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Abstract

This paper presents a study on urban data crowdsourcing driven by Geo-Zombie, a
multimedia mobile application we designed and developed to engage pedestrians in taking
note of urban architectural impediments and facilities by documenting them through pictures
and multimedia data. Geo-Zombie aims at transforming the civic activity of contributing into
a virtual gamified experience where players attempt to escape from horrific situations in
which zombies are ready to cannibalize unsuspecting walkers. In some sense, walkers that
kill zombies deeply reconnect with the concept of imminent danger which can be fought
resorting to appropriate civic actions. To challenge our initial hypotheses we conducted a
design process, starting with a concept generation where three different concepts were
discussed which gave rise to five different multimedia mobile apps including the one with
zombies. Then, focus group, experience prototyping, application design and implementation,
and finally field trials were exploited to refine the design and to select the best apps out of the
five that better responded to the need of involving common people in collecting urban
accessibility data. It is worth noting that the experiences of use with 50 avid walkers have
demonstrated that a multimedia mobile app with maps and zombies can be a concrete step
towards a social inclusion strategy while inviting new reflections and discussions on the issue
of urban data crowdsourcing.

Keywords: urban accessibility, crowdsourcing, social inclusion, gamification, multimedia
mobile app
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1. Introduction

Since 1968, with the debut of the Romero’s movie Night of the Living Dead [46], until the
present days with AMC’s The Walking Dead, one of the highest rated shows in the cable
television history [10], zombies have raised our attention on how humans “react or fail to
react, or react stupidly” to societal apocalyptic events [47]. In the decades since, according to
Romero’s vision, zombies have become a privileged tool of interpretation of our
contemporary society, as their analysis poses many fundamental questions regarding the
human condition and people’s overall concerns and fears about modern consumerism [39].
With this in view, an interesting issue emerged in the zombies film literature: the horrific
nature of the undead creatures and humans’ behavior sadly intersect, as humans often behave
selfishly, ready to turn on one another and unable to help others [39]. “The humans are the
ones I dislike the most, and they're where the trouble really lies” emphasizes G. A. Romero
[48], revealing one of the lessons that the zombies metaphor seems to teach us: on the eve of
an apocalypse the only behaviors that can save mankind are those based on collaboration.
Collaboration and cooperation are posed as the only acts of cultural and civic engagement
that may preserve our community [20]. Social recruiting proliferates hence in the zombie
genre as a unique medium to defend an impoverished world from the zombie apocalypse
[29].

Setting the zombie phenomenon apart for a while, in recent years we have seen the
emergence of a myriad of software applications exploiting geographical maps and spatial
representations to provide support to the different driving, biking, running and walking
activities. These applications typically leverage on Geographical Information Systems (GIS)
data and algorithmically produce paths and routes that humans avidly consume, with the
presupposition that those maps will lead them to their destination, through a planned and
precise sequence of steps, usually in the shortest possible time. Unfortunately, the aim for
efficiency, speed and control, which is at the basis of the use of all this computational
cartography, does not always fit squarely with the physical condition of a vast portion of
people characterized by special needs and different abilities. In their attempt to find the
shortest route to a given destination, in fact, these automatic procedures often lead people
with inabilities to follow a given disconnected path, therefore determining a modern and
algorithmic form of social segregation. Think of Google Maps [19], for example. This service
gives route information for both cars and pedestrians, but fails to provide any indication

concerning the accessibility of the paths it suggests, as no digital data refers to this aspect,



thus impeding to algorithms to consider accessibility for people with impairments [34].
Engaging somebody to take note of architectural impediments by documenting through
pictures a number of non-accessible curbs, as well as recording blind audible traffic signals of
as many intersections as possible, would be a first move towards reconciling people with
disabilities with the algorithmic world they inhabit (see e.g. [22,42,45]).

Drawing on studies on the role of playful elements placed at the service of our society and
culture (see e.g. [13,32,45] and algorithmic living (see e.g. [12,31,49]), we designed and
developed a multimedia GIS-enabled social tool for engaging pedestrians in documenting
architectural barriers, called Geo-Zombie. Geo-Zombie is a multimedia mobile application
that transforms the civic activity of mapping urban impediments into the attempt to escape
from horrible situations where zombies are ready to cannibalize unsuspecting walkers.
Through their smart phones, in fact, walkers label the surrounding environment signaling the
presence of architectural barriers. Then, these data, integrated with the GPS coordinates of
their smart phones, are sent to a remote server that continuously updates a digital map with
city accessibility information. As soon as walkers report on a given architectural barrier (or a
facility), game points are acquired and used to fire super-bouncy bullets that eliminate all
zombies that suddenly appear while using the app. Granted as a reward to walkers,
ammunitions to contrast zombies take on an apotropaic value. Walkers who kill zombies, in
fact, deeply connect with the concept of imminent danger, which can be fought resorting to
appropriate civic actions. Reporting on urban impediments here becomes the way walkers
protect against evil and deflect its harmful influences. The human attitude of resignation in
the face of the many natural impediments with which the world is filled is then overwhelmed
by the simplicity through which zombies are supposed to be eliminated. Thereby, fighting
zombies becomes an allegory that represents the efforts human beings should undertake to
alleviate the conditions of those who have been relegated to the fringe of our society.

Not new to the HCI and multimedia literature is the attention to the relations between GIS-
enabled computerized navigations and socio-political human practices. There has been also
much discussion on the role that creative engagement and improvisation can play to break the
rigidity of GIS-routing algorithms. Recently Daniela Rosner, whose work has been a source
of our inspiration, has positioned maps as digital media to be altered and manipulated by-
hand to understand the subtle implications of algorithms as they move into social systems and
daily life [50]. Only a few researchers, nonetheless, have tried to discuss on how many
embodied social relations remain hidden under the surface of data generated by conventional

mapping software. These social relations would be instead vital for all those people who live
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with activity limitations and participation restrictions. With Geo-Zombie we devise a new
form of public participation in favor of people with disabilities, going beyond the traditional
concept of engagement through entertainment. While laid-back fun “in fact” is often what
people want in exchange for social commitment, we aim to transform the zombie apocalypse
in an opportunity for people without disabilities to empathize with the condition of social
exclusion suffered by disabled persons [29]. In doing so, we contribute with a study of digital
participation through identification in a disadvantaged condition to a growing body of HCI
and multimedia research on social inclusion where the idea is that even a selfish use of the
technology, in order to achieve personal objectives or to personal entertainment, can be
rerouted to let an altruistic purpose emerge (see e.g. [16,37,55]).

During field trials with fifty people (without disabilities) across Madeira (Portugal) and
Cesena (Italy) Geo-Zombie encountered mixed reactions. On the one hand, some of the
participants indicated they felt comfortable to extend their daily walking routines while
providing a civic service, in some sense confirming, after Csikszentmihalyi, the vision
according to which those activities are able to provoke a “mental state of operation in which
a person performing an activity is fully immersed in a feeling of energized focus, full
involvement, and enjoyment in the process of the activity” [8]. Others added that they had
appreciated the nature of Geo-Zombie as resilient to a pure egoistic use. Finally, some other
participants acknowledged that the activity of reporting on the presence of urban barriers and
facilities had turned the everyday walking experience into an opportunity to augment their
personal awareness of the surrounding environment. On the other hand, nonetheless, some
people admitted to have experienced Geo-Zombie as deeply worrisome, due to the sense of
impending disaster hanging over them on their usually relaxing walk. Many also indicated
that Geo-Zombie in some sense prompted them to explore zones they did not want to travel,
thus intensifying a sense of public obligation they refused. We used the contrasting feelings
of the people we studied to understand potentials and limits of the forms of engagement Geo-
Zombie makes possible in an effort to reroute personal resources toward an altruistic use.
More generally all the discussion that follows in this paper documents an attempt to validate
our conjecture around the shape that multimedia tools like Geo-Zombie can give to
volunteering, civic services and social inclusion in the age of algorithms. Concept generation
and discussion, focus group, experience prototyping, application design and implementation,
and field trials (all discussed in the remainder of the paper) represent the different stages we
passed to challenge our initial hypotheses and through which we would like to invite new

reflections - and reactions in the HCI community.
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The work that is here presented significantly extends preliminary studies [43, 51]
providing a detailed discussion on the design process and on the results achieved while
investigating the concept of fighting exclusion through a multimedia application.

The reminder of this paper is organized as follows. Section 2 presents a background on: 1)
maps and algorithmic life, ii) urban data crowdsourcing, and iii) gamification as a strategy to
motivate contributors. Section 3 provides details about the design and implementation
processes we carried out, including: a) a concept generation phase where five mobile
multimedia apps were proposed, b) a focus group that allowed us to select the two most
suitable ones, and c) an experience prototyping phase where some users had experienced with
the two selected multimedia mobile applications with the aim of refining them. In Section 4,
field trials conducted with 50 users to contrast the two multimedia mobile apps mentioned
before against a basic app, that requires users to collect data about the urban environment
while providing no fun, are discussed, yielding both qualitative and quantitative results.

Section 5 concludes the paper.

2. Related work

One of the most notable visions about maps posits them as apparently unbiased objects
that instead represent a subjective point of view [27], and often also a mean for serving
interests [27,62]. Maps can work “for me, for you and for us”, becoming mechanisms for
classifying purposes: “every map serves a purpose, every map advances an interest” [62]. For
this reason, “all maps are selective”, essentially amounting to “a purposeful selection from
everything that is known”, maintains Denis Wood, artist and cartographer [62]. In this
perspective, it has been a long way before we have seen maps becoming an instrument for
social inclusion. Since they work for a given purpose, only a targeted and privileged
community usually benefits from them. Think, for example, of the use of maps to visualize
crimes that deter people from visiting given neighborhoods [7], hence helping segregate
specific parts of population, as pointed out in [50]. This utilitarian politics and practice of
map-making has obviously resurfaced from traditional cartography into modern GIS-based
multimedia tools, where only rarely the concept of social inclusivity represents an issue
worthy of consideration. Nonetheless, in opposition to a plethora of conventional mapping
software tools that build on Google Maps to provide various forms of fast, destination-
oriented, pre-configured paths, recently some HCI authors have tried to rescue the emotional,

cultural and symbolic values underlying digital cartography. Daniela Rosner and coauthors,



for example, have shown that transforming hand-drawn digital sketches into walking paths,
through the support of GIS routing algorithms, may open new possibilities for extending the
work of mapping towards the notions of improvisation, creative engagement and autonomy
[50]. Along a similar itinerary, Daniele Quercia and coworkers have integrated the
crowdsourced dimension of beauty with a mobile mapping service that returns to customers
routes that are not only fast and short, but also “emotionally pleasant” [44]. Our opinion is
that, among others, one of the main merits of the approaches falling in this category is the
fact that walkers become exposed to a sort of beneficial paradox: the longer they are engaged
with experiences of emotional wandering using digital maps, the more they become
surprisingly aware of the urban physical spaces surrounding them. A form of urban
sensibleness comes with disorientation and surprise.

Less evocative in sense and imagination, more practical in use, several other multimedia
software tools have been proposed in current years that rest on algorithms and GIS to
compute routes that are tailored to specific personal characteristics and abilities. For those
interested in speed, for instance, dozens of systems like WalkJogRun exist that offer
personalized routes, facilitating training activities to frequent walkers and runners [57]. More
notably, a civic sense of responsibility pervades those systems such as OpenTripPlanner [35]
and Wheelmap [58]. The former allows to plan a multimodal trip (transit, bike and walking)
in the Tampa area (Florida, US), also permitting to customers to search for wheelchairs
accessible paths (if any). The latter is an online map that allows mobility-impaired users to
search and find wheelchair accessible places throughout the world, as a result of the
contributions that everyone can provide by marking (as either accessible or not) public
places, like bars, restaurants, theaters and markets. These exemplar projects essentially follow
on the heels of a wealth of digital approaches that try to solve community accessibility issues
through crowdsourcing (see e.g. [33,36]). Interestingly, some of the more recent
crowdsourcing initiatives in support of urban accessibility are backed by crowdworkers that
contribute data in exchange of an economic compensation, typically using Amazon
Mechanical Turk (see e.g. [23,24]). Unfortunately and paradoxically, although crowdsourcing
is to be considered a powerful tool to fetch millions of data, it has been still difficult to reach
a critical mass of data contributions of good quality in this specific field, as witnessed in
many official reports [15].

A prominent role in this field is played by the concept of culture of participation. Culture
of participation is typically intended as an inquiry to the participants to take more active roles

within a given, already existing community. This can be done for either psychological well-
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being, or social integration or self-recognition or even a better credibility. Relevant are those
recent studies maintaining that through this kind of culture “people have the opportunity to
actively participate in personally meaningful problems in ways and at levels that they are
motivated to do so” [17, 18].

Specifically, two different ingredients should be mixed together in the exact strength and
dosage to establish a culture of participation: social creativity and richer ecologies of
participation. With social creativity many authors intend that a wide range of participated
contributions should be considered with the aim of solving a problem, that in nature comes
from the interaction among people. Moreover, integral to this definition is the idea that
hardware and software artifacts should be shared among those who contribute. The effect of
all this is amplified if a richer ecology of participation is obtained through different levels of
contributions that several persons can provide, each with its own role [4].

All this said, it is clear that a right mix of the concepts of social creativity and richer
ecology of participation suggest a path at the end of which the goal of mapping the urban
accessibility can be better achieved, through the activities, abilities and behaviors of different
users, who have a different perspective while sharing a common purpose. People with
disabilities and impairments, common walkers, municipal employees and others could hence
provide a variety of accessibility data whose usefulness would be of great value if they all
could appropriate such a culture.

Nonetheless, the issue of how to motivate those people remains partly unsolved. In fact,
here we come with the key problem: Can the idea of linking access for disabled people with
an explicit form of civic contribution actually work, if this contribution is to be provided
(without any monetary reward) by the community of those who do not suffer any kind of
impairment? What can digital tools do to facilitate free crowdsourcing of urban accessibility
data, in the wider perspective of a culture of participation? What are the limits and potentials
of civic recruitment through such modern technological developments as multimedia mobile
apps and GIS-based technologies?

Along this line, the question of how to operationalize the use of interactive multimedia
software tools in order to enlarge the community of those who can provide a contribution
found an interesting answer in the practice of gamification. This concept has been widely
investigated during the last decade (see e.g. [14,20,52]). It has been defined as exploiting
“those features of an interactive system that aim to motivate and engage end-users through
the use of game elements and mechanics” [52]. As such, gamification has been extensively

exploited in a variety of different contexts, as it performs as either an intrinsic (i.e., altruistic)
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or an extrinsic mechanism that motivates people to do something. With extrinsic motivations,
it is again intended that people that provide contributions are driven by an external separable
outcome, ranging from an economic profit or an increase of reputation to effects of
reciprocity or simply fun [25]. While gamification experts concur that both kinds of
motivation are essential to gamification, it is desirable to rest upon intrinsic motivations
whenever possible, because there are conditions under which if extrinsic motivations are
added to an activity that already has an intrinsic motivation it can become demotivating. This
is called “undermining effect” [11] and it is expected to happen, under some conditions,
because rewards push people to engage in an activity for the sake of the reward rather than
for the genuine enjoyment of the activity itself [59].

Indeed, our studies on gamification have revealed that one of the most tedious arguments
in this field is that of intrinsic versus extrinsic motivations; rather it is more relevant to
underline the fact that while some games exist that provide entertainment in exchange of
human contribution, they all fall in the category of digital (i.e., Web) accessibility (see e.g.
[55,56]). In sum, to the best of our knowledge, no gamification technique has been exploited
to date in order to effectively crowdsource accessibility data for physical spaces.

Our Geo-Zombie project has therefore emerged from the need to examine how gamified
multimedia GIS-based tools can be put to good use to improve data crowdsourcing for urban
access. In doing so, we have built on the works about human engagement of Mihaly
Csikszentmihalyi, Lucy Suchman, Susan Leigh Star and Bruno Latour. From the
Csikszentmihalyi’s vision of flow as an optimal state of intrinsic motivation for human
commitment we have drawn the idea that “routine details can be transformed into personally
meaningful games that provide optimal experiences” [9]. Hence our decision to motivate the
practice of walking with game playing, as an act of personal cultural appropriation, also
considering that “walking is the most trivial activity imaginable, yet it can be profoundly
enjoyable if a person sets goals and takes control of the process” [9]. Inspired by the notion
of invisible work described by both Suchman and Leigh Star, we have then tried to reframe
the concept/metaphor at the basis of our game as an attempt to fight the stereotype according
to which within a map drawn for some purpose “the interests involved in the work of map-
making and map-using are effectively obscured” [53]. Instead, with Geo-Zombie any
disinterested and altruistic activity of contribution clearly surfaces as the result of a process of
personal identification with a disadvantaged situation from which to escape (that is the fear of
zombies and the need to combat them). On this view, each map in Geo-Zombie becomes a

reimagined place, both digital and material, where a singular phenomenon occurs. While the
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interests of the two communities of map-makers (normally abled people) and map-users
(differently abled people) are reconciled, each single contributor has an opportunity to reflect
on the ambivalent nature of her/his condition. In this sense, the value of a situated action
taken in favor of the fragility of the humankind (fighting against zombies/signaling a urban
barrier) takes the place of the well acknowledged hedonic valence of a horrific experience
(see e.g. [1, 5]). In sum, with the design of Geo-Zombie we have used all the concerns that
derive from the Latour’s intuition that certain values and political goals can be achieved
through the construction and employment of given technologies to re-examine, and also to
question, the mode through which gamified multimedia GIS technologies can shape the
experience of contributing [30]. In the sections that follow all the phases of the development
of Geo-Zombie are discussed while emphasizing the tensions, relevant to the HCI research,

which underlie the different design decisions we made.

3. Fighting exclusion: the design process

Our design team sought to investigate this concept of fighting exclusion through a
multimedia GIS-enabled social tool, engaging walkers in mapping architectural barriers. Our
intent was to understand if our intuition to exploit zombies genre as an apotropaic medium in
improving civic engagement can emerge from different multimedia mobile apps ideations.
We wanted to test if our conceptualization of fighting exclusion by mean of a pervasive use
of zombies and maps could become a concrete step towards social inclusion. Students,
researchers and professors took an active role in the design process as explained in the

following.

3.1.Concept generation

We started the design process with a concept generation session recruiting 13 international
students from the Master in Human-Computer Interaction (8) and the Master of
Entertainment Technology (5) within the Carnegie Mellon — Madeira University International
Program. This was motivated by the fact that the typical group of users targeted for the
applications of interest is intended to be that of young adults. In fact, our idea is that it is
more likely that youngsters wander about the city and discover new paths with their
barriers/facilities.

We began by illustrating our goal of mapping urban accessibility via crowdsourcing and

crowdsensing with the aim of providing multimedia inclusive paths and services. Secondly,



we shared our concern about the effectiveness of the system due to the dimension and the
characteristics of the community of users. The use of entertainment elements appeared as the
obvious solution to enlarge the community interested in collecting data about urban
accessibility. Based on insights we gathered from this design session, we developed the

following three design concepts related to motivation, movement and community.

. Motivation through Aesthetics: from discovery to fear. The discussion highlighted
the need to explore aesthetics in game as an engagement tool [26]. In fact, aesthetic
components are what make the experience pleasurable: the power of these
components is in the intrinsic motivation that the experience recalls in the player.
They were: discovery (game as uncharted “territory”); pastime vs challenges, and
feelings (including fair). Mark argued that “civic engagement can be a strong
intrinsic motivation but it needs to be reinforced using entertainment and fun” in
order to keep motivation alive. Very unexpected for us was the feeling reported by
Anita. Thinking to a blind person, she said: “it must be scary walking in an
unfamiliar territory with the continuous feeling of imminent danger but normal
people cannot face that kind of fear... they, we, just unconsciously ignore it”. This
looked very close to our vibes to use zombies and the horror paradox [1] to inspire
our mobile app.

. Movement: physical and civic. The role of movement emerged from the discussion.
In particular, Nikolas emphasized: “We need to move! We cannot stand still and
wait! Step by step we can make a difference”. Movement brings in mind two
different meanings: movement as the consequence of body moving and movement
as heterogeneous group of people tending toward or favoring a common goal. In
the first sense, movement can result in a healthy activity or accompanied with a
particular task, such as getting to work or running errands. In the second sense,
movement is a form of civic engagement.

. Breaking boundaries in community. The students we interviewed described several
possible targets, obviously including people with disability, but going beyond
considering other groups of people. Mary, a young mom, shared with us: “playing
around the neighborhood could be a good alternative to watching TV, suggesting
kids as a possible target community. The most popular idea was to focus on young
adults and teenagers, people that usually walk, wander, explore and like playing

games.
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As a result of the definition of these three design concepts, many multimedia mobile apps
proposals came into mind of the students involved in the concept generation. After a
discussion, we sketched the five multimedia location-based applications more suitable for our
goal. Each application embodies the three design concepts, focusing on different aspects.

1. HINT! (Discover your Hidden INTerest!). HINT! was conceived addressing several of the
concepts emerging during the discussion documented before in particular: body
movement (players are assumed to walk), pastime vs challenges (completing a puzzle),
breaking the community boundaries (not only people with disabilities are target for using
HINT!). Specifically, HINT! works as follows: there is a hidden image under the area
where someone is walking through. The more a player walks and collects data, the more
s/he obtain pieces of the puzzle in order to understand the subject of the picture. The idea
is to have different sets of pictures related to a specific topic (e.g. nature, animals, movies,
anime, culture, and so on) to enlarge the set of interested people. As soon as players guess
the content of a picture, they earn points.

2. Geo-Zombie. Geo-Zombie was designed basically based on the two following concepts:
a) arousing a feeling of fear with the aim of implementing the horror paradox discussed in
Section 2, b) encouraging physical movement under the pressure of escaping from
zombies, and c) resorting to an entertainment application to enlarge the base of those who
will contributed. Geo-Zombie is about staying alive and avoiding being eaten by zombies.
One is exploring the surrounding with the aim of acquiring ammunitions to shoot the
zombies. Meanwhile, players are requested to crowdsource accessibility data in change of
weapons and ammunitions. Hence, walkers are pushed by zombies to wander, distracting
from their planned, destination-oriented daily routes. Zombies are generated randomly
and situated around the walker's GPS location with a variable distance. Zombies walk the
most efficient path (provided by GIS) to catch the player. Movement is not only physical:
walkers that kill zombies are deeply connect with the concept of imminent danger, which
can be fought resorting to appropriate civic actions.

3. Geo-Minesweeper. This application was suggested as it relies on the following concepts:
a) provoking the feelings of challenge, needed for discovery and fear (while walkers
demine the areas all around them), and b) enjoying the fun of avoiding a virtual mine
explosion. A player has to complete a path from the starting point to the final destination
while demining when necessary to have a free path. This application extends the tradition
minesweeper game in the sense that at each urban barrier corresponds a mine. The virtual

mine is hence a real urban barrier: if it is not documented, it blocks walkers to reach their
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destination. This wants to recall to the user the difficulties experienced by people with
disabilities facing unknown barriers. Every time a walker passes near a barrier is
requested to document it. The repetition of this action has the important side effect of
improving the quality of data through the validation of the same urban element by
different users.

4. Geo-TreasureHunt. Geo-TreasureHunt was conceived considering: a) kids as interesting
factors to enlarge the community of contributors, and b) kids’ physical movement as a
beneficial side-effect for wellbeing. This application implements a treasure hunt
competition among children. The subject of each question of the treasure hunt is
concerned with the idea of making kids moving to a location where a physical barrier is
placed, with the intent to signal it. Obviously, kids are supposed to be accompanied and
supported by an adult.

5. Basic app. The decision of adopting a basic application consisting in a simple tool to
collect data about urban accessibility, while walking in the city, was taken for comparison
against the other more sophisticated ones. This application leverages on a really genuine
intrinsic motivation to contribute since no other factors are exploited here to convince

people to participate.

3.2 Focus group

At this stage, we organized a focus group with experts in order (i) to assess the pros and
cons of each game strategy in relation to our goals and (ii) to narrow the selection of the best
suitable multimedia mobile apps, to bring forward to the deployment stage.

The focus group was organized at the Madeira Interactive Technologies Institute (M-ITT),
it lasted around two hours and involved ten participants including PhD students, researchers
and professors at the institute with familiarity with gameplay, game design and interactive
technologies. The proposing researcher led the discussion through a presentation of the five
multimedia mobile apps ideation using a series of slides.

During the focus group the Geo-Zombie and HINT! multimedia mobile apps emerged as
the most attractive yet engaging ones, out of the five multimedia mobile apps presented. Both
Geo-Minesweeper and Geo-TreasureHunt got some negative reactions. In particular, Geo-
Minesweeper was considered as an aggressive game by some components of the focus group.
Anirudh observed: “Mapping a barrier is like mining the city and impairing other walkers”.

Regarding Geo-TreasureHunt, the need to be organized by teachers and/or parents makes the
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game not suitable for daily playing, and this is a strong limit in obtaining an effective
enlargement of the mapping community. John, a researcher, said “this game requires a lot of
work: it would be interested for kids but I doubt that it can be played more than once”.

The Geo-Zombie was perceived positively, although the zombies are very popular in many
games. We got some enthusiastic comments from younger participants, who maintained “/¢
can work!”.

HINT! was appreciated but some participants proposed to implement the hidden puzzled
image as a gift voucher that is a coupon which is assigned to players as soon as they signal
barriers/facilities and complete the puzzle. In other words, as soon as a player provides a
report, s’he gets a piece (fragment) of the puzzle (which is indeed the image of the voucher).
At the end of the game that voucher could be spent in shops located in the game area.

We decided then to proceed to experience prototyping Geo-Zombie and HINT!, in order to
assess if transferring the concept to a physical experience prototype could reveal some

unexpected findings.

3.3 Experience prototyping

The experience prototyping is a technique borrowed from experience design and service
design disciplines in order to test the flow of an experience or service in physical space [3,
28]. Such prototyping technique helps to refine the concept and the overall design of the
experience before any investment is made in detailed coding and hardware prototyping.

In order to carry out an experience prototype of both Geo-Zombie and HINT! multimedia
mobile apps we engaged four users who in turns tried both apps. For Geo-Zombie, we
prepared paper wireframes of the phone interface (see Fig. 1.a) and physical zombies paper
puppets to chase the users; to shoot the zombies we used a plastic gun recharge with water
(munitions), as shown in Fig. 1.b. For HINT! we prepared the paper wireframes of the
screens and a final puzzled voucher for the players (see Fig. 1.c).

Subsequently we defined a task to execute, and shadow the users and took notes while
they were playing with the multimedia mobile app. At the end of the experience, a short
interview was conducted with each participant. Our participants were all employees (faculty
and staff) of the research center of Madeira Interactive Technologies Institute, two female
and two male, ranging from 25 to 45 years old, with some experience in technology and

gameplay. In particular, Miguel is a 45 years old Professor, Ana is a 25 year old Master
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student, José is a 30 year old PhD student and Teresa is a 33 year old accounting clerk and
administrative manager.

The task of the users was an ordinary one, something they could be done in their daily
lives, considering the gameplay as an extra entertainment. For the purpose of our games, we
asked the users to compare the price of two products in the university canteen with the closest
bar near the university. As suggested during the focus group, we asked users to map only one
type of barriers/facilities in each experience prototyping round, preventing users from being
confused from paying attention to many different types of urban elements. In particular,
during the HINT! experience prototyping, we asked users to map steps and stairs, while

during the Geo-Zombie experience prototyping, we asked for zebra crossings.

Fig. 1 The experience prototyping equipment

3.3.1 HINT! experience

The HINT! experience prototyping involved four walkers playing the game while
executing a simple task, who had to check the price of a specific ice cream at the university
canteen and at a bar nearby. Overall, the players seemed less excited to play HINT! than
playing the Geo-Zombie multimedia mobile app. In fact, they did not run or increase their
walking speed. This was all somehow expected, since the HINT! multimedia mobile app was
designed to appeal to an audience interested only in the reward. While mapping barriers, the
user can see and retrieve vouchers fragments, which are provided in pieces, making each
single piece available to users for each barrier/facility mapped. Fig. 2 shows two pictures of
two users busy in collecting voucher fragments during the round. Getting pieces of the
voucher seemed to be a strong motivator for three players out of four. Miguel, was not

interested in the voucher. Furthermore, he was also disappointed by the type of voucher gift
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that he received at the end. He clarified in the interview that it is important for the voucher to
be personalized and connected with the user interests. On the other hand, two other players
were excited to get some free voucher of any sort. One of them confirmed: “/ prefer playing
HINT!. It was kind of easy to do, without someone that was trying to catch me... and I like the
voucher thing. Geo-Zombie was too much of a game to have in my daily routine”. Teresa also
found the voucher motivating the gameplay “The voucher is a big motivation... maybe it can

be used also in the zombie game...”.

(a) collecting fragments (b) compliting the voucher

Fig. 2 Two pictures taken during the HINT! experience prototyping.

A note to mention was the Miguel's words: “I feel very motivated about mapping urban
elements just for my interest in exploring the area and discovering them”. He also added that
the idea of contributing to the bigger good can function as a rewards on its own (intrinsic
motivation) besides getting the voucher (extrinsic motivation). He would do it even without a
voucher return because of his own pleasure in mapping the territory and helping people with
disabilities in avoiding barriers. In particular, he claimed: “I think the important thing is to
become aware with the space around me because this is the space that I had around for ten
vears and I was surprised about how many zebra crossings there are and zebra crossings are
so big so I cannot imagine to look for another things, like a step or an obstacle in the

sidewalk”.

Another player, José, had a similar opinion about the importance of mapping urban
accessibility: “Mapping in itself is a strong motivation, more than the gameplay, because

people become more aware about the space they are surrounded by and it is very important”.
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3.3.2 Geo-Zombie experience

The second experience prototyping involved the same four players engaged in the HINT!
round. In this particular case, comparing prices of coffee from two bars across the campus.
Fig. 3 shows two pictured taken during the round. From our observations and interviews we
can confidently affirm that during the experience prototyping of Geo-Zombie all our four

users had a lot of fun.

JU'|

(a) Mapping activity (b) Shooting the zombie

Fig. 3 Two pictures taken during the Geo-Zombie experience prototyping.

They enjoyed the multimedia mobile app and two of them went on playing, after their task
was complete to map more urban elements in order to acquire more points and ammunitions.
Two of our users surprised us by entering a building as an escape technique to hide from the
zombie. This technique was successful for survival (the zombie follows the user’s GPS
coordinates which cannot be traced indoors), and allowed them to reach faster
barriers/facilities close to the exit in the opposite site of the building. Another unexpected
behavior of one user was to switch strategy after some gameplay: instead of running away
from the zombies, he preferred to chase them. This strategy brought about some
implementation issues. First, Miguel said: “I found the game become too easy, it needs more
zombies”. Such comment made us focus our attention on the number of zombies, hence on
the level of difficulties that different players would enjoy. The same user also reported:

“When I had the gun then I changed the strategy so I really want to kill the zombie but I was
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still interested in finding zebra’s crossings because I was not aware that there are so many of
them around this place”.

Such comment made us realize that being engrossed in the game, may also distract players
from mapping barriers/facilities.

Other considerations of the same players regarded the travelling speed of the zombies.
“Maybe zombies with different speed would make the game more exciting”, a user suggested.
All of the Geo-Zombie players were so immerse in the game to increment their walking
speed to escape from zombies. In some cases, they even started to run. A player explained:
“There were too much zombies around me, I felt trapped and I started walking faster without

realize that!”.

3.4 Implementation

We implemented HINT!, Geo-Zombie and the basic app as multimedia hybrid apps that
can be built ad run for Android, iPhone, Windows Phone and other platforms [38]. We tested
the three multimedia apps on different smart devices running Android 4 or higher and 10S 7
and higher. Those smart devices feature a touch screen, a build-in GPS receiver, a camera, an
accelerometer, a gyroscopic, and a Wi-Fi or cellular data connection capabilities. We wrote
the software using web technologies (HTML, CSS and JavaScript) and the Cordova plugin
APIs [6]. We used Google Maps JavaScript API v3 [19] to manage the position of the user
(and zombies). The back-end part has been implemented as a RESTFul Web Services using
Java 7 and the Spring framework. Data are stored in a PostgreSQL DB [41], integrated with
PostGIS [40] to enable support for geographic objects.

In particular, HINT! and Geo-Zombie include three functions: (1) Walk, (2) Report, and
(3) Play, while, the basic app only: (1) Walk and (2) Report.

Specifically, The Walk function allows people to start the game round, taking the GPS
location and visualizing the current position in the map (see Fig. 4). It is in this moment that
the system starts to track the user's trace.

Using the Report function instead, people can provide urban accessibility data, trust
gaining game points. To report an accessibility element, walkers need to choose the right
category from a defined list and send the server this information together with their GPS
position (see Fig. 5). They can also supply additional information (like a brief description,
notes and photos) so as to obtain even more points. With the aim of validating collected data,

all the apps also provide a notification to players as soon as they walk in an area where
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barriers/facilities were already documented by others, to confirm their presence. In case the
report a new walkers provides complies with the majority of the already received reports, the

user earns points.
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As to Play function, it is implemented in different way depending on the chosen app
(either HINT! and Geo-Zombie).

We already mentioned that HINT! is based on a reward (the voucher), hence, the Play
function allows one to collect pieces of the voucher/puzzle and then reorder them, to
complete the puzzle (see Fig. 6). New shops (and so vouchers) become available based on the
paths a walker follows. Using the Report activity people can document barriers/facilities and

obtain points to spend.

| Your pieces!
| Printand present ‘— visit b Chill's for |
i1 FREE Ck ~MUESO’

Cou
so

Fig. 6 A screenshot of the Play function (HINT!)

The Play function comes after Walk and Report. In particular, the system has to follows
two steps: (1) gets the GPS position of the player; (2) randomly distributes zombies over the
game area. Google Maps based routing algorithms are used to let the zombies approach to the
user, through the shorter path.

With the Report function, barriers/facilities are mapped and points are gained to be spent
for ammunitions, weapons, and energy. To map a barrier/facility, the player just needs to
push the button with the light blue marker (Fig. 7) and use the Report function.

Thanks to the Walk function, people can follow their current position in the map while
avoiding zombies. Zombies walk at different random speeds with the aim of catching the
player, following the shortest path. When a zombie is close to a user (approximately ten
meters), the visualization mode within the app switches from maps to reality (camera view in

Fig. 7) suggesting the player to shot the zombie before its attack. From a technological
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viewpoint, it is worth mentioning that we have drawn zombies within an augmented reality

setting using Wikitude [60].

ombie killed! Q

(a) Zombie approaching (b) Shooting at a zombie

Fig. 7 Two screenshots of the Play function (Geo-Zombie)

4. Fighting exclusion: in practice
The following Section is split over two parts as suggested in [61]. In Subsection 4.1 the
context of the experiment (also termed planning) is described, while Subsection 4.2 provides

both quantitative and qualitative results.

4.1 Planning

After developing Geo-Zombie, HINT! and the basic app, we decided to recruit students in
field trials who denote a target of avid players and walkers. For this reason, we ask to a class
of fifty students (39 males and 11 females), enrolled on the Multimedia System Technologies
course of the master degree in Computer Science and Engineering (University of Bologna,
Italy), to experience the three multimedia mobile apps. The students attend courses in Cesena,
but they live in different cities, including Bologna, Cesena, Faenza, Rimini, and Ravenna.
These cities have different densities and layouts, relevant factors in examining the variety of
city urban environments. Students were free to decide if participate or not to one or more test
fields. In fact, during the course, we asked the students to complete at least 6 class

assignments on the 12 presented (as part of the final evaluation). We made the apps available
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to the students of the course and we monitored their use by logging data in a PostgreSQL DB
[41].

We studied approximately fifty students' use of HINT!, Geo-Zombie and the basic app
over three weeks (a week per app). The first week they could mapping barriers using the
basic app, the very simple multimedia app created to just collect data about facilities/barriers
in the urban environment. Using such an app, the user could easily map urban elements,
sending information about the GPS location and the typology. To obtain the class assignment
done, students just needed to download the multimedia app and map at least an urban
element. The second week, they would be able to obtain a voucher with HINT!, that is, a
valid class assignment, mapping at least 5 barriers/facilities. The last week they managed to
fight with zombies using Geo-Zombie. As with the basic app, to obtain the valid class

assignment, we asked for at least one urban element mapping.

After each field trial week, we involved students in filling a survey related to the trial app.
The survey was composed of 16 items: 5 items related to the goals of the system, 10 items
connected to the specific tried app, and one open question for comments and hints. We use
the Likert scale [2] approach in ranking the firsts 15 questions based on a 5 values symmetric
agree-disagree scale, in order of strength. In particular, the adopted scale was as follows:
strongly agree, agree, neutral, disagree, strongly disagree. Moreover, we gave participants the
possibility to provide personal comments. Obtained data was analyzed from both (i) a

quantitative viewpoint and from (ii) a qualitative perspective, obtaining interesting results.
4.2 Results

In the following Subsections, we provide, respectively: (4.2.1) a numerical analysis of the
effects provided by the gamification concept (included a repeated measures ANOVA test),
(4.2.2) a time and space dynamics analysis of our data and, finally, (4.2.3) a qualitative

analysis.
4.2.1 Quantitative results

On a quantitative perspective, a first element of interest is the fact that almost all the
students of the class accepted our proposal and took the decision to participate (95%,
approximately). While, the number of participants was reduced with the HINT! (47 students),
a so large amount of students accepting to try to use both the basic app (48 students) and

Geo-Zombie (48 students) version of our mobile application was not expected. Nonetheless,
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not surprising was the fact that the number of barriers/facilities documented using the basic
app (95) resulted much lower than the amount of those reported through the use of either the
HINT! (311) or Geo-Zombie (286) apps. Indeed, this result can be easily explained with the
consideration that both HINT! and Geo-Zombie apps supply concrete motivations to users to
continue to play, while no external motivations exist that can encourage people towards a
long term use of the basic app. All these numerical results are summarized in Table 1, along
with the fact that the number of reports obtained with HINT! is comparable with those
obtained with Geo-Zombie (311 vs. 286).

Table 1 Numerical comparative results

Descriptive statistics HINT! Geo-Zombie Basic app
N. of users 47 48 48
N. of reports 311 286 95
Arithmetic mean 6.60 5.95 1.97
Median 5 3 1.5
Geometrical mean 5.57 3.19 1.67
Standard deviation 3.56 8.60 1.28
Variance 12.67 73.96 1.63
Range 6 35 18

An additional interesting information portrayed in Table 1 is that almost all those users
who played with HINT! made approximately the same number of reports (6 on average),
while those who enjoyed Geo-Zombie provided mixed results. Precisely, analyzing the
frequency, 25 of them contributed with from 1 to 5 reports, while the others 23 contributed
with more than 5 reports. These results are confirmed by: 1) the high value of the standard
deviation from the average number of reports per user measured for those who used Geo-
Zombie app, and ii) the low value of the corresponding metrics for HINT!. This underlines a
substantial difference between exploiting either fun/entertainment or a more concrete reward
to motivate people to crowdsource accessibility data.

In fact, while with HINT!, almost the totality of engaged students was driven to reach the
threshold of 5 reports to have the assignment passed, with Geo-Zombie only those students
intensely participated who felt emotively engaged by the multimedia mobile Zombie

experience. Based on this preliminary result, one could guess that the amount of civic
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contributions that can be collected by offering a concrete reward can be similarly obtained
with a consistently lower amount of participants (approximately a half, in our case), provided
that an emotionally captivating gamification strategy is adopted. As a final consideration on
Table 1, it is worth noting that median, geometrical mean, variance, and range values confirm
that both HINT! and Geo-Zombie have aroused interest (and so more reports) than the basic
app did.

Up to this point, we have provided a wealth of descriptive statistics that highlight the
supremacy of the gamified variants of our application. Nonetheless, a more detailed and
statistically well-grounded evaluation is needed to compare the three different approaches. In
particular, we are interested in understanding whether the larger quantity of reports produced
by players who used such gamified variants of our application either is a result of the
gamification effect or is simply accidental. Specifically, we carried out a repeated measures
ANOVA test to confirm that the probability that the given players produce accidentally a
higher number of reports, with the gamified variants of our application, is lower than a given
threshold value: p value < 0.05. Hence, the null hypothesis (Ho) and the alternative
hypothesis (Hi) follow.

Ho: There is no difference in using either a gamified or a non gamified version of our
application, in terms of produced reports per user.
Hi: There is a difference in using either a gamified or a non gamified version of our

application, in terms of produced reports per user.

As already said, based on the consideration that our data satisfy all the assumptions on
which a repeated measures ANOVA test is based (included the distribution of the
dependent variable in the three related groups as approximately normal), we developed

such a test that supplied the following result:

p_value = 0.04 (F_statistic (2,94) = 3.32).

Based on this result, the null hypothesis can be rejected and we have a further

quantitative confirmation that introducing gamification has a significant (and not

accidental) effect in the number of the reports provided by contributors.
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4.2.2 Time and space dynamics

To continue this discussion under a different perspective, Fig. 8 shows the time dynamics
through which the reports were obtained. Interesting here is only the fact that with both
HINT! and Geo-Zombies a great part of the reports were collected within three/four days.
This is easily explained based on the consideration that after a few days of urban exploration,
almost all the barriers/facilities, at a walking distance from the Computer Science

Department, can be easily reached by quiet walkers.
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Fig. 8 Number of report: evolution over time

Final and important considerations on a quantitative side can be derived also from an
analysis of Fig. 9. Each of these figures shows the geographical distribution of the
barriers/facilities, present in one of the areas where our experiments took place, reported as
either signaled (green squares) or not signaled (red dots) with respectively the Basic, HINT!
and Geo-Zombie mobile app. To begin, we can observe the quite expected result that a lot of
urban barriers/facilities remain undocumented with the basic app (Fig. 9.c).

Even more interesting is the result that the number of barriers/facilities detected with
Geo-Zombie outperforms the amount of those intercepted using HINT! (Fig. 9.a and 9.b).
This fact has a very highlighting explanation that is as follows. If one considers the specific
geographical area shown in our figures, s/he can discover that the Department of Computer
Science is located in the top left sector of the map (purple marker in the figures), while both
the bus and the railway stations are placed in the bottom right section of the map (light blue

marker in the figures).
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Fig. 9 Existing barriers/facilities mapped (green squares) and not mapped (red circles) by the

students

What happened with HINT! was that our students have privileged walking along their
usual route from the stations to the Department (and back). This route amounts essentially to
the line that transverses Fig. 9.a from its bottom right section to the top left one. With
Geo-Zombie, instead, users favored a form of non-destination-oriented walking over
efficient, familiar routes (see Fig. 9.b). This is witnessed by the path connecting the top left
sector of the map with the top right one, whose barriers/facilities were signaled only by those

walkers who used Geo-Zombie (Fig. 9.b).

4.2.3 Qualitative results

We asked all the 48 participants to fill a survey and we have conducted some few short

interviews in order to understand from a qualitative view point their feeling about the use of
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the three apps. Some interesting - and sometimes contrasting - notion emerged related to
different investigated design concepts.

Not surprisingly, the first conception emerged from the interviews was the strong relation
about the enjoinment of the multimedia app and the engagement in the mapping activity. Fig.
10 shows the students’ answers to the item “The mapping activity was boring”, for each trial
apps. As expected, comparing the results obtained from the three apps, we can reveal that
almost all the interviewees found the basic app too boring to be used frequently despite its
social value, while different motivations were provided in support of the use of either HINT!
or Geo-Zombies. Interesting results are related to HINT! if integrated with the quantitative
data. The app is considered “neutral” (neither boring nor funny) by 20 students (42%), but
this feeling didn’t compromise their engagement in reaching voluntarily the voucher (a valid
class assignment). This suggests that the most of the students were engaged by the curiosity
in discovering the voucher. For example, Matteo affirmed:

“I found HINT! more engaging that the basic one, it wasn’t funny, but I wanted
the reward so I continued to report elements until I have achieved it!”

Analyzing the data in Fig. 10, it is possible to notice that 30 students (64%) found
Geo-Zombie not boring (answering “disagree” or “strongly disagree”). This result probably is
related to the enjoyable sensation of positive fear perceived by students. In fact, Marco said:

“Playing with Geo-Zombie was really exciting! The idea of so many zombies
ready to catch me was scary but at the same time, challenges! I liked that
feeling!™”
According to this concept of positive fair, Lucia maintained:
“There was immediately a zombie there, and I had to kill him or I would die, the

game made me feel differently... excited”
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Fig. 10 Answers to the survey item “The app was boring”
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Data in Fig. 11 show another interesting result strictly related with the concept of
movement (physical and civic). In particular, with the basic app, students were not interested
in changing their routine and their daily paths, and consequently, in expanding their mapping
activity. Different results were obtained with HINT! and with Geo-Zombie. The use of
gamification strategies seems to motivate participants in enjoying detours from their normal
daily routines. In particular, it is very impressive that, by using Geo-Zombie, more than 50%
of the students (25 of 48 - 15 “agree” and 10 “strongly agree”) explored new paths, broking
their routine. This is probably a consequence of the game flow [54] that allows players to
forget about their daily habits in order to enjoy the game. Pietro claimed:

“For the first time in three years I took a different route to reach the railway
station as 1 had Zombies behind me, and I discovered a very interesting route,
Sfull of small food shops!!”
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Fig. 11 Answers to the survey item “I come out from my daily paths”

In essence, with the use of Geo-Zombie, several participants broke the rigidity of their
daily paths, urged by the need to escape from approaching zombies. Thus, in addition to
exploring alternative walking paths, Geo-Zombie in some sense seems to have challenged the
precise, algorithmic vision of those walkers who were used to follow always the same daily
route.

A complete contrasting aptitude was expressed by Luca who was annoyed by the idea of
being forced in changing daily routines:

“I founded the zombies idea very cool but I don’t want to run away from zombies

during my daily activities... I don’t want run at all””
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Another important aspect highlighted by the outcomes, is related to the awareness of the
urban environment. As shown in Fig.12, Geo-Zombie and HINT! enforce the awareness of
barriers/facilities in the urban environment, elements that are usually invisible in daily routine
of avid walkers, and this is an important step in breaking boundaries of a (perceived) different
community. Data show a correlation between the number of reports done and the awareness
reached: (i) the basic app obtained 1.97 average reports and an awareness (both “agree” and
“strongly agree” answers) increased of 25% (12 of 48); HINT! got 6.60 average reports and
an awareness increased of 51% (24 of 47), and, finally, (iii) Geo-Zombie obtained 5.95
average reports and an awareness increased of 50% (24 of 48). This emerged also from
students’ comments. For example, Maria emphasized:

“Using Geo-Zombie, I found a lot of unexpected urban elements that give

problems to people with disabilities; just in the area which I supposed to know

well!”
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Fig. 12 Answers to the survey item “I’m more aware with the presence of

barriers/facilities”

It is worth noting that for the Geo-Zombie app, the “strongly agree” answers are about
19% (9) while they are about 15% (7) in HINT!, witnessing a higher level of engagement in
the Geo-Zombie multimedia mobile app. In fact, some participants revealed that with
Geo-Zombie they acquired an augmented amount of knowledge about the urban environment
they used to live. According with Ilaria feeling:

“At a certain point, I was so worried about zombies that I started to walk quickly
in the opposite direction to find news barriers! I really needed points to buy

munitions... Zombies were so close to me!”
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This condition is the result of the game flow created by the pervasive game that allows to
experience Geo-Zombie in a very immersive way, augmenting the focus on urban
barriers/facilities. This outcome is also evident analyzing data in Fig. 13, related to the survey
item “I tried to kill the largest number of zombies”. The 47% of students (23) have been
pushed by the game flow in killing as many zombies as possible. Anita affirmed:

“I gained a lot of munitions in my neighborhood just to walk versus the closer

zombies and kill all of them! It was really funny!”
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Fig. 13 Answers to the survey item “I tried to kill the largest number of zombies”

5. Conclusion

This paper described the design process, the implementation and field trials from which
we went through with the aim of challenging the intuition of exploiting the zombie genre as
an apotropaic medium in improving civic engagement. To do that we started from three basic
design concepts that, after discussions, gave rise to five multimedia mobile apps, conceived
to contrast exclusion through a GIS-enabled social multimedia tool. Focus group and
experience prototyping were put to good use to select those multimedia mobile apps that, out
of the initial five, better responded to our needs. At the end of this process, HINT! and
Geo-Zombies emerged as the most suitable candidates for fostering civic engagement, being
the former one based on an extrinsic motivation while the latter one resorted to an intrinsic
motivation.

50 students were engaged in the final experimentation where the use of HINT! and
Geo-Zombie were contrasted against a basic app (a simple app to map data without fun).
Obtained data were analyzed under two points of view: quantitative and qualitative. In

particular, qualitative results yield contrasting results. On the one hand, with Geo-Zombie, a
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number of students felt really engaged in playing, and consequently, in mapping urban
accessibility. The intrinsic motivation of fighting zombie was so strong to push them out of
their daily paths, breaking their algorithmic life and turning the everyday walking experience
into an opportunity to augment their personal awareness of the surrounding environment. On
the other hand, nonetheless, some people admitted to have experienced Geo-Zombie as
deeply worrisome, due to the sense of impending disaster hanging over them on their usually
relaxing walk. From the quantitative point of view, numerical data shows that Geo-Zombie is
the multimedia mobile app that better transforms the mapping activity in an entertaining walk
by exploiting GIS as a multimedia mean to encourage players in wandering and discovering
new paths, collecting data about urban accessibility. This invites new reflections and
discussions on the issue of urban data crowdsourcing while exploiting applications that

provide fun or entertainment.
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