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1 ABSTRACT

In this paper we concentrate on the geoinformatiolfected with the help of an online map-based ipubl
participatory platform. The platform was implemeanhteithin the EU project SWITCH. It represents a @lov
approach in combining online questionnaires aneraative online maps. The developed map-basedqubli
participatory platform was implemented for the casedy of Wilhelmsburg, which is a city district in
Hamburg, Germany. In our research we focused onetttnical architecture of the platform and theiéss

of geoinformation quality collected with the helpamline map-based questionnaires. Different mezsof
geoinformation quality related to our case study @esented and discussed. We conclude the pagieawi
discussion of the results and further researctciines.

2 INTRODUCTION

Decision makers in urban planning need informatibout the interests and needs of the people livirey
certain area. In the past they often used anal@gtiunnaires and field analysis in order to collénds
information. This can be an appropriate methadtéfinformation can be collected in a form of & txin a
discussion with the inhabitants. However, the mgjoof the urban planning issues are related to a
geographic context. If urban planners wish to obltbe opinions of the inhabitants related to gapbic
context, they have to provide analog or digital mafhe inhabitants can than express their opinadosit
the environment in which they live; they can draeings, lines or polygons to mark locations, routas,
objects. Later all these maps containing the opiiof the inhabitants have to be analyzed by tharu
planners. They can help them to make better dewsadout planning issues including the wishes ef th
inhabitants. In such a way expressed opinions eamigrated to a geoinformation system (GIS) which
provides functions for their spatial visualizatiamd analysis. This migration can result in a sutistheffort
invested by GIS experts who have to enter andprdééthe objects drawn on the map. Possible eawosr
within every interpretation. This process also rezgiadditional time and effort of a skilled persthand is
therefore costly for urban planners.

We are interested in an approach that would ertablahabitants to enter their wishes and opindirectly
into a computer-based system. This solution wonkbée to avoid the costly process of additionaéeng

the information into a computer-based system amdptiocess of interpreting the data. In our researeh
concentrated on the following two research questidn Can we create a platform based on Open Source
software which will enable to combine online quastiaires with online interactive maps? 2. Will the
quality of the information entered online by thbabitants satisfy the accuracy needs of the urb@mprs?

In order to work on the research questions we design online map-based public participatory appba.

In this application we included online-questioneairfor the collection of opinions and wishes of the
inhabitants. The questionnaire was combined witleréctive maps which included some editing and
drawing functionalities. The platform is still assable under the following address:
www.wilhelmsburgamwasser.de.

This research was done within the EU project SWIT@Hich is the name of an action research progrgmme
implemented and co-funded by the European Unionaaodoss-disciplinary team of 33 partners from 15
countries around the world. It aims to bring abaygaradigm shift in urban water management away fro
existing ad hoc solutions to urban water managemmedttowards a more coherent and integrated approac
The vision of SWITCH is for sustainable urban watemagement in the 'City of the Future' (Switci,. 0
Within the project we were responsible for the eien of a public participatory process in Willhedburg,
Hamburg. The platform enabled the citizens to mtevinformation about their spare time activities in
Wilhelmsburg with the focus on the use of the wataties. In the design of our interactive map vmeeai at
enabling the interaction as simple as possible. N to assume that most of the participants wete no
familiar with interactive maps or GIS-based teclgas. We needed to address as many inhabitants of
Wilhelmsburg as possible in a very short time. @heation of public participatory process was onentho
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and we collected information in a digital formabrft more than 52 inhabitants. Additionally to thag
collected opinions of the inhabitants in our fistddies. We managed to collect responses fromiaddit66
inhabitants. In this article we present some of hgults and concentrate on the quality of theredte
information and description of the technical ch&gastics of the platform.

This article is organized as follows. Chapter 2raoievs the case study in Wilhelmsburg in Hamburd an
presents our research focus. Chapter 3 shows tpkermentation of the map-based public participatory
platform and the technical architecture of thefplan. Chapter 4 discusses the measures of geoiaf@m
quality used within the project. Chapter 5 conchittee article with a discussion about the resultsfarther
research directions.

3 CASE STUDY AND RESEARCH GOALS

The main focus of the case study was on the useatdr ressources in urban water management. The cas
study was already defined by the EU project SWIT&H our collaborating partners. We concentrated our
research on a selected city district Wilhelmsburgdamburg, which includes water bodies and a nhtura
preservation area. The case study and our resgaath are described in this chapter.

3.1 City District: Wilhelmsburg

The city district Wilhelmsburg is located on thes$oof the city Hamburg, across the river Elbe, elode to
the harbor of Hamburg (Fig. 1). It is surroundedtiy docks and waterways as well as by the rivekbaf
the river Elbe. Several areas of Wilhelmsburg alew the water level of the river Elbe which resuh
many drainage channels being part of this area.eSafnthe river banks, especially on the south, fzpho
the natural preservation areas. In these areafidifeeand fauna have been protected and may inieges
birds and other species have found their placevofgl here. These protected areas neighbour thasare
which are available to the citizens for their daiggreational activities.
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Figure 1. Case Study in Wilhelmsburg (© Google — Maa © Tele Atlas)
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In our case study the urban planners focused asitpesonflicts between the recreational use archHture
protection in the neighbourhood areas. In this digfrict, different stakeholder groups are activeuding
those who aim at protecting the water bodies amdné&ture around them. Other groups, for example
families, might be interested in sports and wantige the water bodies for their recreation. Sortizetis

like to gather and enjoy barbecue, jogging, walkaigng the water bodies, or even use them for their
recreation in a kayak or canoe.

3.2 Project Goal: Online Public Participatory Platform

The main goal of the project was to analyse theasdn in Wilhelsburg and collect the wishes anthioms
of the inhabitants. The opinions were mostely eslab the current use of the water bodies and thishies
for the possible future use. In order to do this,decided to implement web-based technologies apjlost
the public participatory process with a map-baskdfgrm available online. Our task was to develop a
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online platform which would enable to collect citgé opinions entered directly on a map. These opfi
would further on help urban planners to understtmed situation in this city district and possiblyhan
potential conflicts between the protected areastlansk planned for recreation.

The online platform should provide the same pokS#s as a traditional method based on a paper
gquestionnaire and a paper map. The citizens sHmulable to answer questions written in a text fard
select an answer from a list of possible optionse Of the goals was to combine a questionnaire mips

on which the citizens could possibly draw linespamints. The maps should be available online as an
interactive platform where the citizens could zommand zoom-out and be able to use some basic
functionalities. They should be able to draw poiatsl lines representing their favorite places, queaf
bicycle and walking routes, etc. In this way thepuwd be able to provide geographically referenced
information in a digital form.

The public participatory platform designed shoukbade easy to understand, user friendly and dedigna
way that different citizens can use it in an intgtway. An additional requirement was to desigraform
based on Open Source software in order to reducedht for the project participants and the citizeh
Wilhelmsburg.

3.3 The Role of Urban Planners

Within this project the urban planners had a wishinderstand the interest of different stakeholderbsthe
inhabitants living in Wilhelmsburg. There is a pb#iy of conflicts among the stakeholder groups
interested in the natural protection of some aegmbkthe inhabitants who wish to user the waterdsotbr
their spare time activities. In our project theamiplanners needed an overview over the needs iahdsiof
the people who live in the district Wilhelmsburgdaare interested in the recreational use of theewat
bodies. They had to understand the main patterheludvior related to the current use of the wabelids.
Beside, they were interested in the wishes of dapje related to the future use; what would thaliants
like to change? How should the future use of theemiaodies be organized? This information wouldvall
them to recognize the tendencies and categorizevdber bodies according to their current and futige. It
would also help them in their discussions withithéure protection stakeholders and in their deassabout
the planned protected areas.

3.4 Our Research Focus

In our research we focused on the creation of digpérticipatory platform based on Open Sourcéveafe.

The main technical requirement was to integratssatal online questionnaires with interactive omlmaps.
Online map-based questionnaires are a novel réseaea. One of the first experiments with onlingoma
based survey was done by Al-Kodmany (2001). Hisamh was based on the theory provided by Lynch
(1960) and Nasar (1998), who emphasized the impoetaf discovering how city design affects citizens
Another study was done by Sidman et al. (2005) wbed an analogue map-based questionnaire that has
been conducted by mail. The aim of the study waadquire spatial and behavioral information tham ©e

used to characterize and map on-water recreatlorating activities and use-patterns” (Sidman 200%).
contrast to our approach in which we are interestedtegration of an online questionnaire witheirgactive
maps, he used analogue questionnaires.

In our research we focused on two sets of resaprektions. The first set was related to the impteatan

of the technical requirements. They included thdlofdng research questions: How can online
questionnaires be integrated with interactive anhmaps? How can we gather accurate informatiomdiye

the citizens and drawn on a map? How should ontrag@s be designed in order to enable a pleasant
interaction and also encourage the citizens toritaré their opinions? The second set of reseavelstepns

delt with the quality of the information enteredina by the inhabitants. What is the quality ofarhation
entered by the citizens? How can we analyse thétyjwd information entered online by the inhabitsh
Can the entered information and its quality satibgyaccuracy needs of the urban planners?

4 ONLINE MAP-BASED PUBLIC PARTICIPATORY PLATFORM

In order to answer our research questions we dedigntechnical architecture of the online map-based
public participatory platform. We implemented Ofgource software in order to make the solution atsel
for free to the citizens of Wilhelmsburg and to thban planners. This chapter describes the emtnaage,
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the interactive maps included in the platform, tiégghnical architecture and the software used fer th
implementation.

4.1 Entrance Page

The entrance page of the platform is designedratteer simplistic way. In the middle of the entrammage

the participant can find the instructions for theeraction with the maps. They include the desiompof the
buttons integrated directly on the map (Fig. 2)e Tiser can immediately see the example of a mageind
used to its look and feel. On the left side, thrameethe following three main buttons: Home, Infotioa, and
Contact. The questionnaires combined with maps lmanaccessed under the description of the map
functionalities.

Figure 2. The entrance page of the map-basedipatory platform (www..wiIhelmsburgamwasser.de)

4.2 Interactive Maps

The maps included in the map-based public particigaplatform are interactive, which means that the
participants can interact with them. The participaan construct up to three geometries on eaclhef t
included maps. Enabled types of geometries arggoinlines. The icons representing three penEilsufe

3) indicate that the participant can draw up te {iees on each online map. In order for them talble to
interact with maps, we designed two different modé® navigation mode enables basic navigationtiaed
edit mode enables drawing lines or points on thp.rfathe participants want to draw a point or |itieey
have to change into the edit mode. Each geometiydes its own edit-button. In order to change biack
the navigation mode, the participant has to ptessiavigation-button.

We used OpenlLayers for the implementation of saimedsrd navigation functionalities such as zoom and
pan, and for editing geometries on the map. Opemisagan display geographical data from all common
geodata sources such as Google Maps, Bing, Yahoen Street Map as well as data from WMS- or WFS-
servers and many other sources. As we wanted t@sslds many people as possible and as most @eple
familiar with Google Maps, we decided to use theéadiom Google Maps as a background for the
interactive map. We decided to use the standardgl@oBtreet Map and the Hybrid Map, which is a
combination of the street map and the orthophofdgr&eographical data of the water bodies anditiee r
Elbe were integrated as an overlay on top of thesiieom Google Maps (http://maps.google.de/mapisg. T
different data sources are also shown in a mapntegenere the participant can switch on and off the
different layers.
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wieiter

Figure 3. The interactive map based on Google M@psoogle Maps)

4.3 Technical Architecture

The online map-based public participatory platfomas implemented by using Standard Web 2.0
technology. Figure 4 shows a diagram of the archite of the web server connected to the cliens. aA
platform for the server we used the virtual sysi¢8phere from VMWare Global, Inc. The system enabled
us to host a virtual server independent from thellare. As an operating system we implemented the
Linux-System Ubuntu 10.04 LTS (Lucid Lynx). As a HH-Server we used Apache from the Apache
Software Foundation.

DIGIMAP SERVER

User interaction Apache2 (HTTP-Server)

with forms and . ) .
related javascript Typolight
maps -CcMS
php-based, provides formg
and architecture of the

CLIENT web-platform and libraries
BROWSER
Firefox, Internet Explorer, MySql Datenbank

Stores the typolight
system data and thg
user input data of the

Chrome, Safari
must be capable to handle

javascript-files forms Data
exchange
. with
Digimap-WMS
Requesting (geoserver) dafal_)as_g \
geodata of the district{ "' !NSIC4
geodata for th Wilhelmsburg ~ and |Server

interactive map visualisation

GOOGLE MAPS
hybrid map& streetmap

Figure 4. Technical architecture of the map-basddip participatory platform

In order to provide the maps in a fast and effectiay we decided to use the Open Source Web-MamSer
geoserver from the Open Source Geospatial Consuorlihe WMS geoserver was hosted on the same server
system as the HTTP-Server and the PostgreSql databae WMS-server provides the geographical data a
rendered raster data tiles which get rendered aitoally on demand. When the user presses the ™next
button he goes on to the next question and the fioputs as well as the painted geometries are rirétes!

to the http-server where they are passed to thegMy&abase.

We implemented the content management system (AWMlight 2.8. This gives the public participatory
platform and the users a high degree of user cendiel and comfort while using it. The questionnavese
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embedded in the CMS. Typolight 2.8 is an Open So@#®IS and is shipped with a form support. The form
support of the CMS did not include a support faeiactive maps. Therefore we used the Open Source
Javascript library OpenLayers to develop the imtitra maps. The interative maps were embeddedén th
forms of Typolight using the html-formfield-suppatf Typolight. As a database we use MySql 5.0. €her

no direct traffic between the client and the dasaball data from the client is send to the httpsse and
afterwards transported to the database by Typolighis means that the client does not need a psioniso
access the data in the database. The client ddeseed to know the login data for the database. All
communication with the database is done betweewlighg and MySQL. This enhances data security.

4.4 Execution of the Public Participatory Process

In order to address a heterogeneous audience wieheseniversity mailing list as well as mailingts from
the stakeholders in the district of Wilhelmsbumy.addition, we combined the online questionnairt \ain
analog questionnaire which was provided to the fgeopthe district by the interviewers. In this wewe
could address an audience that included people &amde spectrum of the district. Due to our restdl
resources of time and money we were not able teaolesponses from all inhabitants of Wilhelmsburg
The online platform was available online for onentio The opinions of the inhabitants of Wilhelmabur
were entered with the help of the designed mapebpsblic participatory platform described in thisagpter.
We managed to attact 52 inhabitants with the hélpntine questionnaires and 66 through our fieldkvo
The opinions gathered in the interviews on the @ana maps were later entered into the databasethwth
help of the map-based participatory platform. Wenbmed the results gathered from the digital and
analogue public participatory processes.

5 MEASURES OF GEOINFORMATION QUALITY

The information entered with the help of the onlplatform contained some errors. We realised that w
have to pay a closer attention to the issue ofin&bion quality. We analysed the information quatif the
collected information according to several measurethis chapter we list only some of the most amant
measures. Their applications and the consequeac#sefurban planners need additional research.

5.1 Completeness of Geoinformation

The urban planners, who have to make their de@di@ased on the collected information, are intedeste
the reliability of the information. The relation tfe information completeness and the quality afigien
taken by the help of this information is very imgamt. Turner (2002) and Zielstra and Zipf (201Q)d#td
completeness. According to Turner (2002) “complessnis defined as the degree of which informatson i
missing”. The less information is missing the higltee information completeness. He demonstrates the
needs of data quality completeness for road arffictdata. This data is often used in case of emcy
management and completeness of the dataset playspantant role in the efficient rescue activitidsis
important to have a complete map of all streetsthait attributes so the algorithm can result i shortest
routes suggested to the police or fire departmienthis way they can reach their destination as #&s
possible. Fessele and Poplin (2010) studied decigimlity on a study case of a car navigation in an
unknown city and focused on the information abowt-ways streets. In our case, the completenedseof t
citizen’s opinions was improved with additional anhation collection. We collected information on an
analogue map with the help of the field work in g district of Wilhelmsburg. This possibly resed in

an improved information completness which can endie decision makers to get a better overview theer
wishes and opinion of the inhabitants in the selkcity district.

5.2 Positioning Accuracy of the Geometrical Elements

Figure 5 shows the situation of the Spreehafen imévnsburg and the neighboring roads and walkways.
The originally red lines (black on Figure 5) dentoai® the geoinformation collected with the helpthueé
platform. They show the walkways preferred by titeabitants of Wilhelmsburg. The entered lines &ieno
not situated precisely on the roads or walkways.
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In order to understand the reasons for this pasitionaccuracy we would need to invest into some
additional research. We were not able to determihéther the participants understood how to zoomith
get a more detailed view. It is also possible thay did not want to take the time to zoom to teéaded
map level. In some cases this imprecision of thtered information caused some difficulties in the
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Legend: overview of collected information

drive a boat in future: drive a boat
walk a dog in future: walk a dog

drive a bike in future: drive a bike

takeawalk ~ infuture: take a walk
Figure 6. left: overview over the collected datagkground map © LGV Hamburg), right: the initalwief the javascript map

(background map: © Google Maps)

Wilhelmsburg is a rather big district in Hambung.drder to be able to mark longer routes on theraative
map, the participants have to to switch betweemghggation- and editing mode.The elements showvthén
ellipse on Figure 6 (left) indicate that the pap@nts had problems understanding and using thigation
possibilities of the interactive map. These elemeare drawn along the map border. We assume tlat th
participants wanted to draw the lines along theestin an area which is not shown on the initialwbf the
map. To do so the users had to navigate on thebefmpe they changed into the edit-mode. We asshate t
many participants did not understand this switctwben the different modes or they estimated itédd
time consuming.

The tri-angle markers on Figure 6 indicate the elet:1which are not related to any content of thp.riée
assume they were drawn by users to test the edlem&lements like these have to be deleted béffiere
collected information can serve as the base faratysis done by the urban planners. Additionaassh
related to the participant's experiences is ne@dedder to understand the information entered withhelp
of the online platform.
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5.3 User Dimensions of the Quality

Who are the participants that entered their opmiand habits with the help of the online map-bgsédilic
participatory platform? How long was the platformliine and how many participants entered their apis?

Is this the opinion of the majority? Exel, Diasaét(2010) discuss the quality of the users wittpeet to the
impact of crowdsourcing on spatial data qualityeyisuggest the following three components of ther us
quality: local knowledge, experience and recognitiThey call them the users™ dimensions of thditguin

our case study, not only the quality of the singters should be discussed, but also the qualithef
audience. As you can never address the completerenadit is good to address a heterogeneous grioting o
audience. A heterogeneous audience provides thisiaeenaker a heterogeneous view of the wishes and
opinions. As the quality of the decision is notyoalmatter of the completeness of information,ibigt also
related to how this information has been collected.

6 CONCLUSIONS AND FURTHER RESEARCH

In our research we designed a unique online platfthat supported public participatory process in
Wilhelmsburg, a city district of Hamburg, Germanyithin this platform we integrated web questionaeair
and interactive maps and offered them online. Titiezeas of Wilhelmsburg could use it; express their
opinions about the current use of water bodiestheid wishes for the future. Map-based web questies
were a helpful tool for the collection of informati. This information can potentially help urbannpiars to
improve their decisions about environmental chargespossibly prevent conflict situations.

The design of the online map-based public parttoiyaplatform was a challenge. There is no stantiaot
available which would help us to create the intéwacmaps. As there are varying requirements ifedght
projects, the development of the interactive ma@sprocess which has to be accomplished for grejgct

in a unique way. There are many possibilities tomloime questions which have to be answered by dgawin
an object and answers which have to be answerittiform of a text. Interactive maps are an appatgr
tool in projects involving planning tasks that cent many people. In smaller projects involving ado
number of participants, discussions and interviexth paper questionnaire combined with paper maps a
appropriate.

A profound analysis of the information entered witle help of the map-based platform and its quadity
need. Additional research has to be invested idgetter understanding of the appropriate userfaterand
the interaction of the participants with online rmaprom the information entered with the help & ¢tmline
platform it is not possible to conclude why thetiggzants entered sometimes meaningless informatiah
sometimes information that it difficult to interpre

Currently we work on the design of a usability stwehich will give us additional information aboutet
participant’'s perspective and the usability of ghatform for the variety of different possible usein our
study we will focus on the usability of the designateractive maps, the usability of the two diéfet
modes, and the basic functionalities. We will tést zoom-in and zoom-out functionalities trying to
understand how many users would use such funciii@sain an intuitive way. The results of the udityi
study will also help us to design and implementimuproved, even more intuitive map-based public
participatory platform.
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