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As people get older, their physical and cognitive functions decline. Meeting these needs is an important goal to be reached, to
propose activities that may contribute to a better quality of life, including leisure and learning. As such, this paper aims to present
a set of heuristics and recommendations for the design of mobile serious games for older adults. To elaborate these heuristics and
recommendations, we conducted two studies with older people. In the first study, we invited people aged 60 or more to evaluate
mobile games, intending to collect data that could help us to adapt the heuristics that were already published to the public of this
research. In the period between the two studies, we developed a serious mobile game (Labuta Batuta) that met the set of adapted
heuristics. In the second study, we invited another group of older people, aged 45 or over, to qualitatively evaluate Labuta Batuta,
in order to develop a GroundedTheory about the desirable characteristics for the design of serious mobile games for older adults.
Besides a GroundedTheory, the second study allowed the identification of nine requirements to be considered when designing the
mechanics of mobile games for older adults.

1. Introduction

In the last decades, the demand for the so-called “adult
games” has grown, due to the ageing of the population [1].

During the ageing process, human being undergoes phys-
ical, psychic, and cognitive restrictions, facing new needs and
expectations [1–3]. As life expectancy increases, it becomes
necessary to offer more options for older adults, including
learning and leisure.

Keeping healthy is an indicator of functional indepen-
dence and longevity. The use of digital games helps to reduce
disability and depression and to improve reaction times,
balance, and mobility of older adults [4, 5]. Ijsselsteijn et
al. [2] state that digital games enhance the self-esteem and
mental stimulation of the elderly. Many authors, as [6–8],
emphasise that digital games can help older adults in terms
of entertainment, relaxation, socialization,mental challenges,

and physical fitness, improving the quality of the ageing
process.

In order to enjoy all the benefits mentioned, digital games
must be suitable for older adults, thus providing them a better
life, with more health, fun, and social interaction.

With the technologies available today, especially mobile
devices such as smartphones, we need to rethinkways tomeet
the needs and expectations of older adults. A game designer
must know how to create enjoyable virtual experiences [9].
Observing the difficulties and restrictions imposed by age,
it is necessary to pay special attention to the development
of digital games aimed at older adults, especially regarding
gameplay.

Gameplay covers possible actions and reactions generated
by the game and the player, the controls, the interaction
between players, the role of the characters in the game, and
the mechanics of the game.
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There are, in the literature, heuristics and recommenda-
tions for the evaluation and design of gameplay. However,
to date, there are few publications regarding older adults.
In addition, many publications address health and cognitive
impairments. So, following a different line of research, this
work aimed to propose a set of heuristics and recommenda-
tions for the evaluation and design of educational games for
older adults, focusing gameplay.

It was carried on with two main studies. In the first
study, we investigated the validity of the existing heuristics
for the evaluation of gameplay, concerning older adults. In
the second study, we investigated the validity of Schell’s lenses
for the scope of this work. Schell [9] states that a good project
comes frommany possible perspectives and refers to these as
lenses, by understanding that each lens is a different way of
seeing the project. Each lens is specified by a set of questions
about the project, which must be answered by the designer.
While studying the lenses of game mechanics proposed by
[9], we identified a gap, because they do not guarantee the
designers will consider the educational needs of the older
player.

Among the results achieved are the identification of new
heuristics, nine new requirements or design lenses, and the
proposal of a GroundedTheory that contributes to the design
of mobile serious games for older adults.

This paper is organized as follows. Section 2 presents the
background of this work and some related work. Section 3
presents the method we adopted. Sections 4 and 6 present
the method, participants, materials, and results of the first
and second studies, respectively. Section 5 describes themain
characteristics of “Labuta Batuta”, the game developed for
the second study. Section 7 briefly discusses the results and
Section 8 presents our main conclusions and also suggestions
for future work.

2. Background

In the following subsections, we present previous work that
supported this study, concerning human development in
adulthood, digital games, and gameplay.

2.1. Human Development in Adulthood. The human ageing
process causes physical, psychological, and cognitive decline.

The best known impairments of older people are those
related to vision, which includes presbyopia, macular degen-
eration, glaucoma, cataract, reduced field of vision, reduced
color, depth and contrast perception, decreased adjustment
to the dark, and limited perception of small details [1–3, 10].

During the ageing process, cognitive limitations also
occur. So, loss of memory, attention, association, perception,
and reasoning must be considered in the development of
digital games for older adults [11].

Other frequent impairments are related to reduction in
hearing, increase of response time, motor difficulties [1, 3],
and also cognitive constraints such as [1, 3, 12]: reduced
attention to details, reduced short-termmemory, difficulty to
perform new activities or old activities in a new way; reduced
spatial cognition, or the ability tomentallymanipulate images
and patterns; and inability to remember the goals of a task to

be performed. These impairments can be caused by diseases
such as Alzheimer’s disease but also by the natural ageing
process.

According to Papalia et al. [13], people approaching
retirement oftenwish to expand theirminds and their skills to
make a more productive and interesting use of leisure. Some
adults simply enjoy learning and want to continue learning
throughout life. Then, learning activities, work, and leisure
should be available for people of all ages. This possibility
can help the elderly to slow the impact of ageing on their
physical and cognitive abilities, which often determines their
emotional state.

In this context, digital games can contribute to the
improvement of the ageing process, since they can be used
as a means to soften the restrictions due to the age, such
as cognitive, motor, perceptive, and psychosocial aspects of
people [14–16]. Nguyen et al. [17] stated that, in addition to
entertainment, serious gamesmay have beneficial therapeutic
effects for older people as they may improve their health and
well-being. The authors carried out a Systematic Literature
Review (SLR) focusing on the physical, cognitive, and social
effects that serious games can provide for the elderly. The
SLR results showed that 75% of the articles found confirm
positive impacts of serious games for the elderly. In this line
of research, Nouchi et al. [18] investigated the impact of the
Brain Age game on cognitive functions of the elderly. The
results showed that the elderly may improve their executive
functions and their processing speed when playing Brain Age
for 4 weeks.

2.2. Digital Games. Digital games can offer older users new
and exciting forms of entertainment as well as stimulate
various mental abilities. Koster [19] stated that games are
“concentrated chunks ready for our brains to chew on. Since
they are abstracted and iconic, they are readily absorbed.
Since they are formal systems, they exclude distracting extra
details”. Because of these characteristics, “games serve as very
fundamental and powerful learning tools” [19].

According to Savi and Ulbricht [20], digital games can
provide benefits to the teaching and learning process; among
them aremotivating effect; development of cognitive abilities;
learning by discovery; socialization; and motor coordination
exercises.

Games whose main objective goes beyond pure enter-
tainment are called serious games. Their main purpose is to
convey a message, to teach a lesson, or to offer an experience
[21]. These games should provide the challenge and allow
players to develop their skills and learn new things that can be
applied to the real world, while still being fun and attractive
[22].

Older adults have interests and expectations regarding
the use of digital games, which include not only fun and
distraction but also learning and the expectation of keeping
up to date [23]. That is why serious or educational games can
attract their interest.

When designing games that meet the interests and
expectations of older adults, it is important to consider the
cultural characteristics of this audience, given that these
characteristics vary for different groups of people and that
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people identify with the context in which they feel well [24,
25]. In order to develop digital educational games for older
adults, it is necessary to take into account a low cost so that
they can have access to the game, since many are retired and
do not have much money to spend [6, 26].

One of the most important requirements for the devel-
opment of games projects for older adults is the possibility
of offering them the type of content they will enjoy and get
involved, even if this requirement is not so obvious and easy
to be specified [2]. Digital games design must also consider
the knowledge and wisdom that improve with time, the
diversity of experiences, and changes in the social and societal
roles that come with age.

Older adults are more resistant and afraid to learn new
things than young people. For example, they fear making
mistakes, they need to know the usefulness of learning, they
fear new methods, and they let mistakes decrease their self-
esteem. However, because they have more experience and
like to help each other, they can also be self-confident and
motivated in relation to learning, although they need more
time and practice, especially when new learning conflicts
with prior knowledge.Thus, they “need guidance, not grades”
[27] as a form of evaluation.

GameFlow is a scale that can be used to measure the
player’s skill and it is composed of 8 elements: concentration,
challenge, skills, control, clear goals, feedback, immersion,
and social interaction [28]. However, the scale GameFlow
does not adequately describe the increase in knowledge.
Based on the scale GameFlow, another scale was created to
evaluate the improvement of knowledge: EGameFlow. This
scale can be used as a reference for an educational game
project [29].

Currently, mobile games have a largemarket share among
mobile applications as there is a steady increase in the num-
ber of users using smartphones and other mobile devices.
Statistics show that mobile games represent about 70 to 80%
of downloads [4]. According to Chu Yew Yee et al. [7], the
growing use of mobile phones by older adults makes mobile
games for the elderly a promising niche for game developers,
despite the small size of the device screens.

2.3. Gameplay. According to Mello and Perani [30], game-
play is the result of the union of three characteristics that are
usually associated with games: rules as an internal element;
the pursuit of goals by the players, performed through a
sequence of tasks given to them; and the skill and experience
of the players.

Gameplay includes “the problems and challenges a player
must face to try to win the game” [31]; that is, it is the process
by which a player reaches the goal of the game.

Gameplay incorporates the game mechanics which con-
sist of rules that define the functioning of the game universe,
the core of the game, and the interaction of the player with
the game and with other players. Gameplay occurs when the
player interacts with the mechanics of the game and possibly
with other players [32].

Garris et al. [33] state that gameplay “can lead to certain
user judgments or reactions such as increased interest,

Table 1: Items and lenses of game mechanics.

Items of game mechanics Lenses concerning the items
1- Space 21 - Functional Space
2- Objects, attributes and states 22 - Dynamic State
3- Actions 23 - Emergence and 24 – Action
4- Rules 25 - Goals e 26 – Rules
5- Skill 27 – Skill

6- Chance 28 - Expected Value and 29 –
Chance

enjoyment, involvement, or confidence”. These reactions
encourage players to persist more and keep playing.

2.3.1. Game Mechanics. For the game design, Schell [9] pro-
posed a hundred of lenses, which are small sets of questions
to be answered by the designer. The seventh lens focuses on
the elemental tetrad, composed of the following elements:
aesthetics, mechanics, story, and technology. This lens allows
the designer to consider each element separately and then all
together.

For this research, we considered separately the element of
game mechanics. According to Schell [9], “game mechanics
are the core of what a game truly is. They are the interactions
and relationships that remain when all of the aesthetics,
technology, and story are stripped away”. Game mechanics
are composed of six main items which are related to nine
lenses, as can be seen in Table 1.

Besides the nine lenses directly linked to the six items of
the game mechanics, there are 23 other lenses that help to
achieve game balance [9]. According to Schell [9], “balancing
a game is nothing more than adjusting the elements of the
game until they deliver the experience you want”, examining
the game carefully.

2.4. Heuristics for Gameplay Evaluation. Nielsen [34] called
“heuristics” his 10 general principles for interaction design
“because they are broad rules of thumb and not specific
usability guidelines”. Desurvire et al. [35] provided a defini-
tion of heuristics as “design guidelines which serve as a useful
evaluation tool for both product designers and usability
professionals”.

There are many sets of heuristics to evaluate gameplay. In
this study, we used a set of heuristics that we have compiled
from a literature review.

Federoff [31] identified heuristics for gameplay evaluation
through literature review. In order to evaluate the heuristics
found, a field research was carried out with designers of a
game developer company. Data collection was performed
through observations and interviews with employees of the
company. After analysing the results obtained from the
comparison of the field research data with the heuristics
found in the literature review, new heuristics were proposed.

Desurvire et al. [35] proposed the Heuristic Evaluation
for Playability (HEP). It was based on literature and reviews
from gameplay experts and game designers. HEP is subdi-
vided into gameplay, game story, mechanics, and usability.
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Study 1
• Phase 1: Heuristics adaptation

• Compilation of heuristics from the 
literature

• Interaction and evaluation of a mobile 
game (n=30)

• Phase 2: Heuristics validation
• Interaction and evaluation of 5 mobile 

games (n=4)
• Heuristic Evaluation (n=4)

Development of a 
mobile game 

focusing older adults

Study 2
• Interaction with a mobile serious game 

(n=8)
• Qualitative data analysis

Figure 1: Research activities.

It consists of 43 heuristics, of which 16 are heuristics for
gameplay evaluation.The heuristics were validated by means
of a comparative study between the results of a heuristic
evaluation and a user test. The results indicated that using
the heuristics allowed to find gameplay problems in the game
prototype. The total number of problems identified from the
use of HEP was greater than the number of problems pointed
out by the user test. According to the authors, HEP is useful
in the initial project of the game, because it makes possible
to think about the project from the point of view of the user,
“avoiding expensive design problems”.

Korhonen and Koivisto [32] stated that it is very impor-
tant for the player to be in control, as it is the player’s
responsibility to decide what to do or how to do it. They also
point out that games are more enjoyable and pleasant when
they provide players with satisfying challenges. The authors
proposed and validated Playability Heuristics for Mobile
Games (PHMG), organized in three main modules: game-
play, mobility, and usability. PHMG consists of 29 heuristics
formobile game evaluation, of which 14 are gameplay-related.
“A modular structure suggests that it is possible to use each
of these modules separately and evaluate the game against
one module at a time” [32]. They also reported that these
heuristics are very general and can be applied to any game,
regardless of the platform on which the game is played.
The proposed heuristics were validated in evaluations of five
games of different styles. 64 gameplay problemswere found in
these games.The results of this work confirm the importance
of using gameplay heuristics to identify game design errors.

Desurvire and Wiberg [36] reported in their study that
there “are many methodologies for analysing productivity
software including Usability Testing and Heuristic Evalua-
tion”. The main focus of productivity software is the creation
of an easy-to-use interface, helping users to execute tasks,
which is the purpose of applications. Concerning games,
however, the goals include providing an immersive, fun,
and challenging environment. Several times a good pace
of challenge makes it worth playing a game. Due to these
differences and peculiarities of the games it is important to
have a set of design principles. In this way, the authors carried

out a research aiming to adapting the usability principles that
exist to the design of games. Among the principles gathered
and identified, 22 were related to gameplay. It is important
to note that these principles were not related to the elderly,
reinforcing the need for specific guidelines for games aimed
at older adults, so that the pace and challenge are appropriate
for the target audience, and the elderly can have a positive
experience.

Korhonen et al. [37] report that in their work they used
an expert evaluation method, although this method is not
widely adopted for game evaluation. For the effectiveness
of the method, heuristics should take into account the
characteristics of games. Besides being applicable to games,
the expert evaluation method is not too time-consuming or
labor-intensive to be carried out. In their work, they used
Heuristic Evaluation for Playability (HEP) [35], in addition
to the set of Playability Heuristics forMobile Games (PHMG)
[32]. They found that 32% of the problems identified by HEP
and 52% of the problems identified by PHMG were related
to gameplay. Those problems included, for example, loss of
rewards earned by players and repetitive and boring tasks.

From the literature review, one can see the importance of
understanding better and of being able to evaluate gameplay
so that games become more and more pleasant to be played.
There are, in the literature, heuristics for gameplay evaluation.
However, to date, no research results have been found that
validate the use of these heuristics with games aimed at the
elderly.

3. The Current Investigation

The results of this work were obtained from two studies. The
first one focused on the evaluation, adaptation, and validation
of a set of heuristics compiled from the literature.The second
one aimed to develop a GroundedTheory about the desirable
characteristics for the design of serious mobile games for
older adults. Between the two studies, a game was developed,
based on the set of heuristics proposed in the first study.

The activities that were conducted to reach the objectives
of this work are presented in Figure 1. The details of these
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activities as well as the results obtained are presented in the
next sections.

4. Study 1

The first study was organized in two phases. In the first one,
gameplay evaluation heuristics were selected after a literature
review [38]. Subsequently, thirty older participants interacted
with a mobile casual game developed specifically for this
audience and evaluated it, through a questionnaire. After
the interaction, data analysis was performed and the results
enabled the adaptation of gameplay heuristics to the older
people [38].

In the second phase of study 1, the adapted heuristics were
validated. For this, an evaluation was performed with four
older participants interacted with five selected mobile games
and evaluated each of them. In addition, an evaluation by four
experts was carried out, in order to verify if the results found
by them were able to predict the problems and/or difficulties
observed by the older adults during the evaluation process.
The heuristic evaluation was performed in order to compare
the results found with the evaluation with older people. All
of the users had already participated in the first phase and
agreed to participate in the second phase too. All the experts
are participants of the Game Research Group from PUC
Minas.

These evaluators applied the heuristics adapted for game-
play evaluationwhen they interactedwith the selectedmobile
games. After comparing the data collected through the
evaluation with older adults and the results of the evaluation
by specialists, it was possible to draw up a set of heuristics
which are essential for evaluation of gameplay directed to the
target public of this work.

4.1. Participants. Therecruitment process followed the snow-
ball method [39], beginning with older adults known to the
authors of this research.

In order to be selected, the participant should meet the
following criteria: aged at least 60 years, having a basic
experience in the use of cell phones, having no vision
deficit that could not be corrected by corrective lenses or
other disability that prevent him/her from using games on
smartphones. We chose to invite only old people, and not
people ageing 40 or 50, in order to identify the impact of age
in the use of mobile games. All the selected people signed the
informed consent form.

Among the 30 participants of the first phase, 18 persons
were women, which corresponds to 60% of participants and
12 people were men. The average age was 67 years. The
youngest participant was 60 and the oldest 92 years old.

Among the four participants of the second phase, three
participants were female. The mean age of the group was
64 years. The youngest was 61 years old and the oldest was
67 years old. Two adults were retired; one person was an
educator and the other was a housewife. The choice of the
participants took into account two variables: the experience
with technology and the level of education. Two participants
had a basic level of education; one of them was not familiar

with the technology and the other had experience with the
use of computers.

Regarding the experts, Cuperschmid and Hildebrand
[40] state that an heuristic evaluation (HE) is conducted by
experts based on their experience and skills. These experts
examine the digital game and make a diagnosis of the
problems or difficulties that users are likely to encounter
during the interaction. Rocha and Baranauskas [41] state that
HE is subjective and advise that the evaluation should be done
by a group of three to five evaluators. This recommendation
is due to the fact that it is difficult for a single evaluator to
find all problems related to the interface. Experience shows
that different people encounter different problems. Thus, we
invited four specialists to participate in the HE of the games.

4.2. Materials. In the first phase of the study, we used
questionnaires and a mobile game for older users “Viajando
pelo Mundo”. In the second phase of the study, we used
questionnaires and five casual mobile games.

4.2.1. Questionnaires. Three questionnaires were developed
to collect data and also the opinion and characteristics of the
participants.

The first questionnaire aimed to identify the profile of the
participants.

The second questionnaire was applied on the first phase
after the participant interactionwith the specificmobile game
for older adults. It addressed characteristics of the gameplay
heuristics compiled from a literature review.

The second questionnaire was developed with 18 objec-
tive questions assessed on a 5-point Likert scale and two
subjective questions for the evaluation of “Viajando pelo
Mundo”.This questionnaire contains characteristics included
in the proposed set of adapted heuristics, so that older people
could reflect and comment on their perception about each
heuristic: rules, clarity of objectives, tutorials, the existence
of repeated and/or boring activities, fatigue and/or boredom,
game progress and rewards, and positive and negative charac-
teristics that participants identified in the game. The 18 items
were statements like “The games has clear rules”, “The game
has boring or repetitive activities”, and “The game allows the
visualization of the results and players progress in the game”.

The third questionnaire was applied in the second phase
after the participant played each of the five selected mobile
games. This questionnaire addressed the gameplay heuristics
compiled from the literature review, after suiting them to the
characteristics of older people.

The third questionnaire was composed of 16 items
assessed on a 5-point Likert scale and two open questions.
The 16 items were statements like “I understood the rules of
the game”, “I thought it was fun”, “I liked the rewards of the
game”, and “I felt tired or bored”. The two open questions
were “What did you like the most in the game?” and “What
would you change in the game?”.

4.2.2. Viajando pelo Mundo. For the accomplishment of the
first phase of the study, we chose a mobile game that was
developed for older people.The game selected was “Viajando
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Table 2: Games evaluation (average scores).

Question G1 G2 G3 G4 G5
Q1 I understood the rules of the game. 4.5 5.0 4.5 4.8 4.8
Q2 I understood the goals of the game. 4.8 4.5 4.5 5.0 4.8
Q3 I learned from the game. 4.5 5.0 4.3 5.0 4.5
Q4 I felt a lack of help during the game. 2.3 1.8 2.0 2.0 1.8
Q5 I liked the images and the sounds of the game. 5.0 4.8 3.8 4.0 4.8
Q6 I thought it was fun. 4.8 4.8 4.3 5.0 4.8
Q7 I liked the rewards of the game. 3.8 4.8 5.0 4.8 4.8
Q8 I liked the challenges of the game. 4.5 5.0 4.0 4.8 5.0
Q9 I felt that the challenges had increased very quickly. 2.5 2.8 3.0 3.0 2.5
Q10 I felt tired or bored. 1.3 1.3 2.3 2.0 1.3
Q11 I found it easy to learn. 4.0 5.0 4.5 4.5 4.8
Q12 I followed my score in the game. 4.5 4.8 4.5 5.0 4.8
Q13 I found it interesting. 4.8 5.0 4.0 4.8 5.0
Q14 I liked the scoring system. 3.8 4.8 4.0 4.5 5.0
Q15 I found the game boring. 1.3 1.0 2.0 1.0 1.3
Q16 I feel like playing again. 4.3 5.0 4.0 4.8 4.8
G1 = aTilt 3D Labyrinth Free, G2 = Fruit Ninja Free, G3 = Find the Difference 2014 HD free, G4 = Show do Milhão 2014, and G5 = Cut the Rope: Full Free.

pelo Mundo” [42], which means “a trip around the world”,
and the version used in the evaluation consisted of a trip
to Brazil, France, and Japan. The game was composed of
four mini-games and aimed to improve mental abilities like
attention, concentration, and reasoning.

4.2.3. Mobile Games Selected. The selection of the games
considered previous works that reported the factors that
motivate and influence the older adults’ interest in games
[43, 44]. Two of the factors are as follows: the game should
be a tool to aid age restrictions and older people enjoy casual
games. Thus, for the accomplishment of this study, we chose
the following five mobile games:

(i) aTilt 3D Labyrinth Free: this game is based on three-
dimensional mazes. The player moves the cell phone
to move a ball that must be placed on the target,
diverting from black holes. This game exercises con-
trol and motor coordination.

(ii) Fruit Ninja Free: the goal of this game is to cut all the
fruits that appear on the screen of the mobile phone
by dragging the finger, simulating movements of a
ninja sword. Besides motor coordination, it requires
fast reasoning, lot of attention, and speed.

(iii) Find the Difference 2014 HD free: in this game the
player must identify the differences between two
images. To do this, onemust simply click on the diver-
gences so that they are highlighted with red circles.
This game enables the improvement of abilities like
attention, concentration, and reasoning.

(iv) Show do Milhão 2014: it is an interactive game of
questions and answers, which provides a “prize” of
up to onemillion reais.The questions concern several
subjects that can be selected by the player. As the

player evolves in the game, questions become more
difficult.

(v) Cut the Rope: Full Free: the goal of this game is to cut
ropes at the right time to catch stars and let a candy
fall into the mouth of the monster. The game features
innovative/mechanics based on physics. This game
has won several awards: Apple DesignAward, BAFTA
Award, Pocket Gamer Award, and GDCAward e Best
App Ever Award.

4.3. Results and Discussion. In the first phase, the evaluations
with older adults occurred during two months.

The results of the evaluation with the game developed
specifically for the older people allowed the adequacy of
the heuristics compiled in the literature. This adequacy
took into account all constraints, difficulties, suggestions,
opinions, compliments, and observations evidenced during
the evaluation process with the participants.

In the second phase, the evaluations with older adults
occurred during three months.

Table 2 shows the average score of each game assigned by
the participants for each of the items of gameplay evaluation.
In relation to the rules and goals in the game, it can be
observed that the lowest score received 4.5 points and the
highest score was 5.0 points. This shows that the participants
understood the purpose of each game and also the way
they should interact with the games. The rewards offered in
the game G3: Find the Difference 2014 HD free, pleased all
participants (score of 5.0 for Q7), but did not please in the
same way in the game G1: aTilt 3D Labyrinth Free, which
received a score of 3.8 for the same item. Another important
factor for the elderly is learning. Two games received the score
of 5.0 for Q3: G2: Fruit Ninja Free and G4: Show do Milhão
2014.
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Table 3: Number of problems identified by experts.

Heuristics
G1 G2 G3 G4 G5

TotalSeverity Severity Severity Severity Severity
L M H L M H L M H L M H L M H

H1 1 1 1 1 4
H2 1 1 1 1 4
H3 1 1 1 1 1 5
H4 1 1 1 1 1 5
H5 1 1 1 1 4
H6 1 1
H7 -
H8 1 1 1 1 4
H9 1 1 2 1 1 6
H10 1 1 1 1 4
H11 1 1 2 1 1 6
H12 1 1 1 1 1 5
H13 1 1 1 1 4
H14 1 1 2
H15 1 1 1 1 4
H16 1 1 2
H17 2 1 3
H18 1 1
H19 1 1 2
H20 1 1 2
H21 1 1 1 1 4
H22 1 1

Totais 3 3 9 7 2 11 6 4 7 4 8 0 5 4 0 73
15 20 17 12 9

G1 = aTilt 3D Labyrinth Free, G2 = Fruit Ninja Free, G3 = Find the Difference 2014 HD free, G4 = Show do Milhão 2014, G5 = Cut the Rope: Full Free, L = Low,
M = Medium, and H = High

As can be seen in Table 3, 73 problems were identified in
the Expert Heuristic Assessment. The games G2: Fruit Ninja
Free and G3: Find the Difference 2014 HD free were the ones
that showed more problems of gameplay, being a total of 20
and 17 problems, respectively.

The results of the second evaluation with older adults and
the evaluation by specialists were confronted and analysed,
and then, it was possible to verify the concordant and
discordant points between the two evaluations.

Table 4 shows that the second evaluation with the older
adults identified 27 problems related to gameplay, represent-
ing 35.5% of the total encountered. The experts evaluation
was able to find 73 gameplay problems, that is, 96% of
the total. The results also show that 24 gameplay problems
were detected by both older adults and experts during the
evaluations.

A certain overlap of heuristics has been reported by two
evaluators. In this way, one of the heuristics was discarded
from the set of heuristics for gameplay evaluation.

Besidest that, after analysing the results of the evaluation
of games by older adults and by experts, it was observed that
some heuristics are not essential for evaluation of gameplay
aimed at older adults. This is because depending on the

game, the heuristics may not apply, since they are not related
to all gaming genres. Thus, the validity of 21 gameplay
evaluation heuristics for older adults was confirmed, with
sixteen heuristics considered essential to evaluate gameplay,
and five, optional.

The critical heuristics are presented in Table 5 and the
optional heuristics, in Table 6.

5. Labuta Batuta: A Game for Older Adults

Labuta Batuta [45] is a mobile serious game for older adults,
developed considering the set of heuristics proposed as a
result of the first study [45]. Its name combines the word
labuta, which means labor, with the old slang batuta, with
similar sound, which means great, nice. The main objective
of the game was to teach how to make better use of the
features of a smartphone. This subject was chosen because it
was a suggestion given by older people [46].The development
process lasted for about six months, with many discussion
meetings.

The game allows the configuration of an avatar with the
appearance of an older adult and is composed of simple
mini-games that seek to teach the use of basic navigation
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Table 4: Number of problems identified.

Game In common Only by experts Only by older adults Total
aTilt 3D Labyrinth Free 6 9 1 16
Fruit Ninja Free 6 14 - 20
Find the Difference 2014 HD free 7 10 - 17
Show do Milhão 2014 2 10 2 14
Cut the Rope: Full Free 3 6 - 9
Total 24 49 3 76

Table 5: Critical heuristics.

CH1: The game should provide clear rules, present the main objectives at the beginning, as well as short-term goals throughout the
game.
CH2: The game must teach the basic skills needed at the beginning, to be used later by the players.
CH3: The game should provide an interesting, engaging, and absorbing tutorial, that also simulate gameplay, allowing easy
understanding.
CH4: The game should use visual and audio effects to arouse interest and interaction, considering the restrictions due to ageing.
CH5: The player should find the game fun and enjoyable, without boring tasks. Repetitive tasks are acceptable as the advanced age can
cause memory deficit.
CH6: The game should provide rewards which should be meaningful, enabling immersion in the game as a result of encouraging older
people to play more.
CH7: The older player should not be penalized for the same error, since he/she may have attention and memory deficits. Besides that,
the player should not lose any earned rewards.
CH8: Challenges should be consistent with the age restrictions of older people, providing positive experiences of the game rather than
negative ones, making the player want to play more, rather than giving up.
CH9: The level of difficulty should vary so that the player experiences more challenges as the experience with the game is developed,
but at a pace that does not generate frustration.
CH10: Tiredness or boredom should be minimized by varying activities and rhythm during play.
CH11: The game should be fair, engaging, easy to learn and should not be difficult to master, because the older player may have
physical or cognitive limitations.
CH12: The player must feel in control.
CH13: The gameplay should be long and enduring to keep the players’ interest.
CH14: The first ten minutes of the game and the actions of the players should be obvious and should result in immediate and positive
feedback for all types of players, encouraging them from the beginning of the game.
CH15: The player must be able to visualize their progress in the game and also to compare the results.
CH16: The game should be fun first for the player, then for the designer.

commands on smartphones (Figure 2).The game presents the
daily life of an older adult into his home using a smartphone.
First, the player builds his avatar. Then, the player can
navigate the rooms of the virtual house, using the smartphone
to carry out various activities, such as taking pictures, sending
messages, making calls, and installing and playing mini-
games.

Labuta Batuta offers the opportunity to learn and practice
the following:

(i) Tap on the screen: at the beginning of the game,
when the player needs to assemble his/her avatar
choosing sex, body shape, skin tone, hair color, eye
color, and clothing. It is also used in the mini-game
to kill the ants. This activity is important because
many old people are used to pressing buttons with
force as if it was a physical button, instead of tapping
lightly.

(ii) Dragging objects: after creating the avatar the player
can walk through the virtual house by dragging
his/her finger on the screen in the chosen direction.

(iii) Taking photos, sending and receiving messages,
answering and making calls, accessing the Internet,
and installing games and other resources are all
possibilities of learning that become available as the
player progresses in the game.

The user can play six mini-games (Figure 3). In the Formiga
mini-game, which means ant, the player practices tapping on
the screen while “killing the ants”. In the Pontos mini-game,
whichmeans points, the player learns to drag the finger on the
screen while connecting the dots and forming predetermined
images. In the Janela mini-game, which means window, the
player will learn to use two fingers to magnify or decrease
images, “opening and closing a window”.
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Table 6: Optional heuristics.

OH1: The game must be balanced, with several ways to win.
OH2: The game should provide consistency between its elements and the story.
OH3: The story of the game should be part of the gameplay and should be significant, as the narrative can encourage the participation
and interaction of the older player with the game.
OH4: The game must have different artificial intelligence sets to provide challenges for all levels of players, whether new or
experienced.
OH5:The game must support a variety of paths and styles of playing.

Figure 2: Screenshots of Labuta Batuta.

Figure 3: Mini-games available in Labuta Batuta.

The Memória mini-game, besides allowing the player to
exercise cognitive functions such as memory and attention,
also allows him/her to exercise the action of tapping the

screen. The Eu te pergunto mini-game, which means “I Ask
You”, allows the player to learn about technical terms relating
to social networking and technologies by answering a quiz.
The Forca mini-game, which means gallows, uses words
related tomobile phones to allowplayers to practicemore and
memorize these words.

Ferreira et al. [47] tested out the game with a group of
older adults, checking if older adults would learn to use a
smartphone after playing the game. The authors applied tests
before and after participants played.The authors used a diary
and semistructured interviews as data collection instruments
and Grounded Theory for analysis. The results indicate that
older adults learned to use the features of smartphone, while
playing Labuta Batuta, and that they appreciate this learning
option.

6. Study 2

The data collection took place in an environment known and
chosen by the participants. In the trail test, all the participants
presented a sufficient level of performance to carry out the
proposed activities and to use the cell phone.The trail test was
chosen because it verifies the cognitive decline and because it
is of easy understanding and application for the older adults.

Next, the mobile serious game Labuta Batuta [45] was
installed in the mobile phone used by the participant. Soon
after, the researchers explained how to use the game and
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briefly demonstrated its functions. They also explained to
participants how to fill in the diary and that they could stop
participating at any time. The participants were asked to play
the game every day and to fill the diary for 15 days without
any intervention of the authors of this work. The time and
duration of each game session were left to the participants.

After this period, the players were interviewed about the
experience with the game. These interviews were recorded.
Subsequently the diaries and interviews were transcribed for
data analysis. The objective of using diary and interview
for the data collection was to allow the methodological
triangulation.

The data were analyzed using Grounded Theory and
followed the guidelines proposed by [48]. The Grounded
Theory seeks to meet the following criteria: have an adequate
adjustment to data, utility, conceptual density, durability over
time, be subject to change, and present explanatory power.
In practice, development goes through four phases of data
coding. Each phase must be performed judiciously since the
quality of the next phase depends on the previous one and
impacts on the final construction of theTheory.

In phase 1, line-by-line coding, the sentences that indi-
cated actions and, as far as possible, the participants’ words
are used to create the codes. In phase 2, focused coding, codes
that direct, synthesize, and explain larger data segments, is
created. In phase 3, axial coding, categories, and subcate-
gories are developed showing the connections between them.
And lastly, in phase 4, theoretical coding, we use codes
created during focused coding that help us understand “how
codes relate to each other as hypotheses to be integrated into a
theory”. Theoretical codes should be used to help clarify and
stimulate the analysis, but one should avoid imposing a forced
structure on the analysis [48].

6.1. Participants. For this study, new participants were
selected. The criteria for the participants selection were to
be at least 45 years old, to consent to voluntarily participate,
to be literate, and to have no cognitive, motor, or physical
impairment that would prevent the use of the cell phone.The
participant did not have to own a cell phone, as the device
could be lent by the research group, during the period of data
collection.

As in the Study 1, the recruitment process followed the
snowball method [39], beginning with older adults known to
the authors of this research.

Ten older adults accepted to participate in the study.
But two of the participants initially selected interrupted
their participation without explanation, leaving only eight
participants (six men and two women). According to Singh
and Malhotra [49], this number is in agreement with the
recommendation to have a minimum of eight participants
using diary.

Their average age was 63. The results from the demo-
graphic questionnaire showed that the participants had a
varied level of education;most of them used cell phones daily,
although they found them difficult to use; most of them did
not use their cell phones to play; they would like to learn
using mobile serious games. All the selected people signed
the informed consent form.

A period of 15 days was established so that each partic-
ipant could play and fill in the diary. This period was ideal
because the chosen game does not have many features and
would be repetitive if the periods were extended. In the end,
the participants answered the interview questions.

It is important to highlight that the saturation of the
data was perceived from the sixth participant. Besides that,
Charmaz [48] states that small samples do not present a
problem when using the GroundedTheory.

6.2. Materials. The instruments used in this research were a
demographic questionnaire to know the profile of the par-
ticipants, a trail test [50] to assess the participant’s cognitive
ability, and a diary for the participant’s record of his/her
experience while playing the game and a semistructured
interview. In this study, because the game “Labuta Batuta”
aimed to teach how to use the features of a mobile phone, we
had to apply a trail test to find out if the participant was able
to use the game and to learn.

According to Lazar et al. [51], a diary allows collecting
the data over time, and the participants are responsible for
choosing the places and times for the records. This makes it
easier for them to record details of events as it would be harder
to remember everything by the end of the data collection
period. The diary needs to be well prepared to ensure a valid
outcome.

The use of a diary aims to “understand the thinking
processes that the gamer experiences as a human during the
course of game play” [52]. This is because the players can
record their impressions on the interface with more freedom.

According to [53], a diary study “minimizes the effects
of observers on participants”. They allow greater autonomy
of the participants when registering their answers, due to the
fact that the researchers are absent at the time of the events.
In addition, since there is no interaction with the participant
during the annotations in the diary, the participant tends
to act more naturally which may allow the researcher a
better perception of the events that were really important
for the participants, differently from what happens when the
researcher is present during the recording of the data, when
the participantmay feel inhibited. Besides, the use of the diary
as another method of data collection allowed the comparison
of the data with those collected by the interview method,
configuring the methodological triangulation.

6.2.1. Development of Questions for the Diary and for the
Interview. To develop the fields for the diary and the question
for the final interview, we considered the six items related
to game mechanics with their respective lenses [9], the 23
lenses for balancing game mechanics, and also the factors
of the scale EGameFlow [29], except the social interaction
factor, since the questions were directed to a single player
game. To establish these correlations we observed a set
of questions that are made in each of the lenses [9] and,
judiciously, searched for a correlation with each of the factors
of the EGameFlow scale [29]. The criterion for correlations
was the use of keywords: for instance, lenses that had a
question about concentration in the game were correlated
to the concentration factor of the EGameFlow scale. After
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Table 7: An example of correlation and definition of the questions for the diary and interview.

EGameFlow Factor Questions for the diary Lens number Questions for the interview
Concentration 21

1- What elements of the game have kept
your concentration on learning and

which hindered it. Explain.
22
23

24
2- Were the game activities interesting for
your learning or would you like to have
other activities in the game? Explain.

Number of relationships 4

Feedback 1- Explain what you think
of the feedback about your
performance during the

game.

28

40

41
Number of relationships 3

this correlation, a new question was elaborated. For example,
the first question of the interview has a direct link with
lenses 21 and 22 which in turn has a direct correlation with
the concentration factor of the EGameFlow scale. Therefore,
the interview and the diary allowed approaching different
factors of the scale without making the process tiring for the
participants [54]. Part of this result can be seen in Table 7.

Thus, four questions were proposed for the diary and
seven questions for the interview. In addition, the following
criteria were used to formulate the questions: short, easy-
to-understand questions that do not allow only yes or no
responses and a small number of questions to avoid tiring the
participants.

The note fields of the diary were as follows:

(1) Explain what you think of the feedback about your
performance during the game.

(2) Explain if the game’s challenges were suited to your
skills.

(3) Explain if you forgot the time or worries of life while
playing.

(4) What did you learn?

The questions of the interview were as follows:

(1) What elements of the game have kept your concentra-
tion on learning and which hinderer it. Explain.

(2) What you did was interesting for your learning or
would you like to have other actions in the game?
Explain.

(3) Have the goals of the game been clearly stated?
Explain.

(4) How did the game help you to overcome the chal-
lenges and how did you feel? Explain.

(5) What should a game have so that you feel in control
and excited to play and learn? Explain.

(6) Were you motivated to apply what you learned in the
game? Explain.

(7) What in the game called more of your attention and
was it good for your learning? Explain.

6.3. Results. This section presents the main results related
to study 2. The theoretical coding allowed us to specify the
possible relationships among the categories developed. The
relationships were generated from the answers given by the
participants, in the interviews.

6.3.1. Coding of the Data Collected. 316 codes were generated
in line-by-line coding, with 78 codes generated from data
extracted from the diaries and 238 from the interviews.

After analysing the 316 codes generated in line-by-line
coding, 81 codes were generated during focused coding. To
generate the focused codes, we considered the line-by-line
codes that allowed us to synthesize and explain larger data
segments. In the axial coding, 15 categories were generated
and for this, the most significant and/or frequent codes of
the focused coding were considered. 81 subcategories were
related to these 15 categories. For example, the category
improvement of knowledge gather the following codes or
subcategories: learning to use the touch screen, putting into
practice what he/she learned through the game, considering
that what he/she did in the game was interesting for his/her
learning, relating game elements to day-to-day practices, relat-
ing technological terms to those presented in the game, and
learning through the game.

It was observed that, of the 15 categories, six were already
covered in the literature: challenges, feedback, improvement
of knowledge, clear objective, immersion, and autonomy [9,
29]. The nine new categories were mini-games, performance
assessment, progressing in the game, entertainment and learn-
ing, levels, use of mobile devices, concentration in learning,
enjoying playing, and external links. The discovery of these
nine categories reinforces the gap in the literature and causes
new requirements to emerge for designing the mechanics of
mobile serious games focusing on older adults.

Theoretical coding allowed us to specify the possible
relationships among the categories developed. The relation-
ships were deduced from the interviews with the participants
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Table 8: Theoretical codes and their relationships.

Num. Theoretical code

1 Enjoying playing affects: Improvement of knowledge, Entertainment and learning, Progressing in the game, Use
of mobile devices, Immersion, Performance assessment.

2 Entertainment and learning affect: Improvement of knowledge, Levels, Use of mobile devices, Enjoying playing,
External links.

3 Improvement of knowledge affects: Entertainment and learning, Use of mobile devices, Challenges, Levels,
Enjoying playing.

4 Use of mobile devices affects: Entertainment and learning.

5 Clear objectives affect: Entertainment and learning, Use of mobile devices, Enjoying playing, Performance
assessment, Progressing in the game, External links.

6 Progressing in the game affects: Enjoying playing, Improvement of knowledge, Challenges.

7 Mini-games affect: Improvement of knowledge, Use of mobile devices, Enjoying playing, Entertainment and
learning.

8 Feedback affects: Enjoying playing e a Performance assessment.
9 Levels affect: Enjoying playing, Entertainment and learning.
10 Challenges affect: Improvement of knowledge, Levels, Enjoying playing
11 Immersion affects: Progressing in the game, Entertainment and learning.
12 Autonomy affects: Concentration in learning, Improvement of knowledge, Enjoying playing.
13 Performance assessment affects: Progressing in the game.
14 Concentration in learning affects: Enjoying playing.

[54]. The sets of theoretical codes generated are presented in
Table 8.

For example, in the following statements (all names are
fictitious), one can observe some of these relationships:

(i) Relationship between the categories concentration in
learning and enjoying playing (code #14):

“Ah, yes. What attracted me to games is
scores, which encouraged me more and more to
continue ... And the time, we do not worry about
the time, in closing that game, and get more coins
and more games, very good. This help us a lot to
be concentrated.” [Alda, P1, interview]

(ii) Relationship between improvement of knowledge
and entertainment and learning (code #3):

(...) if I need to use the Face, now I already know
how to do it; and before I had difficulties, I called
someone to help me, ... not now, after I learned
in the game, ... I started to associate and learn, I
learned better. [Arcia, P6, interview]

(iii) Relationship between clear objective and Enjoying
playing (code #5):

(...) it was all very well explained, I had no
difficulty, I did not find it difficult, I thought it was
cool. (...). [Equel, P3, interview]

6.3.2. Building a Grounded Theory. The relationships estab-
lished and the theoretical model served as the basis for the
construction of aGroundedTheorywith requirements for the
design of mobile serious game for older adults.

The categories enjoying playing, entertainment, and learn-
ing and improvement of knowledge are the central categories
of the theoretical model because they establish the largest
number of relationships and were the most affected and
the ones that most affect the opinion of the players. This
indicates that when older people like to play a mobile serious
game they value the union of entertainment with learning
and understand that this union leads to improvement of
knowledge which favors immersion and continuous learning.
Therefore, it is recommended that a design of the mechanics
of mobile serious games for older adults considers these
relationships as main requirements.

The relationships of the category use of mobile devices
show that, by using a mobile device to play and learn,
the older adults arouse their interest in the use of mobile
technologies, which contributes to digital inclusion, enter-
tainment, and learning of this audience.

The category clear objective and its relationships show
that, by clearly understanding the goals of a mobile serious
game, older adults understand better how to play. As so, they
achieve the goals of the game and value the opportunity to
have fun and learn at the same time, besides overcoming the
barriers of using mobile technologies.

The category progressing in the game and its relationships
show that as the older adult progresses in the game, he/she
will becomes more interested, curious, and willing to win
the game’s challenges. It is worth remembering that these
challenges must be appropriate to the player’s abilities [28]
and preferably organized in levels, because the lack of this
balance can frustrate the player and stop him/her from
playing.

For older adults, mini-games helped in concentration,
motivated player learning, and enabled better use of the
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mobile device used to play.Therefore, the relationships of the
category mini-game show another recommendation for the
design of the mechanics of mobile serious games for older
adults. This recommendation is to include mini-games that
arouse attention and that also allow the players to evaluate
their performance in the game.

The relationships of the category feedback show that
feedback encourages players and influences them to enjoy the
game and to continue playing, so feedback should be well-
designed and well-balanced.

Another requirement for the player to feel in control of
the game is to consider his/her physical and/or cognitive
limitations. An alternative is to insert external links to
stimulate the older adult to exercise other movements and to
learn other information.

7. Discussion

We identified the categories enjoying playing, entertainment,
and learning and improvement of knowledge as the central
categories to be considered in the design of serious game
mechanics, focusing on older adults.

This indicates that when older people like to play amobile
serious game, they value the union of entertainment with
learning and understand that this union leads to improve-
ment of knowledge which favors immersion and continuous
learning. Therefore, it is recommended that a design of the
mechanics of mobile serious games for older adults considers
these relationships as main requirements. This means that
this type of game should meet requirements that allow the
older adult to enjoy playing, to have fun, and mainly to
improve their knowledge through play.

To meet these requirements, the game designer must
consider the impairments due to ageing (Section 2.1), the set
of heuristics proposed as a result of Study 1 (Section 4.3),
Schell’s recommendations [9], and the nine new elements that
emerged from the GroundedTheory process.These nine new
elements could be understood as follows:

(i) Include mini-games with educational content.
(ii) Offer frequent feedback during the game, which may

also be related to the learning process.
(iii) Offer the older gamer the possibility of progressing

in the game, because this progress favors the learning
process.

(iv) Design an amusing game, because entertainment can
lead to learning and a monotonous game can hinder
learning.

(v) Include levels that allow a gradual perception of
learning.

(vi) Develop games for mobile devices as they are getting
increasingly used.

(vii) Avoid elements in the game that may distract the
player.

(viii) Design a game that makes the older player feel good
and relaxed.

(ix) Present suggestions of external links with educational
content.

In order to evaluate the performance and learning of the older
adult through mobile educational games, we also suggest the
recommendations from Fu, Su, and Yu [29].

8. Conclusions

This article presents some heuristics and recommendations
for the design of mobile serious games for older adults. In the
first study, a bibliographic survey was carried out to identify
a set of gameplay heuristics. These heuristics were validated
by a user evaluation process performed by thirty older
people who interacted with a game developed exclusively
for the elderly. The results of this evaluation allowed the
adaptation of heuristics for evaluation of gameplay to the
elderly, considering the age-related constraints.

The adapted heuristics were validated through an eval-
uation with four older people with a mean age of 64 years
who interacted with five mobile games and an evaluation
conducted by four experts. After analysing the results, the
validity of 21 heuristics adapted for evaluation of gameplay
for older adults was confirmed.

These heuristics can help game evaluators and game
developers to identify specific gameplay problems for older
adults, as they present a set of rules that aim to support
the development of games for these people with quality and
perspective of acceptance. The set of heuristics will also be
useful for evaluating games that are not specific for the older
people, and it is possible to find out if older adults will be able
to interact with games developed for another age group. From
these guidelines, it was possible to develop the Labuta Batuta
game for the older people.

Based onGroundedTheory approach, the data analysis of
the second study allowed the identification of nine important
topics to be considered in game design: mini-games, perfor-
mance assessment, progressing in the game, entertainment and
learning, levels,use ofmobile devices, concentration in learning,
enjoying playing, and external links.These topics complement
the ones proposed by Fu et al. [29] and Schell [9].

From the participants’ point of view, the following text
reinforces the importance of a mobile serious game for the
older adult:

I think it ..., for me it was a great pleasure
to participate ... because I have never used the
Internet, to tell the truth, I have never used it, so
it was a learning process for me, and I thank you
for it, ... I still want a cell phone like that with
more ..., more modern to use.

As futurework, we suggest a study covering the heuristics that
were not evaluated in this research. This includes the use of
artificial intelligence to define levels of difficulties for games
focusing on older people.

Future work should also include the development of a
mobile serious game following the recommendations for
game mechanics presented in the Grounded Theory pro-
posed in this article. And then, test the game developed with
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older adults to validate this theory. One can also evaluate the
potential of this type of game to promote the digital inclusion
of the older adult.

In addition, the following research questions are sug-
gested for future studies on mobile serious games for older
adults:

(i) What topics do older adults prefer to entertain and
learn while playing a mobile serious game?

(ii) How should the level design of mobile serious games
for older adults be?

(iii) Which genres of games would be preferred by older
adults for entertainment and learning?
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