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Abstract—Location-based Mobile Games have been growing in
popularity in recent years. But these are widely explored only for
outdoor spaces, since it has the advantage of using GPS data to
obtain the user's current location. There is no unified solution to
sense the user’s location in indoor spaces; so, games for these
spaces are little explored. The design of Location-based Mobile
Games, in many cases, requires the participation of
multidisciplinary teams; so, they are co-designed by a group of
people. However, there is no clear way of knowing how this co-
design should be conducted. The aim of this paper is to propose a
conceptual framework for in-situ co-design for indoor spaces on
Location-based Mobile Games through the use of Design
Thinking's resources. This conceptual framework could help
facilitators with this kind of experience to consider what resources
can be useful to this task. An experience of in-situ co-design of a
Location-based Mobile Game for indoor spaces is presented using
the proposed framework. In addition, a discussion is generated in
relation to this kind of co-design.
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L INTRODUCTION

Location-based Mobile Games have been growing in
popularity in the last few years, as it is the case of Pokemon Go
[1]. This kind of games usually obtain the user's current location
using GPS, and based on it, information or actions are enabled
or triggered.

The complexity of the design and implementation of these
games increases when they are intended to be used in indoor
spaces; since there is no unified solution to sense the user's
location in this kind of spaces [2], as it occurs in outdoor spaces
with GPS. In [2] the authors suggest WLAN (as an indoor
sensing mechanism) as the best option for this kind of
applications; however, there is no consensus yet on this subject.
Moreover, a question that arises is how to ensure that the
dynamism of the game is not lost, for example, because of the
latency generated when the user's location is updated.

Currently, a wide range of Location-based Mobile Games
use GPS to obtain users’ locations. For example, CityCongueror
[3] is a location-based mobile multiplayer game inspired by the
board game Risk (in which a player conquers countries on a
world map, deploys units to defend her or his countries and



attacks countries owned by other players). This game was
created to investigate how location-based games are integrated
into a player’s daily life. This kind of games could be used not
only for entertainment, but also in other domains such as
education. In [4], the authors describe opportunities and
challenges of using mobile location-based games in education.
Note that, each kind of game has its own features which generate
the complexity involved in the design phase of each one.

Location-based Mobile Applications, which include
Location-based Mobile Games, could be designed in-situ or
using a map (virtually) [5]. In-situ design requires the designer
to walk through the physical space, and identify the relevant
locations where information or services will be provided to the
users. This kind of design allows to appreciate environment's
features which could be beneficial for the application. The map-
based or virtual design is done remotely without requiring the
designer to be at the place where the application will then be
used; in this kind of design relevant locations are marked on the
map. It is worth mentioning that the in-situ design is in the first
stages of the exploration; only a few works have started to
research about it.

In the last years, some guidelines and tools have been
designed to create Location-based Mobile Games in order to
facilitate the complexity involved in this task. For example, in
[6], an authoring tool for building location-based mobile games
enhanced with augmented reality capabilities is presented. This
authoring tool enables non-programmer users to design, build,
and run location-based mobile games for outdoor spaces. In [7],
the design of Location-based Mobile Games is proposed as a
construction that involves a group of people (in some cases
multidisciplinary groups); so, this kind of games could be co-
designed in order to enrich them with multiple perspectives
provided by the participants. Two practical examples of co-
design Location-based Mobile Games for outdoor spaces are
described in [7]. The existing guidelines and tools are focused
on Location-based Mobile Games for outdoor spaces. This
drives us to explore how to co-design this kind of games for
indoor spaces.

Another key point is the innovation in Location-based
Mobile Games which is fundamental. Therefore, this should be
considered while they are being co-designed. However,
oftentimes this feature is lost when they are designed. A
discipline that has emerged in recent years in the field of
innovation is Design Thinking [8] which focuses on "using the
designer’s sensibility and methods to match people’s needs with
what is technologically feasible and what a viable business
strategy can convert into customer value and market
opportunity”.

The motivation of this paper arises from the open areas of
research mentioned above. We wish to offer clear guidelines
which allow to conduct in-situ co-design of this kind of games,
particularly in indoor spaces; adding innovative features.

The aim of this paper is to propose a conceptual framework
for in-situ co-design of Location-based Mobile Games for
indoor spaces which use some Design Thinking's resources to
this task. This framework could be used to help facilitators of
these types of experiences to consider what resources can be
useful for this co-design.

An experience of in-situ co-design of a Mobile Game based
on Positioning for an indoor space using the proposed
conceptual framework is presented. It describes a possible way
of conducting this kind of co-design and the considerations that
must be taken into account.

In addition, a discussion space is generated in relation to this
kind of co-design, for example, how authoring tools could assist
the co-design task or how the co-design carried out can be taken
to specific implementations allowing this games to adapt to new
requirements or evolve over time [9].

This paper is structured as follows. In Section 2 some related
works are detailed. In Section 3, it is presented the conceptual
framework for in-situ co-design of Location-based Mobile
Games for indoor spaces which use some Design Thinking's
resources to this task. An in-situ co-design experience of
Location-based Mobile Game for indoor spaces is described in
Section 4. In Section 5 a discussion is generated in relation to
this kind of co-design. Conclusions and future works are
presented in Section 6.

II.  RELATED WORKS

In the recent years, a wide range of Location-based Mobile
Games have been explored, some of these have become popular
as it is the case of Pokemon Go [1]. The following describes
some games that have different features in order to make it easier
for the reader to understand the varied range of aspects that
should be handled in the co-design phase.

In [10] a mobile virtual reality game is presented which
proposes a tour of the archaeological Avebury site to discover
hidden virtual “treasures” while the users walk; these virtual
“treasures” could be discovered in a certain relevant location of
the real physical space. In this case, the location is obtained
using the device's GPS. The authors also mention in [10] that the
game is inspired by Neolithic legends of the area, however, there
is no detail of how it has been designed.

In [11] four experiences of the QuesTInSitu game are
presented. This game provides location educational questions
(which are created by teachers and located using a map). As the
students walk through the physical outdoor space, they receive
the questions on their mobile devices, which are answered in an
in-situ way (where they are). Note that, QuesTInSitu uses the
GPS of the students' mobile devices to locate them. In [11] is
mentioned that the co-design phase requires teachers to visit the
physical places to be able to define the relevant locations in
which to provide each question of each of these four
experiences. The authors mention that this is an iterative task to
refine each experience, but it is not detailed how this process was
carried out.

In [12] is presented a mobile experience combined with
theatrical interventions which are performed by real actors.
Users move through a physical space. When they reach each
relevant location, they should read a QR code; as a result, they
receive the task that they should carry out according to the
theatrical intervention that happens later in that place. In [12] is
mentioned that the co-design was carried out jointly between a
theatre director and technologists. This task involves visiting the



building to define, location of the

performances.

for example, the

In [13] the authors define a location narrative which has four
characters. Each one has certain information; in addition, the
decisions of a character impact on the information that the other
characters would receive. The authors decided to explore in [13]
the complexity of this kind of stories where there are several
readers experiencing different versions of the same story, and
how they can impact on the story of the other characters. In this
process, game designers, technologists as well as writers have
been involved.

For the before mentioned games, no details were provided
on how they were designed. In some of them, the authors
mention the importance of a walk through the physical spaces in
order to appreciate the best places to provide the stories or
information about the games.

Nowadays, different authoring tools have been developed
that facilitate the creation of this kind of games. In [14] an
authoring tool is presented which allows a group of students to
select the relevant location from a map. Note that, these
locations are agreed by the whole group. The biggest challenge
in this task is to define significant content in each relevant
location according to the sequence of the game. The students
generate content, but often this does not have a common thread.
This may be because there is no clear guide to help them in this
task.

Another authoring tool is presented in [15] which allows a
multidisciplinary team (composed of game designers,
technologists, and writers) to create location-based narratives.
The first sketch of the relevant locations is defined in-situ, then
the team defines the narratives on a computer. Sometimes, these
creations require revisiting the places. The biggest challenge for
game designers and technologists is to understand how writers
define stories. Thus, techniques that allow to empathize among
all the actors involved in the co-design experience are required
in order to take advantage of the expertise of all participants.

Design Thinking defines four phases according to the Design
Council framework [16] ordered as: Discover, Define, Develop
and Deliver (prototype). Discover and Develop phases suggest
“divergence” activities because they open different possibilities.
As complementary, Define and Deliver phases suggest
“converge” activities, so, it reduces the options. These phases as
a whole are known as the double diamond process, which takes
the divergence and convergence activities into account. Note
that, Design Thinking involves several stakeholders in the
process, and offers and tests ideas rapidly. It supports iterative
idea generation and constant review, helping to obtain
prototypes quickly. In [8] suggests that Design Thinking is best
thought of as a process of three spaces (Inspiration, Ideation,
and Implementation) and not a sequence of orderly stages and
they are iterative.

In [17] the use of Design Thinking’s strategies to design
mobile applications is explored. To do that, the authors carry out
the two first stages presented in [17], as Inspiration and Ideation.
For the Inspiration stage, the Persona and Empathy Map
templates are used. Brainstorming and co-workshop are used for
the Ideation stages. The authors are focused on exploring how

to carry out Design Thinking’s strategies in the classroom in
order to prepare the IT’s students for the challenges of the new
demand of companies, in particular, for innovation centers in
person-design.

In [18] the authors present the challenges of teaching to the
new generation of IT students. The authors describe an in-situ
co-design experience of a mobile application. They have
explored Brainwriting [19] during the diverge activity and the
Cost-Benefit Matrix [20] during the converge activity. Note that,
Brainwriting [19] consists of a group of participants writing
ideas on a sheet, for two or three minutes, then rotating the sheets
to their left. This is repeated for four or five times. Participants
may re-write ideas based on what they receive or create new
ones. According to [19], Brainwriting produces a more
comfortable atmosphere than Brainstorming because all the
ideas are valid in this phase and there is no discussion about
them.

III. CONCEPTUAL FRAMEWORK FOR IN-SITU CO-DESIGN
FOR MOBILE GAMES IN INDOOR SPACES

We have been working on the topic of mobile applications
for more than 10 years. We have proposed in [21] a model
approach to handling variability in context-aware mobile
applications. We have been exploring sensing mechanisms for
this kind of application [22]. A taxonomy of variability for
building approaches for context-aware mobile applications has
been presented in [23]. We have been creating some authoring
tools for this kind of applications [24], [25], [26]. In addition, we
have been exploring co-design in the educational domain [27].

Our experience and the existing literature has allowed us to
incorporate the knowledge to propose a conceptual framework
for the in-situ co-design of Location-based Mobile Games for
indoor spaces which use some Design Thinking's resources to
this task. The proposed framework defines four phases, two of
divergences and two of convergences, inspired by the double
diamond used by the Design Thinking framework [16] but re-
signifying it according to the domain of Location-based Mobile
Games. The framework is shown in Figure 1. More details of
each of the phases of Figure 1 are described below.

e Discover (divergent phase) allows to create all possible
relevant locations that could be of interest for a game.
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Fig. 1. Our Conceptual Framework for in-situ co-design of mobile games
in indoor spaces.



This phase is recommended to be carried out individually
by the co-design experience's participants, because it
allows to create more possibilities.

Material for this phase: provide maps of each floor of the
building where the design is being carried out and in
some way allow to mark the relevant locations. In case
the participants require to know more about the final
user’s profile, it is recommended to use some techniques
such as Persona [28] and Empathy Map [29] templates.

e Define (converge phase) involves the agreement of the
relevant locations that will be considered in the game. It
is advisable to work this in groups, so the group agrees
which one of their locations will be considered in the
game.

Material for this phase: Provide some way to document
the agreed relevant locations.

e Develop (divergent phase) generates ideas in groups, in
relation to the game. For this phase, Brainwriting [19]
could be used. This technique consists of a group
members writing ideas on a sheet, for two or three
minutes, then rotating the sheet to the left. This is
repeated four or five times. Participants may re-write
ideas based on what they receive or create new ones. All
ideas are valid in this phase.

Material for this phase: We suggest using Brainwriting
[19] for this phase instead of Brainstorming because all
the participants write their ideas and contribute as equals.
So, sheets should be printed for all the participants.

e Deliver (converge phase) selects the ideas according to
the cost-benefit matrix [20]. This makes it easy to
classify the ideas generated in the previous phase. Thus,
this matrix allows to decide which ones end up being put
into practice in the prototype.

The prototype should be able to reflect the location
related features of this kind of games. That is, to show
how the game behaves in each agreed relevant location.

Material for this phase: cost-benefit matrix printed in a
size where ideas can be translated. For the ideas
generated in the previous phase post-it could be used to
make it easier to put them in the matrix. To make the
prototype, all kinds of material should be provided, so
that the groups can use their imagination to express their
ideas.

Our proposed framework has been presented, in addition to
the material that should be considered to conduct each phase.

IV. AN EXPERIENCE OF IN-SITU CO-DESIGN FOR MOBILE
GAMES IN AN INDOOR SPACE

This section describes an in-situ co-design experience
facilitated using our conceptual framework presented in the
previous section.

Eight ungraduated students of Computer Science of Faculty
of Informatics (UNLP, Argentina) participated in this
experience, half of them had knowledge on the design of mobile

applications. The aim of this experience was to put into practice
our conceptual framework to learn more about this kind of co-
design. We divided the participants into two groups of four.

We developed an authoring tool [26] to assist in the task of
in-situ co-design of Location-based Mobile Application which
was used for some phases or activities of this experience as it is
described below. Note that, this tool had been tested in [26] for
in-situ co-design of a mobile application to a congress but it had
not be tested for in-situ co-design mobile games.

The experience consists of an in-situ co-design of a mobile
game inside the Faculty of Informatics’ (UNLP, Argentina)
building. Following, some features involved in this experience
and how to deal with each phase of our framework are detailed.

e Discover. We have decided to use the authoring tool [26]
for this phase, so, each participant installed this tool and
received information to login. This tool allows to define
relevant locations, so, each participant defined their own
ones according to their perception.

Each group had its own workplace, so, this joined all the
relevant locations defined by the participants of the
group. This would be useful for the next steps.

The participants were required to resolve the "Design of
a Location-based Game Mobile inside the building of the
Faculty of Informatics". And, they were also told: "Using
the Authoring Tool individually define all the relevant
locations that could be of interest to the game." This was
all the information that the participants had to define the
relevant locations.

They had 20 minutes to use this tool. During this time
they could not interact with other participants. As a
meeting point, once the time was over, they had to return
to the classroom from which they left.

Figure 2 shows some participants walking through the
building. During the 20 minutes in which the tool was
used, two people were observing the behavior of the
participants and making photographic records of it.

Fig. 2. Using our Authoring Tool to in-situ define relevant locations.



Note that the tool uses the Situm API [30] to obtain the
user’s location. This requires to previously sense the
WLAN signals inside the building with the Situm
Mapping Tool [31]. This task involves walking in the
corridors several times, to detect the signals of WLAN.
The precision of these signals impacts when it is required
to detect the user’s location. When the user selects the
option of creating a relevant location, the tool takes the
WLAN location obtained from the Situm API to mark
this on the indoor map.

Then, the participants were told to mark the relevant
locations that they defined with the tool using pins on
physical mock-ups of each floor; this is shown in Figure
3.

e Define. The groups were told to agree on the relevant
locations that would be finally considered for the final
version of the game; marking the agreed points with
other labels in the physical mock-ups. In this phase,
participants discussed the information and pictures to
compare if everyone appreciated the same details in the
coincident location. This is shown in Figure 4.

Using the tool, each group put down only visible the final
relevant locations which were previously agreed upon. In
this way, the tool helps to see the agreed relevant
locations.

e Develop. A Brainwriting activity was put in practice, so,
each participant was provided with a sheet of paper. They
were told to write down ideas related to the game. Three
minutes later the sheets were rotated to the left. This
process which is shown in Figure 5, was repeated four
times. Then, the participants wrote these ideas in post-it.

e Deliver. Using a cost-benefit matrix, each group
classified their ideas putting each post-it in the
corresponding sector of the matrix according to their
criteria. This activity is shown in Figure 6. Then, each
group selected which ideas could be implemented in the
initial prototype.

Fig 3. Participants marking the relevant locations that they had previously
defined with the tool using pins on physical mock-ups of each floor.

Fig 6. Using a cost-benefit matrix clasifies the ideas.



Finally, each group proposed a prototype and they shot
videos in which the game behavior in each relevant
location is shown. Figure 7 shows a group during the
filming of one of these videos.

In this section, it has been described an in-situ co-design
experience facilitated using our conceptual framework. For each
phase of this framework strategies used with the participants are
presented.

V. DISCUSION

There are some interesting points about this kind of co-
design which are analyzed below.

One of the important key points in this kind of experience is
the role of the facilitator as he/she is aware of all participants and
establishes the dynamic of each activity or produces some
changes if it is necessary. In our experience, the facilitator has
expertise in experiential learning and coaching. During this
experience, for the Brainwriting activity, the facilitator reduced
the time of each round in order to maintain the dynamic, and the
participants' motivation. To do that, it is of interest to be aware
of the group's approach to the activities and to adjust them
accordingly.

Tools could help in some phases or activities, but others
require discussion or interaction, such as the agreement of the
relevant locations or prototype with physical materials.
Sometimes, there is no tool to assist the process. In those cases,
the phase of discovering could be put into practice by using
printed maps, and so, each participant marks the relevant
locations in them.

In case that a tool assists the process of co-design, then this
data could be transformed into a specific implementation. In
order to obtain games that could be adapted to new requirements
or evolve over time [9] it is recommended to use the philosophy
of separation of concerns to decouple each concept as is
described in [26]. For example, decoupling the sensing
mechanism of the data or services related to the game.

Preparation of the space and the materials is as essential as
the facilitator role. First of all, it is important to distribute the
tables to provide the participants with a comfortable place, in
Figure 8 it can be seen how the physical space had been prepared
for this experience.

In addition, each activity requires its own material, for
example, for the prototype activities all material should be
provided to the participant as it is shown in Figure 9. In the
preparation, is important to take into account that the cost-
benefit matrix has been printed in a bigger size, so, the
participants could distribute their ideas and could see all of them.

For the feature of the co-design experience presented in this
paper, the profile of final user are students, so, the participants
know about this topic. In other cases, when the participants
require to empathise with the profile of final user other strategies
could be used in the Discover phase as Persona [28] and
Empathy Map [29] templates.

VI. CONLUSION AND FUTURE WORKS

This paper has presented a conceptual framework for in-situ
co-design of Location-based Mobile Games for indoor spaces
which use some Design Thinking's resources to this task. For
each phase, some strategies are listed to help facilitators of these
types of experiences to consider what resources can be useful to
this co-design.

An experience which used this conceptual framework is
presented, so, this allows to be aware of how to conduct this kind

Fig. 8. Preparation of the physical space.

Fig 7. Defining the prototype.

Fig. 9. Material for the prototype activity.



of co-design. A discussion space is generated in relation to this
kind of co-design to enrich the proposed conceptual framework.

As future work, we will explore more strategies, in
particular, co-design prototypes for this kind of games which
require to show how they behave in each relevant location.
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