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Abstract
This paper reports on and ongoing study concerning non-professional users’ understanding
of GI. Online access to GI are offered by many public authorities, in order to make the
public able to serve them selves online and gain insight in the physical planning and area
administration. The aim of this project is to investigate how and how well non-professional
users actually understand GI. For that purpose a taxonomy of GI knowledge is built,
drawing on Bloom’s taxonomy. The elements of this taxonomy are described after a
presentation of the main research question of the study, the applications chosen for the
study and the definition of the non-professional user group. Finally considerations are
made concerning the difference between this study and a traditional usability study as well
as the further implications of the outcome of the study

INTRODUCTION
The core of e-government is to create better and more efficient solutions to administrative
tasks through the use of information technology. The goal is to reduce the costs in the
public sector while improving the publics and companies access to the public service.
Therefore all major service areas and contacts with the public sector should be possible to
be carried out electronically. This goal obviously includes all the processes involved in the
planning and management of rural and urban areas, processes that notoriously rely heavily
on the use of maps and geographic information technology.

The vast majority of the rural and urban area management in Denmark are carried out by
the regional and municipal authorities respectively. During the last few years all the
regional and many of the municipal authorities have developed applications that enable the
citizens to access various kinds of maps and geographic information via websites.
However, can we expect that a citizen, who has no relevant professional basis for
understanding the concept of geographic information, be able to use GI-based online
services and comprehend the information contents? Using the GI-based online services
qualitatively in the participatory processes obviously requires knowledge of the non-
professional user's understanding and use of GI. This paper discusses the needs for research
into this field as well as relevant research methods.

THE DIGITAL NORTH JUTLAND PROJECT
In this project studies are made regarding the use and users of three different applications,
which are all parts of the Digital North Jutland project. The Digital North Jutland is a
regional project carried out in the years 2001-2003. North Jutland is the northernmost part



M. Arleth

784

of Denmark, covering 16% of the Danish area, but containing only 8% of the Danish
population. In a Danish context, this part of the country is sparsely populated, and the
taxbased public services rely on an ever decreasing number of taxpayers. E-government and
digital internet based services are generally thought to be a way to maintain the level of
public service without increasing expenditure. North Jutland serves as a testbed for Danish
e-government solutions through out the Digital North Jutland, also known as the
Lighthouse project.  With a grant of 170 m DKK (approx. 23 m Euro) from the Ministry of
Information Technology and Research, the project aims to test the potentials of the network
society for all members of the public in North Jutland. This is done through a large number
of different IT-based projects, organised in the general themes

• “Digital Management”,
• “Competence and Education”,
• “Information Technology and Vocational Development” and
• “Information Technology and Infrastructure”.

Many of the projects under the theme “Digital Management” concern the public access to
digital geographic information on the local and regional authorities’ web sites.  Compared
to what is offered at most public websites North Jutland wish to broaden the spectrum of
subjects and increase the level of interactivity in their GI-based web service, and these
efforts are appointed as one out of three focal points in the regional project.

There is no doubt that map-based services on the Internet, such as route planners and city
information systems are popular in Denmark. And most regional authorities’ reports on a
high level of user satisfaction with the GI based services on the websites. Up until now,
little has been done to systematically monitor the website users and their understanding of
the website contents. Moreover many of the GI-based websites specifically stress that what
is offered is geographic information – not necessarily maps. This implies that the users
possess not only map reading skills, but also a basic (intuitive?) understanding of the
concept of GI and layered information. However, can we expect that a citizen, who has no
sort of relevant professional basis for understanding the concept of geographic information,
should be able to use GI-based online services?

A sample experience of teaching surveyors and geography students suggests that the
concepts of geographic information (as opposed to maps), and the idea of layered
information, are not intuitively understood. Building up an understanding of these concepts
among the students is not a trivial task. It takes quite a lot of practical work and exercises
with GI to recognize the difference between a map and geographic data that may and may
not be part of a resulting map. Performing relevant analysis with GI presupposes
understanding of the quality and structure of the data, as this determines the limitations of
the usage. Whereas a layman looking up the regional GI-based website can be expected to
have some map reading skills, and supposedly have some general and specific knowledge
about the landscape shown in the application, they can hardly be expected to have an
intuitive understanding of the concept of GI.

This forms two interesting research questions:

1. How does a user with no relevant professional education comprehend and
understand GI?

2. Does an imperfect understanding of GI actually hinder a qualified use of the GI-
based web service?
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For this study three different applications, all initiated by the Digital North Jutland project
are chosen. In order to answer the two above mentioned questions, the use and users of
these applications will be investigated:

• “The active map of Aalborg” (Det aktive Aalborgkort). This is an interactive GI-
based application created and maintained by the municipal authorities of Aalborg. It
is of special interest as the design approach has been based on the different usages
and users rather than on the data and technology available.

• “3D-model of North Jutland”, created and maintained by the regional authorities. In
the 3D-model the user can fly over the entire region, visualised by orthophotos
draped on a DHM. Buildings are extruded from the photos as blocks with
nearrealistic surfaces. At this moment the application serves only visualisation
purposes and works as “appetizer” for new users of GI on the web. As technology
evolves more themes and data are to be visualised in the 3D-model

• The third application in the study will be the regional authority’s general webGIS
application. It is used for visualisation of all the themes and regulations concerning
the rural area management. Every property owner in the rural area can go to this
website to find out about present and future plans and regulations concerning their
properties. The design is a standard ESRI webGIS interface.

The regional authorities of North Jutland maintain several other GI-based online services,
but as most of these are meant for and used primarily by professional and semi-professional
users they are not included in the study. For a more detailed description of the applications
see (Arleth, 2003).

THE NON-PROFESSIONAL USERS
Two major groups of users of the public authorities GI-based online services can be
identified; professional users and non-professional users. The professional users are
agricultural consultants, property handlers, windmill owners, municipal authorities etc. The
professional users use the GI-based online services as a tool in their work on a regular
basis, and they have different kinds of professional knowledge that enables them to
comprehend the substance and context of the information in the application. As opposed to
this, the non-professional user might look up the application only a very few times, and can
as general not be expected to have a relevant professional or educational background.

Between these two user groups a special group of non-professional but regular users can be
identified; farmers. As farmers hold most of the areas that the regional authorities manage
they need to be ajour with any kind of regulation, restriction or zoning that involves their
properties. Farmers that hold large properties often use GIS-like applications for managing
their crops and use of fertilizer etc. The farmers must therefore be regarded as a more
skilled user group than the average citizen, and furthermore they have the opportunity to
contact the agricultural consultants if they need assistance.

As part of the Digital North Jutland project a sample of families from the region have been
chosen or have volunteered to join a test group. These families have agreed to participate in
a number of tests and evaluations of the different parts of the overall project. Although
these test samples have been chosen in such a way that they reflect the general population
of the region their commitment to the project to a certain extent must be regarded as a bias.
They may even become too used to tests – and thereby not representative anymore. On the
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other hand it is valuable in an investigation as this to have immediate access to test persons
who willingly agree to participate in tests. And going through other tests related to the
overall project is not likely to serve as formal training in GI concepts or other subject
matters that would disqualify these persons from being regarded as non-professional users.
The test persons in this investigation will therefore be chosen from the test group, only
excluding subjects whose professions are too related to GI to be considered non-
professional.

HOW CAN UNDERSTANDING OF GI BE INVESTIGATED?
Another way to ask this question could be: How can the non-professional users’
understanding be described? “Understanding” of concepts of GI can hardly be assumed
general from one person to the other, unless they receive formal teaching on the subject. A
number of hardly generalisable aspects are involved in the basis of the understanding; level
of education, spatial capabilities and map reading skills, complexity of the information
presented, situation and purpose of use etc. To make any measures of users’ understanding,
the concept “understanding of GI” must be made operational. One possible
operationalisation is by regarding the understanding as an achieved level of knowledge.
Two different taxonomies or scales are often used to define levels of knowledge; Bloom’s
Taxonomy of Educational Objectives (Bloom, 1956), and Dreyfuss and Dreyfuss’s Five
steps from Novice to Expert (Dreyfuss and Dreyfuss, 1986). For this investigation Bloom’s
taxonomy seems an appropriate choice. Bloom’s taxonomy identifies 6 steps or levels of
knowledge:

1. knowledge
2. comprehension
3. application
4. analysis,
5. synthesis,
6. judgement

Bloom’s taxonomy is widely used in various educational contexts. In schools as well as
universities, the educational goals – the curriculum – are often defined and structured
according to the six levels in Blooms taxonomy. The taxonomy is thereby used as a tool to
structure and monitor the progression in the knowledge building through the education and
to make sure the curriculum enables the students to reach the desired level of proficiency.
In this study, however, the idea is to use the taxonomy as a scale onto which the test
persons can be plotted, according to their individual abilities. For each of the levels in the
taxonomy it will be defined which concepts and operations should be known, understood or
used. The taxonomy must be sufficiently detailed to identify the critical state where it can
be said, that the user is actually able to distinguish a map from GI. Input and inspiration to
de definition of the six levels can partly be found through investigating cartography- and GI
related curricula of elementary schools, high schools and relevant higher educations. But
the taxonomy obviously must be verified and refined through pilot testing. For this use a
test group of surveyor and geography students at different levels will be used.

USING THE GI KNOWLEDGE TAXONOMY
A number of different test methods can be applied confronting users with the three
applications in study. Of particular interest here is to get an impression of how the users
perceive what they see when they use the GI-based applications and to elicit the words and
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concepts they use to explain and describe it. It is assumed that the way the users verbalise
their experience of the applications will tell quite a lot about how – and how well – they
understand the concepts (Heidmann and Johann, 1997).  This can be done through a
Thinking aloud test for test persons individually or through Constructive Interaction
involving two or more test persons simultaneously (Nielsen, 1993).

The thinking aloud test method involves having a test person use the application while
continuously verbalising the thoughts and questions provoked by the use situation and task.
The thinking aloud test is regarded as very valuable in evaluation of user interfaces,
because the verbalisation enable the system developers to easily understand how the user
views the system, and thereby revealing any major misconceptions of the system – in this
case not the system it self but the concepts of GI. The method has disadvantages, however,
one of them being the artificial situation and demand of verbalisation of thoughts. In some
cases therefore the Constructive interaction is preferred. In this method two – or more – test
persons are asked to use the system together. In this situation the verbalisation becomes a
much more natural part of the task, as the communication between the test persons needs to
be primarily verbal. Drawbacks of this method may be the test persons having very
different levels of skills and different learning strategies (Nielsen, 1993). Supplementary
methods could be interviews (individual or in focus groups, questionnaires or repertory
grids (e.g. as described by Stringer, 1974).

In the succeeding analysis expressions of the concepts and terms identified in the adapted
taxonomy should be withdrawn from the verbalisations, and the test persons can then be
ranked according to their skills and plotted onto the taxonomy scale. An example of such an
analysis of verbalisation of spatial concepts can be found in (Klippel et al., 2003). Sound
statistical analysis of the results requires a considerable amount of empirical data, and
thereby a large number of test persons. However, as these test methods are primarily
qualitative the validity of the investigation should not rely on a large amount of empirical
material, rather on the diversity of a sample of the non-professional users. A discussion of
quantitative investigations to supplement the qualitative test can be found in (Arleth, 2003).

MORE INVESTIGATIONS
The aforementioned test methodology primarily aims at answering the question “How does
a user with no relevant professional education comprehend and understand GI?” The
second question “Does an imperfect understanding of GI actually hinder a qualified use of
the GI-based web service?” This also involves observation and analysis of what the test
persons actually do when they use the applications. Can they operate them correctly? Does
an imperfect understanding of the basic concepts inevitably lead to an erroneous mental
model? Building up an adequate mental model of the system is thought to be crucial for the
qualified use of a complex application (Norman, 1990). In this part of the investigation a
comparison between the three applications in the study becomes central, as the design
philosophy of the applications differ considerably.

It is not a matter of the test persons knowing the correct terminology of GI, but about them
being able to identify elements and concepts that are specific and central for geographic
information. Moreover it is important to draw a line between the aims of this study and the
aims of a typical usability test. No doubt, an adequate mental model and a correct
interpretation and use of the applications depend on the usability of the applications in
question. One way to distinguish between these intercorrelated matters is to make a clear
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distinction in the analysis between the overall objective of the use of the application (the
main task of the user), the various analytical or geographical (sub)-tasks that are or have to
be executed to meet the overall objective and the application specific activities that are
undertaken during the execution of these tasks, as done by (van Elzakker, 2001).

CONCLUSION
The digitalisation project in the region of North Jutland runs till the end of 2003.
Immediately afterwards follows an evaluation phase, building an overview of the progress
of all the different projects and their success. In that evaluation a more detailed impression
of the users and the usage of the GI-based web services – one of the lighthouses in the
digitalisation project – will be a valuable tool for further development. At this point most of
the GI-based applications are targeted towards relatively specific user groups whose general
abilities to comprehend and use GI in specific tasks might not be known but can be
estimated quite well. Still, if the ambition of reaching all members of the public with the
GI-based web services is kept, there is a need to get a more clear impression of the
understanding of the concepts of GI among non-professional users.

This paper has suggested an investigation methodology that might bring light to this area.
Results of the study may prove to be valuable at a much broader range than just evaluating
the region’s online services, as knowledge of user’s understanding is crucial for the success
of the transition towards digital management also in a broader sense.
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