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Abstract

Cities across the world attempt to minimise the negative environmental ahmbingleffects of
increasing traffic volume and density. To this end, an increasing number of citeetakam to games
and gamified applications to motivate mobility behaviours with less adversésefBsing a novel
approach predominantly deployed on online platforms, a major challenge of tliaapm designing
systems to generate valid in-the-wild mobility behaviour data to asseassffhefiveness. Drawing on
experiences from an on-going development project of a gamified application tartmtingt
behaviour in York (UK) city centre, this paper discusses how a mobilefigdrajpplication driving
sustainable behaviours can be designed to quantify its impact. It providesmmendations on how
gamification design can allow for a measurable output on the levels of miftiglagted through in
game promotion of alternative modes of transport.
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Introduction

Gamification describes the use of game design elements in non-game contextdy tgpiogbrove
user experience and motivate desired user behaviours [1]. Games are systems purpodediai
engagement and enjoyment; gamification attempts to transfer their ‘active ingredients’ and design
principles to other systems to make these systems more engaging and enjoyableCasmueagtually,
this puts gamification between serious gamédll-fledged games for non-entertainment purposes [2]
—, and persuasive technologycomputing systems designed to drive desired behaviours and attitudes
[3]. Emerging around 2010 as a new information technology trend, gamification hamasge
growth in both industry and research [4], by one estimate poised to become a 2.8nlu$E$ in
2016 [5]. Implementations and research abound across sectors, from education, procheszikfity
and wellbeing to retail, marketing, and sustainability [6].

Mobility has been a particularly rich field of gamified applications, usuallymoraove health and
wellbeing and reduce environmental impact by encouraging people to change their mobility
behaviours and decisions. An early influential example is Chromaroma [7hdohdased game that
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used people’s Oyster card and Barclay’s Cycle Hire data to encourage them to use public transport
off-peak and get off early and walk or bike. Another group of early and coraramnples are in-car
ecadashboards that measure and reward energy-efficient driving, such as the Honda & dotog
Assist System [8] [9]. Another category of implementations centres on impritn@rig-transport user
experience, such as the Volkswagen/Google SmileDrive app [10] [11]. Numerous ganufidd m
applications have now been developed to offer a more engaging experience for petbeststn
traversing destinations [12].

Still, research on gamification in general and gamifying mobility beheviou particular is in its
infancy, with conflicting evidence as to its efficacy and a lack of well-desigvaluation studies [4].
A major promise of gamification is automatic and comprehensive user behavidimgranabling
easy impact assessment and iterative, data-driven design [6]. However, tHis holda for online
environments like question-and-answer platforms where the targeted real-worldelsafiour
coincides with user input in the gamified software system. In the case oftynbbHiaviours, targeted
real-world behaviours are rarely and not automatically in-application behavithasging travel
routes, switching from car to bus or choosing train over car transport, etc. Hpmoiication
designers are tasked to devise means to track and quantify these behavioursubiag tine sensing
capacities of the used technological infrastructure, be it by encouragingaisepdicitly or explicitly
self-report behaviour changes.

In response to this challenge, in this paper, we present design recommendations ahnalangase
study of the orpoing InnovateUK project ‘GAMification for Better living in the cities by Influencing
Tourist behaviour (GAMBIT)’, which develops an application that motivates tourists in York city
centre to change their mode of transportation. We will first provide bawaikdron the project itself,
the city of York, its current mobility challenges, and the overall design ofpplkcation. We then
outline how the application’s design drives modal shifts and tracks behaviour. Finally, we will draw

out design recommendations for future projects of a similar kind.

Case Sudy

The project presented here sits at the intersection of mobility gatificfor enhancing the user
experience and driving desired behaviours, particularly channelling touriss. flowearly 2015,
InnovateUK put out theompetition call ‘Urban Living: Integrated Products and Services’. It called

for start-up projects that would benefit cities and integrate products asiligerice from several
sources. The consortium put forward the concept of a game, which answered the call by integrating 3D
models, Open data and traffic data into the application. This offered usémsicuative way to
navigate through York city centre and allowed York organisations to promote themselves.

The projectis targeted toward¥ork’s 6.7 million annual visitors to York City Centre, with younger
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visitors as the target age range for the application. Within York, thetdfi Quarter is the initial scope
of the game, the area holdmny of York’s attractions such as the Minster and Stonegate, Figure 1
Whilst the initial target area is relatively small, it is particulaffected by adverse tourism effects
like footfall congestion, and also servesaat®st site, which if successful could be expanded to the
whole of York, then transferred to other cities.

The Minster
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Figurel-York Minster Quarter Trial Map ©Visit York

The developed game would aim to promote behaviour change for users, with iaéewsdking
routes, modes and attractions being promoted and incentivised through the bameantification
would take place on the effect of the application and whether it had influenced siifiabr
improved air quality in the area.

The City of York

The historic city of York has developed in size over the centuries due tenédidal position for

transport. Originally a river port for the Rivers Ouse and Foss in/dle of York, it has been a
significant rail hub since the introduction of railways to the city in 1839dtnélto the National Rail
Museum and boasting sub two hour train journeys to London, York has retainaithiéy heritage.

Current transport developments in the City have seen the introduction of a Parkdansy&em,

which has expanded from one site in 1990 to now six sites around the city.

Due to itsgood transport links and wealth of attractions, York has developed into a majot touris
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destination with over 6.7 million visitors per year, compared to only 200,000 pertmasilents. Of
those tourists visiting the city centre, 96% were based in the[13K Tourists from the areas
surrounding York, make up the majority of visitors, 27% of the totatovisicoming from the
Yorkshire and Humber region. Yorkshire, visitors have several modal choictgfiojourney. The
large number of local visitors, results in the majority, 79%, of toubisisg day-trippers to the city.
Visitors travelling from further afield often have to stay overnighthuadnger distance journeys often
being limited in modal choice, with train and car being the only realigitions to accessing York
City Centre.

Mainroads Anerboat pickeup polnts. Jekle
Seswictad vahich azcess Tollezs

Visitor loteomaston Cones ] Park& e

Fiace of intorest m Fartac oy of ork Cowed
House

Gty wal

Figure 2 —Vehiclerestrictionsin York City Centre ©VisitYork

York suffers from similar transport probleras many other cities around the United Kingdom and
Europe: high levels of congestion and poor air quality. The walled City €€botds many narrow,
cobbled streets which are pedestrianised between 10.30am and 5pm daily and also closed i cyclists
these hours, indicated purple in Figure 2. Despite these vehicle restrictionityt@er@re still suffers

from high footfall congestion, especially during peak tourist season. Parijcaffatted by footfall
congestion is the Minster Quarter, a largely pedestrianised area holding main tourisbratracti

The gamified application

To reduce the burden of footfall congestion, improve air quality, but also to enhan@riken t
experience and promote local retail and attractions not located on the niasthwaugh the Minster
Quarter, the Consortium decided to develop a gamified mobile applicatioringrgetinger visitors
but with no targeted age group, the rationale being that this is that younges \isidwrk are more
likely to be engaged with a game than older visitors. While the detailed dasign is still in
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development, the overarching concept isnrke use of York’s rich historical heritage and set up
ghost hunt scenario: through an in-application 3D map, using smartphone locationgtraicé
camera capacities, players can track down, hunt, and encounter ghosts of the city’s past and interact
with their avatars overlayed onto the 3D city model and camera footage. Additifmmadation about
the city and its historical locations can also be accessed through the app,taatapaourist and
retail destinations can be highlighted and connected to virtual rewards or discounts.

Motivating modal shift through game design

There arewo major ways in which the application’s design encourages model shifts in users’ mobility
behaviours. First, the application is designed to offer an engaging pedestrian expdrzartibe
properly played with in a car or bus. In comparison, the application makesilth&h(st) pedestrian
option more appealing by foregrounding interesting tourism destinations to aduttgring it into
enjoyable gameplay for children. By promoting the application online and at tketrsor station,
users are encouraged to download and open it before making the decision which mankpofttto

use to access the Minster Quartesind thus, become more likely to choose the comparatively more
appealing pedestrian option.

Second, the application lays out ghosts and the trails along which they have to be chaskd throug
pedestrian city routes off the main route leading directly from York tstation to the Minster,
distributing footfall more equally across roads to reduce congestion and rivieealso exposing
tourists to tourism destinations they would not automatically discoubeyf follow the main route
through the city.

In-game design to assist with tracking of modal shift

A series of methodologies can be adopted within the games design, to allibivioftwe capable of
quantifying sustainability and determining whether the application had influence overshifdarthe
developed game will not have full market penetration, therefore the rdsatltisome from the game
need to be considered a sample of the population.

Obtaining Origin-Destination Points

Through in-game determinatiost a user’s game ‘start point’, by geolocation or survey, and the
assumption that the City Centre is the end point of the journey; an Origin-Desti(@D) matrix can

be compiled of the games users. The developed application can be used to detenmast
populous routes taken through the game. Therefore by using measuring variatioaily teaffic

count data, provided by Local Transport Authorities (LTA), on specific route, and compartraffibe

count to the journey times generated through the games outputs, the true influence can be quantified.

The determination of the&zame time’, the time taken for a user to reach the city centre from origin,
comparison can take place against route journey times known by the LTA. This companmismn ca
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used to determine the validity of the results with route anomaly's beingghigddiat this stage. The
data would be used to measure the differences of journey times of particular rautks @ity, which
can be used as an indicator of modal shift and congestion arterial roads to the city.

In-application surveys

On the game’s start-up astated choice survey would allow for the game to act as a survey module,
with the pre-use preferences of users being compared to the actual movements undettekeardry
Whilst acting in the form of a survey, the gamification principles wouldthiseajuestions to tell the
story of using the game. Questions sash‘What mode did you travel into York the last time you
visited?’, and ‘What mode are you planning to use today?’ would enable quantification to take place

on the games ability to promote modal shift.

After the game has been used a follow-up stated choice survey would revaefllthvece of the game
and allow a measure on modal shift through the game. Alternativelyptili loe carried out through
revealed-choice survey, ancking the user’s movements. This would therefore provide a measurable
against the stated-choice survey results taken pre-use too see whether a modal shiénhglade

based on the user’s original opinions.

Incentivising travel options

The incentivisation of alternative travel modes can be used to influence hehavibalso allow for

the sustainability and modal shift of the application to be determined. The ¥wesentiuld involve

reduced fares on an alternative mode of transport or reduced prices of goods/ admissiomengityin t
centre. The quantification would come through measuring the difference in usership miliic
transport before and after the application. The game would determine activipublic transport

through interaction with the mode, using technology such as QR codes. The data generated through the
game would be used to determine patterns the usership levels and quantify wWieth@me had
influence over the fluctuations in usership levels.

Recommendations

Defining modal shift

Providing a definition of modal shift in the context of the project is es$emtian planning on
methods to measure it. The GAMBIT project, looked to measure sustainabilitynedal shift acting

as an indicator. Therefore, promotion of ‘green’ alternatives was seen as a key policy for the games
attempt to promote sustainability. It is also vital to identify who is beirggeted by the modal shift, as

the measures are unlikely, in the short-term to produce city wide reSaitshe GAMBIT project
modal shift will be measured by the decrease in percentage of visitors usag mehicle to visit

York city centre, but an increase in Park and Ride usage and a smaller increase in other forlies of pub
transport.
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To assess modal shift, pre-existing data on modal patterns is essemtiab&uring the impact of the
measures introduced through the game. Journey to work census data, which is cikatlle agan
provide an overview of the modal choices of citizens getting to a city. Howkther, games targeted
audience are not commuters, the data does not provide a realistic overvibes mibdal share
situation. The GAMBIT project benefits from Visit York and their publicatidriourist surveys that
they undertake, this allow for a true baseline model of tourists behaviobe developed. The
acquisition of a reliable pre-game modal split dataset for the target audéerssential for the
measurement to be undertaken.

Use of the cities resources

The nature of gamification applications is that they are not designed to be end to endgtaumess,
the high levels of graphics and download speed required mean that other productsieatibapre
better suited to perform this function. To promote modal shift requires integration between the ‘game’

and the cities existing travel planners.

Early engagement with local authorities and organisations with an interest intimgpmodal shift is
essential for in game modal shift to be successful. Existing local poli@e®png modal shift and
more sustainable travel options should be introduced into the game. For GAMBIT, Th& rémed
application offers route planning options to users, and its integrationhimtdeveloped is vital for
successful integration. The integration of this service within the game (andeviaethe game being
advertised on the iTravel York’s website) allows for existing transport planning applications to be

utilised and allow the ‘game’ to focus on functionality previous not provided through journey planners.

Within York, the Park and Ride (P&R) facilities provide an ideal oppostifoit the game to target a
more sustainable approach to journeys into the city centre. By targetingsh@apular parking sites
it would allow for the games ‘story’ to start on the journey into York City Centre. The application
could incentivise the P&R, the application could tell if the P&R was beingthsedgh QR codes or
location. In other cities, where there is a prominent sustainable transpogssadius rapid transit or
metro, this could besed in similar fashion as York’s P&R.

Competition

Promoting a level of competition within the game is an easy way for engaged useve tio sichieve
greater results through the application. Intelligent Health have developad! dased game called
‘Beat the Street’ that uses gamification techniques to promote healthier activities such asgvaikih
citizens movements being tracked by card readers deployed around the game area. Théonompetit
element shows the distance walked by all of the users, with in gameivasefdr the winners.
Intelligent Health have shown that in areas where the game has been deployegd8pbeofise their

car less [14]. This shows that through completion a shift away from motor vehiclee eahieved.

The GAMBIT developed application will use in-game multiplayer competition to further engage user
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promoting users to visit certain destinations and travel modes.

Game entry points

Whilst the ‘game’ element of the application may only commence within the confines of the city
certre, it is vital that the game starts outside of the cityreetd allow for a modal shift to be
encouragedGame entry points can be seen to be either ‘virtual” or ‘real’, with a combination required
for successful games. Virtual entry points, are through external promotidre @fame, such as a
tourist board website and allow a user to engage with the game outside of ésebgamdaries. Real
entry points, such as Park and Ride sites, start the games story for dévd@oesntering the city. One
of the key differences between a game and an app is that the ‘game’ can be played without travelling
into the games area, through the ‘virtual® entry points. These game plays outside the city centre would
encourage alternative more sustainable modes of transport to be used when the jolmaeytyo t
centre takes place.

In areas, such as York’s Minster Quarter, where there are limited roads and which is largely
pedestrianised, there is no ability to quantify modal shift simply by analylséngffects on footfall.
Therefore, ensuring suitable ‘real’ entry points for the games users outside the city limits is vital.
Marketing and promotion of the ‘virtual’ entry points, will allow for the early engagement with the

game prior to making a modal decision.

Output data availability

The availability of data through the application is vital for quantificatiotake place. An application
which does not captukeuser’s information allows for little information to be outputted, and therefore
limits the quantification that can take place. In game tracking wfeds movements allows for a
revealed preference survey to be carried out on a user’s movements, and allows for a comparison

against the stated preference answers provided in a start-up or end-game survey.

Output location data can also allow for analysis to be carried out on the effectiveness of the game’s
ahility to influence behaviour. With the game providing alternate routes to adjust the user’s behaviour,

the effectiveness of altering the decision making process can be assessedth@/itirk GAMBIT
project, this is being undertaken through differing game scenarios with diffegdsed routes and
destinations being proposed based on the users choices. Anonymous, time-stamped, locaton data
players using the game will be compared to similar data from volunteer tourrggsausiank version

of the app with no game interface. If behaviour change has been caused by tloaamdf the app

a significant difference in movement will be seen, providing evidencetibajame has influenced
tourist behaviour and can therefore be seen to promote modal shift.

Marketing
The promotion of the developed game used to promote modal shift is vital to ensusacdinglh
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market penetration is achieved in order for a significant sample size efisisahieved for analysis
Marketing also allows for the ‘virtual’ game entry points to be discovered by users prior to beginning
their journey to the games area. Marketing companies are increasing usifigagiam as a way to
engage users, but the nature that the game is marketed will affect the overtadineffaadience of the
game. For the York based GAMBIT project, Science City York and Visk ¥oe vital partners in the
project in ensuring that theame is marketed well. Promotion of the game on tourist board’s website
will enable potential users to download and begin the game prior to arriving in York.

Expected outcomes

With the GAMBIT project still being its relevant infancy the outcomes of the proaet yet to be

determined, but expected outcomes can be proposed. With the alpha release of the developed game not
due until late 2016. Due to the scale and the nature of the game developed in during the York based
GAMBIT project all the recommendations set out within this document are unlikely to be met for
methods for measuring and motivating modal shift through the application.

The game is expected to show, that on a small scale that the gamification techniques do have influence
on the mobility of users. Therefore a modal shift is expected to be able to be determined fofr user

the application. The city wide effect of the application would not be clear through the apploazei

to the levels of penetration, however, by using the games users as a sample of the cities population, th
overall effect of the application could be assumed.

Conclusion

Gamification within certain aspects of mobility is not a new conceptetiemthe influence that it can
have on modal shift have yet to be fully determined. With the markettlyrofwgamification set to
reach $11.1 billion by 2020 [15], the growth is set to be exponential, thereforersmalbility needs
to adapt in order to harness this new way of behaviour modification. Working totlar&siropean
target 2020 [16] and the ambition for 20% reduced emissions, developing a poputaii@gement
with in sustainability projects and promoting shift through gamificatiohrigcies could harness a
new generation of mobility users to ensure an increase in more sustainable modes of transport.

The ‘GAMification for Better living in the cities by Influencing Tourist behaviour (GAMBIT)’ project
is part funded by InnovateUK.
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