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1 ABSTRACT

The smart city approach provides many promisingaathges considering overall planning efficiency in
response to societal and ecological challengesnértscity may only be as desirable as its perfogman
increasing the quality of life of its citizens. Obenchmark is the level of citizen well-being ahthey feel
comfortable within the given space. This raisesghestion as to how an overall self-perceived Wwelhkg or
“spatial attractiveness” can be measured and cardpdn this study, different participatory conceptsd
methods were applied in order to measure and dyamatial attractiveness. Firstly, a questionnamsed
survey was conducted. In the second step, a webapplication for online participation was created a
promoted using touchscreen devices. Additionallsxg@IS for Desktop was used for gathering data dk we
as an analogue map on which citizens were askaw dn. The questionnaire-based survey provided the
most detailed information on citizens demands dred @nalogue map was the most easy-to-use method.
However, data post processing for these surveyhtrbig time consuming. As ArcGIS for Desktop reqiire
some prior GIS knowledge to be used properly,aved to be less suitable for participative datdectibn.
Results show that the web map application wastseita gather considerable amounts of data inadively
short time period. Consistent with the smart plagnapproach, the collected participation data can b
accessed online in real time and effectively belémgnted into sustainable urban planning. In a sasty,

the collected data were analyzed in combinatiorh witilking distances to facilities of basic goodsl an
services. Plausibility checks were iteratively matrout in dialogue with local planning authoritiaad
decision-makers. This study demonstrates approdolregrge citizen participation and spatial analysto
novel geospatial tools and to increase urban ptepeificiency.

2 INTRODUCTION

In the 21st century urban decision makers find gewes simultaneously faced with a plethora ofetati
and ecological challenges, such as matters ofhetital land issue interests (Dai et al., 2001;aRat al.,
2009), effects of urban heat islands (Oke, 1967fiéid, 2003), heavy rain and flood risk mitigatiffyrna

& Hochschild, 2010), the ecological conditions mshwater bodies (EC 2000), clean drinking watepbku
(Kummu et al., 2010), consequences of demogragtaage (Champion, 2001; Danielzyk et al., 2010) and
demand-adapted local supply with basic servicelsbi.iet al., 2010). Many of these issues seem twebe
understood as interconnected components of a canggltem, which is the city (Klein & Mdller, 2012;
H2020, 2015). One mayor advantage of the smartagiproach is that it matches the interconnectear@at
of these complex systems with a holistic perspecthich might create a basis for addressing urban
challenges in an integrated way. This approach liysesamprehends the smart city as a datafied self-
monitoring and ICT-driven system which allows fealtime emergency response and highly efficiert us
of resources (e.g. Bowerman et al., 2000; Allwin&eCruickshannk, 2011). In addition to these rather
technological aspects, human and institutionalofacbf smart cities have been emphasized which tmigh
augment community-based and humane policies andeas innovative and creative atmosphere (Nam &
Pardo, 2011a, b; Neirotti et al., 2014). As promisas this approach might be, citizens might shaneerns
regarding the datafication of their city, namelyedy technocratic governance, dependency on fegelar
companies, susceptibility to software failures yhar-attacks, enforced digital social inequitied @nivacy
issues to the degree of over-surveillance of ci8z€Chourabi et al., 2012; Kitchin, 2014). Thesacawns
should be taken seriously and emphasize that stiige$ can only be convincing for their citizensthie
prime normative objective is to increase their allayuality of life.

One benchmark for this is the level of self-perediwell-being and if citizens feel comfortable withhe
given space. The perception of whether a plactractive or not is highly subjective, individualtyfferent
and geographically bound. This raises the quesii®rto how spatial attractiveness can be quantified,
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compared and best integrated in a participatory im&y everyday policy and decision making, such as
traffic planning, notification of deficiencies oegeral reshaping of municipalities. In this metadgt we
applied and compared different participatory cotegmd methods in order to measure and quantifyaspa
attractiveness. For the study area of Herdecketfi®ou Ruhr-Area, North Rhine Westphalia, Germang) w
investigated the advantages and drawbacks of ¢aeationnaire-based survey, (b) a web map appicati

(c) an offline map application and (d) drawing on analogue map. We compare and assess the
representativity of certain target groups, theingjhess for participation, the level of detail bétobtained
data and privacy issues for each of these methWwdsfurthermore evaluate the suitability of eachhodt
within the scope of the smart city approach.

Ultimately, we demonstrate as to how participatiata can be merged with additional spatial inforomain
order to develop a novel and smart geospatial aisatpol. For this purpose, we combine the obtained
participation data with accessibility analysis focal facilities of basic services. Drawing on tesample,

we show how highly ICT-based aspects of the smigyt concept can be used for augmenting citizen
participation and providing new insights for a mexédence-base smart governance.

3 METHODS

3.1 Study Area

The city of Herdecke is located at the river Ruhtha southern rim of the metropolitan Ruhr-Areayth of
the larger cities of Bochum and Dortmund in West&ermany. The Ruhr-Area is an agglomeration of
several larger and medium sized cities. It coverau@a of approximately 4,436 km2 and is inhabligd
approximately 5 million citizens which results irpapulation density of about 1,200 citizens per kR¥R,
2016). The city of Herdecke itself is inhabiteddpproximately 24,200 people. It is particularlyeatied by
demographic change which can be observed in théewkgion. Around the city center, 39.9 % of th&lto
population is older than 60 years while this shafrthe population is even increasing. At the saime the
total number of people living in this area has dased by approximately 30.9 % in 10 years fron20@0

to 2010 (LUneborg, 2013).

3.2 Questionnaire-based survey

This motivated the city’s administration to laureljuestionnaire-based survey in the summer of 20idéh
primarily focused on living comfort for senior @éns but also the accessibility of local faciliti€ne
guestionnaire was sent to each of the 13,461 hoildglvithin the city’s boundaries. The questiongeve
stated as multiple choices, Likert scales and fteet. One Likert-scale question went into the
“Wohlfuihlfaktor” which is a German term describitige overall self-perceived well-being. As most loé t
guestionnaires could be georeferenced on streel-lew at least on the city-district-level, the
“Wohlfuihlfaktor” might be regarded as comparable the term of “spatial attractiveness”. Since the
possibility to fill in the questionnaire online wasly taken up by approximately 30 people, mosthef
guestionnaires had to be digitized, categorizedyejerenced and organized in a excel-file as well a
explicitly in space using a Geographic Informat®ystem (GIS). In order to assess the represenyatfi
this survey, the numbers of participating citizees demographic group and city district were coragdp
data provided by the local citizen registratioriauf

3.3 Web map application

In a second step, a web application was designedesf three additional methods for citizen p@tition
which were promoted by the local press and dumve €hristmas markets in Herdecke in December 2015.
The main objective of this method was a very sparticipation time period of a maximum of 10 sec®id
order to motivate as many citizens as possibleagibus demographic groups. In order to achieve this
application was easy-to-use and stated only onigaibly question. After reassuring that the pgrtcits
were citizens of the city of Herdecke, they werkedsto evaluate the spatial attractiveness by uaing
topographic base map to point out where they woigdl good” or “not feel good” (Fig. 1). In additio
participants had the non-obligatory option to leavamment and to assign themselves to one or ofithe

target groups “family with child up to the age of”]l“youngster up to the age of 18", “student or

apprentice”, “single or childless couple”, “senimr mobility restricted citizen”, “migratory backgrod”,
“female”, and/or “male”. While conducting this ses the interviewers aimed at specifically reaching
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equally to all target groups which was facilitated face-to-face communication. The application was
prepared in ArcGIS 10.2 for Desktop, uploaded mtaweb map in ArcOnline and integrated into thelfina
web application using the Web AppBuilder by Esrisitg) touchscreen devices during face-to-face
interviews considerably enhanced the usabilityhef application. Additionally, flyers with QR-codasd
URLs were handed out to citizens allowing to pgvéite using mobile phones or home computers.
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Fig. 1: User interface for the web map applicatmevaluate the spatial attractiveness in the studg (created with Web
AppBuilder for ArcGIS by Esri; base map: WMS by Gasis NRW).

3.4 Offline map application

Using five touchscreen devices at the same timergéed a considerable volume of data of approxiymate
200 MB in one hour. This data had to be transmitiadcan active internet connection. Given thesgdatata
volumes, a mobile internet connection proofed tinig@actical. As Wi-Fi was only available at fewospin

the city and within a limited radius around thegmts, an offline version of the described web map
application (section 3.3) was created directly nic@IS 10.2 for Desktop. For this purpose, base maps
downloaded from WMS-services in various resoluti@msl stored locally. Visibility scale ranges were
applied to respective resolutions for a cleanerapmmce and more intuitive use. The functionalftyhe
online and offline versions of the application vihe same, nonetheless, the offline version wagauuth-
optimized and required some prior GIS knowledgeriter to be used properly.

3.5 Analogue map

It was assumed that the use of a touchscreen deniigiet cause irritation and fear of contact by some
participants, especially senior citizens, who migbt be as familiar with these devices as the yeung
population. It was hypothesized that this mightlleaa reserved participation and an underrepragentof

this target group. In order to avoid this and teoime these citizens, a fourth method was applibttivwas
supposed to set the barrier to engagement andofeaontact as low as possible. For this purpose, an
analogue map was printed out, on which citizenseveesked to draw. This constituted the most simpte a
straightforward method of this study. The termimpyi®f the stated questions were the same as iarthee

and offline versions of the map application (sewi®.3 and 3.4) which focused on spatial attractsgs.
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4 RESULTS

4.1 The surveys’ representativities

For the questionnaire-based survey, the city adtnation of Herdecke sent one questionnaire to ehtie
city’s approximately 13,461 households of which6®,0salid questionnaires were sent back for analysis
This corresponds to a satisfactory participatioioraf around 15.3 %. Comparing the number of valid
guestionnaires by city district to population numsbprovided by the local citizen registration offishows
that no city district is considerably over- or unéeresented in this survey (Fig. 2). In contrasthis,
comparing the relative participation per age grotgsiemographic data of the citizen registratioficef
reveals that 18 to 67 year olds are highly undeessmted while senior citizens are considerably
overrepresented in this survey (Fig. 3). As onlg goestionnaire was sent to one household andythevas
given as the age of the oldest and youngest pexsotigs household, respectively, a comparisonheké
two datasets provides rather a broad overview #imagxact picture of the representativity of eadh grgup.

As no additional demographic information, for imsta, on gender, social status or migratory backgiou
was given in this survey, their respective repregasty cannot be assessed.

The same holds true for the online and offline rapplications and the analogue map. Too few paditip
assigned themselves to a target group in ordewmtoerically assess the representativity of demodcaph
groups. Nevertheless, face-to-face communicatiotn witizens allowed the interviewers to consciously
reach out to various demographic groups and aldoead non-German speaking participants, which might
be important as about 10.6 % of Herdeckes populdiave a migratory background. This was very well
perceived by the interviewed citizens and increatbexd overall willingness to participate. In thetdat
surveys, some places were more frequently evalusgeteel good” or “not feel good” as others as ban
seen in Fig. 4 in the next section (4.2). Thisseful for further analyses and provides an infoiveapicture
for local decision makers. Although the distribatiof the evaluated places is not homogenous, thaewh
study area is covered. In addition, the surveysewepeated at two sub centers of the city, assuyning
reaching out to various target groups. Consequgthidyspatial representativity is assumed to bk fogthe
map applications and the analogue map.
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Fig. 2: Participation in the questionnaire-basaweyby city districts compared to the actual pagioh distribution as derived from
citizen registration office data.
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Fig. 3: Participation in the questionnaire-basedey by age groups compared to the actual age giistibution as derived from
citizen registration office data.
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Fig. 4: Spatial attractiveness and “Wobhlfiihifaktor'the city centre of Herdecke as it was evalusigthe online and offline map
applications, the analogue map and the questicanbaised survey, respectively. For the latter, thdiams on a Likert-scale from 1
(not attractive) to 7 (attractive) are shown pegedt(base map: WMS by Geobasis NRW).
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4.2 Spatial attractiveness in the study area

As can be seen in Fig. 4, the spatial attractiveradsthe city center of Herdecke as evaluated ley th
guestionnaire-based survey (shown as lines) caasbessed as overall positive (median = 5, on a 1 =
negative, to 7 = positive scale). The inner citytee and eastern parts of the city were evaluated a
particularly attractive by the respective housetold contrast, one street in the south-easterngbaown
which was often associated with noise from a neanbyorway received low and medium ratings by the
inhabitants, just like northern parts of the cignter which were often associated with lower sosiatus
and where recently a supermarket was closed.

In the map applications and the analogue map ssirfghown as points) the citizens of Herdecke wekea
to evaluate places in the city rather than the plates of residence. Similar to the questionnaased
survey, the inner and eastern parts of the cityecemere often rated as attractive while the dbscrinoise-
stressed areas in the south-eastern parts andttem parts of the city center were often pemgias not
attractive. In addition, these surveys revealed tima river Ruhr which borders the city centerhiie south
was frequently evaluated as attractive while pigaicts would often state that they would not femdynear
big construction sites which can be found on tkerside in the south of the city center and nearitiner
city.
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Fig. 5: Spatial attractiveness in the city cenfrelerdecke as it was modelled by multi-variate spatutoregressive analysis (SAR)
considering network accessibilities of facilitiesindependent variables (sample size = 115,8F7, p < 0.001, R2 0.33, adjusted
R2~= 0.29,AL = -0.63, Likelihood ratic: 2.46, p (LLH-test} 0.12; base map: WMS by Geobasis NRW).

5 USE-CASE: SPATIAL ATTRACTIVENESS AND ACCESSIBILITY OF FACILITIES

Data obtained with the offline version of the maplacation (section 3.4) and the analogue map i@ect
3.5) were integrated into the online dataset whiels fed by the web map application (section 3.8)s T
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integrated online dataset could be accessed irtineal To demonstrate a use-case for this datecepthe
participation data was analyzed in combination veitiditional data sources, namely OpenStreetMap data
and municipal data on facilities providing basiode and services. For this purpose, an analysiswjtih a

cell size of 100 x 100 meters was defined and @pdiion data were aggregated to this analysis gisihg

the Network Analyst extension for ArcGIS 10.2, tialking distance on roads and paths to the next
respective facility, including stations of publiansportation, was calculated for each grid cedlpuint. In a
multi-variate spatial autoregressive analysis (SARe dependency of spatial attractiveness on the
accessibility of facilities was investigated in R.3. As this dependency might decrease logarithihgigvith
increasing distance, the logarithmic values of eaeltking distance was used as independent variables
Furthermore, only variables were used which shomeesdignificant multi-collinearity (VIF value < 10).

This analysis provided a numeric description oftigpattractiveness as a function of walking dis&rno
facilities. The R? value for this model was appmoately 0.33 and the adjusted R? value was ca. 0.29,
respectively (sample size = 115, 8.77, p < 0.001). The model did not show significapatial
autocorrelationX = -0.63, Likelihood ratice 2.46, p~ 0.12) or heteroscedasticity (Breusch-Pagan-td3t; B
7.57, p= 0.27). With a cross-validation value of approxietat0.17 the model can be evaluated as
satisfactory stable.

As can be seen in Fig. 5, the derived regressioatamn could be used to extrapolate spatial attrerwess
values to the whole study area. For this purposaking distances were multiplied according to the
respective coefficients as they were given by #gression equation. For the study area, the fasilwith
the highest coefficients, thus the most positiiluénce on spatial attractiveness, were grocersestand
churches (~ 0.14 for both facilities).

6 DISCUSSION

The guestionnaire-based survey provided local aecimakers with a broad picture of citizens’ denwnd
the street-level. In addition, the map applicatiamsl analogue map surveys shifted the study foous t
broader thematical and spatial scope, increasedphtal resolution and added some factors to thed
picture, for instance to influences of the bordgritver and that of bigger construction sites.

In this meta-study we assessed the advantagesisamvantages of four methods for citizen partidgrat
within the scope of the smart city approach (sunmedrin Table 1). In order to analyze the data iobth
from the questionnaire-based survey, about 2006tmummaires comprising 33 multiple choice, Likerae
and hand written free-text answers of varying langad to be digitized, categorized, organized and
georeferenced. This added up to a considerablenthisk was tackled over a time period of severahins.
The results constitute a broad data source fot tE@sion makers on the citizens’ demands on titeet or

at least district-level. However, pre and post pesing expenses do not allow for frequent repastiaf this
survey or even real-time data acquisition and mberoperability with other data sources within sitepe of
the smart city approach is limited. As far as tgigpulation is concerned, the overall represeritatof this
survey of approximately 15.4 % of all households ba evaluated as high. The same holds true for the
representativity on the spatial scale regardindigjpation per city district and also street lev@btaining
data on the address level might raise privacy ssmel decrease the willingness to participateerstirvey.
Age groups were not represented in accordancethgtactual demographic distribution. Furthermosethae
questionnaire was in German, it can be assumedhthabn-German speaking citizen was considerehlisn t
survey. As no additional demographic informationrevgiven in the questionnaires, assertions abaut th
representation of other demographic groups couldh@anade.

In contrast to the questionnaire, the spatial tggwl and focus in the web map application, itdirdf
version and the analogue map was shifted from WeHlifihlfaktor” as assessed by households to an
evaluation of the spatial attractiveness of spegfaces in the city. Furthermore, the experimetésign of
only three purposeful stated questions was sefayuh very short participation time period which wia
eventually increase the response and willingnegsmdfcipants at the cost of level of detail of thained
data. Accordingly, 266 points in space were evallia approximately six hours of which 168 pointsrev
obtained by the web map application, 75 by theirgflmap application and 23 by the analogue map. In
addition, data pre and post processing expenses ler for the offline map application and even more
straightforward for the web map application. THiswas for frequent repetition and therefore a hggatial
resolution of the data obtained by the offline nagplication and even real-time data acquisitionthgyweb
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map application. Moreover, the latter provides higferoperability with other data sources and re-fog
advanced geospatial analysis as was demonstrategtiion 5. In contrast to this, post processinueazes
for the analogue map method are high as each dité fpas to be digitized and integrated manualtg in
databases in order to be further analyzed. Neveghgethis method of directly drawing on a printeap was
very well perceived by the participants due tontm-technocratic, intuitive and straightforward urat
Especially senior citizens took up on this oppattuaf expressing themselves who might be not asliar

with touchscreen devices as younger participanteréfore, the analogue map constitutes a reasonable

supplement to the digital survey methods, espgcib# web map application. In contrast, the offlimep
application required some GIS experience for a@roge and was not touch-optimized. Additionallye do
its poor data interoperability, the suitabilitytbe offline map application within the smart cifypgoach has
to be evaluated as low.

(a) Questionnaire-
based survey

(b) Web map
application

(c) Offline map
application

(d) Analogue map

Assessed
parameter

“Wohlfuhlfaktor”

in the context of

living comfort for
senior citizens

Spatial attractiveness

Spatial attractiveness

Spatial attractivenes

"2

Spatial resolution

District- and street-

Points in space

Points in space

Points in space

such as addresses

level
Sample object Households Places as points Places as points Rlagasnts
Sample size 2060 168 75 23
Overall _ @ . , .
participation rate 15.3 % not applicable not applicable not applieab
Time r_equwgd for Very long Very short Short Very short
participation
High (for very high
Privacy issues spatial resolutions, Low Low Low

Willingness of

High (in face-to-face

High (in face-to-face

High (in face-to-face

city approach

participants Low contact) contact) contact)
Spaual_ . Very high Assumed to be high | Assumed to be high | Assumed to be high
representativity
Target group Low / Assumed to | Assumed to be high (i Assumed to be high (in (ﬁ\scs:gmg?ng:igr? vr\l/:?r:]
representativity be low combination with d) combination with d) b or c)
Pre and post
processing Very high Very low Low High
expense
Data
interoperability/ Low Very high Low Low
re-use
Applicability for
frequent Very low Very high (real-time) High Low
repetition
Level of detail of ]
obtained data Very high Low (but purposeful) | Low (but purposeful) | Low (but purposeful)
Overall suitability . .
within the smart Low Very high Low DAL (7

combination with b)

Table 1: Comparison of the four assessed methodstipen participation within the scope of the shwity approach. Green (red)
backgrounds indicate high (low) suitability witrarsmart city.

Combining the collected data with additional dadarses for geospatial analysis resulted in a $tzls
model which numerically describes spatial attrastiass as a function of walking distances to lamelifies.

Josd
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This model can be used to extrapolate the colledtdd on spatial attractiveness to larger areasitifg
most influential facilities and assess consequefarefuture planning, such as the establishmerntlasure

of a specific facility at a given location. Thisnstitutes an example as to how the presented metteodbe
integrated in all three layers of a smart city adogg to Su et al. (2011), i.e. the perception tagetecting
spatial attractiveness as it is perceived by ciszethe network layer (providing the collectedadanline and

in real-time) and the application layer (analyzthg data in combination with other big data soyic€ke
moderate exploratory power of the model (adjustée B.29) might be due to the fact that solely walking
distances to facilities and no additional aspe@reveonsidered to be influential on spatial ativaciess. For
instance, the demographic structure, housing pacespsycho-socially aspects should be includddture
analyses.

7 CONCLUSION

The questionnaire-based survey provided a broaal statrce with in-depth information on the demanids o
citizens on the district and street-level. Nevdasg, it might not be considered suitable for timarg city
approach as data post processing, lacking intesibpity and data re-use do not allow for a frequent
repetition of this survey or, still less, real-tidata acquisition. The offline map application irc@IS 10.2

for Desktop required some GIS experience for propeg which could have negative effects on the
representativity, especially when no face-to-famgmunication with citizens takes place during thessy.
Therefore, it might only be regarded as an emengsalution for citizen participation projects, i internet
connection can be established.

Within the scope of the smart city approach, apgyiveb map applications in combination with anatgu
mapping methods can be recommended for engagiizgrtto participate in urban planning. Promoting
these methods in face-to-face communication witlzaenis proofed to be particularly beneficial assthi
allowed citizens to express themselves ingenuouasbated a considerable deal of attention to tlogepl

and presumably increased the representativity ettilect data as interviewers were able to agtiveach

out to different target groups. In accordance wlith smart city approach, these methods can enfbece
feeling of ownership by the citizens, increasedliglence-base for local planning and greatly cbuaté to

its transparency and acceptance (Mayer-Schonb&g€ukier, 2013; Kitchin, 2014). Furthermore, we
demonstrated how the collected participation data lbe merged with other data sources for geospatial
analysis in a hovel way which might lead to newights for increasing urban planning efficiency.
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