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1 ABSTRACT

Recently, an increasing number of cities are ingheress of developing new strategies and condepts
become Smart Cities. Participatory approaches thelude all stakeholders are essential for urban
developments to be smart and widely accepted. Nesless, only a few cities have linked their citize
participation with city planning. This is where ghinnovative Virtual Reality (VR) project comes in.
Technological progress in VR now enables peoplédovirtually integrated into an emerging future. In
combination with gamification methods, educatiaiwals with long term impacts can be created. Agatf
gamification in a non-VR environment has been ss&ftdly applied in different projects. This projesins

to unlock the untapped potential and examines hosersous game in a high-end VR environment can
increase citizen participation in a Smart City.

To create the VR application, a user-centered desigthod was applied. In a first step, a prototype,
serious game “Virtual Energy Hero”, was developedich addresses energy and sustainability topibs. T
game was very well received by more than 90% of@pmately 250 players (by the end of 2018). The
storyline of the game, as well as its game meckattienhance interactivity and immersion, are tlagnm
areas for improvement, as identified through iritaxg, a literature review, tests and surveys. These
learnings were considered when designing the segant "Virtual Smart City Hero". By creating virtua
scenarios of the Smart City Winterthur, based endity’s 3D model, people are offered the oppotjuto

dive into the topic and interact with current aotufe Smart City elements. Through interactive rgemes,

the players are given an immersive experience.

The “Virtual Smart City Hero” is currently underadopment and still in the design phase. It is p&hthat
after playing the game, the players are encourtg@an a web based innovation platform. Thereytban

conceptualize and discuss new ideas and participab®ttom-up initiatives. The platform will promeot
collaborations between different actors - citizeadministrations, research institutes and the twigactor.
Impact assessments will be made and it will beyareal how the platform has to be designed for giszi®

become active Smart Citizens.

Keywords: co-creation, serious game, virtual rgasitorytelling, participation

2 INTRODUCTION

When looking at a Smart City as a holistic systeitizens need to become involved from the beginmihg
the city’s transformation process. Citizen partétipn bears great potential for Smart Cities to oy be
developed top-down, but through bottom-up approsichddressing the people who live in that city. The
main value of citizen engagement is seen as bémgitomotion of citizenship values, the improvenmat
accountability, the improvement of confidence invgmment, the maintenance of legitimacy, the
achievement of better decisions and the buildingafsensus (Barber, 1984; King et al., 1998; Thomas
1995). However, many administrators and citizers adten frustrated about this, not knowing the i@y
effective citizen participation.

This ongoing project applies a practical approaghinvestigate whether citizen participation can be
enhanced through an innovative gamification apgrda@sed on Virtual Reality (VR). VR systems have
recently emerged as a powerful three-dimensionsdyactive visualization tool. Through an immersarel
high-end VR environment, citizens are transporteari emerging future, learning how they can use new
technology innovatively and build on its possii@t The first prototype of the VR game, called rtval
Energy Hero” (VEH), addresses energy and sustdityatupics. Its sequel, the “Virtual Smart City &,
aims to improve citizen participation and is cutherunder development. It is expected that throish
games, users recognise, experience and — in treldwrgerspective — further develop the potentiah of
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Smart City through the use of a web-based innomgpiatform. In a first step, the VR game aims for a
sustainable learning effect. Second, the playezsnastivated to participate in Smart City processed
actively shape their city of the future.

The next chapter briefly summarizes the findingsirliterature. They cover smart cities and citizen
participation, VR and gamification topics with anhanced focus on serious gaming. In the fourth telnap
the user-centred design method, that was utiliredeisigning the “Virtual Energy Hero” as well a® th
“Virtual Smart City Hero”, is described. After thatur preliminary results follow, including a degtion of
the developed games. Lastly, conclusions are dranghyding an outlook on how this project is pladrie
evolve, especially with regard to the innovatioatfdrm.

3 THEORETICAL BACKGROUND

3.1 Citizen Patrticipation in Smart Cities

The term “Smart City” is understood as a futurecsgt for progressive cities. An increasing numbler o
Swiss and international cities are following thisnid, driving the process forward by strategicathghoring

the term Smart City through pilot projects and fiagdprogrammes. According to Smart City Switzerland
cities are described as smart “if they solve ttasks by means of a participatory approach invgharwide
range of stakeholders and using new technologiEs$g. aim is to connect infrastructural fields ofiaict
(energy, buildings, mobility, ICT) in such a way &s achieve lower overall energy and resource
consumption and a higher quality of life (Moseratt 2014). New business models and participatory
approaches are needed not only to meet the neetl® afesidents, but also to integrate them into the
development process of solutions through co-creatiy former study from ZHAW highlights the
importance of co-creation in a Smart City process identifies the need for information, sensitiaatand
activation of the public (Zwahlen et al., 2016)rtegpatory mechanisms allow citizens to take parthe
design, implementation, monitoring and evaluatibmpublic policy. According to Gassmann et al. (218
there is a need for designing new concepts conugraiecision-making processes including citizen
participation. Smart cities should not become gvegthnocratic and instrumental, but rather apphjcae
citizen-centric approach. Citizen participationfFigure 1 implied by the element “Smart Societyipsld be

an essential part of a Smart City strategy (Zwabtleal., 2016).
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Figure 1: Making the Smart City concept more citizentric by supplementing it with the "Smart Sogletlement (Zwahlen et al.,
2016)

For example, a more citizen-centric approach ha®itly been applied by Barcelona, as they “retjmitie
smart city and shift its creation and control avrayn private interests and the state toward grassraivic
movements and social innovation” (Cardullo et2019).

! https://www.local-energy.swiss/programme/smarg-cit
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One way to increase citizen participation as welthee interaction between the different stakehsldgian
open innovation platform. An innovation platformosiid enable public and private sector actors to
coordinate their activities and resources (Leelet2814). The Smart City Amsterdarprogramme, for
example, supports citizen participation throughramovation platform. This platform enables the pagan

to promote Smart City project ideas and find padrier their implementation. In Amsterdam, the faan

has already supported various bottom-up projeath s "Games for Cities", a program that explo@s h
games improve city-making, or "GridFriends", a pajfor sharing renewable energy between households

3.2 Virtual Reality, Gamification and Serious Gaming

Technological progress and innovation in VR techggl mean that VR is growing with unprecedented
speed and now, the technology is on the verge sSmadaptation. Today, it is possible to experidngh
quality and immersive experiences on affordablesaorer devices, taking traditional computing inteefa

to the next level (Anthes et al., 2016, Berg et2017). The possibilities with VR to visualize agaickly
adjust to environments through user feedback enaletter understanding of the design aspects for a
particular context and/or spatial perception ofrsiggiddicoat et al., 2019). Especially in the aoxitof
urban development, VR has been employed to pr@sepbsals in intuitive and interactive ways. It lelea

all stakeholders, such as policy makers, local canities, as well as urban planners, to experiemzke a
better understand the planned changes in an emwvinoinbefore the development takes place, and thus
enhances information sharing and consensus buittireyghout the planning process (Axford et alQ20
Engel et al.,, 2012). Studies show that the podyibdf VR to experience scenarios from different
perspectives has profound effects on the problewepéon of users. For example, a study on 3D ceplbf
news events showed that VR scenarios promote egnpathcan strongly influence and even change public
opinion on current issues (de la Pefia, 2010). Tir&R an emotional bond between audiences andcabje
can be established and this connection encouragms to search for additional information in ortier
contextualize what they have experienced in thesg&hario (Google News Lab, 2017).

According to Karl Kapp, the author of The Gamifioatof Learning and Instruction, “Gamification ising
game-based mechanics, aesthetics and game thittkieiggage people, motivate action, promote learning
and solve problems” (Kapp, 2012). Game thinking ajaime mechanics are two key concepts of
gamification. Game-based mechanics represent aspéet game that make it tempting to play. This can
include points, badges, levels, or any quantitadb@ing system. Game thinking can be characteazetie
interface and competition within a game. The blehdhese helps to immerse and motivate individtals
perform tasks in a desired manner in many sepapgtkcations.

Within a gamified concept, different elements hagdous effects upon the user. In a systematicevedf

25 studies, researchers counted the number of 8pmsfic game concepts were employed in each study
was found that the concepts of feedback (mentidiiedimes), challenges/goal-setting (15 times), aoci
sharing (11 times), and rewards (10 times) werartbst popular game elements utilized in studiesr(son,
2017). These four game elements share a commonigoedased interactivity and immersion. Compagativ
feedback, which involves knowledge of the perforoganf others, has been shown to be a helpful tool i
managing energy consumption (Siero, 1996). For gi@nit is possible through gamification to engage
people and to produce effective energy savinggenshort term (Wemyss et al., 2018). To achievgdon
lasting effects, repeated interventions are prgbahitable as demonstrated in a study by Allcotalet
(2014).

Serious games take gamification to a deeper IeMeéy can be defined as “any form of interactive
computer-based game software for one or multipdgeps to be used on any platform and that has been
developed with the intention to be more than eatement” (Ritterfeld, 2009). They aim to use the
entertainment value of games to influence learmativation (Charsky, 2010). The mission of theamgs

is to enable change in the real world, whetheeietucation on nutrition, energy awareness, ofroaiing.
Although their intentions aren’t as enticing adrtihecreational game counterparts, serious gamegehheir
success on the emulation of the popularity and ginganature of recreational games (Johnson, 2017).
Recent studies show that training with serious gassn be more effective to improve knowledge than
training with conventional methods (Sitzmann, 20H9Qwever, in order for serious games to be effecti

2 https://amsterdamsmartcity.com
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storytelling is needed. VR is redefining the rubesund narrative structure, character developneamd,
storytelling (Shin, 2018). VR storytelling aimsttdl a story that will stimulate emotions which it turn
influence action (Shin, 2018). Numerous studiesastitat narratives and thus storytelling technigaes
very important in VR applications. The results aftady indicate that the benefits of VR storiesreserpass
those of traditional storytelling (Shin, 2018).

All these concepts combined provide a means toraglish a serious game and educational tool witlg lon
term impacts.

4 USER-CENTERED DESIGN METHOD

In order to create the VR scenarios, a user-cahesign method is applied. This method, as repteden
Figure 2, involves users at the very last stagéhefprocess, where the impact of technology onsuiser
measured and the game design is iteratively adjuateording to user feedback. In a first step, the
objectives — e.g. transfer knowledge on energysasthinability topics and motivate users to endagaer
with these topics — are defined and the topicaugadi in the game are studied in depth. The ganigrdiss
then created and developed. This includes the sisady individual in-game elements, sketching tbarse

of the game, implementing game mechanics and ogedalifferent characters and a scoring system. The
game then undergoes a testing and evaluation @romesvhich the game is tested several times throug
playthroughs with uninvolved users. It is then ¢an8y adapted, improved and debugged until a final

version is released.

Research . :
& Analysis Evaluation

Figure 2: User-centered design method for VR gameldpment (own illustration)

The first game VEH aims to apply immersive stotiiigl and serious gaming methods to make topics such
as energy (the energy strategy 2050 in particaliad) sustainability more tangible for the publiceTdame
addresses adults and children from 12 years, with levels of difficulties. In a first step, thedcst
foundations were developed for these topics throdegk research. In particular, the local relevanas
taken into account (the VR game takes place irvitheal city of Winterthur). Four main topics weset in
Winterthur: renewable energy, mobility, waste rdicyr and education. In addition, topics were ineldd
that are associated with energy and sustainabilitgveryday life, such as the use of public transpo
sustainable nutrition or the use of heat pumps lasating system. A storyline was developed andtopuress
and answers for the quiz phrased. The game wagrdekiwith the Gaming Engine Unity®. First, a
storyboard was sketched, a script written, 360 eleggphotos taken and implemented together witt3the
model of Winterthur and other 3D assets used ingmae. The asset of Oscar, the owl, was designéd an
created as well as the scripts that drive the ainvorld. Sound was added, including the synchatita of
Oscar. In the evaluation phase, which was don@tiytly during the whole project, observation, teat®n
logs, surveys, and interviews were used to recesdgl reactions. Approximately six months afterjgcd
start, the game was released to be presented At pubnts. In addition, more tests were condudigd
surveying participants, identifying prominent aredgmprovement for further developments of the gam

The development of the second version of the gémeeVirtual Smart City Hero”, is strongly based tire
learnings from VEH. In this game, current and fat@8mart City elements — based on real Smart City
projects planned or realised for the city of Witltar — are visualized and designed as interactiaaly
possible in order for players to learn how they tanid on the possibilities of new technologies and
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participate in the Smart City transformation precd$he game will be developed analogously to tts¢ fine
and expected to be released in July 2019.

5 RESULTS

5.1 VR-Game Prototype “Virtual Energy Hero”
The VR game prototype VEH follows the storyline idégd in Figure 3.

Attic ° Hot Spots ° End Scene
2-3 Min

Balloon over
Winterthur

—

Figure 3: Storyline of the Virtual Energy Hero (ovlinstration)

Users begin in the attic of the main building ZHAWchnikum, where they are introduced to the talking
companion for their journey, Oscar the owl. Oscqula@ns the importance of the Energy Strategy 2850
Winterthur’'s progression towards becoming a 200Qat\8aciety. Afterwards, Oscar and the player sét ou
on an expedition in a hot air balloon. Next, thaygr sees a view of the city of Winterthur from tiag air
balloon, where they see several “hotspots”, as se€igure 4. These hotspots represent unique péattse
city, including amongst others the main statioMtfterthur and the main building of the ZHAW Schaodl
Engineering. The player then chooses a hotspotsatrdnsitioned to their selected spot which h&66-
degree view of the area for the player to expegeitie player will then be presented with questioased
on energy, sustainability and Smart City topicghvegiorrect answers rewarding two “energy pointsfteA
this scene, the player is taken to a single-familyse owned by a friend of Oscar. In order to hédfriend
and her family become more energy-friendly, theygids faced with more questions. For each, thegtmu
choose between three possible measures of impratefoe which they earn between one and three point
depending on the effectiveness of the measure @sanwtade will be shown visually in the player's
environment, e.g. replacing a gasoline car witkelaetric version. For the end scene, the playestigned

to the balloon over Winterthur, where Oscar pres¢ném with a certificate displaying their finalose,
indicating they have done a great job yet encongatiiem to continue learning.

T S et

Technixum g
» S e
] s

Figure 4: Left: Oscar, the owl, leads through theng. Right: The player selects a hotspot with arotiet. (Own illustration)
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The evaluation phase as well as later tests coedumnt demonstrating VEH at public events and sungey
participants allowed to understand the effect tame has on its user and to identify prominent afeas
improvement. By the end of 2018, the game has pksted by roughly 250 players and enthused youdg an
old (see Figure 5). During events, bystanders ctalldw the game on a screen. This ensured at l@ast
certain knowledge transfer to non-players and pewgire motivated to play the game themselves.

[ TR

Figure 5: Oldest and youngest player of the VEH

The positive perception of the game is confirmedubh surveys conducted at events. More than 90&teof
participants (n = 45) enjoyed the game and havatiemmething new. In addition, approximately omiect
(n = 45) stated that the game encouraged themg@germore with energy issues from now on.

Nevertheless, two main areas for improvement agatified. First, a compelling story is paramountatty
game, in order to induce a lasting impact on tleygi. Through interviews with a serious games dxper
(Sheldon, 2018) and a literature review, the stoeylvas quickly identified as an area for improvate
VEH. Next, the game mechanics are similar to tlidse2D quiz, leaving room for improvements to pdav

an even more appealing and immersive experiencen Eests and surveys, valuable knowledge on VEH
from a user experience standpoint was gained. Fagus) player immersion, educational value, and the
implementation of Smart City elements, this coltattof responses helped steer the further developofe
the game concept into an immersive, comprehensiok &iming to enable citizens to participate ie th
Smart City process.

5.2 New Game “Virtual Smart City Hero”

For the second game, whose development is currenthe design phase, a new storyline is being ldpeel
with new scenes to be implemented in the base mmisdf the VEH. These scenes will fully encompass
Smart City topics, embedded as mini-games in abdssld (see Figure 6) that will be attached to ftneal

hot air balloon. They allow for increased interatyi via a greater influence over the game envirentn
enhanced utilization of VR’s capabilities and maagiety in the game’s challenges. An overarchirenib

to the game concepts is optimizing knowledge temsf is important to have a profound effect oaygirs
during the short time they are playing the gamastifyg trivia questions will be removed or replaceith
motivating and effect-oriented questions. Introdgciproper game mechanics helps to streamline the
interactivity and general aesthetics of the gambilé\the two dimensional quiz format for the initgame
was appropriate, as it develops, the format hasnfwove concurrently to become more interactiver Fo
example, in one scene, the user will be placed miral residential area, surrounded by different
interactable objects and is asked to make the @satitat they believe carry the largest impact. Iijina
drawing relevant statistical data from the gamddgienany avenues to explore in the future. With the
inclusion of an extractable data system, this @aadzomplished. This feedback system will allowiayer
responses, answers to survey questions, and getadeafrom the game to be taken and utilized iressv
facets. User data, such as the scored pointstheifl be transferred to a web-based innovationgstatfin
this way, the player is motivated to interact vitie platform for the first time.
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Figure 6: Dashboard with mini-games in the Virt8atart City Hero (excerpt from the storyboard, ovumsiration)

6 CONCLUSION

More and more Swiss cities — on the search for wayseach citizens and increase participation — are
organising public events on the subject of sushiiityg and Smart Cities and asking for the VEH dtwd
sequel to be included in their programmes. Thegmes on various events organized by cities, conegaoi
universities and the many enthusiastic playershef YEH confirmed the potential of using VR to draw
attention to Smart City topics. The first surveh®w that the game VEH is also well received by etay
who were not previously interested in the topienérgy or sustainability. Motivated by game elermesich

as scores and rewards, people engaged activelthwitbame and the content. Therefore, it is exdethat

VR influences one's perception, learning, and egpee. Combined with serious gaming, behavior chang
can be amplified. In the further course of thisjgeg these effects will be investigated. To meadie
impact of the VR game, test persons will be quastivabout their attitudes towards the thematicaspd
Smart Cities before and after the VR experiencewéd@r, it has to be kept in mind that this projisct
addressing an emerging field of research, which rstieds to be further enhanced methodologically to
correctly evaluate its effectiveness, as well asutioover motivations for change and sustained ahang
(Kjeldskov et. al, 2012).

Aiming to create a long-lasting effect, after therg, the players will be encouraged to join a waket
innovation platform. There, they will be able tonceptualize and discuss new ideas and to partecipat
citizen-centred bottom-up initiatives. It is expattthat at least some of the players will be adcgdhis
platform in order to check their highscore from theme which will be transferred automatically. The
platform will be filled with motivating content fousers to inform themselves about selected Smayt Ci
topics. At the same time, users have the oppoptutaicommunicate and evaluate ideas, wishes oeq@®]
on this platform. By fostering collaborations wittdustry partners and other stakeholders, it ietqul that
promising and highly desired bottom-up projectsl Wié realized. After all, citizen participation shd
eventually take place outside the platform.
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