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Abstract. The ageing process involves physical and cognitive challenges.
It is a known fact that (outdoor) physical activity can help to counter
these issues and improve the quality of life. One way to motivate older
adults doing exercises are serious games. They embody the concept of
game-based learning and exercising, and they are designed to solve a
problem along with providing and engaging training experience. Based
on recent research, we have developed a concept of an outdoor serious
game, which has been designed to keep older adults mobile and enhance
their cognitive abilities at the same time. We have developed a prototype
and evaluated it in a user study with elderly participants. The results
show a high acceptance by the test participants, indicating that this kind
of game is interesting for the target group. The usability of the prototype
has also been evaluated and shows good average scores.
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1 Introduction

The great increase of the old population and the increasing social costs are
urgent issues society should address with proper plans [1]. By 2060, the US
population of adults over 65 is expected to increase from 43 to 92 million [2].
This increase has direct and severe implications for society and individuals as
well. It is therefore in the society’s best interest to find solutions that will keep
people healthy and mobile at low cost. With age come certain changes to the
human body resulting in various difficulties and challenges. These can be either
of physical nature (affecting hearing, vision and motor skills) or of mental nature
(including difficulties in perception, attention and memory) [3]. It is a known
fact that next to purely mental training, frequent physical activity can help to
counter not only the physical challenges, but also positively influences the mental
apparatus [4]. Investigations showed, that especially outdoor physical activity
has potential to improve the mental health [5, 6]. Based on recent research, we
conclude that regular, combined physical and mental training has the potential
to improve the quality of life of older adults.

An important success factor in getting elderly to perform exercises on a reg-
ular basis is their motivation. This motivation can be increased by the help of
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serious games, which offer concepts for motivating their players. They embody
game-based learning and exercising, and they are designed to solve a problem
along with providing and engaging training experience [7]. In contrast to games
for pure entertainment, the focus of serious games lies on the training aspect.
A higher motivation can be achieved by using a set of well known gratifica-
tion and motivation techniques, like for example a scoring system [8] or the
implementation of a social component, as suggested by Planic et al. [8] and
Brox et al. [9].

The goal of the presented work was to develop a location-based, serious game
for elderly people, which combines physical and mental training in a way that
keeps them motivated to play on a regular basis. From a technical viewpoint,
the ideal computing platform for this purpose are state-of-the-art smartphones,
which are equipped with a sophisticated set of sensors and considerable pro-
cessing power. In particular, features such as included GPS, digital compass and
inertial sensors as well as a big screens make them attractive for mobile location-
based games. Moreover, a representative survey targeting the elderly of five EU
countries has concluded that the age-divide for mobile phone usage is narrowing
faster than for regular computer use [10]. However, although more and more
older adults are familiar with smartphones, existing interface designs may not
be suitable for the majority of them [11]. This requires a special consideration
of universal access in the design phase of mobile applications for the elderly.

In this paper, we propose a serious game called MobileQuiz that combines the
above mentioned aspects: The physical and mental training in a game context
that is both accessible and usable for older adults, and which will motivate
them to play. In the following section we will present the related concepts. We
will then proceed with a detailed description of our game concept, the technical
approach and a prototypical implementation for Android phones. Afterwards,
we will present a first evaluation of the prototype which has been carried out
with 8 participants.

2 Related Work

Recent research showed a huge number of game concepts designed to foster the
physical strength of its players. Kyung-Sik et al. [12] studied a game design
in which the player is prompted to control an avatar with a foot board and
hand-held controllers. The study “Exergames for Elderly” investigated the use
of the Nintendo Wii Fit1 platform to enhance physical fitness [9]. Burke et al.
investigated a game, in which the player has to catch oranges with a physical
basket [13]. Games, that are played with mobile devices for enhancing the phys-
ical strength are e.g. “Penguin Toss” and “Bowling” as developed by Sunwoo et
al. [14]. In contrast to our concept however, these games are not optimized for
older adults and their key purpose is limited to physical training.

A serious game for enhancing the mental fitness is “ElderGames”, a memory-
like game played on a table [15]. Another example is the serious game described

1 http://wiifit.com/
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in [16], which should stimulate the cognitive abilities of Altzheimer’s patients by
letting them resemble daily life activities in a game. These games are designed for
older adults with the aim to improve their cognitive abilities, physical training
aspect are not included though.

Besides stationary games as mentioned above, recent work investigated
location-based games that are played outdoors and on mobile devices. In the
mobile fitness game “SmartRabbit” for example, the goal is to run a certain dis-
tance in the shortest time possible [17]. Another example is the “Business Con-
sultant” game [18], which guides the player through a set of nearby locations,
who has to conduct virtual interviews at each target location. The difference of
such games to our concept lies in the lack of optimization for older adults.

As summarized in Table 1, the majority of these works make use of one single
training aspect or focus on the technical game development, but they lack an
optimization for older adults. Because little has been done to address the issue of
digital game design for older adults with the focus on physical exertion together
with mental training [3], our approach combines those two concepts with a focus
on user experience for older adults and the motivation aspect.

Table 1. A summary of the training and game aspects of the related concepts

[9] [12] [13] [14] [15] [16] [17] [18]

Designed for seniors ⊗ ⊗
Physical training ⊗ ⊗ ⊗ ⊗ ⊗ ⊗
Mental training ⊗ ⊗ ⊗
Mobile device ⊗ ⊗ ⊗

3 MobileQuiz Concept and Characteristics

MobileQuiz is a serious game where the player has to conduct an outdoor chal-
lenge based on the principles of geocaching. The goal is to find and reach pre-
defined locations based on spatial cues. Once a location has been reached, the
player has to answer questions in order to get points and unlock the information
about how to reach the next location. The game design aims to (i) be elder
friendly, (ii) enhance the player’s physical mobility, (iii) strengthen the player’s
mental ability and (iv) orientation, while (v) motivating him or her to play the
game again. In order to achieve those aims, the concept includes different com-
ponents that cover the respective areas as shown in Table 2 and explained in the
following concept description.

The key aspect of the game is the wayfinding (WF) the users have to perform
while playing the game. It combines the physical workout when walking from
destination to destination with mental training when looking for the right way
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Table 2. The overall aims are mapped to the concept components: Wayfinding (WF),
Map (MA), Quiz (QZ), User Interface (UI) and Personalization (PE)

WF MA QZ UI PE

(i) Senior friendly ⊗
(ii) Physical fitness ⊗
(iii) Mental fitness ⊗ ⊗
(iv) Orientation training ⊗ ⊗
(v) Motivation ⊗ ⊗

to go. The wayfinding forces the players to orientate themselves. A map (MA)
visualization and directions also add up to the orientation training aspect. The
gaming component of the concept - the quiz - will train the mental fitness of
the players while giving additional motivation to them when receiving points
for right answers (QZ). A specifically adapted user interface makes sure that
the game suits the needs of older adults when it comes to the interface design.
The game can be personalized (PE) in terms of two game modes. This ensures
additional motivation as the game has a wider application.

The game is entirely played outdoors. At the beginning of each game, the
player can choose between two different game modes. Both will provide different
settings and advantages as described in Section 3.1. However, the basic game
principles stay the same. After the selection of a mode, the current game setting
includes a set of at least two different locations the player has to visit successively
by foot. An analog compass, together with the distance to the next location (see
Figure 1a), is shown at the display of the mobile device and helps the player to
reach the destination. If the player is not able to find the location, a navigation
function is included, which shows the shortest path to the destination on a map
and gives turn-by-turn directions if desired. How locations are added to the game
will be explained in more detail in the following sections.

The access to the game questions is triggered by the GPS module of the mo-
bile device whenever the next destination has been reached. At this point, the
player has to answer questions that are either related to the location or to the re-
gion surrounding that location. A screenshot with an example question is shown
in Figure 1b. The player gets points once a destination has been reached and
when answering a question correctly. Once all the questions for the location are
answered, the compass that shows the direction to the next location is unlocked
and shown on the display. This cycle repeats until all locations have been visited.
At the end of the game, a summary of the finished game is shown to the player.
Since all game runs are stored on the device, the player can revise the played
games at any time including a map of the actual path the player travelled and
the list of questions that have been answered. The correct and chosen answers
are highlighted in different colors.
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3.1 Game Modes

The proposed game has two modes, an automatic and a manual one:

– Automatic Mode: The automatic mode uses nearby points of interest to
generate a game run. The player has the option to specify the minimum and
maximum number of locations to be added to the game, which allows for an
approximate estimation of the game duration.

– Manual Mode: In this mode, the player is able to use custom locations
in the game. A search function provides a category-based search of nearby
points of interest. After a successful search, certain points of interest can be
added as new location to the game. Previously found and selected locations
can always be re-selected for future game runs.

Providing a manual in addition to an automatic game modes is mainly for two
reasons. First, the game can be better personalized to the needs of the player
by supporting custom locations. Second, it provides the opportunity to alter
the game in a way that allows for a better integration into everyday life, which
in turn adds to the motivation aspect. This combination of modes allows for
different usage scenarios, ranging from the integration of the game with simple
daily routines to the exploration of unknown cities.

Each mode will guide the player back to the starting location when the last
location of a game has been reached. This allows the user to get back to the
starting point, which is assumed to be a well known location. Otherwise, the
player may find himself in an unfamiliar area once the game has been finishes.

(a) Game screen (b) Question screen (c) Map screen

Fig. 1. The game screen (a) shows the direction and distance to the next destination.
After the destination is reached, the player receives points and has to answer a question
(b). A map screen (c) provides guidance to the next destination when the “navigate”
button is pressed.
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3.2 User Interface Design

The user interface of the game has been designed according to several guidelines
for graphical building user interfaces for older adults [5, 8, 11]. It has been kept
simple while showing task-relevant information only. The use of big fonts and a
high contrast color scheme additionally adds to the accessibility for older adults.
The basic layout of the game stays the same for all views. In order to be more
consistent throughout the service, the layout of all screens includes buttons with
a positive-negative-semantic. The left (“negative”) button will always undo the
last action or exit the current state. The right (“positive”) button will trigger the
most reasonable action (for example: saving a location, starting a game, etc.); it
is disabled if no action is available. The design is depicted in Figure 1.

4 Technical Approach

A fully functional prototype implementation of the service has been built follow-
ing the described concept. One major challenge was to retrieve nearby locations
as well as questions that are related to these locations. Our approach to gener-
ate a quiz route includes three main steps that are shown in Figure 2. At first,
the searching and processing of nearby points of interest is needed. As we are
not aware of any existing toolkits or public APIs for generating location-based
questions, this is a key aspect of the technical implementation we had to face.
The third step is the combination of generated locations and questions to a
reasonable quiz route.
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Fig. 2. Generating a quiz route includes three steps

4.1 Requesting Nearby Locations

The first step of requesting nearby locations is only necessary if the player chooses
the automatic mode, since the manual mode already includes self-defined loca-
tions. Once the player hits the “Start Game” button, the device will conduct
a search for nearby locations. For the prototype implementation, the surround-
ing search diameter has been limited to 800 meters, which has shown to be a
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reasonable distance in initial tests. In order to get publicly available points of
interest, we used the Overpass API of the OpenStreetMap2 (OSM) project. The
API request can be parameterized with the following metrics:

– The center of the search that will be conducted,
– the diameter of the search area, and
– the types of points of interest.

The result is a list of nearby points of interest fitting the parameters. The types
of the requested points of interest were limited to a subset of most reasonable
types. Instead of including arbitrary location types like toilets, we focused on
noteworthy places like common sights, places of worship and parks, but also
supermarkets, restaurants and banks.

4.2 Requesting Quiz Questions

The automatic generation of location-based quiz questions is a complex task
and would require huge efforts to implement. For the prototype implementation,
the quiz questions were therefore provided manually via a web interface on the
application server. A question can be defined by setting the following parameters:

– The coordinates of its center,
– a radius defining the validity of the question,
– the question itself,
– and a set of answer possibilities where the correct one is marked.

The specified radius defines a diameter around the center of the question,
defining its area of validity. This allows for a generic and flexible way to create
questions as they can be set to be valid for a relatively small area (for example a
building or a park) or for wide areas (like country regions or even whole districts).
It is important to note, that this approach could be improved by adding the
option to use polygons for defining areas. This would allow for a more detailed
level of definition.

4.3 Generating a Quiz Route

Generating a quiz route on the mobile device includes the previously mentioned
fetching of locations and retrieving of quiz questions from the application server.
The locations and questions are then merged to a game route. The process
consists of the following steps:

1. Fetching of surrounding points of interest from OSM data for the automatic
mode or fetching all surrounding custom locations in manual mode.

2. Calculating the diameter that is formed by all fetched nearby locations.
3. This diameter and the user’s location are sent to the application server in

order to request suitable questions. The server returns all questions whose
diameters overlap with that of the nearby locations.

2 http://www.openstreetmap.org

http://www.openstreetmap.org
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4. The fetched points of interest and questions are then merged on the mobile
device by assigning each question the closest point of interest (if it has not
been assigned to another question yet). This is done under the assumption
that spatial proximity is a good indicator for the relation between a certain
question and a geographic location.

5. The last step in the process uses methods of heuristic optimization to cal-
culate the “best” route that includes all selected locations. We define the
best route as a connection between all points of interest so that no cycles
and no double visits of sub-paths occur. For the route generation, just points
of interest which have been assigned to a question are considered. For the
prototype implementation, we solved this travelling salesman problem with
the techniques of simulated annealing, what provides good results in a rea-
sonable time for our prototype implementation. Because of already stated
reasons, the starting location is added to the game as the fixed destination
before the calculation begins.

Once the game route has been generated, the player can navigate to the first
location.

5 Evaluation

The prototype has been evaluated with user tests. The main purpose was to as-
sess the usability and acceptance of the concept in an initial study. The questions
of interest are whether such a game is accepted by the target group or not, and
if the provided concept is sufficiently usable. An assessment of specific physical
and mental improvements has not been made. The evaluation of this would need
long-term studies in an controlled environment. Therefore, the focus was on

1. the assessment of the usability of the concept and the user interface,
2. the observation how intuitive the prototype was to use for the participants,
3. the identification of potential design flaws, and
4. the assessment if this kind of game will be accepted by the target group.

5.1 Methodology and Setup

The tests were performed by eight participants, 3 male and 5 female, between the
age of 60 and 71 (M=65.8, SD=3.9). The small sample size should be sufficient
to gain insights into the most common usability problems [19] and to get an
estimate about the user satisfaction. Four of the participants are using a feature
phone regularly for making telephone calls. Two of the participants had already
used a smart phone before, the rest had not have used either a smart phone or a
feature phone before. The participants had to perform tasks using the prototype,
which included one actual game run and some tasks to configure the game as
well as reviewing played games. Overall, there were four different assignments:
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1. Start an automatic game and play it to the end.
2. Add a place to a manual game.
3. View the location properties of an already defined location.
4. Review the previously played game and look at your answers to the questions.

For the test run, we created a set of questions in the surrounding areas of the
test participants via the web interface. The questions were related to the area and
some nearby points of interest. During the execution of the tasks, we gathered
the times it took to complete them as well as data from observations by the study
instructor. We also advised the participants to think aloud during the tests. The
sequence of the tasks had to be performed three times in order to assess the
learning curve of the game. After finishing all scenarios, the participants were
asked to fill out the System Usability Scale (SUS) [21] questionnaire to assess
the overall system usability.

5.2 Timing Results

All participants were able to finish all tasks. The first task included the navi-
gation from one location to another in different settings. To compensate for the
resulting differences in task times, only the duration for starting the application
and for configuring and starting the game has been taken into account for task
one. Figure 3a shows how much time it took the participants in average to per-
form the task sequence for each run. The lowest time for the first run was 213
seconds for the slowest participant and 196 seconds for the fastest with a mean
of 216.13 (SD=15.71) seconds. The second run was faster with the slowest time
of 168 seconds, the fastest time of 154 seconds and a mean of 159.63 seconds
(SD=4.98). In the third run, the slowest time was 161 seconds, the fastest time
was 141 seconds and the mean time was 151.38 seconds (SD=6.99).

1 2 3
Mean 216,13 159,63 151,38

0

50

100

150

200

250

Ti
m

es
 in

 S
ec

on
ds

(a) Times per trial

60

65

70

75

80

85

90

P1 P2 P3 P4 P5 P6 P7 P8

SU
S 

Sc
or

e 
in

 %

Test Par�cipants

SUS Scores Average

(b) SUS score per participant

Fig. 3. The mean task times (a) show an improvement of 30% for the third run com-
pared to the first run. The SUS scores per participants (b) show an overall good
usability.
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5.3 User Feedback

After finishing all test scenarios, the participants were asked to give feedback
and some ideas of potential design flaws and potential for improvement. Some
participants mentioned the usefulness of an additional audio feedback when ap-
proaching a destination. This way, the visual focus would not lie on the display
of the mobile device all the time. During the execution of task two, some par-
ticipants had a hard time when picking a point of interest from the map. They
claimed that the zoom level is too low. In general, the participants had troubles
when interacting with the map. When asked for their opinion about the tasks,
some participants stressed that they would prefer a simpler user interface for
task two, the adding of a new location to the manual game. The remaining tasks
were perceived as positive and usable by the participants. When asked if the
participants had fun playing the game, all but one of them totally agreed. All
but one participants would also recommend the game to friends. Additionally,
the participants were asked to fill out the SUS questionnaire; the aggregated
result shows an overall SUS score of 75 (SD=7.55) on a scale from 1 to 100.
Figure 3b shows the SUS score per participant with the lowest value of 63 and
a highest value of 85.

5.4 Discussion

The results of the eight individual test runs can be seen as outcome of an ini-
tial study and are not significant due to the small sample size. They allow,
however, the drawing of conclusions concerning the user satisfaction of the eval-
uated game and the overall experience of such kind of games. The gathered
quantitative data show a clear learning curve with a mean improvement of 30%
(min=23.3%,max=34.1%) for the third trial compared to the first run (see Fig.
3a). This indicates that the participants, which had little to non experience with
smart phones, are able to learn the used procedures in the game when playing
regularly. The mean SUS score of 75 shows the general good usability of the
system. Some participants had troubles with the map interaction. We observed
that the participants could not handle the necessary multi touch gestures very
well. We also did not not provide any alternative means of interacting with the
map like for example buttons for zooming. Additionally, the zoom level has been
perceived as too low. The study revealed the need of two major improvements of
the system: (a) the auditory feedback of game states and (b) the improvement
of the map in terms of interaction and zoom levels. The user feedback clearly
shows that the game has been widely accepted by the test participants. This
indicates that this type of game can be fun to play and would motivate older
adults to do exercising.

6 Conclusion and Future Work

The introduced concept combines physical exertion and cognitive training to one
outdoor game. The design of the concept defines different components in order to
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reach the concept aims. A prototype has been implemented following a profound
technical approach and evaluated in a user study. The main purpose of the study
was to show how this kind of games will be accepted by the target group and if
the presented concept implementation is usable. We showed that the majority
of the test participants are satisfied with the usefulness of the concept and the
provided usability. The participants had fun playing the game and the majority
would recommend it to friends. We see potential for future investigation in the
visualization and interaction of maps in mobile, location-based serious games,
as well as in the automatic generation of context based quiz questions. Another
future development could be the introduction of a social component to share
game results in order to motivate the player further, as suggested by Planic et
al. [8] and Brox et al. [9].
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