines how to request and provide a map as a picture
or set of features) and GetFeatureInfo (defines how to get information about

the contents or features of a map)

WSDL — Web Services Definition Language

Describes the contents and functions of individual web services
XML - Extensible Markup Language

A general purpose markup language, primarily used to facilitate the sharing of

structured data between systems and across the Internet
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Chapter 1: Introduction
1.1 Rationale

Common problems of data sharing and interoperability are becoming increasingly
apparent in today’s modern environment where instantaneous information retrieval is
commonplace, particularly through the virtual and global medium of the Internet.
Often, as organisations have evolved, they have accumulated large datasets with no
clear guidelines as to how the data should be managed and recorded, which has
resulted in data being stored in multiple formats. Equally, the software packages that
have been used over time to store the data have no overarching standards to comply
with and are regularly incompatible with each other. This means that exchanging
datasets both within as well as between organisations can be extremely difficult. As
more technology and associated standards are being constantly introduced and

extended, it is essential to conduct research into this.

The National Trust for Scotland (NTS) is an excellent organisation to use as a case
study to explore issues of data management and interoperability. It is an
internationally recognised non-governmental organisation with public responsibility
for the protection and conservation of both the cultural and natural heritage of
Scotland. In this respect it is unique as most organisations are concerned with either
one or the other and it is this interdisciplinary nature that fuels academic interest as
well as the enthusiasm of around 300,000 members that presently subscribe to the
Trust. NTS is custodian to a wide variety of properties, including islands, coastland,
countryside, gardens, castles, estate houses and so forth, so consequently needs to

manage an extremely diverse set of data for this large portfolio of properties.

However, there is currently no single point of entry into the data, as it is stored in a
variety of software packages, from Microsoft Word, Excel and Access to paper
documents and emails. As NTS have to make spatially-based management decisions
on a daily basis, it is essential that all relevant data is easily accessible so that
decisions are as informed and accurate as possible. One occasion when these issues
were exposed was when the potentially severe error of bracken spraying that was

scheduled to take place within the vicinity of nesting sea eagles was averted more by



accident than design. If all the data was standardised and held in a central location so

that it was easily accessible, oversights like this would not occur.

This need to manage diverse spatial data makes NTS a prime candidate to utilise a
GIS. Increasingly, people are adopting GIS solutions as the developments in computer
and information technology are becoming more and more impressive, particularly in
relation to the extension of GIS on to the Internet (Yong et al, 2005). As NTS is a
registered charity it has a greater opportunity for using GIS now that the software can
be disseminated across the Internet, removing the need tb purchase multiple desktop
licenses (Peng and Zhang, 2004). Additionally, by placing GIS on to the Internet all
the fundamental and essential standards that are written for this environment, such as
HTML and HTTP, have to be immediately adopted within the GIS framework. This
instantly removes part of the problems associated with interoperability and
compatibility (Chang and Park, 2006).

Whilst the reason for many organisations wanting to integrate an Internet GIS is clear,
their potential is often seriously underused, especially by UK organisations (Davies
and Medyckyj-Scott, 1996) that have not thought through their implementation
properly. This can be both because people don’t know enough about the technology
and therefore do not see the potential of GIS (Alterkawi, 2005) or conversely, because
people try to do too much with the system that it becomes impractical to .use. So,
whilst the huge potentials are very attractive, it is important that the use of the
technology and its implementation is not guided by what it can do but focuses on

what users actually need (Appleton and Lovett, 2003).

Therefore this project will look at some current Internet GIS technologies and the
various possibilities for developing them for an organisation that needs to manage and
~ share diverse spatial conservation information, taking into account user needs and
requirements. This research provides the unique opportunity to work with an
organisation that can provide an honest and critical assessment of the technologies
and provide an insight into the possible effects of integrating a GIS into the
organisation. This is something that is rather unusual in the published literature for
two reasons. First, a large proportion of previous research has focused on

technological advances of GIS rather than the environment into which the system is



being introduced (Reeve and Petch, 1999). Secondly, it will concentrate more on the
actual effect a system could have on an organisation for assisting staff in their roles,
rather than the typical descriptive studies of the use of GIS in multiple application

areas (Davis and Medyckyj-Scott, 1996).

1.2 Aims

The main aim of this project is to evaluate the potential of current proprietary and
bespoke Internet GIS technologies for managing and sharing diverse spatial
information, in terms of their technical capabilities and usability in an institutional

context.

1.3 Objectives

To achieve these aims there are more specific objectives, which are:

1. Establish the needs of the organisation and the background for change
Obtain user needs and requirements

Create demonstration models using two Internet GIS technologies
Evaluate the software and the different approaches used

Evaluate the potential of using the Internet/Intranet for data sharing

S

Consider database design and briefly review the NTS metadata standard
‘PINTS’

1.4 Literature Review:

1.4.1 Contextualising GIS

“Geographical Information Systems (GIS) is much more than just an automated
mapping system, as its real power comes from its ability to store and manipulate
spatially related information” (Heikkila, 1998, p. 351). Whilst the ‘power of maps’
has long been realised (Kitchen and Tate, 2000), it is the multi-dimensionality of GIS
that has captured and held widespread attention since its emergence as a new

technology in the 1970’s.



Traditionally GIS has been placed within the geography discipline, although in reality
it actually integrates concepts and methods from a wider variety of equally distinct
subjects, such as spatial analysis, cartography and database management (Unwin,
1991). It is because of this interdisciplinary nature that people find it difficult to
define and is partly the reason why it is still widely researched. As the responsibility
fell to geographers they attempted to place GIS within an existing geographical
framework, noting that GIS is inherently linked with the positivist philosophy (Lake,
1993). It is unhelpful that the term ‘positivism’ is shrouded in ambiguity, but
essentially it utilises quantitative methods with the aim of identifying general laws by
looking for order and regularity. In other words, “it emphasises, via mapping and
spatial analysis, what is observable and measurable” (Fotheringham 2006, p.5). It is
this link with positivist thinking which initiated the first major wave of criticism of
GIS between 1990 and 1994, with fears of a ‘naive empiricism’ flooding the
geography discipline (Taylor, 1990). Whilst this debate occurred specifically within
geography and does not reflect large-scale feeling it is important to understand the
wider underlying concepts behind GIS so that we do not go through the practical

motions without appreciating the motivations behind them (Unwin, 1991).

In parallel to the geography perspective, the analytical power and versatility of GIS
meant that many other sectors were progressing with the development of GIS
technology. This is reflected by four overlapping stages with varying rates of
progression (Coppock and Rhind, 1991). The first stage was the pioneer/research
frontier in the 1950°s-1975, closely followed by formal government-funded research
into the early 1980’s. As the value of GIS was realised the commercial phase took
over. However, as the competition between vendors is ever increasing this is giving
way to a new stage of user dominance, giving people more control. These stages
mirror the very different motivations for GIS development over the years and
depending which of these angles are taken GIS can be seen as either a valuable

technology or a set of concepts (Unwin, 1991).

Where the focus has been on GIS as a technology, the primary aims have been to train
in its use or work towards furthering its technological capability. Conversely, in
sectors where GIS is viewed more as a group of concepts, particularly within the

academic arena, the primary focus has been to promote education in its underlying



philosophy. However both of these are also inherently linked, since the development
of GIS capability is connected to rapid technological advances (Morrison, 1991),

which is also being aided now by increased data availability.

1.4.2 GIS: A system or a science?

From its inception, GIS was relatively easy to define. The predominant motivation
behind GIS was to be able to transfer paper maps into digital form on the computer,
thus creating the system by which to achieve this was the science (Gold, 2006).
However, the incorporation of many sub-disciplines and sectors into this rapidly
developing research area widened the views of what a GIS is, from a substitute for
paper maps into a repository for geographical data and on to representing a model of
reality (Egenhofer and Kuhn, 1999). So as GIS has evolved, the system alone is now
no longer enough and there has been a substantial shift in placing the efnphasis on the

underlying science.

This shift has been clearly noted within the academic literature, with the well-known
journal ‘International Journal of Geographical Information Systems’ being renamed
‘Science’ in 1998. As academic journals provide a chronological record of changing
ideas over time, a cross-section thfough this journal between 1987 and 2006 can
reveal that the general subjects being researched altered in focus over the years, from
technical database and information systems articles to begin with into modelling,
design approach and interoperability. So, the emphasis .has been taken away from
developing systems for specific isolated applications to re-focus on the core concepts
and fundamental capabilities of GIS and how these can link systems together
(Chrisman, 1999). Obviously that is not to say that the technical considerations and
advances are less important, in fact almost the opposite is true since concepts such as
interoperability are by nature highly technical, so it is simply that a more considered

and rounded approach is now being favoured.

In re-focussing the boundaries of GIS, a revised definition is required that
encompasses these aspects. Many definitions exist for an interdisciplinary subject like

GIS, as have already been discussed, but defining the term is an essential, though






1.4.3 Social context of GIS

The social context of GIS has become more important in recent years for a couple of
reasons. Firstly, as more focus has.been directed on the scientific concepts behind GIS
it has been increasingly recognised that GIS cannot be divorced from the social
context of its creation (Aitken and Michel, 1995). In other words, political, economic
and social motivations affect all levels of GIS development and as such, hidden power
structures and complex relationships will be contained within the GIS design. By
encompassing multiple ideologies and ways of thinking into the whole development
- process of creating the system, GIS should therefore be considered as a social
construction (Aitken and Michel, 1995). Even the data itself which the system is
based around has been created by someone and as it is commonly recognised that a
GIS is only as good as the data in which it is derived from (Aitken and Michel, 1995),
it seems that the social context of its creation is indeed something that cannot be

ignored.

Secondly, in recognising the social construction and context of GIS there has been a
change in the perception of the host ‘organisation’. Reeve and Petch (1999) outline
three key shifts in thinking. The first phase was a period of ‘technical determinism’
whereby the inherent superiority of any new technology was believed to guarantee its
acceptance within an organisation. ‘Managerial rationalism’ followed this by which
point some consideration was given to the complexity of the organisation and it was
recognised that implementing a new technology would require some internal
adjustment. However, the overriding view was still that the organisation would be

amenable to any new system.

The current mode of thinking is termed ‘social interactionism’ and appreciates that the
‘organisation’ contains very complex social structures and therefore any new
technology must be developed with this in mind, as a system will not be automatically
accepted (Reeve and Petch, 1999). This is a very important concept to bear in mind
then since it is the organisation that will ultimately decide the success or failure of a
GIS. Therefore, if an organisation’s needs are not considered when designing the
system it will become little more than ‘expensive junk’ (Reeve and Petch, 1999). This

changing perception of the importance of the ‘organisation’ ties in with the shift in



thinking of GIS as a science rather than a system, thereby justifying the inclusion of
the ‘institutional context’ and ‘social and cultural context’ components to the new

definition of GIS (Figure 1.1).

As the definition of GIS changes to include the social and institutional contexts as
well as the system itself, methodological approaches to GIS studies must also change
in order to facilitate a combined assessment. A revised interdisciplinary framework
that includes social science research methodologies alongside traditional information
technology assessments is therefore required. Consequently the methodology for this
study focuses on the dynamics of the organisation and user requirements of its staff

alongside a technical assessment of demonstration systems.

Finally, as GIS has become a powerful force in planning practice (Aitken and Michel,
1995) its potential for aiding public participation practices has been recognised.
Traditionally, public participation has been limited to three levels: ‘the right to know’,
‘informing the public’ and ‘the public’s right to object’. However, GIS enables people
to incorporate and integrate spatially their local knowledge of an area and interact
dynamically with the GIS to analyse policy making and planning decisions (Sieber,
2006). This sense of being able to voice their opinions provides empowerment to
individuals and groups and can also benefit policymakers, enabling them to make

more informed decisions using the wealth of local knowledge.

Although many people do recognise the advantages that GIS has to contribute to
public participation, its ability to overcome existing limitations of the process is often
overstated (Barndt, 2002). Public Participation GIS (PPGIS) is seen by some to be
removing the elitist criticism of GIS, but at the same time can be argued to be
entrenching GIS within an increasingly positivist framework, another former criticism
of GIS. It requires users to quantify their opinions and reduce complex social
processes into points, lines and areas (Sieber, 2006). In spite of these concerns, the
evolution of Internet GIS has highlighted the possibilities of broadening the
engagement of public involvement in decision-making by making GIS more
accessible (Sieber, 2006). By transferring this process into a public arena like the
Internet, a higher level of participation is achieved that works across the boundaries

between public and private sectors (Aitken, 2002).



One of the main reasons why transferring PPGIS projects onto the Internet has been
successful is because it fits into the social context of modern life, whereby practically
everyone either has a computer or access to one and almost everything is available on
the Internet at the touch of a button. Having recognised and used this context, an
Internet PPGIS is able to reach the maximum number of people in a way that is
already familiar to them, reinforcing the importance of considering the social contexts
of the target audience. Furthermore, as it appears to be just another website, people do
not realise they are actually using a GIS. Many examples of this exist, including
softhire packages like Google Earth, which is discussed further in chapter five. On
the one hand, it is a significant improvement for people to be able to use the system
without specialist training in GIS sofiware. However, there comes a point when the
user will need to understand the underlying science behind the system in order for it
to be of practical use. This further reinforces the importance of considering GIS as a

science as well as a system.

1.4.4 Progression of GIS and the rise of ‘Internet GIS’

Unsurprisingly, as the recognition of the potential and flexibility of GIS increased, the
demand for access to it rose sharply in many sectors, rendering the traditional desktop
GIS or ‘personal GIS’ insufficient (Heikkila, 1998). In this scenario, every user who
wished to have access to GIS was required to purchase a desktop software package
and was unable to access their information from anywhere other than that desktop
computer. For the general public and any small organisations that lacked the
necessary resources, this was entirely impractical and was what helped to fuel the
criticism that GIS is an elitist technology (Peng and Zhang, 2004). Additionally, the
complex user interface of the software resulted in a steep learning curve for users,
further narrowing the scope of potential users to those with at least some knowledge
of GIS. A final limitation of desktop GIS was the lack of interoperability between the
various software packages, preventing data sharing, as each commercial group creates

their programmes in isolation to the particular standards they chose to adopt.

In response to these issues, researchers began looking into the option of ‘Internet GIS’
as a progression and improvement to the traditional personal system. By transferring

this technology on to the Internet many of the limitations of desktop GIS were



eliminated. Users could now have access to their geospatial data anywhere at anytime,
which is highly desirable considering the ever-increasing pace of modern life and shift
into more virtual and global work environments. Also, by utilising the more familiar
Internet web browsers as user interfaces, it removed part of the complexity of GIS
systems instantly, enabling easier manoeuvrability around the system (Martin et al,
1998; Peng and Zhang, 2004). Naturally, in moving the system on to the Internet, all
the fundamental and essential standards that are written for this environment had to be
immediately adopted within the GIS framework, removing some of the problems
associated with interoperability and compatibility. Placing the software on to a system
that is more accessible went a long way to making people aware of GIS and

popularising its use (Carver et al, 1997).

However, whilst this development offered many solutions to existing problems, it is
by no means a perfect ready-made environment for GIS and presents many challenges
of its own. Firstly, putting GIS technology on to the Internet is not entirely
straightforward. For example, the existing framework of the Internet was believed to
aid interoperability, but the two major web technologies that Internet GIS had to rely
on: HyperText Markup Language (HTML) and HyperText Transfer Protocol (HTTP)
are insufficient for the specialised software. In response to this, client-side
applications have been developed such as plug-ins and Java applets and specifications
like Extensible Markup Language (XML) have been used to create more geography-
specific computer criteria. Both Geography Markup Language (GML) and Scalable
Vector Graphics (SVG) are based on the XML schema. GML “enables modelling,
transport and storage of geographic information, including both spatial and non-
spatial properties” and SVG improves image display in web browsers

(www.opengeospatial.org).

Secondly, as is the tendency with a lot of new and emerging technologies, there is
confusion arising from the inconsistent use of evolving terminologies. Although the
term ‘Internet GIS’ has so far been used when referring to this development, there are
actually four separate terms that are often used interchangeably, which although they
look reasonably similar, actually have slightly different meanings. The term ‘Internet
GIS’ refers to the use of the Internet as a means of exchanging data, performing GIS

analysis and presenting results (Mathiyalagan et al, 2005). ‘Web-based GIS’ is
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specifically referring to the use of the World Wide Web (WWW), a networking
application that runs on top of the Internet using HTTP (Peng and Tsou, 2003).
‘Distributed Geographical Information’ actually includes ‘Internet GIS’, using
Internet technologies to distribute information, removing the need to install GIS
programmes on to user desktops. Finally, ‘Web GIS’ is a GIS distributed across a
computer network, disseminating geographical information across the WWW (Peng
and Tsou, 2003). Although it is important to be aware and understand these variations
in meanings, we need to be careful that we don’t over-complicate the situation and
end up arguing about the meaning of every single term. For the purposes of this
project the general term ‘Internet GIS’ will be used, although any necessary

distinctions will be made within chapter four.

‘Internet GIS’ is not therefore by any means a final product and is constantly
changing and improving. Despite several obstacles that still need to be addressed,
many scholars see the Internet as the arena for future development within the field of
GIS. In the public and private sectors of the UK too, Internet GIS is expected to play a
major role in policy as up to 80% of decision-making here is based on spatial analysis
of one sort or another (Peng and Zhang, 2004), and desktop GIS is certainly not going
to meet these needs. The wide reaching nature of this technology over so many
sectors throughout the UK has even led to the suggestion of a ‘digital democracy’
emerging in the not too distance future (Carver et al, 1997). This is mirrored though
by concerns of GIS becoming yet another tool for government surveillance (Sieber,
2006), as some systems integrate and analyse personal information on individual’s
beliefs, possessions and lifestyle (Curry, 1998). Although these are important ideas to
consider, Goodchild (1995) warns that presenting these dramatic debates may

overshadow the potential benefits and applications of GIS.

1.5 Background research on existing Internet GIS: systems and approaches

As the popularity of GIS has increased over the last decade more and more
organisations have taken the opportunity to invest in a system. Researching and
evaluating what organisations with similar needs and issues to NTS have already done
provides a firm foundation of knowledge énd an insight into some existing practical
applications. It is difficult for organisations to learn about GIS due to a lack of

accessible literature. Even within the academic environment, few peer-reviewed
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papers are readily and easily available as they often appear within grey literature

published in conference proceedings.

1.5.1 Academic literature

Academic literature provides an excellent record of the changing attitudes towards the
approach to GIS over the years. The changing perception of ‘organisations’ has
already been discussed and practical examples of this transition have been
documented within the literature. Tulloch (2002) discusses this very thing using an
example from New Jersey. The New Jersey Department of Environmental Protection
(NJDEP), founded in 1997, started to distribute specially attained licenses of ESRI’s
ArcView software package to local government agencies and environmentally
orientated NGO’s. However, it was recognised that these organisations would require
help in understanding and using the software, so the New Jersey Non-Profit GIS
Community (NGC) was founded by a GIS specialist and offers non-profit
organisations “facilities with technical and conceptual support for projects requiring
the use of GIS technology” (Tulloch, 2002, p. 197). This type of set-up where a
specialist external organisation is called on to provide technical support and advice on
GIS for non-profit organisations would be particularly valuable for a charity like NTS

and may well be the scenario which will emerge in the future.

Another example within the literature that focuses on the organisations needs and has
close ties to the NTS situation is discussed by Tsou (2004). In this example, the
desired Ihtemet GIS system was for environmental monitoring and natural resource
ﬁlanagement and ArcIMS was the software selected. Rangers and habitat monitors
required the system in order to conduct tasks like querying the location of sensitive
species and efficiently updating the databases, which ties very closely to the property
management tasks within NTS. It would be highly useful if selected people were able
to update the information, thus retaining data integrity. Additionally, using the
Internet for their system removed the need to install expensive software and enabled
people to access the system anywhere, another requirement for a decentralised
organisation like NTS. An Internet system was also recognised as being a valuable

tool for education and public learning, which again is a target for NTS.
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Finally, a more recent paper by Jankowski et al (2006) presented a methodology for a
user-based design and evaluation of a collaborative spatio-temporal decision support
system (C-SDSS). This interdisciplinary methodology is very similar to the one
employed in this study. The fact that it is published within a leading GIS journal is
testimony to the increasing importance that is being placed on this approach and will

hopefully encourage other similar research projects.

1.5.2 Online examples

The academic literature provides an overall research approach to GIS and Internet
GIS, but it is interesting to search the Internet for existing systems and to consider
approaches from a commercial perspective. Geowise is a company that can be
commissioned to help organisations set-up Internet GIS solutions and on their website

(www.geowise.co.uk) are two demonstration case studies, English Nature and UK

Forestry Commission. The Geowise report states that English Nature wanted an
intuitive web mapping tool that was fully integrated into their website so that
members of the public could easily view the locations of designated sites for
consérvation, aiding public participation and learning. The report also highlighted that
English Nature, like NTS, was interested in exploring the possibility of data sharing
with their partners (like DEFRA) and therefore required interoperable links.

The second case study on the Geowise website, UK Forestry Commission, is unlike
NTS in that the report states the organisation already possessed a number of ArcIMS-
“based web mapping applications, but similar because they have a relatively small in-
house GIS team and wanted to maximise staff time in order to rapidly disseminate a
large number of applications throughout the organisation. Geowise developed an
Internet Mapping Framework (IMF), which primarily is a method for making
centrally held spatial datasets available to a wide range of users but also enables
complex spatial and attribute queries to be performed. Both of these examples used

ArcIMS software and are reported as successful on the website.

These two examples are very interesting and the fact that they can be found by
conducting a simple Internet search means that they are easily accessible to any
organisation wishing to find out more about Internet GIS. However, because this

information is usually found on commercial vendors websites it is likely to be
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interviewed and the PastMap website was discussed. The main objective behind the
project was to make a wide range of information available and promote access to it, so
it is evident that the functionality of this Internet GIS system does fulfil the
requirements. Feedback these organisations have received from the public however is
mixed. Some people can use the system daily without any problems, whereas others
are reluctant to use the GIS tools, possibly because they are unfamiliar and seem
complex. This would suggest that the system has been pitched quite well at its
audience as many people can easily utilise it, but that it could possibly benefit from
some more detailed instructions, as there will always be people who are not used to

the functionality.

In terms of software, the choice of using ArcIMS was made through convenience as
RCAHMS can receive ESRI products through the CHEST agreement. When the joint
venture with Historic Scotland commenced, ArcIMS was the obvious choice.
However, Historic Scotland had little experience with the commercial package,
therefore, in a similar way to the New Jersey example discussed earlier (Tulloch,
2002), a GIS officer from RCAHMS prdvided technical support for Historic Scotland
until they were comfortable using the system. As these two organisations have a direct
association with NTS, this sharing of technical experience and skills as well as data is

liable to be extremely important in the near future.

Another organisation that NTS may want to share data with is the Royal Society for
the Protection of Birds (RSPB). As part of this research, a meeting between RSPB and
NTS was attended to discuss their experiences. Although their GIS has not yet been
disseminated on to the Internet, their experience does provide a useful case study.
Their system has the commercial software MapInfo as the front end and a customised
database behind it to provide a more user-friendly entrance into the system. Hdwevér,
one of the issues in this example is the time it takes to create a GIS and get all the data
into the correct format. It took RSPB ten years to create their system and even then
there have been later enhancements and there are now further plans to re-develop the
system to take advantage of newly emerging technology, especially for the Internet.
This clearly highlights the rapid pace of development within this sector and

emphasises the need for organisations to communicate about technological issues in
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order to ensure that the systems they are now creating have the ability to be

interoperable.

Reviewing the experience of other organisations is invaluable as a means of
discovering the general themes and issues have arisen already. Although each source
of information has its benefits, even information obtained from direct communication
with organisations is liable to be presented uncritically, as people have a vested
interest in their own systems. Even academic research within this field, which is more
neutral in its motivation, has its own obstacles and associated problems. Researchers
can only visit those organisétions that are willing to participate but the effectiveness
of these visitations are limited by the levels of staff co-operation and time available
(Davies and Medyckyj-Scott, 1996). This raises the question of how to get a
meaningful critique and illustrates the value of this project in being able to work
closely within an organisation and obtain an honest and critical evaluation of the

Internet GIS demonstration systems.

1.6 Summary

This chapter has sought to provide an overview and introduction into the shifting
concepts of GIS. It is important to review the current thoughts and ideas surrounding
any topic, but especially one like GIS that is rapidly evolving, before undertaking a
project on it so that an informed research design is selected. Emerging revisions of the
definition of GIS clearly indicate the increasing importance of considering the social
and institutional contexts into which the system is integrated, as this will strongly
impact on the success or failure of the initiative. Therefore, an interdisciplinary

methodology that addresses this finding has been selected for this study.

Internet GIS has been clearly shown to offer valuable benefits over desktop GIS
solutions, as it can be distributed across the network to all users, removing the need to
purchase multiple expensive desktop licenses, as well as offering a more user-friendly
entrance into previously exclusive specialist software. This is also reflected in the
decision to place PPGIS projects onto the Internet. However, it is often difficult to
ascertain reliable information on the relative success of existing Internet GIS ventures
though, as illustrated by the lack of peer-reviewed academic literature and the bias of

Internet-based vendor reports. This study aims to address this and in accordance with
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the aims and objectives set out in this chapter, the specific methodology selected for

this project will now be discussed in the following chapter.
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Chapter 2: Methodology

The previous chapter discussed the shift in thinking of GIS as a science rather than a
system, thereby placing increasing emphasis on considering the social and
institutional context into which it is being applied. This changing philosophy has

consequently impacted on the way that research into GIS is being conducted.

This research project focuses on information systems and the way they can be used to
manage spatial data. However, in light of the findings outlined in the previous
chapter, any research project into GIS needs to move away from a purely technical
analysis and also consider the user’s interaction with the system. Therefore, in
addition to the technical evaluations of the demonstration system, another important
component of this methodology was the consideration of Human-Computer

Interaction (HCI) and system usability.

The working definition of HCI is “a discipline concerned with the design, evaluation
and implementation of interactive computing systems for human use and with the
study of major phenomena surrounding them” (Haklay and Tobdn, 2003, p. 578).
Research within this discipline therefore focuses on designing and implementing a
GIS based upon the needs and capabilities of prospective users. Adopting this
multidisciplinary approach recognises the fact that the technology and the
environment into which it is being placed are intrinsically linked. It also means that
several research techniques, from social science to information technology studies,
can be fused together, thus strengthening the framework in which this research

operates.

The methodology for this research therefore consisted of three key stages. This began
with attendance at Core Data Model meetings at central office in order to get an
understanding of the organisation. One-to-one semi-structured interviews were also
conducted with key users to ascertain their requirements for an Internet GIS. The
second stage was to create demonstration systems using data from two selected NTS
properties in two Internet GIS software packages: ASPMap and ArcIMS. ASPMap
was chosen as an example of a bespoke approach and ArcIMS as it is currently the

leading commercial Internet GIS software package. The final stage was the evaluation
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The estate covers an area of 3,550 hectares that includes land now owned by the
Forestry Commission, for which the Trust retains the right to be consulted on land
management decisions. The diverse nature of this property consequently means that
there are many aspects and features that need to be managed and conserved, as

illustrated in table 2.1.

Natural Cultural The Social and The Visitor
Heritage Heritage Landscape Economic
Geology — Archaeology | Context/setting The Visitor
Moine Thrust communities facilities
Coastal areas | Buildings and Cultural Transport
Infrastructure imprint
Inbye land Crofting Settlements Footpaths
Common Lochalsh Interpretation
Grazings Woodland
Garden
Semi-natural Designed The Ranger
woodlands Landscapes Service
Dynamic
system

Table 2.1: Key features of the property that are considered to be of greatest
significance (taken from the NTS Management Plan 2001-2006 for Balmacara Estate)

Table 2.1 lists the many components, primarily natural and cultural, that need to be
managed on this property, which provides a wide range of data that can be used in this
study. This property was also selected as a case study because it is one of the only
properties held by NTS that is already using a desktop GIS to help manage and
analyse spatial data. Therefore, there is also the opportunity here to examine the
system - that is already in place and to be able to talk to people who have some

working knowledge of GIS and the experience of using one within the Trust.

The second selected property, Newhailes, provides a different set of problems for data
management, as there is currently no GIS in place and very little digital spatial data.
Newhailes is a great estate situated near Musselburgh, just outside of Edinburgh
(figure 2.3), which consists of a house that was originally built in 1686 with

subsequent extensions and designed gardens added in the eighteenth century.
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will also tell the researcher if any questions are misplaced (Valentine, 1997; Dunn,
2000). Collecting a diversity of user opinions, ideas and experiences from all levels of
the Trust will help provide meaning to the system that is created and the data it

contains, a former criticism of traditional positivist GIS methods (Holden, 2005).

There are a number of ways these ideas could be collated, through questionnaires for
example, but this project offered the rare opportunity for the researcher to gain full
access to the organisation as an afﬁliéted member of staff. This provided the
opportunity to gain a richer insight into the organisation that would be wasted on an
impersonal and stringent teéhnique like a questionnaire. Therefore semi-structured,
one-to-one in-depth interviews were used for this research since they have a
predetermined useful structure, but at the same time are flexible enough to allow the
informant to express their information in their own words, producing more
meaningful answers (Valentine, 1997). One criticism of this technique is that
interviewee selection is conducted through ‘gate kéepers’ (Valentine, 1997).
Therefore success will be partly measured on what these ‘gate keepers’ perceive the
research to be about, since this is how they will select the appropriate informants. This
was demonstrated at an early stage, where it was thought that interviewing a secretary
would be futile, but in reality this provided constructive and relevant information. On
the other hand, using the ‘gate keeper’ method to select informants for interviews can
- also be extremely useful, as the gate keepers have additional knowledge as to who

would be most beneficial to talk to receive constructive feedback.

Selecting interviewees from across all three tiers of the organisation (figure 2.1)
meant that a wide range of opinions and experience could be captured. All the
informants from central office were either head of departments or the sole member of
staff responsible for a specific department and therefore had been with the Trust for at
least a few years. Equally, informants from regional and property levels had also been
within the organisation for a while, so all informants had a good working knowledge
of NTS and the needs of the organisation as a whole as well as the requirements for
their individual roles. The departments/groups within which at least one informant
was interviewed are displayed in fable 4./. No member of the senior management

team was interviewed due to staff availability, although it is unlikely that this would
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have significantly added anything to the user requiréments that would not have been

identified from other informants.

The experience and knowledge informants had of GIS however was varied, ranging
from those that are part of the small working group within NTS (Core Data Model
group) and are heavily involved in driving an efficient GIS initiative, to others who
have little or no knowledge of GIS. Interviewing staff from across a broad spectrum
though was a crucial part of this research, since if NTS are looking to integrate an
Internet GIS throughout the whole organisation, the final system will need to address
a range of requirements from users with varying degrees of GIS experience and
expertise. Furthermore, if a GIS initiative is to be successful, it needs to engage and
involve all users from an early stage. Often staff with no GIS knowledge are not
aware of the benefits a GIS could have on their work or recognise the valuable input
they could have with the design of the system. The majority of informants knew there
was a better way to manage their data, but not all could identify what that system

might be.

Each interview was recorded, with the informant’s permission, which produced a
more accurate and detailed record of the conversation that could be re-listened to
afterwards to ensure that all the important points had been noted. Recording also
allowed the researcher to concentrate on the interview without the pressure of having
to transcribe every word (Valentine, 1997; Longhurst, 2003). Despite the obvious
advantages to recording the interviews, notes were also taken throughout. This
provided a security if any technical difficulties occurred or if the informant preferred
not to be recorded (Valentine, 1997; Dunn, 2000). Having a rough outline of the
contents of the conversation was also useful when re-listening to the recording, since
if it was not too clear the notes provided a prompt as to what the next point was. Both
the recordings and the notes were used in conjunction with personal comments noted
by the researcher immediately after each interview, which included any initial
reactions and thoughts about key issues that were brought to light and may be useful
to follow up (Cook and Crang, 1995).
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2.2.1 Interview Schedules

Four ‘interview schedules’ were created for each group being interviewed: central
office, south regional office, Balmacara Estate and Newhailes. An interview schedule
consists of a few carefully worded questions that can then be asked in what is deemed
the most suitable order as the interview progresses (Dunn, 2000). By adopting this
approach it ensures that the necessary questions are asked coherently, which will
allow for comparisons between answers, but it does not have to be followed exactly,
which provides the flexibility to follow through any interesting comments from the

informant when they arise (Longhurst, 2003).

An interview schedule is made up of essentially two types of questions: primary,
which are opening questions to initiate discussions on a new topic or theme and
secondary questions, which are the follow-up questions that prompt expansion on a
response (Dunn, 2000). Primary questions are then sub-divided further into
descriptive, structural and thoughtful questions (Valentine, 1997). It is important to
include a variety of question types within an interview schedule (Dunn, 2000). It is
suggested that all questions asked are open-ended, with the opening question being
particularly broad, as that allows the informant to answer in his or her own words
(Valentine, 1997). Therefore, in all of the interview schedules the initial primary
question was “Tell me about...” that produced a descriptive response, which enabled
the researcher to obtain some background knowledge and eased the informant into the
interview. Encouraging a descriptive response also sends out the signal to the
informant that they should talk freely, rather than providing basic ‘yes’ or ‘no’

answers (Valentine, 1997).

Whilst a broad range of questions is necessary, the ordering of these questions is an
essential consideration as it directly influences the resulting conversation and hence
the quality of material being collected (Dunn, 2000). The first interview schedule,
written for interviews at Balmacara Estate employed the ‘pyramid interviewing
strategy’ (Dunn, 2000). This technique suggests beginning with easy questions about
people’s duties and responsibilities and then moving on to more abstract and
reflective questions, before ending with general questions at the end to draw the

interview to a close (Dunn, 2000). In keeping with this, descriptive questions about
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the existing GIS system at Balmacara were asked first, followed by how the informant
viewed their role within the organisation. This was expanded with secondary
questions to determine what decisions need to be made, day-to-day duties and so on.
The middle of the schedule comprised more thoughtful questions on how informants
perceive a new GIS system could change their role and their thoughts and ideas on
interoperability. Finally, general questions on what data people require were included

at the end.

Although each of the interview schedules had to be altered slightly to fit the group of
people being interviewed, the interviews at Balmacara Estate, being the first ones
conducted, provided the researcher with useful experience. As such the ordering of
the questions on the interview schedules for subsequent interviews naturally evolved.
In light of this, the following interview schedules were based more on a combination
of the ‘pyramid interviewing strategy’ and the ‘funnelling’ technique (Dunn, 2000).
This involves beginning with all the general questions on the organisational structure
of NTS and easy to answer questions about people’s roles, before moving onto more
abstract and reflective questions. Employing this technique was found to produce a
conversation that flowed a lot better as it was more of a natural progression,
especially towards the end of the interview. As well as the ordering of the questions,
the first few interviews highlighted the fact that just because a GIS existed at
Balmacara did not mean that everyone there knew what a GIS was. Therefore,
knowledge questions like “What do you understand by the term GIS?” were added in

later interview schedules to ascertain a level of knowledge to begin with.

All of these interviews and their associated schedules were pitched to answer the
objective of obtaining user needs and requirements. However, two interviews at the
Royal Commission on the Ancient and Historical Monuments of Scotland
(RCAHMS) and Historic Scotland were also conducted to ascertain the experiences of
people who have already developed an Internet GIS. Ways of approaching data
sharing in the future with an organisation like NTS were also discussed, addressing
one of the key aims of this research. The schedule for these interviews again followed
the combination of the ‘pyramid interviewing strategy’ and the ‘funnelling’ technique.
Easy questions about the organisation and the current Internet GIS were asked at the

start, moving onto more reflective and abstract questions about the approach they took
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in designing the system, assessing whether the system meets its requirements and
what they had learnt from the experience. The results from these interviews will be

addressed later on in chapter four.

A general discussion on the selection of question type and ordering has been
presented here, but for more detail please refer to the two annotated interview

schedules in Appendix I.

2.2.2 Categorising key requirements

Once all the interviews had been completed, the key user requirements for an Internet
GIS were then extracted and placed into two categories. The first category was .
common datasets that people wanted access to and the second category consisted of
the main tasks or functionality that people wanted the system to be able to perform.
The informants were then categorised according to the departments they represented,
which in most cases corresponded to two informants per department although in a few
cases were either one or three informants. All this information was placed into a grid
chart and the departments were then rated as either a major, occasional or minor/non
user of the key datasets and main functionality requirements (chapter four, table 4.1).
Although the selected rating was based on the collective interview results for that
department, it was ultimately a subjective quantification. This information was then

directly used with NTS data to create the demonstration systems.

One point to note is that not all of the core data and functionality requirements were
implemented in every demonstration system, as it was deemed that this would be
unnecessary repetition. However it was noted in every case whether both software

packages had the ability to implement each requirement.

2.3 NTS digital data collection

In conjunction with the interview results, data from the two NTS properties,
Balmacara Estate and Newhailes, was collected. As Balmacara Estate already has all
its key GIS layers within a MapInfo system, .tab files were obtained directly from the
property and then converted into shapefiles in ArcMap and aligned to British National

~Grid. Ordnance Survey (OS) maps were downloaded from the Edina Digimap website
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(http://edina.ac.uk/digimap/) and were again set to British National Grid to provide

base maps for both properties.

In contrast to Balmacara Estate, Newhailes has no GIS and very little digital data;
therefore the GIS layers were created from scratch. The NTS property boundary and
point and polygon shapefiles of known features on the estate, such as the house, shell
grotto, teahouse and woodland areas, were created from paper map plans. In addition
to the data held at property level, some information kept at soutﬁ regional office and
central office was also incorporated into the Newhailes GIS dataset. Raster data,
consisting of scanned floor plans of the main house and a historical map of the estate
were obtained from the south regional office. In order for these jpeg images to be
incorporated into the GIS they were geo-referenced in the ERDAS Imagine software
programme, using common features recognisable from the OS map to align these
images into the correct location. These raster files were then saved as spatially
referenced jpegs, tiffs or compressed into ecw files, depending on the format required

for Internet dissemination from the specific software packages.

In addition to the digitising of features from paper maps, some information from the
tree database obtained from the south regional office was also incorporated into the
GIS. This database held no spatial references that could be transferred onto a GIS, so
for the purpose of this study these references were created by the researcher. This
information was then imported into ArcMap as XY point data. This same technique of
providing an XY point location was also used to incorporate a snapshot of the

collections data for Newhailes house that is held in a database in central office.

The more general information on the properties themselves and the boundaries of the

four NTS regions: Highlands and Islands, North East, South and West, were taken

from the NTS website (www.nts.org.uk).

2.4 Demonstration models

Once the user requirements had been ascertained from the interviews and the NTS
data for Balmacara Estate and Newhailes had been compiled, this information was

then used to create demonstration systems in two Internet GIS software packages:
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ASPMap and ArcIMS. The purpose of these demonstration systems was not to create
a fully functional final GIS product that could be practically used by NTS, but to
showcase the functionality and illustrate an example of a bespoke and proprietary

approach to creating an Internet GIS.

ASPMap was chosen as the exarﬁple of a bespoke approach as it had already been
used and was installed at the geography department at Durham University. ArcIMS
was selected as the second package as it is currently the leading commercial Internet
GIS software. The inclusion of another software package, such as the open source
MapServer was also investigated. However, this option was decided against due to the
in-house technical expertise available to the researcher and the steep learning curve

that would have been required to programme a system using this software.

2.4.1 ASPMap

ASP stands for active server pages and is a server-side mapping component fof
embedding spatial data access, display and analysis capabilities in web applications
and services that has been developed by VDS Technologies. Whilst it is not a free
piece of software, it is relatively inexpensive. An ASPMap 3.0 Developer License
costs $799 to download and includes a one-year maintenance plan offering a year of

free updates and support (http://www.vdstech.com/aspmap3_order.asp). Creating a

system using this software requires heavy programming using HTML, Java and .ASP
languages.

As ASPMap has been designed specifically for the Internet it therefore has a native

Internet architecture. The architecture of ASPMap (Figure 2.4a) is all contained
within the web server (Figure 2.4b).
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can be dragged and dropped onto the screen. The coding for the specific task is
generated automatically, with the designer needing only to identify the data to be used
and set any necessary parameters. The developer can interchange between this viewer
and the programming window, which displays the asp.NET and HTML coding. A

second model was also created in ArcIMS using this facility.

2.5 Systems evaluation

Once the demonstration models had been completed, the final stage of this
methodology was to evaluate them. Feedback from end users is crucial, since even a
technically ‘good’ system, if perceived to be ‘poor’ from a user perspective, is a

‘poor’ system (Ives et al, 1983).

A two-hour presentation and feedback session was held at NTS central office in
Edinburgh. During this session key features of the three systems were shown to staff
in a live IT demonstration. Informants were provided with the opportunity to express
views of the demonstration systems and comment on the potential benefits and
problems of developing and integrating an Internet GIS within NTS. Again, this
feedback session was recorded and notes were taken to enable further analysis

afterwards.

As part of the evaluation process, staff were also asked to experiment and test the
demonstration systems in their own time to get a better idea of what they would be
like to use on a day-to-day basis and then provide their feedback by answering a short
questionnaire. A questionnaire was selected for this process as it provided a means for

users to record their opinions in a way that enabled them to be easily analysed.

The structure of the questionnaire was based on the objectives outlined at the start of
this project. The first section concentrated on the demonstrated functionality of the
software packages and specifically the ease with which people could interact with
each system in order to extract the information they required. This idea of usability
evaluation (figure 2.6) is integral to ensuring that the systems have met user

requirements and is a key component of any HCI project (Haklay and Tobdn, 2003).
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USABILITY

Visua! clarity
Consisiency
Compatibility
Informative fredback
Explicitness
A iate funcionality

;E‘Iily and control
Ervor prevention and correction

User guidance and suppornt
PRODUCTIVITY USERS' COMFORT/
OF INTERACTION ATTITUDES
Creating fewer errors in data Willingness 1o use system
Fmounminﬁ_fewer interaction problems Positive attitude towards work
Faster working Willingness w learn mure
Less time spent seeking assistance Physical well-being and effectiveness
Increased efficiercy of working Lasg sigk loave
Navigating effectively (not getting ‘lost) Lower staff umover

Figure 2.6: Aspects and major implications of usability (Davies and Medyckyj-Scott,
1996, p. 366)

Focusing on usability has resulted in some negative comments though, especially
from systems developers, who liken it to ‘user friendliness’, which can constitute
‘long-windedness’ through creating additional prompts and highly structured user
interfaces (Davies and Medyckyj-Scott, 1996). Although developing a system for
inexperienced GIS users may require user guidance and support, not all institutions
will fit into this context, requiring this type of simplified design in order for the
system to be considered ‘usable’. In other cases, it may involve compatibility or the
flexibility to have more control over the systems processes (figure 2.6), for more
experienced users. Therefore usability, in the context of considering the social and
institutional frameworks into which a GIS needs to fit, should be seen as simply
aiding the design process of a GIS so that it suits the end users themselves, as they

will ultimately decide the success or failure of a GIS within an organisation.

This research differs from traditional usability projects though in that the systems that
have been created here are for demonstration purposes only and are not designed to be
fully operational. Therefore, the degree to which user interaction with the systems can
be measured and assessed is not as high as when a fully functional system is

implemented.

33



The questions were framed with reference to the Ravden and Johnson (1989) usability
checklist (Davies and Medyckyj-Scott, 1996), which requires users to rate the
conformance of the system to various aspects. For example, one question asked users
to rate the consistency of the data within each system from a selection of five
standardised responses, ranging from ‘very good’ to ‘very poor’. There was also a less
restrictive ‘comment’ opportunity to allow people to put their response into words or

elaborate on the rating that they selected (McLafferty, 2003).

The second section focussed more on the proprietary and bespoke approaches
illustrated by the demonstration systems and the relative opportunities and limitations
these options might produce if integrated into an organisation like NTS. These
questions were more open-ended and required users to give their own considered
opinion. Splitting the questionnaire into two sections and providing informants with
the option of answering through a set of standardised multiple-choice responses
and/or by general comment produced a more diverse set of results. When combined
with the feedback session responses, this wider range of information and ideas

provided a more in-depth evaluation.

The questionnaire was piloted on a couple of volunteers before being given to NTS
staff to ensure that the questions were not confusing or unclear. They were also asked
if there were any additional questions that would be valuable to add. Based on this the

questionnaires were then revised and adjusted.

The questionnaires were discussed at the end of the evaluation session in Edinburgh
and paper copies were administered to all staff that were present. The following day, a
digital copy of the questionnaire was e-mailed to all NTS staff. This not only ensured
that the maximum number of responses would be received, but moré specifically that
informants who had taken part in an interview but could not make the evaluation
session had the opportunity to provide their feedback. An example of a filled out

questionnaire can be found in Appendix II
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2.6 Summary

This chapter has presented a methodology of mixed approaches taken from traditional
information technology projects and social science research. With the ideas about GIS
evolving to consider the social and institutional contexts into which the system is
being integrated, this type of interdisciplinary methodology that considers human as
well as technical elements is required. As discussed in this chapter, the human aspect
is comprised of two elements. Ascertaining user requirements from staff is key to
constructing a system that is fit for purpose and addresses all users needs, but
essentially, in order to actually fulfil the requirements the final system has to be
usable. What makes the system ‘usable’ is defined by the institutional context into

which the system is being applied.

Some of the technical components, such as the architectural set-up of the two selected
software packages, have been touched on in section 2.4. The following chapter will-
develop this to consider the benefits and disadvantages of server-side architectural
set-up and will seek to expand this into a wider discussion on the technical
frameworks and requirements that a system needs to be able to work on, particularly

in reference to facilitating interoperability.
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Chapter 3: Interoperability within the context of GIS

Interoperability can be defined as the “ability of two or more systems or components
to exchange information and to use that information that has been exchanged”
(Frehner and Brindli, 2006, p. 1545). As NTS is an organisation seeking to improve
internal data sharing and set up information exchanges with external organisations,
interoperability is a crucial concept requiring in-depth consideration. Some of the
general concepts surrounding interoperability, particularly in relation to Internet GIS
technologies, have already been discussed in the introduction chapter; however
interoperability within the context of GIS requires the compatibility of multiple
technical frameworks and components to be considered together in detail. Several
types of interoperability can be defined, ranging from data interoperability, which
means that the program can use whatever format the data is in, through to program
interoperability, which means that any program can use the dataset (Laurini, 1998).
This integrated complexity is why interoperability is often described as “a dream for

users and a nightmare for systems developers” (Laurini, 1998, p. 400).

This differentiation between the data at the back end of a GIS and the presentation of
that information by the GIS at the front end suggests that these two aspects need to be
considered separately as well as together, in order to achieve a fully interoperable
system. With this in mind, the structure of this chapter will be split into two. The first
part will look specifically at the database, from the organisation and structure of the
data, through to data about the data itself, including a brief review of the NTS current -
metadata standard ‘PINTS’. The second part of this chapter will then focus on the
importance of standards for interoperability and the possible architectures for an
Internet GIS, from the traditional client/server-side approaches through to Service-
Orientated Architectures (SOA). The chapter will consist of a combination of both the

theory and related specific discussion of the NTS case study where appropriate.
3.1 Databases

Database systems provide the engines for GIS, facilitating the storage, modification,
analysis and sharing of data (Worboys, 1999). A database is a collection of logically
coherent data (Elmasri and Navathe, 1989; Connolly et al, 1999). Incorporating all
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data into databases holds many advantages, including reducing data redundancy,
maintaining data integrity and quality and avoiding any inconsistencies
(http://ioc.unesco.org/oceanteacher). There are several types of specific data model,
including hierarchical, network and object-oriented that could be used (Connolly ef al,
1999), but the most common model used to implement database systems is the
relational database model. This model is easy to use, as it only requires the user to
know the table name and not understand the complexities of how the data is structured
and stored in order to be able to use it. The relational model was first introduced in
1970 by Codd (Connolly et al/, 1999) and the fundamental principle behind this design
is to replace repeating data with relations using ‘primary’ and ‘foreign’ keys (Elmasri
and Navathe, 1989). Related data can then be extracted from multiple tables, thereby
also decreasing the amount of storage space required. The approach most commonly

used to identify relations is the process of ‘normalisation’.

Normalisation is “a technique for producing a set of relations with desirable
properties, given the data requirements of an enterprise” (Connolly et al, 1999, p.
192), based on the primary keys and functional dependencies that exist amongst the
attributes. The best way to illustrate this principle is through an example using some
NTS data. Table 3.1 is a snapshot of data held in the ‘PINTS’ database relating to the
holiday cottages available to rent at Balmacara and Brodick properties and table 3.2

contains their associated bookings.

Property code |Property |Region Subject code |Subject Fixed rent
BAL Balmacara |Highlands and Islands |BAL/03 Ardview Cottage, Reraig 300
BAL Balmacara |Highlands and Islands |BAL/0S Ferry Cottage, Claick 320
BRO Brodick West BRO/10 Hostel 260
BRO Brodick West BRO/13 Base camp 240

Table 3.1: Holiday cottages to rent at Balmacara and Brodick properties. All
information except the ‘fixed rent’ prices, which have been created for demonstration
purposes, is taken from the PINTS database.
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Subject Name of occupier [INTS membership no |Details Start date |{Finish date

Payable rent

Ardview Cottage, Reraig, Balmacara [Mr and Mrs Green 565|16, Square Gardens 01/11/2007] 08/11/2007

Musselburgh
MU21 7AR

300

Mr Clement 972|The Cottage 12/11/2007| 26/11/2007
' North Road
Ballater
BL35 5PQ

600

Ferry Cottage, Claick, Balmacara Mr and Mrs Smith |non-member 29, Sutton Road 02/12/2007| 09/12/2007

Aberdeen
AB6 4FT

320

Hostel, Brodick John Terry 1658|5, Warcroft Avenue 03/11/2007] 10/11/2007

Dundee
DE78 9WG

260

James Taylor non-member 21B, St. Andrew's Street | 24/11/2007| 01/12/2007
St. Andrew's Street
Inverness

V4 6HY

260

Base camp, Brodick Sarah Carter 2504|3, ivy Cottages 27/10/2007| 03/11/2007
Glasgow
GS10 2TV

240

Jessica Clew non-member 54, Pans Lane 14/12/2007| 28/12/2007
Edinburgh
ED74 8CL

480

Table 3.2: Bookings for the holiday cottages to rent at Balmacara and Brodick. All
this information has been created for demonstration purposes only.
Currently, these two sets of information (tables 3.1 and 3.2) are stored at separate
locations across the Trust, with the PINTS database held at central office and the
renting information kept locally at each property. This not only results in repetition of
data but also means that valuable spatial links cannot be easily drawn and analysed

across the whole organisation.

Firstly, the data itself is not in a computer-friendly format. Table 3.2 is an example of
data in an unnormalised form (UNF) as it contains NULL values (fields without any
data). Table 3.1 is currently in first normal form (1NF), as there is one and only one
value contained at the intersection of each row and column (Connelly et al, 1999).
This second dataset is already far more usable by a computer system as it now
contains a value in each and every field. However, there are many repeating
components that can now be identified and these should be replaced by relational
links. For example, the repetition of entries within the PINTS database (table 3.1) can
be condensed into separate Region, Property and SubjectsToRent tables. As the
subjects that can be rented are repeated in the bookings for holiday rents (table 3.2),
this SubjectsToRent table can then be linked to the occupier information. The

resultant model combining both datasets by relational links is shown in figure 3.1.
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likely to want this information together for the work they need to do. Therefore in
some cases it is advisable to use common sense and adopt the concept of ‘controlled
redundancy’. This idea promotes the importance of keeping some information
together when the rules of normalisation would separate them off. A classic example
of this might be the storing of an address. Since the postcode is dependent on the
address itself the rules of normalisation would imply that the postcode should be
sectioned off from the main address. However, in doing this the number of table joins
that would need to be created when executing a search query to find a full address on
the database would increase, but by adopting the principle of controlled redundancy
this can be reduced, thus saving time. This example is only an illustration and it may
be that if this data model were practically implemented in NTS, design adjustments

would need to be made to accommodate extra information.

As well as the technical advantages, there is also the accessibility and user
friendliness of the database design that needs to be considered. As the data effectively
‘bridges the gap’ between the computer and the users themselves, representing that

data as logically as possible will make the database more acceptable and usable,
(figure 3.2).

Data

Hardware Software /_\ Procedures People

Bridge

Machine People

Figure 3.2: The five main components of a database management system environment
(Connolly et al, 1999)

The inclusion of people and the organisation as part of the database management

environment ties closely back to the changing definitions of GIS to incorporate the

social context into which the system is being placed, as discussed in chapter one.

Whilst the pure relational model is excellent for managing information, which is key
when creating a GIS (Reeve and Petch, 1999), there are several shortcomings of this
approach when using it as the basis for handling geographical information within a

GIS (Worboys, 1999). The relational model works best when it manages relatively
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simplistic data. However geographical information is often more structurally complex
and detailed. Additionally, relational databases are often optimised for retrieving
small quantities of data, whereas geographical data is typically composed of large
quantities of information and often requires complex, multi-dimensional searches
(Reeve and Petch, 1999). Therefore, vendors adopted a ‘dual architecture’ model for
GIS software in order to speciﬁcally handle this complex geographical data. Although
this practice began several years ago, it is still very much in evidence today, being
embedded in commercial sofiware names like ‘ArcINFO’, which is still a dominant
product (Reeve and Petch, 1999). ‘Arc’ is the specialist GIS software written by
ESRI, but the ‘INFO’ component represents the incorporation of the principle of the
relational model that ESRI included to handle attribute information (Reeve and Petch,
1999). Indeed, this evolution of the relational model for handling geographical

information within a GIS is still ongoing today.

ArcSDE is a relatively new ESRI product, which complements the relational database
model by adding a spatial component so that geographical features can be more easily
stored within the database (ArcGIS 9, ESRI handbook, 2004). ArcSDE spatially
indexes features in each feature class, which enables them to be rapidly searched and
retrieved. Standard Query Language (SQL) is currently the main database sub-
language, which enables the user to interface with the database (Cannan and Otten,
1993) and has long been the backbone of the relational database model (Sondheim et
al, 1999). ArcSDE takes this long established standard and extends it, by providing
the tools for SQL to interface with the spatial data (ArcGIS 9, ESRI handbook, 2004).
Although ArcSDE can be seen to have greatly developed the principles and practice
of working with spatial data, there is still the disadvantage that using products like
this locks the users into proprietary formats (Saunt, 2006), which ultimately limits

interoperability.
Having looked at an overview of databases, particularly the relational database model

and its appropriateness for GIS, the internal interoperability issues within the data

itself will now be considered.
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3.2 Metadata

Metadata is essentially ‘data about data’, which is used to give a high level of
description to data collection (Sondheim et al/, 1999). As well as documenting the
data, it produces a precise definition of the structure and organisation of the data,
which provides a solid basis for browsing and searching the database (Sondheim et al,
1999). In order for systems to be interoperable, an appropriate metadata standard
needs to be selected and then strictly adhered to when adding or changing any aspect
of the system. Now that applicationé are seeking to work with multiple information
sources, the importance of adhering to a robust metadata standard is rapidly

increasing (Chang and Park, 2006).

Property Information in the National Trust for Scotland (‘PINTS’) is the current
metadata standard used by NTS. Although it does not comply with national standards
at present, as it is still very much an embryonic system, it could be made to comply

with UK GEMINI specifications in the future.

3.2.1 Review of the ‘PINTS’ standard

The fundamentaliprinciple behind PINTS begins with each property having its own
unique three-letter code. So for example, for the two properties being investigated in
this study, Balmacara Estate’s unique property code is ‘BAL’ and for Newhailes it is
‘NEH’. The PINTS standard then drills down into each property to a ‘subject’ level,
where each subject on that property is allocated its own unique extension to the
property code. So for example, the first subject at Newhailes (NEH) is Newhailes
House, which is given the unique identifier NEH/01. The PINTS standard then drills
down to a third and final level within each of the specified subjects at a property to
identify individual ‘elements’. So, the ‘subject’ Newhailes House (NEH/01) is broken
down into three ‘elements’: the Exhibition House, the attic flat and the
workshop/store, each then ascribed the unique codes NEH/01/01, NEH/01/02 and
NEH/01/03 respectively. The ultimate aim of the PINTS standard in the future is to be
able to drill down even further within these elements in order to uniquely identify, for

example, a specific painting on a certain wall within a particular room.
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The primary advantage of using the PINTS standard is that it enables all the
information regarding a particular property or feature on that property to be retrieved
by a single search, as every NTS database would be compliant with the PINTS
standard. For an organisation like NTS that needs to manage large and diverse
datasets, this is a key requirement. This standard is also fairly simple in its concept
and therefore is easily understandable and usable and hence liable to be successful
(Ioanid and Bowman, 2001). Although it is recognised that PINTS is still an evolving

standard, there are currently some significant limitations.

Firstly, although PINTS has been established as the NTS metadata standard, not all
departments within the organisation are currently adhering to it. Indeed some people
are unaware that the PINTS system even exists. As has been already discussed, for
any metadata standard to succeed it needs to be strictly enforced throughout all

datasets, otherwise the power of being able to link data together is lost.

Secondly, as some departments are beginning to look seriously into the detail of the
PINTS standard in order to implement it within their databases, major problems are
being identified. It has been recognised that one or two of the NTS properties have
been given the same unique three-letter code by mistake, which is a fundamental
problem that has immediately raised concerns. Additionally, within each property, not
all of the expected subjects and elements have been allocated a unique identifier.
Again, this raises some concerns about the integrity of the standard that needs to be
investigated further. Property managers at each NTS property should be consulted as
to what key features should be included within the PINTS standard and this should
then be cross referenced with the needs and requirements of each department at
regional and central levels to make sure that all relevant features are included. The
standard should ultimately aim to include multiple feature types, from the natural as

well as the built environment.

A final and major limitation of the current standard is that is fails to include a
satisfactory spatial component for the data, which is key for geographical data,
especially if it is to be included within an Internet GIS. The existing spatial
information that is contained within the PINTS system consists of a location,

postcode, OS grid reference, total area (ha) and total inalienable area (ha). Although
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3.3 Centralised and distributed database design

Having looked closely at the organisation of the data within the relational model and
the internal metadata standard requirements, the design of the overall database needs
to be considered, particularly with reference to its physical location. The traditional
approach has been to have a single repository of data, so that it is defined once and
then maintained so that various users can then access it (Elmasri and Navathe, 1989).
This eliminates the possibility of repeating the data files and reduces the amount of

storage space required.

However, an alternative method of distributing the data is presented by Laurini
(1998), which involves federating the data into multiple databases stored at different
sites, which he argues is taking the first step towards seamless GIS data
interoperability. Figure 3.3 shows the possible architecture that could be used for
NTS, with database servers located at central office and at each of the four regional

offices.
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Figure 3.3: Possible hardware architecture for establishing a distributed database
framework with NTS (modified in reference to Connolly et al, 1999 and Laurini,
1998)

This could be a useful technique for NTS, as it would enable the various properties to
take over their own data, updating the databases at each regional office, whilst being
able to access other databases too. This is made particularly easy through the medium
of the Internet, as long as the same metadata standards are adhered to. One drawback
of this method is time and complexity, as the organisation would essentially have to
start from scratch, beginning with federating existing databases. However, this would
only be a major consideration if a significant amount of work had already gone into

transforming the system.
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Having a distributed database system could lead to the formation of regional working
groups and the creation of multiple GIS applications accordingly. This may be of
particular value with project work, which requires close consultation between the
property and corresponding regional office. However, this is likely to be something to
consider in the future once a GIS is successfully implemented and is well established.
For this, a centralised database system that brings together information from various
sources 1s likely to be most advantageous to the organisation at present. Although a
distributed design could be used for this, drawing together all databases into a single
location will establish what data actually exists within the organisation. As an initial
GIS is likely to include more basic information, there is unlikely to be a need for
regular detailed updates from a property level, so centralising the data would not
cause any major problems for maintaining data integrity. Additionally, data
warehouses and clearinghouses are more effectively implemented using a centralised
approach (Barndt, 2002) and these may benefit an organisation like NTS that has a

large archive of data.

Whether the database design is centralised or distributed, the current trend of
accessing the information is to distribute it across the Internet. Therefore, when
developing ‘an Internet GIS it is important to consider the dynamics between the .

database and the web browser and the way data is passed to the user.

3.4 Client/server architecture

Architecture is one of the key technical considerations with all Internet GIS. The two
main approaches to this place dominance on either the server-side or client-side.
Initial Internet GIS were ‘thin client/thick server’ systems. This was fundamentally
due to the characteristics of the two major web technologies, HTML and HTTP,
which, as discussed in the chapter one, were the main standards around at the time.
The HTTP/1.1 protocol is stateless, meaning the server ‘forgets’ about the client as
soon as the transaction is complete and the two are only connected for the duration of
the transaction (Vatsavai et al, 2006). Additionally, the client browser was unable to
distinguish geographical information; therefore all processes had to be executed on
the server and then the output transformed into a JPEG, GIF or other image file in

order to be sent and displayed in the client viewer (Vatsavai et al, 2006). This issue of
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statelessness was also a problem with the Common Gateway Interface (CGI)
wrappers that were incorporated into standalone software used in early Internet GIS,
as this meant that every request was considered ‘new’ by the application (Vatsavai et

al, 2006).

As well as these limitations concerning the interaction between the server and the
client, placing all the data onto the server meant they often became over-burdened,
resulting in poor performance (Chang and Park, 2006). Along with interoperability,
improving performance of Internet GIS applications is a major problem (Yong et al,
2005) due to the bandwidth of the Internet and the large volume of data that needs to
be transmitted (Vatsavai et al, 2006). So in response to this, there was a greater focus
on the development of client-side applications, which led to the evolution of a more

‘thin server/thick client’ architecture.

Applets are one such application designed to be able to run in any modern client
viewer. The applet is written once and then resides on the server to be loaded onto the
browser along with the data request (Andrienko et al, 1999; Vatsavai et al, 2006). The
applets can then access information stored on the server using the HTTP protocol as
well as provide a more advanced user interface. Although applets do offer many
improvements and potential for the client-side browsers, they also have their
limitations. Some applets run rather slowly on certain hardware and software
platforms and the scope of possible functionality for an Internet GIS may be seriously
impeded with the downloading of larger applets (Andrienko et al, 1999). Furthermore,
other software can access the database files that the applets have access to, so security

cannot be guaranteed (Andrienko et al, 1999).

Another development for client-side web browsers are plug-ins, which are software
programmes that extend the capabilities of the browser in a set way. Although both
applets and plug-ins facilitate the construction of this ‘thin server/thick client’

architecture, they are different from each other (table 3.4).
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Applets Plug-ins

Machine and operating system Specifically designed for particular

independent programmes platforms, operating systems and
browsers

Loaded with data on request Must first be installed on client machine

Restricted access to resources on both the | Can access local data
client and the server for security reasons

Table 3.4: Differences between applets and plug-ins (Vatsavai et al, 2006)

In terms of aiding interoperability, incorporating applets seems to be most beneficial,
as they are independent of the systems on which they are operating and can be loaded
as and when data is requested. However, plug-ins can provide more spéciﬁc
extensions to the functionality of the browser that are required by certain applications.
Care should be taken when incorporating any proprietary client-side applications
though, as they are often written to conform to their respective servers meaning
different client-side applications are not interoperable with each other (Peng and
Zhang, 2004). This results in ‘vendor dependency’ and will be discussed further in

section 3.5.

Although these developments on the client-side have addressed some of the failings of
the server-centric approach, such as limited user interface capability and overloading
of servers, there are also issues with a client-centric architecture. For example, it is
often very time consuming to download data and data processing on the client-side is
restricted to simple tasks. The relative advantages and disadvantages of both

approaches are summarised in zable 3.5.
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Approach

Strengths

Weaknesses

Server-side
(Server does the task and
sends the results to the

v Outputs available on
any web browser
v" Minimises client user

o

Poor performance and
interactions

o Limited user interfaces
client) requirements o Over-loaded servers for
many requests
o Insufficient quality map
graphics
Client-side v Improved performance | o  Internet traffic
(Data is sent to the client and interactions problems
and they do all the v’ Advanced user o Inefficiency in
processing tasks) interfaces complex data
v High quality map processing
graphics : o  Time-consuming

during download

Table 3.5: Strengths and weaknesses of server-side and client-side approaches for
Internet GIS (Chang and Park, 2006)
Rather than having to choose between these approaches and trying to cofnpensate for
the associated weaknesses of the selected architécture, the ideal structure is to have
balanced client/server architecture. By adopting this balance, it enables the coupling
of the strengths of both approaches, as tasks are split between the client and the server
depending on size, task requirements and so forth (Chang and Park, 2006). For
example, to balance the client/server system and reduce the communication cost for a

geo-spatial analysis function the following rule can be applied:

“Apply geo-spatial analysis function (fy) on server, (i) if the computational cost (1)
is less than communication cost (t.), (ii) if the resultant data (d,) is less than input
data (d;), otherwise apply the f; on client.”

(Example of load balancing rule, designed for the open source software MapServer
taken from Vatsavai et al, 2006, p. 405)
In this case, the system decides where to execute the processing task (fy), which is
dependent on the cost of carrying out the operation on the server and transmitting the
results compared with transferring the raw data to the client along with the applet
required to execute the task. By being able to allocate specific tasks to either the client
or the server, an optimal working environment is produced that will enable more
complex tasks to be executed across the Internet. Although it is recognised that this is

an ideal situation, designing a system that calculates whether it would be more
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efficient to execute a task on the server or client requires a lot of thought and further

research is currently ongoing in this area to ascertain optimal methods to do this.
3.5 Standards

The standards to which any system adheres to is a vital aspect that will dictate
whether that system is interoperable. One of the main problems with proprietary
Internet GIS packages is that they are created in isolation and so are not generally
developed to conform to any common standards. Indeed they often have their own
design, architecture and database structures and formats (Chang and Park, 2006) as
well as their own proprietary standards. Some vendors do fundamentally incorporate
general standards but manipulate them so that they become a language that is

associated directly with the proprietary package.

One example of this can be seen in the ArcIMS software, where ArcXML, essentially
an XML standard, is used as the basis for communication between ArcIMS
connectors and for creating the ‘service’. Although it appeafs to be XML, it has been
altered so it is effectively a proprietary programming language (Tsou, 2004). This
results in ‘vendor dependency’, as mentioned previously, since although other
systems could read in the ArcXML service files it would be difficuit, as it would
probably require an XML parser to be specially written (O’Callaghan, pers. com).
This ensures that an organisation or individual is then tied into that particular
software. The problem of vendor dependency is now being addressed though as
commercial software organisations are beginning to incorporate open standards; for
example, ESRI has now extended ArcIMS to incorporate the Open GIS Web Map
Server (WMS) specifications (Tsou, 2004).

Alongside the WMS standard, the Open GIS Consortium (OGC) have developed
additional open standards to address this issue of common standards and
interoperability, as well as to deal with the restricted capability of established Internet
standards to deal with geographical information. Two such standards that have been

developed are GML and SVG.
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GML is based on the XML schema and allows for the “modelling, transport and
storage of geographical information, including both the spatial and non-spatial

properties of geographical features” (www.opengeospatial.org). GML allows the user

the freedom to create their own descriptive tags and elements, which is an
improvement on the fixed or limited options available with HTML (Peng and Zhang,
2004). Whilst this standard describes the contents of the files, it does not include how
they should be visually displayed (Peng and Zhang, 2004). For this the GML data has
to be transformed into a geographical format, like SVG.

Again, SVG is “an XML-based language used to describe an image, especially for
display in the web browser” (Peng and Zhang, 2004, p.100). The smaller size of SVG
files compared to raster images means they can be transmitted across the Internet a lot
faster. Additionally, unlike raster images that merge with the web page, the SVG file
still contains text and is therefore searchable, thus providing greater potential for
Internet GIS (Peng and Zhang, 2004). Finally, both GML and SVG files are XML

files, which means that they are interoperable within the Internet environment.

All of these benefits mean that GML and SVG have the potential to be very important
in the development of Internet GIS (Peng and Zhang, 2004). Indeed, is has been
suggested that GML in particular may be where the future lies for data sharing
between organisations and the ability to link geographical databases (Vatsavai et al,
2006). However, whilst these standards have their uses and go some way to
promoting interoperability between systems, they are just two of many standards that
have been produced.in recent years and given the fluidity of the Internet environment
and the drive to develop GIS applications on the Internet, there are liable to be more
standards written in a short spéce of time. Whilst it looks as though GML will be
approved as an international standard, other standards are developed by commercial
organisations that are then exclusive to their products. For example, Google has
created Keyhole Markup Language (KML) as a follow on from the GML standard. If
large Internet GIS initiatives are based on standards that are not ever fully adopted
and accepted by the larger Internet and GIS communities, there is a danger of
effectively ‘building on sand’ that will liltimately result in any Internet GIS needing to

be frequently altered to comply to the next generation of open standards.
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3.6 SOA and web services approaches

The concept of web services has existed for a while. However it is now being
increasingly considered by more and more organisations (The Economist, 2004), as
the importance of interoperability is becoming ever more apparent. The necessity of
adhering to open standards along with creating a more flexible architecture that can
then be tailored to the requirements of an organisation, are reflected within the web

services concept.

Services are independent building blocks that can be grouped together to form an
application environment (Erl, 2004). Open Internet standards can be used to identify

and access these services (figure 3.4).

is accessed using
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Figure 3.4: The relationship between first generation specifications and web services
(Erl, 2004).

As each service is independent, it can be accessed using XML formatted SOAP

messages and then incorporated into any application at any time. This makes them

independent of any hardware or software platforms and programming languages

(Chang and Park, 2006). As a result of this, web services can be used as a substitute
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for proprietary database management systems for example, by being positioned at a
central access point to retrieve the stored data when requested by a client, thereby
removing dependency on vendor-based software (Erl, 2004). Although ArcIMS
creates services that then run the application websites, these are based on ArcXML,
which is a proprietary programming language. Therefore these web services are not

truly interoperable between different systems.

When a client engages a service, that client then also becomes a service during the
course of the transaction (Erl, 2004). In this way, web services can be seen not to
conform to the traditional client/server model, as discussed in section 3.4, but function
in a more open environment. Operatiﬁg outside of this structure means that the web
service has greater flexibility as it can be incorporated into any existing Internet GIS,

regardless of whether its architecture is server or client-centric.

Conversely, rather than having applications that can occasionally incorporate a
service, a Service-Orientated Architecture (SOA) can be established within an
organisation. This design encapsulates application logic within services that then
interact through common protocols (Erl, 2004). A web-based SOA extends this
concept into an Internet environment to imply interaction between web services. It is
important to note that web services are a specific method of implementing a SOA, not

SOA itself.

For an Internet GIS with multiple applications, common functions of these
applications can be grouped into web services and then distributed onto multiple
servers and then only the necessary components need to be extracted and combined to
complete a specific application (Chang and Park, 2006). As well as functions, these
web services can also be used to exchange geospatial data in the form of GML and
SVG files, making data exchange efficient and aiding interoperability (Chang and
Park, 2006). The idea of creating a SOA for organisations like NTS will be discussed

further in chapter five.

3.7 Summary

This chapter has discussed in detail the key components of both the back and front
end of any Internet GIS that need to be considered in order to produce a fully
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interoperable system. The value of relational database models in the context of GIS
has been evaluated along with a review of the PINTS metadata standard, one of the
original objectives outlined at the start of this project. It is essential that all future
databases, IT systems and standards be fully integrated into and interoperable with a
GIS, so they can regularly and automatically update the system with the most recent
data. Failure to do this will result in a standalone GIS that will very quickly become

of very little use to anyone.

The merits and failings of client and server-side architectures have also been
considered, but the benefits of these approaches will be reviewed further in relation to
the ASPMap and ArcIMS demonstration systems in the following results and

interpretations chapter.
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Chapter 4: Results and Interpretation

The previous chapter looked at the technical contexts and frameworks in which an
Internet GIS would be required to operate. This chapter will now focus on the
construction and evaluation of the Internet GIS demonstration models. The structure
of this chapter will firstly look at the user requirements ascertained from the one-to-
one semi-structured interviews conducted at central office, south regional office and
the Balmacara Estate and Newhailes properties. It will then be shown how the
interviews influenced the design and construction of the three demonstration systems.
The following section will assess the options of a proprietary or bespoke Internet GIS
solution for an organisation like NTS. This evaluation will be sub-divided into two
sections. First, the functionality and implementation requirements of the two software
packages will be considered. Second, the benefits and issues associated with adopting
and integrating a proprietary or bespoke based approach into existing frameworks will
be assessed from an organisational viewpoint. Finally, a critical evaluation of the

value of an Internet GIS for an organisation like NTS will be undertaken.

The format of this chapter will consist of a combination of both results and
interpretation, since the nature of this project means that the two are intrinsically
linked. Presenting them together will help to enrich the arguments and understand the

evaluations.

All direct quotes from the interviews, questionnaires and the evaluation session are
highlighted in blue font. Attributibns have also been added to each quotation to
indicate the source of the information: ‘A’ for interviews, ‘B’ for questionnaire
findings and ‘C’ for the comments recorded during the evaluation session. Each
informant that has been directly quoted has also been allocated a numeric code, e.g.

Informant A1, to protect his or her identity.

4.1 User requirements

Overall, the combined requirements collected from the interviews conducted across
all levels of NTS indicated that the majority of informants wanted “a simplified

system that could be developed” (Informant A1). Users applied the term ‘simplified’
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to both the data they wanted to be included in the system as well as the required

functionality with an Internet GIS.

The user requirements ascertained from the interviews were for the inclusion of basic
and general datasets in a system, such as boundaries, Sites of Special Scientific
Interest (SSSI), listed buildings and other key features that are typically present across
NTS properties. Users felt that a system should not try to incorporate too many
datasets, as it would then become overcomplicated and difficult to use. Only including
key datasets on a Trust wide Internet GIS will still involve a large amount of data,
without considering the many more detailed and specific databases held by particular
departments. Although it is argued that a GIS is only as good as the data that it is
deﬁved from (Aitken and Michel, 1995), too much data can slow the system, thereby
lowering the performance rate. Therefore, selecting the right amount of data is a very
important consideration, since informants recognised that the user’s first impression
of the system was key. One informant said people would “lose faith (Informant A2)”
if the system did not do what it was meant to and would more than likely cease any

future use of it. This view was reinforced during general discussions with other staff.

The main functionality requirement highlighted by informants was to utilise the
ability of a GIS to manage large volumes of spatial and attribute data. There was little
mention generally of more complex geospatial analysis, except for one or two
members of staff who use a desktop GIS on a daily basis, including an informant at
Balmacara Estate who manages the existing GIS. As the majority of people who were
interviewed had limited or no understanding and experience of both GIS concepts and
software packages it could have been that they did not know the full capabilities of a
GIS. However, the researcher explained the potential of GIS, using examples where
necessary, but the decision was made not to present informants with a tick list of
possible functionality. This ensured a real user’s perspective was obtained and
informants focused on their actual needs, rather than being guided by the capabilities
of the latest piece of technology (Appleton and Lovett, 2003). Furthermore, this
finding did not contradict the results from other studies, which indicate that many
organisations initiating a GIS tend to focus on the ‘information management’ aspect

of the system and usually require only limited spatial analysis capabilities (Reeve and
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Petch, 1999). Several informants agreed that there “is always the scope to extend the

functionality at a later stage” (Informant A1) once the system is established.

Although these findings only represent a proportion of the whole organisation, there is
significant evidence to indicate that, from a GIS viewpoint, the institutional
environment is at the very early stages of development. Consequently, a system
design that is fairly simplistic will best suit this context. However, that is not the
whole story and to fully address the institutional setting, two additional components
need to be taken into account. Firstly, although the vast majority of interviewees had
little or no experience of GIS, there were a few users, and there will be more
throughout the organisation, which will require more complex GIS structures in place.
This indicates that although the initial system design must be simplistic, there needs to
be an openness of design and element of flexibility integrated into the system from the
beginning to allow specialist departmental sub-applications to be developed that

enhance rather than replace the main corporate system.

Secondly, linking to that is the fact that institutional environments do not remain
static, but will develop and evolve. Although, in this case, an initial system may need
to be simplistic in order to be usable, once it is implemented and staff become more
efficient and knowledgeable with the system and software, the skill set and
knowledge of all staff will inevitably increase. This knowledge will be retained within
the social structure of the organisation, being transferred to new members of staff and
may even be a pre-requisite for certain positions/jobs in the future. The importance of
fully integrating a GIS initiative into corporate IT structures was outlined in chapter
three, but in much the same way it is equally important that it be amenable to shifting

staff skills and social dynamics of the institution.

Having considered the overall result, a more detailed analysis can be undertaken by
categorising the data and user requirements by department using a grid chart (Reeve
and Petch, 1999). This provides a graphic interpretation to help visualise these

qualitative results.
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Reading along the rows indicates what datasets need to be accessed by multiple
departments and therefore are key candidates for inclusion within a corporate Internet
GIS (Reeve and Petch, 1999). For example, information contained within the current
PINTS database is core data that all bar three of the departments contained within this
grid chart stated they needed some regular or permanent access to. In addition to this,
all survey information, OS maps, management plans, project details, designated areas
and external data all feature highly as information that multiple departments require
access to. Planning applications also appear to be important across all departments
from the grid chart, however, the reason for this high value is due to informants
wanting to know what work and activities are taking place on certain properties rather

than the full detail of all planning applications.

In the same way that reading across the rows highlights key datasets, looking down
the columns of the grid chart allows the identification of departments that are heavily
dependent on spatial data (Reeve and Petch, 1999). Whilst conducting this exercise
produces expected departments such as property managers, nature conservation and
policy and planning to name a few, it also identifies less obvious departments such as
archives and property information. Although this department does not fundamentally
rely on and use spatial information, it is responsible for handling and archiving data
like the surveys and management plans that are inherently spatial, in that they are tied

to specific properties. -

As well as identifying departments that heavily require spatial data, studying the
patterns contained in the columns of the grid chart also highlights clusters of
departments that have similar data and functionality requirements. Distinguishing
these clusters is therefore a useful technique for detecting departments that could
provide the focus for a shared or departmental GIS application (Reeve and Petch,
1999). A distinct cluster can be seen in table 4.1 around the major use of historical
maps and images data between the education and interpretation and archives and
property information departments, as well as the interiors and collections department
to a lesser degree. The main functionality requirements from all of these departments
are the abilities to browse and query the data. It may be then that these departments

would benefit from a shared historical Internet GIS application, containing historical
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records, images and maps, structured by property, which can be browsed and queried

by members of the public and researchers as well as staff from these departments.

This would most likely be a sub-component of a primary corporate Internet GIS
though that would be developed at a later stage, since the overwhelming response
stated by the majority of informants during the interviews was that they required a
“central system that draws together all the core information into one place”
(Informants A1, A3 and A4). Feedback from the evaluation session supported this and
identified up to fourteen isolated systems that have been developed in the Trust to
date, including the desktop GIS at Balmacara Estate, which is currently fragmenting
NTS and making it impossible to obtain an overview of the Trust’s data and
collections. It is this concept of a corporate Internet GIS containing core and essential

data that has been used as the basis for creating the demonstration systems.

To summarise, requirements ascertained from the interviews indicate that users want a
system that provides access to the core datasets and contains basic functionality to
enable viewing and querying of the data (as identified in table 4.1). Informants
recognised that the system needs to be flexible enough to be extended, especially for
more experienced users, who require the ability to develop specialist sub-applications
to the main Internet GIS for individual departmental use; although users recognised

these would be created once the initial system has been installed and finalised.

4.2 Design and implementation of demonstration systems

In accordance with user requirements ascertained through the analysis of the
interviews, the demonstration systems were designed to provide easy assess to
centralised data and core GIS functionality, identified in table 4.1. Existing Internet
GIS websites (including PastMap) were researched on the Internet to provide possible
general ideas for the overall layout of the demonstration systems, which were then
used in conjunction with these requirements from NTS to produce a final design
structure. For example, the organisational requirement from NTS to be able to drill
down from an overview of many properties into one specific property prompted the
structured design of the ASPMap demonstratioh system, beginning with an overview
of the properties throughout Scotland and then the option to select a particular region

and then specific property and its features.
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As suggested by the grid chart (table 4.1), kéy GIS datasets to be incorporated at a
local level included property and designed area boundaries, listed buildings and
collection condition surveys, all of which were therefore included in the design of the
demonstration systems. As discussed in chapter two, section 2.3, GIS layers for
Balmacara were obtained directly from the property’s desktop GIS, whereas the GIS
data for Newhailes was digitised and assembled by the researcher. Desired raster
datasets consisted of OS and historical maps and collections imagery and additional
key information included PINTS data, property management plans and access to

external data sources, all of which were included in the demonstration systems.

Users required the facility for greater awareness of activities and future project work
occurring at property level, which prompted the inclusion of projects and pending
work GIS layers into the design, in addition to the more obvious features. This need
was particularly obvious through the interviews conducted at Newhailes and its
corresponding regional office (south), as well as some of the interviews with staff at

central office.

It should be noted that whilst the design of all the demonstration systems was carried
out by the researcher, in accordance with the findings from the interviews, the actual
coding and programming of the ASPMap and customised ArcIMS systems was
undertaken by two other colleagues. The researcher maintained a heavy involvement
throughout the whole production and implementation of these systems though,
providing clear instruction as to the layout, structure and functionality for the systems.
On a few occasions where the programmer was unable to code the systems exactly to
the specification, the researcher adjusted the design slightly in order to accommodate
the skills of the programmer. The researcher produced and published the first ArcIMS

demonstration system, as it required no programming skills.

To reiterate, the purpose of these demonstration models was not to provide fully
functional final Internet GIS products, but to demonstrate features, approach and
functionality of bespoke and proprietary software packages that could be evaluated by

users. With this in mind, key functionality requirements from the interviews will be
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Feedback from users about this search function was mixed. Users with previous
knowledge of GIS gave opposing evaluations in the questionnaire feedback of the
search function in the first ArcIMS demonstration system. On one side one user
“could not work out how to use the search function” (Informant B1) whilst another
claimed that this system had the “best search function” (Informant B2) of all three
systems with the ability to instantly navigate to returned results from a search being

“extremely beneficial ’(Informant B2).

The ability to search within a particular layer is adequate if it is something exclusively
related or specific to that layer. However a more likely scenario for users is that data
from multiple sources needs to be searched and this is where a GIS would greatly
benefit NTS. In order to demonstrate this, a customised search task was programmed
into the second ArcIMS system that searched all the databases for Newhailes for any

record containing a specific PINTS code.
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Although some of the data used here is hypothetical, this type of oversight has already
occurred at NTS when the spraying of bracken was scheduled within the vicinity of
sea eagle nests. This potentially severe error was averted only by luck and has brought
to the attention of staff the importance of awareness across the Trust, which can be
facilitated through centralised access to key datasets. In addition, this example also
illustrates the value of adhering to a metadata standard across all NTS datasets.
Ensuring that the correct PINTS code is allocated to all records and that the pre-
determined database structure is upheld for all data throughout the Trust makes the
information far more searchable. One informant stated in the questionnaire that
principle of creating these customised tasks held “great potential” (Informant B2),
which was supported by several informants at the evaluation session, who could see
that they “could be tailored to suit individual management requirements”(Informant
C1) and could be there for the user to perform daily when they first log on to the

system.

4.2.2 Identifying and selecting features

In the same way that being able to search the data is an essential requirement, so too is
the ability to identify features contained on an Internet GIS. The identification tools
built into the ASPMap and first ArcIMS demonstration systems work in a similar way
to the search tool, in that the layer that requires interrogation needs to be activated

first before clicking on the map and bringing up the associated attribute data.

It is unpractical though to expect users who require the ability to easily query multiple
layers to repeat the same query to each layer individually. Therefore the researcher
designed the select by point tool (identify) in the second ArcIMS demonstration
system to return results from all layers that overlapped that point on the map and the
programmer coded this customisation into the system. This is a significant step up

from the default settings, providing a larger amount of information quickly.

The default settings in ArcIMS also provided functions for selecting features by line,
rectangle or polygon as well as by point. This is a useful extension for management,
particularly for the larger properties like Balmacara, as investigation of the data is
likely to be required at larger spatial scales, better represented by polygons than points

on a map. However, the disadvantage of these functions is that only one layer can be
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activated at any one time, so these spatial queries will produce very limited results as
the system will only return the affected records in the activated layer, even if other
features are clearly included within the defined area. This was seen as a significant
limitation during the evaluation sessioﬁ. These functions could be improved though
through the customisation process. Although these tools were demonstrated in the

ArcIMS software, ASPMap can also be programmed to provide this functionality.

4.2.3 Raster layers and images

4.2.3.1 Ordnance Survey maps

OS maps were without question the preferred base maps for an Internet GIS. Landline
and more recently MasterMap have been used as th.e basis for paper maps and desktop
GIS work to date within the Trust, so it is the most familiar presentation medium for
staff. Therefore, the 1:25,000 scale colour raster for Balmacara and the 1:10,000 scale
raster for Newhailes were downlbaded from the EDINA Digimap website as the two

key base maps for all demonstration systems.

The OS map files were compressed and transformed into ecw files using ArcGIS
Plug-in with ECW JPEG 2000 Compressor for use in the ASPMap demonstration
system. Despite this compression the maps retained a very high resolution. The clarity
of these images within the ASPMap demonstration system enabled people to
“accurately zoom into the properties” (Informant B1), which was well received by
several users and noted in the questionnaire feedbacks. Although this level of detail is
ideal for larger geographical features, the larger map scéles used are not sufficient for
zooming into smaller sections of the larger properties in particular. In the evaluation
feedback, one user instead recommended having a “greater range of OS
maps”’(Informant B3) to choose from, the same approach used in RCAHMS and
Historic Scotland’s PastMap application. Increasingly higher resolution maps can then
be viewed when drilling down from large-scale regional overviews into specific
properties to view their features. This raises further issues of data availability though
that relate to licensing and ownership of OS maps, particularly for a charity such as

NTS. These will be discussed further in chapter five.

67






features of the designed landscape gardens surrounding the house. Interviews
conducted at Newhailes identified that users wanted to be able to make reference to

these historical maps and visualise the evolution of the property over time.

The 1798 paper map of Newhailes Estate recorded by Robert Bauchop was scanned
and used in both the ASPMap and second customised ArcIMS demonstration systems.
Within ASPMap the historical map can be selected as an additional background file to
overlay the OS map from a drop down box. In order to address the user requirement
to visualise the changes across the property over time, the researcher developed the
concept of ‘phase buttons’ that were designed to clearly identify a four-stage
evolution of the site, that could be used in conjunction with either the historical or OS
maps. The buttons represent time periods from pre 1680, 1680-1790, 1791-1960 and
1960-Now and each contains the GIS layers of features that appeared on the estate
within those time frames. The instructions on where these buttons should appear on
the system and how they should work (i.e. to turn on specific layers when clicked)
were then passed to the programmer who wrote the coding into the ASPMap
demonstration system. Features no longer visible today, such as the designed
landscape gardens can then be viewed in the context of the other features present at

that time.

The same historical map was also integrated into the customised ArcIMS
demonstration system, except the transparency function available in ArcIMS was
applied to the map here. This made it easier to compare features on the historical and
OS maps and its value would increase further if multiple historical maps were
incorporated into the application. ASPMap also has the capabilities to support a

transparency function.

Although they could not be included in this study, other historical maps that would be
of particular use for property managers and land agents, but also as a basic reference
point for all staff, are the original title deeds of NTS properties. These are often hand
drawn and date back to pre-OS map data.
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This provides an excellent example of the way in which typically aspatial data can be
structured spatially within an Internet GIS and was highly praised by one user in the
questionnaire feedback as an excellent tool to “help [us] distribute and receive images
within the NTS”(Informant B4). It also clearly demonstrates the power of being able
to drill down from an overview of PINTS subjects and elements across a property to
focusing onto small-scale single objects within them. The PINTS code could be
extended to encompass these smaller scale features and another user identiﬁéd this
within the evaluation questionnaires as the area “where the future NTS GIS system

will benefit [us] enormously”(Informant BS).

Whilst this example was very popular with users and did demonstrate some key
advantages of drawing together data within a GIS, it also provoked some important
points for consideration. Firstly, one informant worried that the example contained
too much information for release on the Internet, amounting to the “answer to-a thief’s
prayer’(Informant B6), yet too little information to be of use to departments working
with this data daily. Security is certainly a factor that needs careful consideration.
However in relation to the second point, user requirements were for a corporate GIS
containing all essential and core data. Therefore, any one department would not be
expected to rely exclusively on this GIS data alone, as it will not contain the necessary
level of specific departmental information. This is where individual departmental

applications can be developed to address these more specific requirements.

Secondly, the problem of data quantity was also raised. One user voiced the concern
that this approach may be “suitable for data from a single property”’(Informant B6),
however when multiplied up to all NTS properties such a large quantity of small
objects will “give rise to difficulties”(Informant B6). This is indeed an issue as the
Trust holds more than 46,000 records for collections alone and several other
informants also raised this concern during the evaluation session. The inclusion of this
level of detail would not be necessary on a corporate GIS though, as some items
should never be moved and others move freely from property to property. These items
will require careful monitoring, so may be this can be used as a criterion to decide
which items need to be incorporated on an Internet GIS and which can be kept and

maintained within the department database.
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These hyperlinks to images from the collections database were also included in the
customised ArcIMS demonstration. Note that these had to be specifically
programmed within this system though, as they are not supported by default.

Inclusion of additional types of imagery such as aerial photography and rémotely
sensed data were not considered to be essential for a corporate GIS, although they
may be of use intermittently to specific departments or users. Therefore, this may be
an area where data sharing between external organisations proves beneficial.
RCAHMS for example manage an extensive aerial photo collection and it may be

possible that access to certain parts of this archive could be granted to NTS.

4.2.4 External data

Previously, data sharing with external organisations and consultants involved
exchanging paper maps and documents. As computer technology and GIS
applications developed, data was recorded in a digital format instead. Rather than
exchanging these digital GIS files, NTS receives the majority of this data as hard copy
prints of the digital information. Since one of the major problems recognised by NTS
is that much of their data is not yet digitised, receiving new data also in paper format
is adding to this problem, not to mention the fact that this also hinders internal data

- sharing and data analysis.

Informants recognise that having access to external data sources would greatly
complement their own data and in light of this an example was built into the ASPMap
demonstration system. The attribute data for the SSSI’s on Balmacara Estate
contained all the basic information needed, including name and type of designation.
However, when the user required more information on why the site has been

designated, a hyperlink was added that directed the user to the appropriate SNH web
page (figure 4.5).
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4.3 Proprietary vs. bespoke solutions

In order to analyse the proprietary and bespoke options illustrated in the
demonstration models, this section will first present an evaluation of the software
itself. Each of the demonstration systems will be discussed in turn, followed by a
direct comparison of the actual ArcIMS and ASPMap software. The second part of

this section will then concentrate on the approach.

Whilst it is recognised that literature on the performance assessment of systems does
exist, this is often an evaluation of the software product itself, in terms of the
available functionality and new developments and features that have been included.
‘As discussed in chapter one, there are few peer-reviewed papers that are easily
accessible, which provide an unbiased evaluation of software that has been used to
address a specific problem. This study not only providéd the researcher with the
chance to do just that, but also offered the unique opportunity to receive feedback
from the organisation itself, whose real life problems the systems/software were
attempting to address. Furthermore, NTS is unlike other organisations that may have a
vested interest in a specific vendor or package, due to pre-existing license agreements,
and is therefore also able to provide an unbiased opinion based only on user
requirements and the degree to which each demonstration system and software
package can meet these. With this in mind, this evaluation will specifically focus on
the user analysis by NTS and an assessment of how easy it would be for an

organisation like NTS to implement the systems/software.

4.3.1 Evaluation of the software

All three models created in the two software packages were successful in
demonstrating the value of an Internet GIS for bringing together and structuring
spatial data for NTS properties from multiple departments. Staff recognised that an
Internet GIS would be useful for assisting management responsibilities, without
removing the need to consult colleagues and seek specialist opinions. In this respect
there would be a good balance between the level of computer technology and human
interpretation. The evaluation questionnaires provided more detailed feedback on the

specific software packages and systems.
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4.3.1.1 ArcIMS — System 1

The first demonstration system in ArcIMS was created to show the functionality
available by default in the leading commercial Internet GIS software package.
Following the simple wizard-based step-by-step guide in the ‘Designer’ component of
the ArcIMS Management suite of products provides a very quick and easy way for
non-developers to set up a website to disseminate spatial information across the
Internet. However, not all of the functionality required by users is contained within
this default design. Some specific examples have already been discussed in section
4.2, but include support for hyperlinks that have been used to create links to images
and external organisation’s websites (figure 4.4 and 4.5) and the ability to search and
select features from multiple GIS layers. As these are core requirements identified
from the interviews for an Internet GIS this lack of flexibility to select additional
functions when creating the website would produce problems if this system was

practically implemented within the organisation.

In terms of usability, the general trend identified from the evaluation questionnaires
was that users with no previbus experience of GIS discovered they needed prior
knowledge of the signs and symbols in order to use this system. However, informants
who had used a GIS before found the system easier to navigate, which may be due to
the fact that the icons used to represent the functionality tools in this system and the
general layout of the page are more similar to a desktop package than the other two
demonstration systems. One experienced GIS user classified it as the “most usable
system”(Informant B2) but recognised that this is “possibly because it is most like
PastMap”’(Informant B2). The PastMap system was also created in ArcIMS and is a
system this user accesses regularly. Both of these points indicate that system
preference is largely dictated by previous familiarisation with the software or similar
systems and therefore this is a very important factor when analysing software
usability (Barndt, 2002).

Even though some users liked this system, several functions, highly rated within the
other systems, are not included in the default settings for ArcIMS. There is little scope
to customise the HTML viewer, so the Application Developer Framework (ADF) in

ArcIMS 9.2 was used to create the second system to address some of these
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shortcomings. It should be remembered that whilst the ADF facilitates the
customisation of ArcIMS, once the software is customised in any way a

knowledgeable programmer who can operate within the coding is required.

4.3.1.2 ArcIMS — System II

This system successfully demonstrated that customising the software could eliminate
many of the disadvantages of the first ArcIMS system. For example the default
settings did not support hyperlinks but these could be programmed into the
customised system. However, the main purpose of this second system was to
showcase the additional features available in the ADF facility of ArcIMS that could
be tailored to meet NTS requirements. The tools of particular value were the tasks that
could be programmed to search either one or all GIS layers (figure 4.2), for example
searching by PINTS code across all databases. Several users appreciated the ability to
be able to easily search one or all GIS layers and could see how this principle of pre-

determined tasks could be “extended to other applications”(Informant B2).

These search functions, combined with the design and layout of the information
displayed in the web browser made this system more accessible to non-experienced
users. However there was still a feeling that knowledge of the signs and symbols in
Arc would have been an advantage. The nature of the collapsible lists and pop-out
search boxes were also deemed by a couple of informants to be “difficult to navigate
and easy to miss”(Informant B2). However, one non experienced user said that this
website was “naturally intuitive”(Informant B4) and another commented that the pin
icon in particular, used for highlighting results of searches, enabled easy visual
identification of the results. One explanation of this may be connected to the fact that
the general layout, the pin icons and the style of panning contained within this system
are not dissimilar to that of Google Earth. Many people by now have some experience
of using Google Earth and so will naturally be slightly familiar with the system and
therefore be able to apply this knowledge, to some degree, to the customised ArcIMS
demonstration system. Again, this relates back to the importance of familiarity with

similar systems.
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4.3.1.3 ASPMap

This system was created in order to evaluate whether the requirements of an
organisation needing to handle diverse spatial information could be met using a
bespoke rather than proprietary solution. The results from the interviews indicated
that users required basic GIS functionality and this demonstration system met or could

be programmed to meet all the key functions illustrated in section 4.2.

All users appreciated the clear structure into the data, achieved by having a front-page
overview of Scotland divided into the four NTS regions and then the ability to focus
in on the GIS data for a specific property. However, evaluation feedback for this
system indicated a clear division of opinion between experienced and non-
experienced GIS users. One informant with no previous experience thought this
system “seeined very intuitive and looked to have the most potential to be easy to
use”(Informant B7) and another stated thatl “no prior knowledge of signs and
symbols”(Informant BS) was required to use it. An introduction page with instructions
was included in the design and all the GIS tools have their function written on them,
as opposed to traditional GIS symbols and icons that are more naturally intuitive to
experienced users. Interestingly, an experienced user did not consider this a simplified
GIS for inexperienced users but found the system “intimidating”(Informant B1), as
there was not enough distinction between different sections of the toolbars. This
comment is worth noting, since it is usually commercial systems that are seen to be
intimidating and less accessible (Haklay and Tobon, 2003). Again, familiarisation
with software is the likely explanation for this since the ASPMap system has a
distinctly different feel from a desktop GIS.

From the evaluation questionnaires, both systems that were tailored to purpose, the
ASPMap and second ArcIMS models were most favoured by users. This contradicts
the argument from other usability studies that customisation does little to improve
user’s attitudes towards Internet GIS usability (Davies and Medyckyj-Scott, 1996).
Broadly speaking, fhe vast majority of users preferred one out of the two customised

demonstration systems to the default ArcIMS system.
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4.3.1.4 Comparison of ArcIMS and ASPMap

4.3.1.4.1 Storage space requirements

ArcIMS software itself requires SOOMB of space on the server for the core product
with an additional 500-600MB for supporting files such as the connectors
(O’Callaghan, pers. comm), compared with 23MB of disk space and 64MB of
memory for ASPMap software (http://www.vdstech.com/aspmap3_details.htm). Even
though this is significantly less than ArcIMS, when coupled with the large amount of
data that NTS needs to manage across all properties, a significant amount of space on
the server is still going to be required. Overburdening the server with data is likely to
lower system performance, affecting user perception of the system, since the
interviews revealed that users view the computer as “only another tool to do the
job”’(Informant A2) and if it does not work or is too slow, people will simply “not
bother to use it”(Informant A2). This principle was proved even in the evaluation
stage of this research, where a user found the customised ArcIMS system very
frustrating and gave up trying to use it as it was “difficult and slow to obtain any kind
of information”(Informant B6), with the system collapsing at regular intervals,
“displaying error messages stating that it needed to close”(Informant B6). As both of
these software packages adopt a server-side approach this issue of poor performance
due to large datasets will apply to both, since ideally a balanced client/server

architecture is required (Vatsavai et al, 2006).

One point that should be noted here though is that twice the volume of data was
contained within the ASPMap compared to the customised ArcIMS system, so this
result is unlikely to be solely due to data size, although it does help illustrate the point.
Technical errors are more likely to be the cause, since during the construction of the
ArcIMS models the researcher found the software to be very error prone and
temperamental, frequently requiring adjustment and resetting. As users in the
questionnaires recorded a few technical issues with this system, it is likely that further

errors have developed that are slowing system performance.
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4.3.1.4.2 Functionality

As illustrated in section 4.2, both software packages were able to meet the
functionality requirements from users, although for ArcIMS certain functions were
not available by default and had to be specifically programmed in. On this basis either
product could potentially provide the solution for an Internet GIS. However, user
requirements were for an initial corporate GIS that has the potential to be extended, so
the software’s potential functionality should also be considered. There are other
functions available in ASPMap that may be useful for users and could be integrated
into an established Internet GIS application, such as thematic mapping and labelling
and the ability to interact more with the data by drawing polygons and text strings
directly onto maps. It should be noted though that these functions are not exclusive to
ASPMap. ArcIMS can go further and provide access to more advanced complex
geospatial analysis by extending its architecture to include the powerful capabilities of

the ArcGIS Server.

The most advanced server, in addition to spatial analysis functions, also supports web
application functionality with client-side editing capabilities and is interoperable,
enabling GIS web service integration. Whilst this offers a huge scope of potential
functionality, it is user requirements as opposed to technical capability that must drive
Internet GIS developments (Appleton and Lovett, 2003) and this level of functionality
is unlikely to be required by NTS, even for future applications, although this would
require further research. Additionally, some of these functions should be approached
with caution, since the ability for users to edit data in the client browser, for example,

would present problems for maintaining data integrity.

Whilst academic comparative functionality studies have been done before, they
generally appear within specific conference proceedings and are therefore difficult to
obtain, although a collection of selected papers are sometimes published in a book.
The inaccessibility of these papers has already been raised as an issue in chapter one,

section 1.5.
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4.3.1.4.3 Programming and coding

The wizard style approach in the default ArcIMS settings is very effective for
enabling users with no programming skills to quickly publish websites for
disseminating spatial information. Equally, this similar style adopted in the ADF for
ArcIMS was helpful for automated code generation and was visually a lot clearer to
understand in comparison fo the pages of HTML, JavaScript and asp coding
controlling the ASPMap system. Although this facility does simplify the process of
programming and customisation to a degree, the user would still need to possess
programming skills to create an application this way. Additionally, whilst this wizard-
based approach and automated code generation saved some time in the short run,
customisation of some functions took longer than when they were coded from scratch
in ASPMap, where there were no pre-determined design boundaries. This is assuming
though that the programmer is already competent using the ASPMap software,
otherwise the lack of supporting coding documentation results in a steep learning

curve.

The skills of the programmers did occasionally result in the need to alter, only
slightly, the way the demonstration systems were designed. Whilst this is certainly a
point to note when assessing the systems/software, it in fact mirrors the same real life
issues that would arise when any organisation attempts to implement an Internet GIS.
Currently for NTS, as there is no in-house IT team and the findings from this study
indicate that at least some customisation and programming would be required to
create a usable system, this process would more than likely need to be outsourced to
an external contractor, unless technical staff were employed in-house. As shown in
this study, if the programming is ‘outsourced’ it is crucial that the designer/user
maintain a heavy involvement throughout the whole process to ensure the system

remains fit for purpose.

All system web browsers were written in HTML, removing the need to download any
plug-ins or applets to view them. Although ASPMap uses the Microsoft .asp
language, as most people use Microsoft software this application should be reasonably

compatible with other systems. The option for utilising Java viewers in ArcIMS was

80



explored, which highlighted the fact that a Java plug-in would need to be downloaded

on the client computer prior to opening the application.

4.3.1.4.4 Flexibility

The structure of ArcIMS is not very flexible for allowing the addition of GIS layers
into a pre-existing application, requiring the service to be deactivated and re-created
and the whole map application re-published. This is a slow and laborious process
requiring the existing web directory to be completely re-written each time. On the
other hand, in ASPMap, GIS layers can be added into the system at anytime and when
the page is refreshed they are displayed. This demonstration system was programmed
so that an array could identify the display name, file type, colour and so on of a file
simply from the structured file name. Although this is not an ideal approach
technically, as the system should be able to recognise the file type, it does mean that
users can add additional layers into the system without requiring programming skills,
so long as the same file name structure is adhered to each time. Writing codes like this
into a system may be an important consideration if NTS opted for a bespoke system to

be developed externally rather than in-house.

Some users felt that the outward appearance of both the ArcIMS and ASPMap
systems would be “too inflexible”(Informants B3 and B6) for their needs. However,
this is likely to be due to the fact that users had access only to the web page itself
rather than to the full system that they are more used to having. Any visual indications
of inflexibility can probably be attributed to the design of the system rather than

representing any issues with the software itself.

4.3.4.5 Interface design

The absence of any guidelines for the design of GIS-specific interfaces has meant that
a variety of layouts have been developed, thereby lowering the possibility of any user
being able to transfer the knowledge of one system to anofher (Egenhofer and Kuhn,
1999). The evidence from the user questionnaire evaluations showing that the
usability of the first ArcIMS demonstration system was determined by the fact that
the informant could transfer their knowledge and experience of a similar Internet GIS
(PastMap) clearly illustrates the importance of the interface design. Since the purpose

of transferring GIS onto the Internet and utilising web browsers as interfaces was in
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part to make the software more accessible to non-experienced users, it seems that
promoting design guidelines to facilitate knowledge transfer would be a obvious
extension to lowering the learning curve for new users. Even within ArcIMS itself
there are many options for interface design, which can be seen by comparing the

layout of the two ArcIMS demonstration systems created in this study.

In many ways this is an even greater problem with bespoke systems like ASPMap,
since they are even less pre-étructured in design and layout. Screen variables are set
out at the start of the asp coding, which enable the programmer to decide the exact
size and location of every item to be displayed on the web page. Obviously this does
little to promote unity in interface design, but it can also present problems with data
display. Part of the allocated web page space was used to show field titles and
example data values to aid the construction of search strings. Longer length data
examples such as the property website ID’s were too long to fit into the allocated
boxes and had to be abridged, making the information useless to the user. In spite of
this, being able to adopt this approach does provide the designer and programmer with
greater flexibility, which was utilised by structuring the ASPMap demonstration

system with a regional overview before drilling down into the properties.

A summary of the key features of ArcIMS and ASPMap are shown in table 4.2.

ArcIMS ASPMap
500MB plus 500-600MB required 23MB plus 64MB required
Server-side approach Server-side approach
Complex architecture Simple architecture
Error prone system Robust system once debugged
Good supporting online documentation Poor supporting documentation for
and help coding resulting in steep learning curve
for programmer
Large scope for extending the system to Small scope for extending functionality
include diverse and complex functionality

Table 4.2: Summary table showing the comparison of key features between ArcIMS
and ASPMap.

Having considered the software, the relative merits of proprietary and bespoke

approaches will now be considered.
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4.3.2 Evaluation of the approach

The overwhelming opinion from both the evaluation session and the questionnaires
was that a bespoke rather than a proprietary approach would be the favoured option
for an organisation like NTS. The vision identified and agreed in the evaluation
session would be to have a “system distributed via the Internet with bespoke
applications on individual staff desktops”(Informant C1). Informants from the
interviews stated that the NTS Intranet would be the most likely distribution medium,
since its integration into the Trust has already greatly improved communication
throughout the organisation. Intranets tend to be favoured by organisations for
efficiently disseminating information within companies as they provide private and
internal equivalents of the Internet (Reeve and Petch, 1999), thereby providing a
preliminary level of security. The favouring of a bespoke approach over a commercial

solution is due to two factors.

Firstly, despite the fact that users liked the customised ArcIMS demonstration system,
commercial software is likely to be too expensive for a charitable organisation such as
NTS. Commercial software typically has high server set-up costs (Carver et al, 2004),
whereas bespoke software like ASPMap is a much cheaper solution and easy to
implement. Informants did however recognise significant investment into a GIS
initiative would be required in order to secure the future benefits. Productivity rates
would also mirror this pattern of short-term sacrifice for long-term gain, as staff
recognised that they would need training in the software. This productivity curve

hypothesis is illustrated in figure 4.6.
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arrangement, the full cost of buying into commercial software may not have made this

an option.

Considering the fact that the bespoke demonstration system created in this study did
not lack any of the key functionglity also available in the commercial software,
selecting a bespoke approach would be a viable option to meet NTS functionality
requirements. As previously discussed, future functionality requirements should also

be considered though.

The second factor influencing the preference for a bespoke rather than commercial
approach is based on practical requirements. Opting for a bespoke system, most users
felt, would ensure the “most usable and efficient systems”(Informants B2 and B4) and
if NTS were going to invest time and money into a system it “should be designed
exclusively to meet NTS requirements”’(Informant B4). Furthermore, users could
envisage how a bespoke Internet GIS application could be practically integrated into
current NTS IT strategies. The Organisational Management System (OMS) currently
being developed is hoped to reflect the same design principles as the MyNTS system
proposed in a recent report commissioned by NTS (Gittings and Batcheller, 2007).

MyNTS has a geocollaborative system design, drawing together emails, blogs,
internal and external news-feeds and web mapping applications. This principle of
geocollaboration combines GIS and computer-supported co-operative work (CSCW),
providing a dynamic service that enables distributed groups to co-ordinate their work
(Schafer et al, 2005). This type of design would include a bespoke Internet GIS
application as well as progress reports on the status of property project work that
would help raise awareness within the Trust, which was an area informants thought
could be improved. Additionally, a system like this could be used as a tool to
encourage public participation in NTS activities by incorporating discussion boards

and bespoke public Internet GIS applications.

It could be that if a set of dynamic tools that are inherently map-enabled is sufficient
to meet the requirements of NTS, a full GIS is not in fact required in this situation.
However, whilst that solution may be adequate up to a point, the findings from across

the interviews and evaluation feedback, both from experienced GIS users and
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informants who have only recently learnt about GIS, suggests individuals would

prefer and would benefit the most from a GIS-based approach.

Although the term ‘Internet GIS® has been used throughout this study, including a
bespoke Internet GIS application into a geocollaborative system across the Intranet
would technically be classified more as a ‘Distributed GI'. This is ih reference to the
distribution of geographical information in a variety of forms, which would include a

‘web-based GIS’ component (Mathiyalagan et al, 2005).

When informants were asked in the questionnaires whether this bespoke approach
should be out-sourced to an external contractor or developed in-house there was a
mixed response. Several users felt that an application should be developed in-house
since this would be the best way to ensure that “primary users can tailor the system to
[their] needs and changes can easily be made if required”’(Informant B2). Others
believed that it would most likely be out-sourced, as this would “guarantee that the
people who are implementing and developing the system are skilled, trained, technical
people who understand GIS inherently”’(Informant B4). However, several informants
also recognised that “there is a lot of expertise and knowledge within the Trust and it
would be a shame not to use that”(Informant BS) and the project would only be
successful “if NTS staff could be involved in the process”(Informant BS5). Out-
sourcing is likely to be anl expensive option and some of the pitfalls of dividing the
management of IT resources have already been experienced first-hand, with
essentially all NTS IT responsibilities being out-sourced to Northgate. However, if
these resources were to be handled in-house, NTS would need to spend money
employing IT technicians and GIS developers capable of programming a bespoke
GIS.

One possible solution identified by an informant in the evaluation questionnaire was
to use “an external contractor to develop and maintain the system but working for a
consortium of like-minded bodies”(Informant B3). It was argued that this would be
more economically viable and would facilitate cross-referencing and data sharing
between like-minded organisations. This type of approach is already being
implemented, as can be seen by the partnership of RCAHMS and Historic Scotland

for producing the PastMap application, which was a knowledge transfer process as
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well as a data sharing exercise. NTS are not alone in currently trying to scope out or
update a GIS initiative. One informant identified Scottish Natural Heritage (SNH)
during the evaluation session as an example of an organisation still designing a GIS
system capable of answering more basic types of questions. Other organisations that
are starting up or modifying their GIS approaches have also been mentioned
throughout the course of this project, within interviews and Core Data Model
meetings. Therefore, this idea of a consortium of organisations is likely to be well

received by many organisations.

Regardless of the exact approach decided on though, any Internet GIS initiative must
have upper management support to ensure its success, as this will improve
organisational co-ordination and communication and make sure that sufficient
resources are allocated to the project (Sieber, 2000). The interview with an informant
from Historic Scotland confirmed this view that senior management should “buy-in to
the GIS and know what it is, how much it will cost and the impact it will have on
business areas and organisational procedures”(Informant AS). The importance of this
level of support for ensuring the success of an initiative has already been
demonstrated within the Trust, since the initial push for a GIS made at Balmacara
Estate has so far received no upper management support and has now been ongoing
for 8-9 years with very little progress. Considering the fact that the Trust has fourteen
MaplInfo licences, either a clear strategy for their implementation should be outlined

and promoted by senior management or the subscription should be re-thought.

As well as ensuring that initiatives are economically viable, obtaining upper
management support would ensure from the start that a GIS initiative was fully
integrated into the corporate IT strategy. Therefore, corporate specifications for data
management, storing and archiving would be written such that all data could easily be
integrated into the GIS at any point. This would not only promote interoperability and
remove the current issue of insular projects and lack of joined-up thinking, but would
also ensure that the GIS does not become a useless standalone system. Additionally,
adopting a top-down approach will ensure that terms such as ‘interoperability’ and
‘core data’ are defined for all staff, since it was discovered from the interviews that
although informants had heard of these terms they did not fully understand their

meanings.
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4.4 Critigue of Internet GIS for NTS

Having considered the arguments for a proprietary and bespoke solutions, both in
terms of the software and the approach, this final section provides a critique of the

value of implementing an Internet GIS solution for an organisation like NTS.

4.4.1 Organisational

Adopting an Internet-as opposed to desktop GIS solution would have two important
advantages from an organisational perspective. Firstly, as a large proportion of
informants approached for interview during this project had no previous experience of
GIS, the web browser interface offered by an Internet GIS would provide a simpler
and more intuitive gateway into the system (Newton et al, 1997). Indeed
questionnaire feedback indicates that a couple of inexperienced GIS users found the
web browsers easier to navigate as “it looked familiar, like a website...something a
non-technical member of staff ought to be able to navigate and use”(Informant B7).
Conversely, an experienced user, although they believed the browser-based systems
would be better “for less experienced users and for across-Trust use”(Informant B3)
found this approach rather inflexible when compared to their desktop systems that
allow full access to a range of functionality and uses. This demonstrates the need for
multiple levels of access into an Internet GIS, as heavier, more experienced users
would require greater flexibility and access to up-date information, whereas
infrequent users would prefer only upper level access. It also raises the point that
“there will always be a need for more detailed uses”(Informant B3) for a system,
which further emphases the possibility of having departmental Internet GIS

applications at a later stage.

The second advantage of utilising Internet GIS is that it removes the need to purchase
multiple desktop GIS licenses as the applications are distributed via the network to
any desktop computer. This cheaper solution is obviously more preferable for a
charity like NTS. However, no one Internet GIS can yet achieve the full functionality
of a desktop GIS package (Carver et a/, 2004) and several desktop licenses would still
be required for the development and maintenance of an Internet GIS. None of the

demonstration systems in this study could have been created without having access to
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desktop GIS packages. Despite this, an Internet GIS would still be more economical
and practical than a desktop GIS solution and it would fit more readily into the
management framework of an organisation that needs material to be quickly available

to all staff desktops (Barndt, 2002).

4.4.2 Public participation

Public participation is an important aspect to consider since NTS is a membership
| organisation that relies heavily on public subscription. One of the Trust’s core aims is
to increase community involvement in conservation management activities and
engage more with the public, particularly “people living and working within the
immediate environment of Trust properties”(NTS Corporate Plan, 2006). On
Balmacara Estate this is currently being addressed through the regular production of
newsletters. However, an Internet GIS could be used another approach to meet this
core aim, as it only requires the user to have access to the Internet. Several informants
could see a public Internet GIS as a tool for education, promoting and providing
members with conservation techniques and “good working practices”(Informant A1),
including preservation tips and guidelines “that everyone can relate to”’(Informant A1)

and could be applied to individual’s property and possessions.

Obviously certain information the Trust holds is confidential and as such this would
not appear on a public interface. However, as NTS is an organisation charged to keep
important sites in trust for the nation, some of their information, like the property
statements and management plans, are public property. Currently, these are sent out as
paper copies to anyone who requests them, but placing them in a publicly accessible
system would save staff time, prevent multiple duplication of the documents and

would promote the properties themselves and the Trust’s work.

At a smaller scale, a public Internet GIS could be used to communicate with the
communities that occupy NTS properties. If information is required from a property,
all staff will currently “ring someone up or send an email”’(Informants A3 and A6).
However with the need to contact NTS staff scattered throughout Scotland and
farmers and tenants living on properties this can become difficult. If this style of
communication fails, staff sometimes have to travel to the property and “if the

information is not forthcoming from the manager...go and ask the people on the
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property” by “knocking on the doors of farmers”(Informant A6). Again, this is an area
where a public Internet GIS could be a useful tool to facilitate this type of
communication. Additionally, visitor books are available in NTS holiday houses and
people often take this opportunity to record any birds or animals they have seen. An
Internet GIS application could be created specifically to allow visitors to record their
sightings, which can then be followed up by estate officers. Allowing the public to
participate in this way will add to the highly valued volunteer work, as well as

fuelling public interest and raising the profile of the Trust.

This idea of public participation GIS (PPGIS) will be discussed further in chapter

five.

4.4.3 Corporate memories

Informants have noted that staff that have been involved with a property or dataset for
a number of years build up a significant ‘corporate memory’, carrying all the
information around in their head rather than recording it. Significant problems are
then caused when this member of staff leaves, as there are no documented records.
Even if some files have been created, as there are currently few guidelines identifying
how information should be recorded, people are using whatever programmes and
formats they are used to, which may not be understood by others and are not
interoperable. One informant noted in the interviews that “unfortunately, because of
the high staff turnover, a lot of people with a lot of corporate memory have now
gone” and it is “only now that [we] are finding out some of the gaps”(Informant A3),
a problem which came up again in discussions with other staff. Additionally, since
NTS as an organisation relies so heavily on volunteers, this means there is an even
higher turnover of people during the course of a year with potentially many more
approaches to data entry, which reinforces the need to develop and enforce the PINTS

metadata standard.

This concept of ‘corporate memories’ also impacted on the type of data that some
people thought should be included on an Internet GIS. Informants with extensive local
knowledge of an area or property felt there were some features and details that were

not necessary for inclusion in a GIS, since the system would not tell them anything
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they did not already know (Barndt, 2002) and they would “never need to look at it
more closely” (Informant A7). However, staff that are responsible for managing these
same features from a physically separated location, like at the central or regional
office, did require these features to be displayed. Furthermore, although the current
property manager may know every detail about the site, new managers moving to a
property will not have the same level of knowledge. In this study, the property
manager for Newhailes had only just taken the position and therefore was only just
getting to know the property, whereas the property manager for Balmacara had been
there many years. Including all the key information about each property on an Internet

GIS would help to ensure that ‘corporate memories’ would be captured.

4.4.4 Data integrity

Since a system is only as good as the data it is derived from (Aitken and Michel,
1995) it is essential that all the information is correct and accurate, as it will be used
as a basis for management decisions. It is often difficult to see evidence of a bad GIS
product though, especially as more Internet GIS applications are being produced

(Cduclelis, 2003) and images are appearing more realistic (Kingston, 2002).

The demonstration models created in this study were based on a combination of actual
NTS GIS data and data constructed by the researcher to illustrate specific uses, both
of which were noted to have limited accuracy. In the evaluation session, a concern
was raised that “people should not be swayed by a ‘pretty’ system”(Informant C2)
and the quality of data contained in an Internet GIS must be ensured. Staff agreed
upon this at the session and went on to point out that any GIS initiative would need to
begin by checking and organising the data; otherwise any system would simply
produce “automated garbage”(Informant C3). Utilising local knowledge could be one
way of clearing up errors in such large datasets (Barndt, 2002), again promoting the
advantages of encouraging public participation. It also reinforces the need to have
different levels of access into an Internet GIS, so that a selected number of people are
resporisible for updating the information contained in an Internet GIS, maintaining

data integrity.
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4.5 Summary

This chapter has explored the options of commercial and bespoke solutions for an
Internet GIS venture, from the angle of software and approach. Assessments have
been made based on user requirements, evaluation feedback and vthe researcher’s
experience with creating the demonstration models. Informants believed a bespoke
approach would be favoured for a charity like NTS, which would most likely be
developed externally but with constant staff input. Some of the points that have been

raised in this chapter will now be expanded in the following discussion chapter.
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Chapter 5: Discussion

The aim of this chapter is to draw together aspects from the methodology and results
and interpretations chapters, both of which reinforced the interdisciplinary nature of
this research, crosscutting information technology and social science boundaries.
Whereas discussion within these chapters has fécussed more specifically on the NTS
case study, this chapter will take a more general perspective. Firstly, the concept of
data sharing will be reviewed with reference to web services and the Service-Oriented
Enterprise (SOE) approach. Then a more general critique of the value of Internet GIS
for public participation GIS (PPGIS) and decision-making will follow. The third
section of this chapter will consider some of the limitations of this study, from both
the viewpoint of the chosen methodology and also in terms of technical and data
issues. Finally, the possible future direction of GIS will be explored, specifically in

reference to the recent advancements of Google.

5.1 Data sharing

The importance of data sharing with external organisations was identified from the
results of the interview process and an example was built into the ASPMap
demonstration model (figure 4.5) to illustrate a way that an NTS Internet GIS could
be linked to an external organisation’s website. However, it was noted in the
discussion of this example that there are mdre practically efficient methods to share
data. One such method is utilising web services to create a Service-Oriented

Architecture (SOA), discussed previously in chapter three, section 3.6.

Web services are currently the most exciting developments within Internet GIS
technology (Tsou, 2004). They have the ability to simplify even the most complex
legacy systems to make them interoperable, all within the user-friendly browser-based
environment of the Internet. Many organisations are increasingly favouring the web
service approach as it radically simplifies existing internal datasets as well as
providing a mechanism for facilitating external data exchange (The Economist, 2004).
Two such organisations that see web services as the future for GIS and data exchange
are RCAHMS and Historic Scotland, both of which have strong ties to NTS. These
two organisations have paved the way towards external data sharing through the

creation of the commonly shared PastMap application. However, the method of
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updating the information contained in this application, through periodic static
downloads by each organisation, is not ideal. Live updates, through the transfer of
web services between organisations would be a far more effective way to approach

" this.

5.1.1 Integrating web services

Sharing and integrating web services is made poésible by the fact that they are
wrapped by interoperable common standards, as depicted previously in chapter three,
figure 3.4. As well as providing an interoperable platform, these standards also
provide the tools for discovering and integrating web services. WSDL is used to
describe the contents and functions of the individual service. These descriptions are
then posted on a searchable registry database (UDDI) or network directory, which
other computers can then browse (Peng and Tsou, 2003). When a user finds an
appropriate service, it is then requested from the registry and can be integrated into
the client application. This concept of integrating web services wifhin a SOA is

illustrated in figure 5.1.
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Figure 5.1: A logical representation of a service-oriented integration architecture (Erl,
2004, p. 53)
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Applications A and B depicted in figure 5.1 could be either internally or externally
based, however once web services have been utilised for this type of cross-application
integration, they become part of the enterprise infrastructure (Erl, 2004). In order
words, once multiple SOA applications are established, at that point SOA itself
becomes one of many services within a Service-Oriented Enterprise (SOE) (Erl,
2005). Initiating a SOE naturally increases design complexities (Erl, 2004), although
once established, the same communication mechanisms can be used between
applications within a single 'organisation and distributing data between participating
organisations. Interoperable web services and the loosely-coupled design of the SOE
are the two factors that make this approach appealing and technically viable fof inter-

organisational data sharing.

In order for web service networks to be a practically viable method for external data
exchange, a significant number of organisations are required to join the network. As
more organisations join, the use of the network has been seen to rise exponentially,
thereby attracting further members (The Economist, 2004). An established and well-
used web service network would remove the need to replicate large datasets between
organisations, as the appropriate web service can be accessed whenever required and
integrated into an application. The owner of a particular dataset would have the
responsibility of updating it, although with such free and open exchange of data,
retaining ownership is more difficult. It should be remembered though that this
concept of external information exchange by sharing UDDI registries is still very
much a developing rather than established idea. Indeed, the development of Internet
technology is still moving at a rapid pace, with new ideas and products constantly
emerging. As a large re-structuring would be required in order for an organisation to
conform to a SOA, they would need assurances that this method is viable in the long-

term.

Some organisations are drawing this idea of an integrated network of web services to
its logical conclusion, whereby if all that is required is the data, they should not have
to create the data centre (The Economist, 2004). Instead the required software is
rented from an application service provider (ASP) as a service. This removes the need

for organisations to buy into software solutions and integrate them into their existing
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structures, as this would be done by the external ASP. This concept links to the
previously mentioned idea of having an external organisation consortium, where
technical maintenance is effectively out-sourced to an external specialist. Although
not a direct web services example, this idea is very similar to the specialist GIS
support community NGC discussed previously in chapter one, section 1.5.1, who
provide technical and conceptual support for organisations. This may well be the
future of Internet GIS as the International Data Corporation (IDC) estimates that the
overall revenues gained from ASP’s will increase from $3 billion in 2003 to $9 billion
by 2008 (The Economist, 2004).

5.2 Critique of Internet GIS for PPGIS and decision-making

The idea of using Internet GIS to aid public participation (PPGIS) was broached in the
previous chapter (section 4.5.2), although this was discussed primarily from a
specifically NTS perspective. The public view of NTS has not been looked at in great
detail since it is not a major part of this research. However as NTS is a membership
organisation, data sharing through public participation is still an important factor to
consider. This section will expand this debate from a strictly NTS viewpoint to focus
on the wider and more general opportunities Internet GIS technology can provide for

PPGIS and decision-making processes.

The incorporation of GIS into public participation practices provides a unique
approach for enabling the public to use their local knowledge to dynamically interact
with and analyse complex spatial information (Sieber, 2006). It should be noted
though that if the restrictions with current public participation projects are due to
limited resources and small local organisations with non-professional staff, GIS might

not fully address these problems (Barndt, 2002).

In terms of environmental decision-making, integrating GIS into the process provides
an ideal template for users to explore the decision problem, experiment with a
selection of options, formulate their own decision and then submit their opinion or
evaluation (Kingston, 2002). These benefits of incorporating GIS into public
participation and decision-making practices will only be realised if the tools can be

easily access by the maximum number of people. The obvious medium that is
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generally considered to be the best for this purpose is the Internet, although it is not a

perfect ready-made solution.

5.2.1 Accessibility

Firstly, by placing a PPGIS onto the Internet, the physical constraints of traditional
stand-alone. systems are immediately removed (Carver et al, 1997), as the system can
be accessed anywhere at anytime. The rise of this idea of ‘24/7’ participation
(Kingston et al, 2000) provides participants with greater flexibility as they are no
longer restricted by the physical location and times of meetings. Furthermore,
extending the amount of time the data is available to the public increases the amount
of potential feedback, both in quantity and quality, that users can provide for a

specific decision or problem (Carver et al, 1997).

Whilst the Internet does offer an attractive vehicle for PPGIS dissemination, vastly
improving public accessibility to the data, it should be remembered that not everyone
can easily access the Internet. A definition of PPGIS refers to an “inclusive and non
discriminatory tool that focuses on the possibility of reducing the marginalisation of
societies” (Jankowski et al, 2001, p.6). Although many people now have a computer
in their home, in order to reach out to all sectors of society, additional access points to

the Internet need to be provided in communal and public areas (Kingston, 2002).

Although physical access is most definitely an important issue requiring
consideration, ‘grounded social relations’ will also impact upon whether an Internet
PPGIS is accessible. This concept involves considering the social context from which
people would be accessing the system and how they disseminate (or not) information
in their everyday lives, since this social and technical background will dictate how
they interact with and use an Internet system (Niles and Hanson, 2001). In other
words ‘virtual accessibility’ identifies the combined spatial and social locations of
access as the ‘context’ that will determine whether a user is “able to find, make sense
of, and apply information on the Internet” (Niles and Hanson, 2001, p. 6). Niles and
Hanson (2001) go on to argue that in order for a system to be deemed truly accessible
all these contexts from which a users approaches a system need to have been

considered.
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5.2.2 Usability and interface design

The benefits of utilising a web browser as opposed to a traditional GIS interface for
users with no previous experience of GIS have already been discussed and again these
advantages apply for Internet-based PPGIS. Providing a more user friendly entry into
GIS that is accessible to a larger number of people has led many to believe that the
previous criticisms of GIS as an elitist technology are no longer valid (Carver et al,
1997; Kingston, 2002; Caldeweyher et al, 2006). A well-designed Internet PPGIS
interface removes the need for users to have an understanding of GIS technology,
since information prompts and simplified menu options can be incorporated to guide
the user through the information (Carver et al, 2004). To some extent this principle
was illustrated by the ASPMap demonstration system, where instructions and visually
simplified GIS tools aided non-experienced GIS users to understand and operate the

system.

Another point raised in the previous chapter (section 4.4) was the idea of a
geocollaborative system design, including discussion boards, e-mails and blogs that
could be used as a tool to encourage public participation. Indeed, websites where
interfaces have been designed to incorporate these novel ways for the public to
interact with the information have been classified as more participatory (Smith and
Craglia, 2003). There is also the hope that providing a diverse set of modern tools for
people to use for expressing their opinions will encourage participation at all levels,
but more especially with younger members of society (Smith and Craglia, 2003).
Graffiti walls, message boards and chatrooms are closely tied to the social
environment of the younger generation, so including this familiar style of interaction

on a PPGIS will further widen its accessibility and usability.

One potential drawback of simplifying the information to go onto the Internet is that
the decision-making process is complex and by re-designing data some key points and
additional detail could be lost (Carver et al, 1997). However, it is 'important to
remember here that an environmental decision will not be based exclusively on public

feedback from an Internet PPGIS.
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5.2.3 User preference

The advantage Internet PPGIS has of removing the need for participants to physically
travel to meetings has already been mentioned. However removing the need for
people to attend meetings holds a further benefit. Using an Internet-based approach
enables participants to express their opinions and provide comments relatively
anonymously and in a non-confrontational way (Kingston et al/, 2000; Kingston,
2002). Providing this facility is likely to encourage more people who prefer to
communicate their views in a low-key way to participate in the decision-making

process.

Whilst the Internet does provide an easily accessible alternative to more traditional
approaches to public participation, it should be remembered that it does not suit every
one. Smith and Craglia (2003) reference a survey that revealed around 27% of non-
users “are not interested in the Internet or do not want to use it” (p.52). Therefore any
Internet PPGIS should be developed in harmony with more traditional approaches

rather than attempting to replace them.

5.3 Limitations

5.3.1 Critique of the methodologv

A combination of social geography research techniques and technical demonstrations
were used within this study in order to provide a two-sided evaluation of Internet GIS
technology. Whilst this approach was essential for obtaining rounded and balanced
results, there are some inherent limitations associated with this choice of

methodology.

Firstly, it is widely documented that a successful GIS initiative needs to concentrate
on user requirements for a system (Martin, 1997; Bernhardsen, 1999; Haklay and
Tobon, 2003; Jankowski et al, 2006) and as such, interviews with perspective users,
as conducted in this study, is an essential first stage. The subjectivity of the
interviews, evaluation session and questionnaires used in this study is an advantage,
as it provided a mechanism for users to express their thoughts and feelings. Since

social and institutional environments are impacting more on the design of new GIS
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initiatives, these inherently subjective social research methods are extremely valuable.
Naturally, the way a researcher interprets the thoughts and opinions of the informants
will be shaped by their own experiences and ideas, which may be very different to the
informants. However, this is not necessarily a limitation, particularly as only one
researcher has interpreted all results in this study, thereby maintaining an internal
consistency, as is good practice. Also this prompted some wide ranging and more in-
depth discussions during the course of the interviews, as the researcher and informant
exchanged and explained their sometimes very different views and opinions, which

proved very useful.

Although the subjective techniques adopted in this study produced extremely valuable
results that could not have been achieved through more objective approaches,
including some objective analysis could enhance this methodology further. Other
usability studies have incorporated quantitative performance measures into their
research alongside subjective evaluation from users. Davies and Medyckyj-Scott
(1996) conducted a subjective survey which suggested that customisation of systems
did little to improve user’s attitudes towards GIS usability. However, quantitative
analysis recording the number of errors and cancelled actions made by the user when
using a customised GIS, described as ‘snag time’, identified a significant reduction in
comparison to other systems. This demonstrates the value of considering both
subjective and practical analysis in order to obtain a true indication of system success.
Furthermore, the real life example of one informant’s experience of incorporating GIS
into an organisation and the practical improvements in productivity that followed,
(discussed. in section 4.4), illustrates that quantification is an important aspect to

consider.

A quantification component was not added to this methodology primarily because,
unlike other 'usability—based studies, the demonstration models were never designed to
be fully operatioﬁal, but to showcase the software, functionality and approach.
Therefore, the ability to assess its practical use for speciﬁc tasks would have been
very limited. Additionally, user requirements for an Internet GIS were for improved
data management and easier access to‘diverse spatial datasets. The faster access to key
information provided by all the demonstration systems in comparison to the multiple

phone calls and paper documents currently required was obvious to users without the
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need for quantification. As such, although quantitative analysis would have been

interesting, it was not considered essential to this study.

The second limitation of this research methodology is linked to the high interaction
and reliance on an organisation. Issues of working with organisations on research
projects have been documented before (Ives et al, 1983; Davies and Medyckyj-Scott,
1996), which include lack of flexibility and limited interaction time with staff. This
study was not subjected to these normal restrictions, since the researcher was
provided the unique opportunity to work closely within the organisation throughout
the project. Despite these improvements though, some basic limitations were still

evident.

Informants were very accommodating in booking out a set period of their time when
the interviews were being scheduled. When staff where given a deadline to fill out the
‘evaluation questionnaires though, responses were rather limited. A total of one
departmental and six individual completed evaluation questionnaires were received
back. There are several reasons for this, including sickness and busy staff timetables
that are to be expected, yet as the majority of results and analysis in this study is based
on user feedback, lack of responses will significantly limit the strength of any
conclusions that are drawn. This problem of non-response may also produce a bias
within the results (McLafferty, 2003). These questionnaire results were used in
conjunction with feedback from the evaluation session, which gave the arguments

more weight. Ideally more written responses were required though.

Finally, the third limitation of this methodology is connected to the GIS data itself.
Originally, this data was to be obtained from NTS properties. However as discussed
in section 2.3, there was no available GIS data for the Newhailes property, so this was
created by the researcher for use in the demonstration systems. Due to time
constraints, the most efficient way to achieve this was to digitise features from a paper
map by eye, using OS maps as a reference point. Whilst the small scale of the
property and nature of the surrounding land meant that land boundaries were fairly
obvious, this is by no means the most reliable method.‘ Additionally, it was also
discovered that much of the Balmacara GIS data was also created in a similar way, so

the precise accuracy and quality of all the data is questionable. One way this could be
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improved would be for a GPS survey to be conducted on the properties, to ensure that
land ownership boundaries in particular are marked in the correct location, as this has

legal implications.

5.3.2 Technical issues

Moving on from considering the precision associated with the digitisation of the data
layers, there were also several technical issues connected to transferring and receiving
the Balmacara GIS data. Firstly, in the process of saving the files from the source
computer onto disk and then opening them, many of the files had been corrupted and
could not be used. Secondly, the files were transferred in .tab format, as they were
extracted from a MapInfo application, which were not immediately compatible with
Arc software. For some file types, additional plug-ins had to be downloaded and
installed into ArcMap to enable the software to read them. Thirdly, when the layers
had been created they had not been set to the correct projection and were therefore
displaced when they were overlaid on the OS maps. For the majority of the files the
projection could be re-set, which although time consuming did not pose any problems.
However, some layers were set to a specific MapInfo projection that would not allow
a straightforward adjustment. Instead these files had to be transformed into project
shapefiles and then set to British National Grid. However, they often still did not

appear to be located in the correct position.

The other general technical consideration is linked to information display across the
Internet. Microsoft’s Internet Explorer was used as the web browser for all
demonstration systems, which is a fairly flexible viewer. So the programming of the
ASPMap demonstration system was done exclusively within an Internet Explorer web
viewer. This is an important point since, as described in section 4.3.1.4.5, screen
variables are set out at the start of the asp coding that determine dimensions and
design of the web page itself. When this completed system was then viewed within a
different browser, such as Mozilla Firefox for example, a difference in viewer display

can be noticed.
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