CAN ONLINE MAP-BASED APPLICATONS IMPROVE
CITIZEN PARTICIPATION?

ABSTRACT
Public participatory geographic information syste(®® GIS) aim at enlarging
citizen’s involvement and participation in decisimaking processes. In this paper
we review existing online PP GIS applications arekpnt an analysis framework.
We concentrate on the aspects of interactivityuchsapplications and on the GIS
functionalities needed for their operation. Fiessults of ongoing research exhibit
that a vast majority of applications only delivefarmation to the citizen in a one-
way process. Although the technology is availalbhy dew applications fulfil
criteria of our analysis to be classified as twom@mmunication tools. We
conclude the paper with directions for our furtiverk.

1 INTRODUCTION

Geographic Information Systems (GIS) are techryaatiture and widely used at all levels of
administration and planning. Considerable efford baen devoted over the years to utilize
GIS for public participatory processes. GIS spatialalization techniques combined with
participatory functionalities forna novel way for the presentation gpatial issues to the
general public. They aim to improving the interastiand communication between the
citizens and decision-makers. Virtual environmetd 3D designed city environment spaces
can be used to show the current and future situatica near realistic wagPleizier et al.,
2004) The aim of public participatory GIS (PP GIS) @& énlarge the level of citizens’
involvement in decision-making and to improve ascde relevant tools, data and
information. The Internet generates a new publieesp that supports interaction, debate and
new forms of democracf{Sadagopan, 20000nline PP GIS applications can be used as a
means to augment traditional methods of particgpasuch as for example public meetings
and consultation documents, or to enhance theimgistassical participatory methods. Thus
far, research on broadening a basis for planning dissected into technological and societal
research. While the first is sometimes criticizedldeing too positivistic the latter is generally
very critical. This paper demonstrates that thempm| of GIS to support public participation
planning processes and to broaden the basis fticipation is significant. While most GIS
research focus on the technical functionalitiesufh systems there are almost no empirical
studies on the problem of potential exclusionshef ¢itizens with poor computer literacy or
computer aversion by certain social groups, esjpeekerly people.

This paper critically reviews selected online PIS @pplications and develops a
framework for such analysis. The following quessi@me central to our research: “When does
an online GIS application become a public partim@pa GIS application?”, “What are the
necessary conditions for that?”, and “Which GlSctionalities are needed for an online PP
GIS application?” In the analysis we concentrateddferent degrees of interactivity which
determine the interaction between the user anchlmeoPP GIS application. Special attention
is devoted to the GIS operations. We present aisalgsults and the analysis framework. This
is a first step within an ongoing research iniiatof the new Centre of Excellence for Map-
Based Online Public Participation (Magttp://map3.salzburgresearch.at) which focuses on
interactivity of PP GIS applications, spatial vikz@tion, information access and social and
economic aspects of online map-based public ppaticn.



2 ONLINE MAP -BASED PARTICIPATION

2.1 GIS and PP GIS

Increasingly, online public participation in spagdanning utilizes Geographic Information
Systems (GIS) and the Internet. A GIS can in tlostext be defined as “a system of
hardware, software, data, people, organisationsirsstidutional arrangements for collecting,
storing, analyzing and disseminating informationwhareas of the eartfChrisman, 1997)

A geographical information system used to suppoltip participation is often referred to as
public participatory GIS (PP GIS). In general, PIS Gpplications range from Internet-
dependent spatial multimedia systems to convenrtiigld-based participatory development
methods with a modest GIS compon€@raig et al, 2002) These applications have the
linking of community participation and geographifarmation systems in a diversity of
social and environmental contexts in common. Is gaction we provide an overview of PP
GIS definitions, and concentrate on the differeniscesveen GIS and PP GIS. We discuss
theoretical foundations for interactivity of PP Gdfplications, and GIS functions included in
most of currently available PP GIS applications.

The term public participation GIS was coined at #1® Initiative workshop of thé&lational
Center for Geographic Information and Analy@dCGIA) in the United States. At the time,
PP GIS was defined as “a variety of approaches dkenGIS and other spatial decision-
making tools available and accessible to all thesth a stack in official decisions”
(Schroeder, 1996)Talen (1999) stresses the importance of the community intedraie
neighbourhood GIS (sometime called CiGIS) that mlevbetter access to Geographic
Information technologies and open up the opporiesior collaboration and participation in
planning processes. Crafg002)identifies “PP GIS as a broad tent with multipleanings
and a global reach made of emerging forms of conmiynurteraction with GIS that are linked
to the social and geographic context of PP GISyxton and implementation.” Haklay and
Tobon(2003)consider PP GIS a research field that focuseh®muse of GIS by the general
public with the aim to involve citizens in spatiplanning processes. A new and novel
development of PP GIS increasingly uses the pds&biof the Internet. So-called online PP
GIS are being used to facilitate the delivery of spatibormation to participants and allow
them to return their information for inclusion imetdatabasgCraig et al, 2002)

GIS DIMENSION PP GIS

Technology Focus People and technology

Facilitate official policy-making Goal Empower Communities

Rigid, hierarchical and bureaucratic| Organisational structure | Flexible and open

Specified by technologists and GIS | Details Specified by users, focus grougs
experts

Led by independent specialists Applications Led by facilitators, group leadefs
General, multipurpose applications | Functions Specific, project-level activities
Top-down Approach Bottom-up

Table 1: Difference between GIS and PP GIS (matlditer Kyem, 2000)



We are particularly interested in the differencesneen ‘classical’ GIS and PP GIS, how PP
GIS applications differ from the classical GIS apgtions and what makes them so special.
Kyem (2000) summarises the topology of differences between &i& PP GIS. We have
modified these differences in table 1. In Kyem'pm@ach the technology becomes an integral
part of the bottom-up spatial decision-making pssceThis approach differs from
Schroeder’s (1996) view who suggests GIS to be eyepl by interests groups to support the
official policy-making interest and to empower fr@cess as such and the participants in the
decision-making.

2.2 Interactivity of PP GIS applications

Interactivity implies that some action of the ugenerates a response either from another
human being at the other end of the connectiomoon &2 program or application residing on a
computer. In the framework of a PP GIS applicatiateractivity refers to the user’s
interaction with the applicatiofKingston, 1999; Chua, 2002)sing a computer. In our
analysis, we refer to the e-participation ladddeeraBmyth(2001) and modified it for our
analysis. The e-participation ladder provides acstired overview of different forms of
online patrticipation and focuses particularly oe tegree of interactivity. We distinguish
between the following four stages of interactivgge figure 1):

* Information delivery

At the bottom stage of the ladder, participatiors&xin an entirely passive mode and can be
described as “the public right to know”. This stagpresents the delivery of online services
to the user in one way direction and has some dartformative status for the users. The

users can extract geographic information by udnegRP GIS application and the data stored
in the database.

* Online discussion

In this stage, the participation has a higher degfeinteractivity which is achieved through
the two-way exchange of information and the pagrtiot’s suggestions and comments. This
stage includes online discussions among the paatits, planning offices and planning
authorities. The participants can, for exampletevan email to the planning office in which
they attach a specific map extent and write thaggestions and comments in an e-mail. The
possibility of drawing changes on a map is notuded in this stage.

* Map-based discussion

PP GIS applications that correspond to this stageige the user with the possibility of
communication on the basis of an online map. Theggaants can (geo) graphically express
suggestions for changes or can make comments effisdbjects in the selected map. A PP
GIS application and its specific tools enable tlatipipants to send their personal map
version together with annotations or additionalemat to the planning authorities. This level
of participation uses maps as a communication ®afticipants send their suggestions to the
responsible persons, but are not actively involiredhe decision-making process through
iterative processes or feedback-loops.

* Involvement in decision-making
In the highest stage of the ladder participantsawively contribute to the decision-making
process and participate in the final planning psses and, consequently, in the decision
making. An example of such decision-making process/oting for the most suitable
alternative or predefined planning scenario. Annegxa would be the case where the
planning office presents alternative locationslfos stations to the citizens who can then vote



for the most needed and desirable location. Thatikmt for the bus station that gets the most
votes is then finally selected by the planning agffiand included in the plan. A main
difference to the stage ‘below’ (metaphorically &ag) is the binding character of the
citizen’s decision.

2.3 GIS functionalities included in PP GIS applications

PP GIS applications include different GIS functilties ranging from basic operations such
as zoom, pan, copy and paste themes between \8patsal queries or simple calculations to
more complex operations such as 3D visualisationstatistic calculations. Some GIS
operations also allow for “personalized views” bé tdata sets and enable the user to access
information on specific topics. The following Gl8nictionalities are standard in all GIS and
are usually needed for PP GIS applications:

e Topological overlay
A geographical information system is traditionadiganized in different layers. Examples of
such layers are land use, soil hydrology, strestd, buildings. Different layers can then be
combined in a customised map. Topological overdagn analysis procedure for determining
the spatial coincidence of geographic featureseptesl in the layers integrated in a GIS.

* Information retrieval
In a GIS, graphic data are related to the attribdd¢a describing their characteristics.
Attribute data can be a qualitative descriptiontloé object or a number describing the
features of the object. With a simple mouse cliokaospatial element the user may retrieve
attribute data about the selected object. Suchiepiare basic functionalities of standard GIS.
Their results are being displayed on the screenfandhstance, selected objects or data may
be highlighted using a specific colour.

*  Query
Performing a query implies that the user can netridne data according to the related terms,
phrases or features chosen. The GIS displays ttzetdat match the respective query and
highlight them in the resulting map using speatfddours or symbols.

» Data selection
Data selection tool enables the user to seleciaspdijects on the specified thematic data

layer. This function is used for instance if thetjggpant submits a comment related to the
object or perhaps question the characteristicketelected object.

e Zoom and Pan
The zooming buttons within a GIS usually show zaonfa +) or zoom out (a —) symbol.
Even occasional Internet users are familiar witlagy@ment or shrinking of map extents in
applications like route planning systems. Theséstenable the users to change their view
and the level of detail by clicking on a locationly dragging a box to define a particular
extent. With the pan functionality they can move thap on the screen into the position they
like focusing on the part of the map that is oérest to them.

+ Distance measure

The distance measure function enables the usetceigpeasure the distance between two
locations or the total distance of a route, withltiple stops. The calculation is performed in
the background and the result of the measuremeligptayed on the map or underneath.
These six types of GIS functionalities are only aecsubset what GIS offers. For the
following analysis this subset serves as a bendhfoaPP GIS applications.



3 ANALYSIS FRAMEWORK AND FIRST RESULTS

The analysis is three-tiered. First, we selecteelv@ online PP GIS examples which were
accessible and operational. The second step wasldateition of the following analysis
criteria: interactivity, visualisation, usabilityand GIS functionalities. We designed a
questionnaire and interviewed a group of expertscbgcentrating on visualisation and
usability criteria. First results of these intewgwere documented in a recent paper. Here,
we concentrate on the interactivity aspect andatg&functionalities, only.

3.1 Selected PP GIS applications

Table 2 shows twelve selected currently availaloline PP GIS applications which we have
found on the Internet. The first seven presentedhe table were developed in US, the
following three in UK and the last two in Germany.

| Project name ‘ Internet Link
US1 | Pilsen Project — Urban Design http://www.evl.uic.edu/sopark/new/RA/#subl
Visualization of Pilsen
US2 | Orange County Interactive Mapping, http://www.cityoforlando.net/public_works/esd/gisli

developed by the city of Orlando — Florida | nteractive mapping.htm

US3 | Resource Management Mapping Service - http://spacel.itcs.uiuc.edu/website/rmms/

lllinois
US4 | Wyoming Oil and Gas Resource Assessmettttp://wogra.wygisc.uwyo.edu/wyoims2/wims
Mapper 2awogra.html
USS5 | Erie International Airport http://gis.csengineers.com/erie/viewer.htm
US6 | Town of Clover Planning Analyst http://www.lic.wisc.edu/clover_web/history b
karnd.htm
US7 | I-map Delaware River Basin http://bassriver.state.nj.us/imap_delbasin/
UK1 | Virtual Slaithwaite Project http://www.ccg.leeds.ac.uk/slaithwaite/

UK2 | Bradford Community Statistics Project http://www.bcsp-
web.org/mapguide_site/maingeo.cfm

UK3 | “Openspace” of Salford University http://www.ties.salford.ac.uk/pg/xiao/openspace-
main.html
DE1 | ,Burgerbeteiligung Online* — http://thuja.land.uni-
landscape plan Kénigslutter hannover.de/entera/mapserv.phtml
DE2 | ,Vernetzter Bebauungsplan® — http://fs.mapsailor.de

Landkreis Freising

Table 2: Online PP GIS applications

The first one in the table, tHeilsen Project was initiated by the University of lllionis at
Chicago and community leaders of the Pilsen comiyuWithin this project the resources of
a Geographical Information System were combinech wiite talents of a graphic artist.
Orange County Interactive Mapping is an application which was developed by the oity
Orlando.The Resource Management Mapping Service (lllinois)s a project developed by
the College of Agricultural, Consumer and Enviromta¢ Sciences. The application is based
on ESRI technology (ArcIMS 4.0). Thé/yoming Oil and Gas ResourceAssessment



(WOGRA) is an interagency project with the intentito provide information oil and gas
resources throughout Wyoming. The company C&S dpezlErie International Airport.

This is a facilitated public involvement approachenvironmental and community decision.
The Town of Clover project is a completed project. The results of pblic participation
process are published on the Interneidlap Delaware River Basin is an interactive
mapping application that gives responses to basestepns of the users about recreational
activities in the Basin ared/irtual Slaithwaite is one of the most often quoted PP GIS
applications. This project was developed by theo8tbhf Geography, University of Leeds. It
is a model application for public participationurban planning. The system is based on the
open source Java mapping toolkit GeoTools. Bredford Community Statistics Project
provides us with statistical information about teenmunity Bradford. OpenspacePP GIS
application developed by Salford University uses BiDdel for the visualisation of the
environment. It is created with the adoption of ireual reality modelling language (VRML)
and Java programming languages. One of the two &eewamples that we have found on
the Internet is thénteractive landscape plan Konigslutter which was developed by two
private companies in cooperation with the Univgr&if Hannover. The State of Bavaria,
Germany, supported tHeandkreis Freising to publish a set of development plans on the
Internet.

3.2 How interactive are PP GIS applications?

In our analysis of interactivity we use the concepthe e-participation ladder as explained
above and apply it to the criterion interactivifiggre 2). The following three applications
offer one-way communicatiorErie International Airport, I-Map Delawarand theBradford
Community Statistics Projecthey serve as examples for the lowest stageeofatiider. Erie
International Airport allows users to view mapspodposed projects, letting nearby residents
to see how their properties might be affected. Théans that the users are able to observe
different planning scenarios, but they are not aoblemake comments on theritMap
DelawareandBradford Community Statistics Projesmte simple information systems with no
opportunity for the users to take part in the jggyation process. In this stage of the ladder we
could include also numerous GIS applications wrsghply deliver geoinformation to the
users and help them to improve their decision-nalgrocessesA huge number of such
applications can be found on the Internet. Mostheim are webmapping applications based
on the popular ArcIMS map server fall into thisegairy. In these examples the users do not
have the possibility to actively contribute in afgrm to the planning decision. The
applications lack two-way communication and doesatlow the users of the application to
comment on specific decisions or suggestions ptedamline on a map.
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Figure 2 Interactivity of the selected PP GIS applications

The majority of the analysed PP GIS applicationmda falls into the stages online
discussion or map-based discussion. Online dismudsvel of interactivity is included in five
analysed online PP GIS applicationr@range County Interactive Mappingffers the
opportunity to define user specific areas on wliecmments can be stated into the map. The
result can be mailed in a form of an attached firelto the Orange County Board of County
Commissioners. TheResource Management Mapping Serviagplication allows the users
to write comments into the map and mail then aifipenap extent to anybody they want to.
“Landkreis Freising — Vernetzter Bebauungsplanovides development plans where the
participants can have a look at the actual stockadso on the planning proposal. If they want
to make comments on the plans, they have the plitysib write a standard e-maiVyoming
Oil and Gas Resource Assessment Maget theTown of Clover Planning Analystiso
offer the possibility to express opinions in forfreemails.

Map-based discussion is provided within four & selected PP GIS applications.
The Virtual Slaithwaiteapplication enables the participants in planniogntite their own
ideas in a separate window on the basis of seldeidires and then submit them to the
responsible personsOpenspack of Salford University lets the user either walk fhy
through the virtual city. The application enablegleration of different viewpoints and
walking speeds. The participant can also submatransent at any spatial location. Within the
application Landscape plan Konigsluttethe users can work on self-defined map extents
which means that they can draw polygons into thp,mmamment the planning situation and
send their opinion and analysis results to therptapauthority. Although only parts of the
Pilsen projectare realized by now, we were able to classifyghgect regarding a project



description of Al-Kodmany1999). This project allowed participants to truly panpiate in
designing revitalization projects in their neighbdoood.

3.3 Which GIS functionalities are included in PP GIS applications?

Table 3 shows the results of the GIS functionadityalysis for the selected online PP GIS
applications. Vertical column include topologicaleday, query, information retrieval, data
selection, zoom and pan, and distance measureidandtines represent the PP GIS
applications from table 2. “x” implies that a padiar PP GIS application offers the
respective GIS operation. Only three applicatiorduide all six GIS functionality categories
identified in this paper. These PP GIS applicatiares theResource Management Mapping
Service(US1) application, th®©range County Interactive Mapping applicatignS3) and the
I-Map Delaware River BasiUS7). This type of application provides gener#b @inctions
like zoom and pan or the user is able to identlijeots and to query the attributes of the
respective object. Basic navigation functions la®m and pan are included in all analysed
applications but only these three applications pi@the powerful “Query” functionality. The
Pilsen projectand theTown of Clover Planning Analystave not been considered in this
analysis, because tHeilsen projectwas not consistently available online throughd t
analysis and thBlanning Analystvas not categorized as to be an online GIS apijita

We conclude that nearly all selected online PP &glications fulfil primary
functions like topological overlay and navigatiamétions, but most of them lack querying,
selecting and identifying options. The majority applications do not provide attribute
information to their users. In the next step of analysis we will link the interactivity and
GIS functionalities criteria and observe the comijeof PP GIS applications and how it is
related to the use in a practical participatorycpss. This will enable us to study the relation
between the needs for interaction and the numb&i$ffunctionalities.

US1 | US2 | US3 | US4 | US5 | US6 | US7 | UK1| UK2 |UK3 | DE1 | DE2
Topological X X X X X X X X
overlay
Query X X X
Information X X X X X X
retrieval
Data selection X X X X X
Zoom and Pan X X X X X X X X X
Distance X X X X
measure

Table 3 GIS operations included in PP GIS applications



4 DISCUSSION AND FURTHER WORK

4.1 The complexity of PP GIS applications

Currently available PP GIS applications vary sttgngoncerning their included GIS
functionalities and their complexity. Based@¢®001) observes that the selection of the GIS
functionalities in a PP GIS application dependsyvauch on the application area and the
software that is used for the development of thaiegition. A potential danger is that if the
GIS functionalities increase in a PP GIS applicgtialso the complexity of a system may
increase. High complexity of an application mighéyent elderly and less computer skilled
people from using it. The range of computer skillshe participants is probably the most
important factor for a PP GIS user’s requirementsysis(Kingston, 1999)The complexity
also strongly depends on the nature of the decisiaking process itself and related possible
level of interactivity. Technically, PP GIS applicans can be designed in a relatively simple
way in the cases of one-way communication wherepthening authority only informs the
participating people about the planned actions. @erity and needed GIS functionalities is
higher in the cases of map-based discussion armalvement in decision-making. There is a
lack of practical, user-based testing of such appbns where a minimum set of needed GIS
functionalities can be defined and tested. Furtieselopment of PP GIS applications should
be based on the principles of intelligent userrfates and decision making support systems
that offer personalized information and the po$isjbof communication with the citizens.
Our further research will deal with user-basedingsand recommendations for user friendly
PP GIS applications.

4.2 Open research questions

Public Participatory Geographic Information Systenesearch is diversified and very broad.
The following research questions arose during oahyais:

e Does the adoption of PP GIS really lead to empowetrof the public in planning
decisions?

» Should all opinions be treated equally or shouwiews of the most affected citizens
count more? GIS can clearly deliver tools to patanee these questions but there
seems to be no generic solutions to weighting probl Space might even be the
easiest dimension to parameterize while, for ir#asocial status is more difficult.

* Why is there such a discrepancy between the anajuitérature available regarding
PP GIS and applied online PP GIS applications?

* What is the value of information for the citizenkem they participate in such
processes?

« Are politicians willing to take care of the pubkcbpinions even when the
participation process is not part of the legisla®io

e What is participation and how much participatioemugh? Does this depend on the
project or can we generalize the “amount of pgaton”?

* When and within which planning processes is pytidicipation legalized?

* How to deal with the rational ignorance of peopl¢aking part in such processes?

In conclusion we can state that the status, thethsepotential and the limitations of online

PPGIS are to be studied. The large amount of thiealéP GIS literature is in misbalance to

the number of really operational online applicasiokspecially the participation process as
such has to be evaluated through social sciendeestu



4.3 Further mar3research activities

The Sun Center of Excellence for Map-based Onlinkli® Participation (MaJ) is a joint
cooperation between Salzburg Research, the Camntr&doinformatics of the University of
Salzburg (Z_GIS) and Sun Microsystems. The mairl gb#his Center of Excellence is to
conduct research in map-based online public ppdimn and to design and implement
concepts and technology prototypes that will dertrateshow citizen’s participation in public
decision-making can be improved. In the first sbépur research we compared the selected
online PP GIS applications. The results of our wtaiek partially presented in this paper. The
next activities include the development of an anhveb-based PP GIS application for a study
case in the Salzburg region where public partichpats needed. We will intensively deal
with the user requirements and the usability ofseruriendly PP GIS application. We will
analyze novel visualization techniqgues and inneeatspatio-temporal communication
approaches. Our planned research projects wiludecldifferent types of media such as
outdoor touch screen installations and for exanspl&aborative planning meetings that are
monitored with videos or sketch map techniques. hiwitthe evaluation phase these
applications will be tested by a large number gbezk and non-expert users. We will also
deal with sociological issues that are closely emted to the research topic map-based online
public participation.
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