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1 ABSTRACT

Walking is healthy, promotes social contacts and msic requirement of mobility. Neverthelessyeen
1995 and 2013/14 the modal share of walking in Aaisteclined from 27% to 17%. However, walking is a
big unknown factor in the overall transport systesjt is statistically often unrecorded. This sdspresses
an underestimation of the importance and positifects of walking in the overall transport systenme
term “walkability” is often used to describe theérattiveness of walking which not only includes freh
quality but also attractive and animating condiiom walk.

The project presented in this paper aims to devalo@thodology, which should improve the condititors
pedestrians on their daily walks and increase tiadity of life. A major requirement for this purposs a
comprehensive and high-quality data basis for agsgshe quality of walking — leading to more irig
into the needs of pedestrians. Biosensoric teclgyoto gather physiologic data about people’s reacti
concerning walking infrastructure will support tmew approach. The approach will join subjectivel an
objective methods to create a new view about p&mrepnd emotions of pedestrians. By this meamsliit
evaluate spatial conditions like street designlt lemvironment, perceived safety to achieve “waikih or

a more walkable infrastructure.

This contribution introduces the topic, presents $tate of research concerning walkability as aslla
concept of a theoretical framework of the projéekhis includes a methodology to collect, analyse and
visualise the collected data, and further describelsnologies for sensor-based measurement of gi@ce
and emotions while walking. Finally, the paper give first glance to the web-based platform, where
different data sources are combined and visuafsedarious user groups and purposes.

Keywords: sensors, emotion, methods, walkabiligdgstrian

2 INTRODUCTION

Cities and municipalities in Europe are getting enand more aware of the role and importance of the
quality of walking and hence increasingly aim t@nove the quality of public space, road safety atiebr
relevant infrastructure. The aim is to create ativa conditions and to motivate residents to walkre
(Madanipour, 2005). As an example, in Austria, coghpnsive measures were compiled to make walking
more attractive. Essential fields of action are,ifistance, infrastructure as well as aestheticdvgments
and pedestrian-friendly traffic, settlement andauriplanning. Nevertheless, between 1995 and 20,181é4
modal share of walking nationwide declined from 24 7% (Bundesministerium fir Verkehr, 2016). The
main reason for the decline might be the shiftttteomeans of transport. The only exception in Aass

the city of Vienna, where the share of walking sthgonstant (about 25%) (Bundesministerium fir &brk
2016). However walking is "the big unknown in theemll transport system, as it is statisticallyeaft
unrecorded"(BMLFUW and BMVIT, 2015). Additionallglata is collected only on a selective basis and to
answer individual questions (Sauter, 2010). Ths® axpresses an underestimation of the importande a
positive effects of walking in the overall transpsystem.

The concept of walkability supports urban plannprgcesses by considering important quantitative and
qualitative aspects of walking in cities. Howevaryariety of recent literature shows a discrepancthe
definition of walkability, its contributing factorand methods to assess these factors (Forsyth).ZDi&
assessment of subjective walking quality has son@inly been examined by qualitative methods (stgve
observations, etc.). However, human perceptionspdayincreasingly important role in spatial plagnand
especially in studying walking behaviour. Percaptar emotion are reflected in specific physiologica
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parameters such as skin temperature, skin condigctamheart rate variability (Kanjo et al., 2015gHKig,
2010). New technological developments allow to réquhysiological reactions and to map them in derta
situations. The project Walk & Feel, which is fuddender the programme “Mobilitat der Zukunft’, has
therefore the goal of creating a comprehensive laigh-quality database for assessing the quality of
walking.

3 THE CONSTRUCT OF WALKABILITY

3.1 How to define walkability?

A city’s attractiveness for walking is often exped as ‘walkability’ (Tribby et al., 2015; Weinbergand
Sweet, 2012). While walkability is a commonly ugedn, there are numerous conflicting definitionsl &n

is rarely defined in dictionaries (Forsyth, 201B)pst of which have emerged in the USA in planning
disciplines. The narrower definition of walkabiligncompasses an empirical concept and refers ingal
as a potential modal choice for a specific purp@sg. walking to work, bus/train stop, grocery shiog).
The integration of leisure-related mobility intoethunderstanding of walkability has led to a broader
understanding of the term, which has also changed¢ope of walkability (Bucksch and Schneider, 4201

It resulted in an emerging interest in other dibocgs as well, such as social science, culturaggahy,
anthropology (Lorimer, 2016; Middleton, 2010) arehhth (Grasser et al., 2016; Handy et al., 2002|epa

et al., 2003).

Walkability studies have found “that people livimg'traditional’ neighbourhoods — characterisedhigher
residential density, a mixture of land uses (redidé and commercial), and grid-like street patsewith
short block lengths — engage in more walking arlioy trips for transport than people living in apding
neighbourhoods” (Saelens et al., 2003). Howeveftén remains unclear whether “the extent to wihkah
observed patterns of travel behaviour can be atgtto the residential built environment itselCap,
2009). For example, car enthusiasts would chooserented neighbourhoods and “residents who prefer
walking may consciously choose to live in neighthmads conducive to walking, and thus walk more"dCa
2009). Based on this understanding, people movepieiadently into the spatial categories that beshdir
mobility needs, which is referred to as “residdngigf-selection” (Bagley and Mokhtarian, 2002; Idgret

al., 2006). In addition, Krizek (Levinson et alQ1B) discusses if it is possible to urge resideht®rmerly
car-oriented districts through urban planning arfchistructural measures to rethink their mobilighbviour.

He emphasises that attitude plays an importantanodeconcludes with a modified old phrase “You t

the family out of the suburbs, but you can't taldiance on the Chevy Suburban out of the family”
(Levinson et al., 2018). Nevertheless, there iga@ng interrelation between built space and theabigur or
activity patterns of the use of urban space (Haetdgl., 2002). The urban form influences behavigrnal
vice versa (Gehl, 2011), which has already beenodstrated in numerous research projects (Cervetto an
Duncan, 2003; Handy and Clifton, 2001; Greenwald Boarnet, 2001). On the contrary, the effects of
residential choices in the context of walking bebavand walkability are often neglected. Many sesbers
conclude that in dense, diverse, compact and geagimonments people generally tend to walk more and
they are more physically active (Charreire et2012; Schmidt and Tran, 2012; Saelens et al., 2088;ero
and Duncan, 2003).

However, the standards for a walkable neighbourhoodhe US-American context are not always
transferable to the European structure. For exanipéeyear of construction of the district and pinesence
of the sidewalk are characteristics to determinékatmlity (e.g. a neighbourhood with historical laliings
has higher walkability), whereas in Europe theswatteristics do not determine walkability.

The methods of walkability analysis often define“@malex”. This is critical in terms of data redumti (from
the final values of an index the values of the Igirfgatures usually cannot be reconstructed), wieiglof
individual characteristics (which is partly at ttiscretion of the researcher), and often makespatiad or
socio-demographic differentiation (Rohwer and RH2602).

Walking is done for different (1) purposes suchraasportation, exercise, and recreation (whichkbmalso
divided into non-scheduled and scheduled actidksy\{anfar et al., 2018; Shafaghat, 2013). Walkiag c
also be further differentiated by (2) socio-demepbia characteristics (gender, age etc.) (Titzel.ea10;
Shafray and Kim, 2017) or by (3) spatial or strugkicontext (neighbourhood, district, city) and dmpect
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of (4) spatial features that are important fordestial location choice, which evolved as a relévarearch
topic in the relationship between active sustaimahbbility and spatial planning.

3.2 Walkability within the Walk&Feel approach

The detection and description of “walkability” dteethe background of urban and transportation pranis
important, perhaps the core aspect of the Walk&Bpptoach presented in this paper.

This paper aims to extend the understanding of atmliky and to propose a wider methodical and jcatt
understanding embedded in the European context @lsio extends the basic means as mentioned by
Forsyth (Forsyth, 2015) by adding (design) qualiaed the pedestrians’ perception and/or stress \ehvile
walking. However, when defining walkability, it shid also include a discussion on how to assess
walkability, which probably has an even higher valece than a universal definition. Methods to asses
walkability have long been similar to empirical mations based on quantitative data. In addition,
gualitative methods should be part of a new walkglmoncept and understanding.

To implement walkability principles in planning aifrastructural projects, planners and municijesit
need data and evidence. We emphasise that theaesklatild rely on the extension of methodological
competence in transportation, spatial planning@'t#lby linking new measurement methods to evalthete
walkability. Furthermore, a methodological discossis also necessary, striving for an evidencebase
database with increased plausibility and relevarianalysis results by considering the spatial mmment
and its effect on people (including their mobilitghaviour).

To verify the practical applicability, a field styavill be carried out in three different spatiatusttures in
Vienna, Salzburg city and Salzburg surrounding avéhin total 60 participants. Based on the cobelct
data, the test areas are evaluated with regardeio walkability. As a starting point for furthewauation
and application, the project outcome includes aiuation of the method developed, including besefitd
costs, as well as concrete recommendations foinupéganning and participation, as well as for tachh
developments (such as footpath routing).

3.3 Bio-sensor technology for walkability?

In addition to “traditional” methods and instrumelike a questionnaire and even geodata-based dsetbo
evaluate “walkability”, the integration of bio-semstechnology enriches the proposed walkability
assessment by detecting specific patterns whichigeandications on human emotions (Zeile et 201&
Dorrzapf et al.,, 2015). Typical physiological paeiers to detect perceptions or emotions are skin
temperature, skin conductance or heart rate viitjaiiKreibig, 2010; Kanjo et al., 2015). Using sem
technology to gain physiological data has the athgmof describing an emotion with objective, reaatad
These objective measurements do not base on pelftseof a person but are methods in which extsroal
equipment collect the data. This mostly physiolagimeasurement allows excluding subjective disiodi
from the participants in the study, which usualtgur in reported data. The main drawback is thadirect
conclusion on human experience and behaviour cadrdnen from objective physiological measurement
data, — for this additional reported data is ned@éiling and Bortz, 2016). In addition, data carcbkected
over time or in real time. Spatial localizationstfess situations makes it possible to identifg\gnces in
the environment (Exner et al., 2012). However,rteer approach still lacks reliability and is difflcto use

in a non-laboratory environment (see discussionyréhtly, Electrodermal Activity (EDA) seems to the
most reliable parameter to derive emotions in arbudamt assessment for detecting stress situations
concerning urban issues. EDA is the property oftbman body that causes continuous variation in the
electrical characteristics of the skin which carahendicator of stress (Zeile et al., 2016).

4 OUR APPROACH AND OBJECTIVE

The overall goal of the project Walk & Feel is toprove the conditions for pedestrians and thuadcease
the quality of life in urban areas. By collectingngprehensive and high-quality data basis shallrbeiged

to accurately evaluate the quality of walking caiodis (walkability). Bio-sensor technology colledi
physiologic data about people’s reaction while wajkwill support this new approach. However, the
approach will join subjective and objective methtal€reate a new view about perception and emotdns
pedestrians. This allows to evaluate spatial canmtlike street design, build environment, peredigafety

in order to achieve “walkability” or a more walkahbhfrastructure. One central innovation is devilgm

REAL CORP 2019Proceedings/Tagungsband ISBN 978-3-9504173-6-4 (CD), 978-3-9504173-7-1r{pri @'
2-4 April 2019 — hitps://www.corp.at Editors: M. SCHRENK, V. V. POPOVICH, P. ZEILE, PLESEI, C.BEYER, J. RYSER



Walk & Feel —a New Integrated Walkability Reseafgiproach

sensor-fusion method (combination of different noeasient parameters) which represents significant
progress compared to the current state of rese@sstsor measurements ("objective” technical measne
data) and eDiary inputs ("subjective" data) are lgioed to identify and locate the trigger of the faum
physiological response. The core element, wherdaall will be combined and visualised for differeser
groups and purposes, is a web-based visualisdtent that is described in section 5.

5 THE VISUALISATION CLIENT

Within the project Walk & Feel the main purposetloé client will be visualising and comparing theuks
of the gathered and processed data in order ta@eathe new methodological approach. By the tinee t
client is fully developed, it will support mobilitgxperts, administration and decision-makers iwvisgl
planning and design tasks aiming to improve walkiogditions. Public planning institutions in thelfls of
transportation and infrastructure, citizens” inities as well as policy makers are further possier
groups of the visualisation client.

In the following paragraphs two mock-ups are déschiwhich were created in the course of the first
conception of the visualisation client. These draftow first ideas about the implementation andesbasic
functionalities. The mock-ups are continuously deped alongside an increasingly finer granularitythe
evaluation concept.

The basic requirement of the visualisation clisntomparing the results of the four main data ssiof the
field study: 1) bio-sensors: measured physiologpzaiameters and derived stress-indicators, 2) nated
walkability index IWI calculated by GIS from singb&rameters concerning infrastructure and urbatitgua
3) eDiary app allowing to record all types of obsgions on-site and 4) traditional paper-based
gquestionnaires. Moreover, the results of the tlfisde test areas shall be compared between eaeh, @ly.

in parallel windows. Comprehensive compare fundidecilitate both the interpretation of the obtaine
results as well as the evaluation of the new methaerms of validity and additional explanatorywso.

The pivotal element of the client is the controhdaw on the right-hand side, as shown in Figundeke all
the settings concerning function and layout areamédter a task has been selected the displayedonis
and widgets change to the specific layout of tls& &0 that the users are provided only with thaosetfons
and information needed to perform the task. Tharobmindow can be folded in and out to obtain & fu
map view if required.

= Walk&Feel & / A
Wien Seestadt v :

Wien Seestadt
Kartenlayer

[ Walkability Index
[ 1wl
[]PFI
[jual
[ Stressindikator ri
[ ] Verlauf
[ ] Haufungspunkte

Tracks

o 04_Track_20190525
[] 056_Track_20130527

(+]
& Messwerte
x HRV
x HLF
[] Temp.

Legende

[ Satellit
o Karte
[ Lorem ipsum

Figure 1 Mock-up of the visualisation client — Oview

The figure shows the field test area of Vienna #rtask ‘map’ selected in the control window. Tisis
where the user can select map layers, certaingtaatt filters to be applied on the displayed dEte. results
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of each data source of the field study are predeintan own layer, such as the walkability indexstiess
indicators based on algorithms applied to the kiesgg data. In addition, the results of the qoestiire as
well as observations and memos recorded with tharg@pp can be displayed and thus be relatedeto th
results gained from bio-sensing.

In addition, various background GIS-layers as vaslllayers with additional spatial or infrastructutata
(i.,e. density, land use, traffic intensity) cande¢ected in order to enhance the explanationeofdahults.

The data collected by the participants of the felaly can either be displayed as individual wajkiracks

or as aggregated results for each test area. WHmwirsg individual walking tracks (GPS-based) thesdn
physiological parameter or stress indicator is ctepi in its specific colour scale. By setting masketress
points identified by the algorithm from the bio-sen data can be displayed as single points. Viewing
individual tracks is particularly interesting fdret participants who are curious about their owrsiggical
reactions while walking.

However, for those involved in planning, spatialaggregated results are essential to recognise
accumulations of stress points in urban space.tifteeh stress points as well as deliberately reedrd
observations (eDiary app) can be visualised adespjnts. Due to spatial proximity, a kind of diersng is
necessary. Another option for presenting the spdtiasity of stress points are various types ot haps.
However, the statement conveyed by the specifistiition must be clear before generating a calburf
map. In any case normalisation of the recordedsstpoints is crucial for properly understanding the
meaning of the data. Factors such as walking speddime must be taken into account. One posgithdit
normalization is to divide the test area into grilqual size and to display the number of stresments
normalized to a unit of time. Thus, locations withger or frequent stops of the participants (ergssings
with traffic lights) do not automatically have aghidensity of stress points. It would also be fmedb refer
the measured stress point to the street sectidisgtanto account the total time spent there by all
participants.

The second mock-up shows the task length line geaband’). A length line shows the covered distaage
a straight line with corresponding dimensions atditeonal information such as walking speed, stiessl,
etc. Additionally, contents from the eDiary app tendisplayed. In combination with the map, thé tiesk
with all visible features can be reproduced in itleta

= Wak&Feel § / iy
Wien Seestadt v 4 :

Wien Seestadt

E 1 Langenband - Tracks

o 04_Track_20190525
1 [ 056_Track_20190527

®

k

=+ Ldngenband Ll
P
- @
Lorem ipsum l A3 .S ke L 3 ==
dolor sit - 1 — L - i s
amet
4 1 e -—*:-_.Ah — v
| PE— ! —
b4 Gehgeschwindigkeit
o Stressindikator
e

O Humanphys. Messwerte

Figure 2 Mock-up of the visualisation client - Lémdpand

The length line shows the tracks selected in timtrabwindow. Two or more selected tracks are showe
above the other. They contain the basic informagibout the track and the distance covered. Furibrerm
the measured values of the selected tracks canradedtin a line chart. The reference between thgtheine
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and the map is displayed as the corresponding markes is sketched in the figure above as a yelloerin
the length line and dot on the map.

Only a small part of the results from the papereblaguestionnaire will be included in the visualmatlient

- mainly as selected examples for diagrams and:galiDbservations recorded with the eDiary app are
already assigned to pre-defined categories dutireg manual input. These categories can be used for
visualisation by showing each observation with akeain the colour according to the category. Iditidn,

the points drawn in the analogue map can alsosigreesl to the selected categories during digibsati

Additional information on the field tests, suchthe number of participants, the period of time, theg
details on the route, etc., is available in theitefo’.

6 DISCUSSION AND CONCLUSION

The methods mentioned in the integrated approace le@en successfully tested in different research
studies, mostly in bicycle traffic research, butdbain the context of walkability. Nevertheledsete is still
some limitation in the context of research critediata analysis, data and privacy issues.

The field tests in a real-world setting are a draje because it is not fully possible to standarttie test
situation. It is necessary to avoid outside interfiee factors (e.g. building sites, events) asa$apossible
and to keep interfering factors (weather, noisegjticthe) as constant as possible during the fietdste
Moreover, even if all interfering factors are ligdt what if the person walking and using the sengor
distracted by something not related to the wallkingditions (i.e. a stressful telephone call, anoging
encounter) or feels uncomfortable wearing a bias&h3his is also connected to the criteria of vgljd
where two other important questions arise. Doesristeument measure what it is supposed to measwute
how can the researcher assure that the bio-sedatagis not influenced by the above-mentioned fa€to
Reliability should be given through the accuracytef technology; a potential source of unreliapiié the
changing nature of the process being measured (Bluakd Seven, 1992). Reliability assumes that the
measuring process remains relatively stable owag,tivhich is — even if external factors are unaetol —
not completely given in a real-world setting.

In any case, privacy issues have to be considererh as technological measures to protect the parso
privacy, guidelines for the data collecting procasswell as legal aspects of location privacy. ©oee
guestion arises during the commencement of the iGedata Protection Regulation (GDPR). How can
privacy be protected during field tests? Are thieehnological tools like spatial decision supporstem
(SDSS) which “can be specified for the applicatitmmain of geo-privacy in order to help and guidatad
holders”, researchers (or principal investigatarsldrger research campaigns) when anonymising their
data?”’(Kounadi et al., 2018).

The suggested approach should make progress towandse holistic walkability understanding and rety
the extension of methodological competence in framation, spatial planning and GIS by linking new
measurement methods for walkability evaluation.r&éhe clearly a need for reliable and practicabéthads

or technologies helping to improve the conditions pedestrians and quality of life in urban areas.
Therefore, it is absolutely vital to collect comipeasive and high-quality data as a basis for anrate
evaluation of the quality of walking and understahd concept of walkability. The visualisation dlie
allows to compare and relate the different dataegeed with the aim to evaluate the walkabilityefigby it
supports to understand the meaning of the obtaigmdts better and to estimate the benefit angtaetical
applicability in planning and design tasks reldteavalkability.
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