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Abstract

Nowadays serious games are starting to be accepted not only as entertainment tools, but also as
learning tools, used in a school context and in professional training. Regarding people with cognitive
disabilities, the few games dedicated to this population are mostly focused on daily life skills, missing
the work-related skills. Training adults with cognitive disabilities is still seen as a big challenge for
companies, who face a productivity loss when employing such adults, especially while they are being
trained. In the present work was developed a serious game for adults with cognitive disabilities, as a
tool to teach work-related skills, mitigating the productivity loss. In the game are approached tasks
required to an employee working in a supermarket, as this is the most common situation for adults
with cognitive disabilities. The developed game was designed according to recent literature in the area
of serious games and validated by psychologists, supermarket managers and a supermarket employee.
Finally, we run some player testing sessions and used a model of Playability to evaluate the game. From
those sessions we can conclude that most people were able to play the developed game although the
Player Experience wasn’t maximal. Also, we concluded that for better results regarding serious games
for cognitive disabilities there’s still a long way to go, being necessary to define standard concepts and
evaluation models to guarantee the adequate Player Experience and suitable learning outcomes.
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1. Introduction

Serious games primary objective is not pure en-
tertainment, but passing some kind of knowledge to
the users. Typically they unfold in an environment
that is a simulation of the real world, where the
player must solve one or more problems, being able
to test several behaviours [1] that could be risked in
the real world, either for his/hers physical and psy-
chological well-being or that of others. The player
learns which are the best approaches to the problem
presented by the game and, as a consequence, when
confronted in a similar and real situation, he/she
knows how to act accordingly [2]. Several studies
indicate that there are many benefits in using seri-
ous games for rehabilitation of people with cognitive
disabilities.
People with cognitive disabilities have the functions
of attention, memory, reasoning, language, per-
ception, problem-solving, conceptualizing [3], self-
regulation and social development [4] impaired, not
allowing the proper knowledge acquisition. This
causes great difficulty in relating and learning con-
cepts and behaviours and expressing themselves
through writing or speaking, having implications at
social level. As main examples, we have Fragile

X syndrome, Down syndrome (also known as Tri-
somy 21) and autism spectrum disorders (such as
Asperger syndrome).

Traditional teaching methods often do not apply
because they make learners lose interest, thus in-
creasing the difficulty in learning. Also, we have to
take into account that cognitively challenged peo-
ple do not deal with pressure in the same way as
we do, being important to provide them not only
the pressure-free environments traditional methods
typically don’t entail, as well as stimulating and in-
novative environments that capture their attention
and motivate them to activities of learning [4, 5, 6].
One way to achieve this is through the use of serious
games, although most part of existing educational
games can not be used by this population because
take advantage of capabilities that some of them
don’t have or that are not developed enough. Most
of them approach contents like social skills, written
language and numeric skills (decimal numeration,
addition, subtraction) [6], but let out more com-
plex situations like everyday work life.

The use of serious games is fairly accepted by
this population because they do not feel the pres-
sure existing in the real world, feeling comfortable
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to explore the virtual world and to repeat tasks un-
til they master it, increasing the confidence of the
individuals. Also, games can be adapted to individ-
ual person needs, are interactive, can be used indi-
vidually or in groups [4] and since the computer
is recognized as an important tool in our society,
impaired people feel proud to be using it as well,
having increased confidence and self-esteem [7].

1.1. Main objectives

The employment of disabled people causes a
loss of productivity on the employer companies,
caused by the time they require to adapt to the
new employment circumstances. This situation
is specially demanding when the employee is still
learning how to fulfil his tasks and thus commits
errors and/or forgets what he/she is supposed
to do. Even when the training part is over, it’s
still necessary to check if his tasks were fulfilled
correctly and perform the needed corrections.

Hereupon, the main objective of this work is to
develop a serious game to help adults with cogni-
tive disabilities to have more success in their jobs
and to integrate in society, covering mainly task
fulfilling aspects, but also social aspects needed in
the everyday job life. By developing such a game,
we hope to diminish the company productivity
loss caused by the needs of such employees. The
game would act as the trainer, easing this task
at the responsibility of the hierarchical superior,
increasing the company’s overall productivity and
acting as a stimulating factor towards employing
people with disabilities.

1.2. Outline

On Section 2 we analyse briefly what has been
made in the area of serious games for cognitive
disabilities. With this is mind, on Section 3 we
present the Game Architecture for a serious game
that teaches work related skills and the developed
Proof of Concept derived from it, along with the de-
sign decisions we took on the implementation. On
Section 4 we evaluate the Proof of Concept under
a Playability model and discuss if it fits the pop-
ulation needs and if there is a learning outcome.
Finally, on Section 5 we conclude this work by pre-
senting the major achievements and future work.

2. Background

Games developed for people with cognitive dis-
abilities place a great emphasis on adaptability as
a way to provide a good experience to players with
different needs. They allow adapting elements like:
content to be taught, screen position, multimedia
assets, difficulty level, help provided [2, 8], number
of objects in game [2, 9], number of possible re-
sponses, time available to give the answer [10], etc.

The way the adaptability is implemented varies
in each work. It can be achieved by means of a
template, which specifies the adaptations necessary
for each user profile [8]; through an hierarchical
structure of the game, where ”an object can be
added to any scenario part, a scenario part can be
added to any scenario, a scenario can be added
to any story.” [9]; and through a system that
generates adaptive scenarios taking into account
the user’s profile and the user’s interaction traces
[10].

From these works we can obtain valuable in-
formations on how to design serious games for
adults with cognitive disabilities. For instance,
it was discovered that point-and-click adventure
games don’t present many frequent accessibility
barriers and have significant educational potential.
Since reflection predominates over action, these
games are low-paced and only require simple
inputs, specifically mouse clicks [2]. The game
genre is an important factor towards a successful
learning, since a wrong genre can worsen the users’
condition. For example, shooter games may have
negative effects on people who have attention
disorders and impulsivity [1].

It was also discovered that adult players reject
action-based children’s games and games where is
required to avoid being attacked (they are rapidly
eliminated), preferring games like Hangman, Wheel
of Fortune and Solitaire, since those are calm and
don’t require fast thinking and movements [7]. It
is very important that the population recognizes
the system as a game, and that they feel that
they aren’t solving exercises, as they typically
do, but merely playing. This will generate more
attraction towards the content on screen as well
as more interest in interacting with the software [7].

Building successful applications or games
for the cognitively disabled is not only about
the software, but also about the devices used for
playing. Studies found that cognitively disabled
players prefer to use touch screens to keyboard and,
among the touch screens, prefer tablets instead
of smartphones, due the screen size [8, 11]. Also,
tablets engage more than one user at a time,
which enriches the social experience of players
[12] and have more room for interface elements,
allows showing larger items and it’s easier to see
and touch [8]. It’s important that the devices are
socially accepted, like iPods and iPads [13], and
have associated an entertainment status, which
is crucial to captivate the users. In fact, in some
cases, users prefer to use these devices instead
of using low-tech options, although some users
showed difficulty in operating these devices with
sufficient finesse/motor control to activate the
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desired function. This suggests that this might not
be the most adequate device solution for people
with significant motor impairments, unless it can
be integrated with other solutions [13].

Another study, pointed out Nintendo DSTM as a
device with several advantages: it’s resistant, since
it is designed to be used by children; has a good
autonomy, circa 11 hours; has adequate memory
space for games; and it’s affordable by a significant
number of people. In addition, it has two screens,
which offers more interaction possibilities than
with just one screen; has wireless connectivity and
can be used with other commercial games, which
can act as a reward mechanism [5].

As an hypothesis to bypass the accessibility
obstacles disabled people often face, there are the
multimodal applications, which allow the users
to choose one method of input between speech,
text or point-and-click [14]. The use of speech in
applications has advantages like the development
of more natural interfaces, hands free access
and increased user satisfaction (because it is a
multimodal interface). With this kind of interfaces,
even the people who lack manual dexterity (a very
common characteristic among cognitively disable
people), can play the game.

Figure 1 compares several devices according
to their suitability for both motor and cognitive
disabilities, summarizing this discussion [15].
appropriate to each type of disability, or the suite of devices
applicable to each type of disability or combinations thereof.

TABLE I. SUITABILITY OF INTERFACE DEVICES

Device \ Disability Motor Cognit

Trackball * *
Touchpad *
Joystick * *
Head mouse * *
Eye mouse *
Touch screen * *
Actigraph * *
Gesture remote * *

III. A REFERENCE PLATFORM FOR E-INCLUSION
We will now describe the reference platform that was

designed as a proof-of-concept (c.f. Fig. 2). Its main feature is
that it is based on the Service Oriented Architecture (SOA [5])
concept. The functionalities developed are encapsulated as
distributed web services that intercommunicate via standard
technologies (i.e., SOAP[6], WSDL [7], UDDI [8]). This
approach supports the independent design of each service,
using the most appropriate developing environment (e.g., C +
+, Python, Java ...). Software interfaces for each service are
published in a UDDI server, thus facilitating a central entity
the location and orchestration of these services to provide the
functionalities of any specific end-user application or service.

This approach allows the reuse of technology, as services
will be detached from the specific end-user interfacing devices.
As pointed out above, the core of the platform is implemented
in an HTPC, along with a specially modified version of
XBMC to provide a multimedia presentation layer, and more
specifically version 12 of the Frodo XBMC. Additionally, the
HTPC/XBMC combination supports the insertion of services
in the form of add-ons according to a modular and self-
configurable approach.

In terms of communications, the system relies on an
Extensible Messaging and Presence Protocol (XMPP [9])
server for which a specific XBMC client was developed.

We illustrate below the most relevant gesture-based
interface solutions implemented, more specifically the one
based on a gesture-controlled remote and the one based on
eye-movement detection.

A. Interaction with a gesture-controlled remote
The device selected as a gesture-controlled remote is

Nintendo’s WiiMote. The WiiMote supports the mapping of
hand movements into commands to be sent to any software
module in the platform. Thus, actions like menu navigation,
information browsing or activity plans can be represented by
different movements made with the WiiMotes

Fig. 2. Reference platform.

Figure 3 illustrates how some key movements are mapping
into conceptual actions:

� Access Movement. To access a menu or specific
functionality provided by the platform. Virtually
pressing an on-screen button.

� Withdrawal / exit movement. Performing a movement
of the WiiMote in an upward direction indicate return
to a previous point, to exit from a functionality
provided, or to cancel an action.

� Navigation movements. To navigate through the
various menus, objects and services the user will
produce lateral movements of the WiiMote.

Besides, the WiiMote has eight buttons that can be
configured to perform various control actions on the platform.
Fig. 4 illustrates an example configuration of the WiiMote for
the general control of the reference platform platform.

Fig. 3. WiiMote Movements. From left to right: access movement,
withdrawal /exit movement, and navigation movement.

B. Interaction with an face tracking-controlled remote
We propose a gesture control system wich is based on tree

main objectives: 1) the required hardware has to be cheap and
easy to get; 2) the system needs no initial calibration, so a
disabled person could use it by itself; 3) the system should be
usable at some distance from the screen (living room
environment). With this in mind, we developed a remote
control based on the analysis of the video stream from a
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Figure 1: Suitability of Interface Devices [15].

Regarding the evaluation of serious games, liter-
ature review alarmed us for the lack of consensus
in this area. Basilar definitions of games like Player
Experience, Playability, Usability and Gameplay
are still nebulous [16, 17, 18, 19], since some works
use the same words for characterizing different
game aspects, while others use the same concepts
with different names. This lack of consensus has a
consequence: there isn’t a standard and universally
accepted way to evaluate a serious game. Each
investigation often leads to a new proposed model,
sometimes with nothing in common with previous

ones [18, 20, 21, 22].
A very detailed model on Playability is the one

developed by [23], which indicates and defines
not only what to evaluate, but also how to do
it, departing from Usability and broadening it
to include attributes and properties that can
describe the Player Experience (PX) adequately. It
includes the attributes Effectiveness, Learnability,
Immersion, Satisfaction, Motivation, Emotion and
Socialization, each one with its properties.

Analysing Playability can be complex because
we can use different perspectives to analyse each
element of the game. In the work [24], it’s proposed
to classify Playability based on the six Facets of
Playability: Intrinsic Playability, Mechanical
Playability, Interactive Playability, Artistic Playa-
bility, Intrapersonal Playability and Interpersonal
Playability. This means we would apply the model
to the game six times (one per facet), evaluat-
ing the same properties and attributes from six
different point of views. This would produce an
enriched way of analysing Playability, that would
allow to identify which attributes and properties
are affected by the various elements of the game.

To obtain the appropriate data for analysing
Playability, exist heuristic evaluation techniques
and user tests, complemented with questionnaires
and observation techniques based on metrics [23].
Metrics ”are numerical data obtained from the
user interaction with the game software. They are
objective, can be collected form many users, map
to specific points in a game and are time-stamped.”
[25]. They focus on the ”what” and how” of
player behaviour but can’t answer to ”why” the
users presented that behaviour. To this regard
there’s the need of using qualitative methods like
questionnaires.

3. Implementation
From several studies like the ones discussed previ-

ously in Section 2, we designed a Game Architecture
(Figure 2) of a serious game to teach work life skills
to adults with cognitive disabilities.

There are four main modules in this architecture:
(1) Cognitive Capabilities, (2) Game, (3) Assess-
ment System, and (4) Controls:

1. Cognitive Capabilities module - Every cogni-
tive capability needed to play the game repre-
sented by the Game module is included in this
module. Each Game Level is associated with
its own cognitive capabilities, represented by
the Sets of Cognitive Capabilities (SCC). The
SCCs represent the basic cognitive capabilities
required to play a certain Game Level, meaning
that if a user doesn’t present the cognitive ca-
pabilities contained in a certain SCC, it’s very
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Figure 2: Proposed serious game architecture.

unlikely that he/she is able to play the Game
Level associated with that SCC.

2. Game module - Includes one or more Game
Levels, each of which has one or more Assign-
ment modules. An Assignment is characterized
by: Area - places in the supermarket the user
is going to play (sales area, warehouse or load-
ing dock); Tasks - specifies exactly what the
user will have to do in the game and the skills
to be acquired in a work context and which are
mandatory to complete a Game Level; Bonuses
- aren’t required to complete a Game Level, but
are desirable social behaviours valued in the
game; and Difficulty Mode - provides adapt-
ability in a certain degree, by allowing players
to learn the same work related skills, but tak-
ing into account their needs. The game can be
played in Easy, Medium or Hard mode.

3. Assessment System module - Receives Player
Performance Metrics sent by the Game module
and produces detailed reports on player perfor-
mance, for the player to reflect upon it.

4. Controls module - Defines the several input
methods that allow the players to interact with
the game, such as mouse, keyboard and track-
ball.

In order to determine the viability of the Game
Architecture just presented, we developed a Proof of
Concept, validated it with professionals and tested
it with players. In the resulting Proof of Concept,

schematized in Figure 3, is possible to play a re-
duced version of a Game Level 1 Assignment, called
”Sales Area Check-up”, which involves the most ba-
sic tasks an employee can do in a supermarket.

Sales Area Check-up assignment involves walk-
ing through the supermarket to locate the displays
where there are tasks the players need to carry out.
It is composed by four tasks and one bonus:

1. Item Organization task: Given a shopping al-
ley display, organize any items that are in the
wrong shelves

2. Fruit Selection task: Given a fruit display, se-
lect the rotten fruit, place it in a crate and
notify the appropriate colleague

3. Box Discarding task: Discard any empty car-
ton boxes found in the sales area by placing
them inside the trash container.

4. Item Counting task: Count the items of each
type in the shelves and register that number in
a Record Sheet. The counting should take into
account the item characteristics, i.e., its type,
colour and brand

5. Client Assistance bonus: Help a client that
needs to know where an item is located, by
guiding him/her to the correct shopping alley

3.1. Game Mechanics
To move in the supermarket, there are two pos-

sibilities: using the mouse or using the keyboard
keys. Regarding the first alternative, clicking once
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Figure 3: Sales Area Check-up assignment.

with the left mouse button will make the main char-
acter move towards that place, stopping the move-
ment when the character reaches it. With the right
mouse button the player can rotate the character,
allowing him to see what’s surrounding the charac-
ter. To do that, the player clicks and holds the right
mouse button down and moves the mouse horizon-
tally or vertically, being executed in a similar way
to how panning is done in tablets Regarding the
second alternative, there are two options: or they
use the direction keys (↑, ←, ↓, →) or they use W,
A, S and D keys. Both sets of keys behave exactly
in the same way because we just wanted to offer dif-
ferent alternatives to do the same thing, respecting
user preferences.

In the Proof of Concept all displays associated to
a task are signalized by a flashing white light and
by a green arrow on top of the display (see Fig-
ure 4). When the player passes the mouse over the
display, it turns green to indicate the player to go
forward and click on the display to start a task. In
a similar way, any character that the player can in-
teract with will present a green contour when the
mouse pointer passes over them. Clicking in such a
character will make him/her talk, that is, the player
will be able to hear the voice of the character and
also to read the speech in the bottom bar. When
the player clicks on a signalized display, the game
enters in a focus mode, which is indicated by the
grey background that isolates the displays needed
for the task fulfilment from the rest of the super-
market. In the case of the task Box Discarding,
we decided to not provide the focus mode and see
which option was better for them. Without focus
mode they continue to see the whole supermarket,

which can generate more immersion, but in the fo-
cus mode only certain parts of the supermarket are
visible, helping in concentration and freeing play-
ers from worrying about the character positioning
in the game environment.

Whenever a player finishes a task, he/she gets a
large thumbs up symbol and when he/she finishes
a bonus, the player gets a large smile symbol. The
progress of a player within an assignment can be
perceived by looking at the top bar, where there are
blue thumbs up symbols for the finished tasks and
yellow smile symbols for the finished bonus. Sym-
bols from tasks and bonuses not fulfilled yet stay
grey. Due to the lack of abstraction capacity of
cognitively disabled people, the interaction with the
game was designed to be as simple and similar with
reality as possible. So, to complete most tasks we
decided to use a drag and drop mechanism, whose
sole variation is the axis on which the movement
is made: in Item Organization and Fruit Selection
tasks, it is done on the y and x axis; in Box Dis-
carding task it is done along the x and z axis.

To guide the client in the Client Assistance bonus,
we designed the client to walk on front of the player
camera, allowing the player to constantly see the
client. So, when the player moved, the client would
move in the same direction, only at some distance,
instead of being very close to the player camera.

3.2. Technical Challenges

Since realism was an important characteristic of
this game, we used very detailed models, composed
by a lot of meshes and with high quality textures.
As a consequence, the game was so slow that it
was hard to interact with the game, like getting the
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Figure 4: Game Environment.

character to move (it had a ”jumpy movement”),
implying that that frame rate was too low for pro-
viding a good experience, being urgent to increase
game performance.

When the frame rate is low, we aim to lower the
number of draw calls made in the scene. One or
more draw calls are issued to the graphics API each
time a model is rendered in a scene, depending on
the number of materials composing that model. A
model with one material will involve 1 draw call,
but a model with three materials will involve 3 draw
calls. This means that not only more draw calls are
made as the scene gets more complete, but also as
models composing the scene get more complex.

In order to keep draw calls number low in the
Proof of Concept, we wanted to use as less ma-
terials per model as we could and share materials
between multiple models, since models sharing the
same material can be combined into one draw call
only (procedure called batching). To use less mate-
rials, we can combine textures of identical materials
into a texture atlas. The texture atlas is a big tex-
ture that contains smaller textures, allowing that
a single material is used across several objects, in-
stead of one material per texture1.

Another factor can negatively influence game per-
formance: high number of polygon meshes. The ge-
ometric complexity can be reduced by attaching the
object meshes to each other, process that results in
a model with a single mesh and multiple materials.

To improve game performance, we develop a
speed up technique used in the Proof of Concept
that provided a solution for the presented problems
using 3ds Max. It generated models with a single
mesh and a single texture atlas, thus providing an
acceptable frame rate. This speed up technique was
a trade-off between quality and performance, with
which we achieved satisfactory results

1http://docs.unity3d.com/Manual/DrawCallBatching.html
(accessed on 2015-02-28)

4. Results

To evaluate the Proof of Concept Playability, we
selected a group of people who constituted a rep-
resentative sample of the population. This sample
was composed by AIPNE’s users, which isn’t an
exact representation of the Portuguese population
with cognitive disabilities, but it’s similar enough
to take conclusions about the game adequacy to
the people with cognitive disabilities. The selected
participants for the player testing sessions met the
following criteria: (1) Identified as having a cogni-
tive disability; (2) No sensory or physical impair-
ments; (3) Able to follow oral and/or written in-
structions; (4) Having computer experience with
mouse; (5) Able to participate in the experiment for
at least 30 min. 36 users met the criterion above
and participated in the two player testing sessions
after parental approval. Each session had the du-
ration of one hour: 5 minutes were reserved for a
brief presentation about what the game was about,
what was its purpose and to explain why the users
were needed for testing; 5 minutes to experiment
the game before the session start; and 25 minutes
for playing. The last half an hour was reserved for
making a survey and discussing their thoughts and
suggestions about the game.

In both sessions, users played the Proof of Con-
cept described in Section 3, with only minor changes
between them, like placing more displays in the su-
permarket, as well as audio instructions, comple-
menting the written ones. We also made some ad-
justments on the Character moment: from using
the mouse to using the keyboard.

It’s important to emphasize that player testing
puts psychological pressure on any person, which
has more impact in people with cognitive disabil-
ities. Also, we should not forget that users’ an-
swers might not correspond to reality, due to possi-
ble comprehension problems, as well as due to the
questions being asked by someone external to their
usual environment, which can make them uncom-
fortable or eager to please the interviewer.

4.1. Surface of playability

We evaluated the Proof of Concept according to its
value as an entertainment tool,relying on a model of
Playability [23]. In this model, Playability charac-
terizes and evaluates Player Experience, being de-
fined by 7 attributes, like described in Section 2.
The model can evaluate a game with a variable level
of detail, by allowing the evaluation of the game
Playability in general and by allowing a more de-
tailed evaluation, according to Facets of Playability.
Since Facets of Playability provide a very detailed
evaluation of a game, we thought that it would be
more adequate to evaluate the Proof of Concept
Playability as a whole, since the developed game
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isn’t very complex.
Each attribute is composed by several properties

and, to characterize each property, we used quali-
tative and quantitative metrics, where the quanti-
tative metrics were derived from observation, while
the qualitative metrics were derived from the ques-
tionnaires made at the end of each session. Note
that since the Proof of Concept wasn’t developed
to be played in group or with the possibility to be
played by several players online, we opted by not
evaluating Playability according to the attribute So-
cialization.

Following the model, each attribute in the Playa-
bility model gets a score from 1 to 5 indicating how
good is the Player Experience, where 1 is the worst
and 5 is the best. The score of an attribute is given
by averaging the score of the metrics that character-
ize its properties. For example, the attribute Effec-
tiveness is defined by the properties Completion and
Structuring, characterized by 8 and 4 metrics, re-
spectively. This means that the Effectiveness score
is given by averaging the score of those 12 metrics.

Figure 5 shows the contributes of each attribute
for the overall game Playability, represented in a
surface of Playability per session.
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Figure 5: Surfaces of Playability.

As we can see, the adjustments made from one
session to the other helped increase the Playability,
even if it was just a small increment. In fact,
Session 1 achieved a Playability score of 3.48
while Session 2 achieved a score of 3.64. Both
sessions were significantly below the target score
of 5, meaning that there are some improvements
to be done to turn the Proof of Concept to a
game offering a good Player Experience. Those
improvements should target mainly the Emotion,
Effectiveness and Immersion, which are signifi-
cantly below the score of 4 and thus require a more
urgent intervention.

It’s important to remember that, given the
variability of the characteristics presented by the
players, it was hard to determine if some difficulties
felt during the tasks/bonus fulfilment were due to
flaws in game design or are typical characteristics

of the players, like hesitation.
It is also noteworthy that the used model for

evaluating Playability was designed for evaluating
complete games and not systems like a Poof of
Concept. This might have lead us to evaluate it
in an incorrect way, due to the lack of information
necessary to analyse each property and attribute.

4.2. Learning Outcomes

To assess if the Proof of Concept produced valu-
able learning outcomes, we evaluated the degree of
remembrance of players, the time they took to com-
plete the assignment, the degree of help needed for
fulfilling the assignment and compared the results
of Player Performance Metrics in each session.

Regarding the degree of remembrance, 73.7% of
players from our population sample claimed to re-
member everything they’ve done and seen in Ses-
sion 1, contrasting strongly with 15.8% of people
who remembered a lot of things and 10.5% of peo-
ple who remembered only some things. The degree
of remembrance is confirmed by the difference on
the time players took to complete the game. In
Session 1, players registered in average 15 minutes
and 45 seconds to complete the assignment, while
in Session 2 they took only 8 minutes and 59 sec-
onds, which constitutes a decrease of 43%. Not only
players were faster as they required less or no help
to fulfil the assignment, proving that from Session
1 to Session 2 they acquired enough knowledge on
the tasks to be able to fulfil by themselves.

Regarding Player Performance Metrics, players
registered better performances in Session 2, com-
pared to Session 1. Although those differences
weren’t drastic, we can conclude that players un-
derstood the objectives of tasks and bonuses, only
showing more difficulty with the assignment as a
whole, meaning that they didn’t spent much time
exploring every shopping alley of the supermarket.

After the player testing sessions we asked players
how confident they were about the knowledge they
obtained with the game and we detected that more
than 50% of players trust that with two game ses-
sions they have the knowledge needed to fulfil the
presented tasks in a real-life supermarket. 27.3% of
players think that they would feel more comfortable
if they could practise the tasks in the game some
more times, but no player considered the game as
useless for learning the tasks.

5. Conclusions

The main objective of this work was to develop
a serious game to help adult with cognitive disabil-
ities having success in their jobs. In the long run,
such game would help to diminish companies pro-
ductivity loss originated by employing a disabled
employee and would ease the training process.

One of the hardest parts of developing serious
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games for adults with cognitive disabilities lies on
the need to support the game in reality (processes,
methods, etc.), when reality is still adjusting to
the needs of these adults. Whether we’re talking
about traditional learning methods, serious games
or work training, we see that each area is still try-
ing to define standards for teaching and evaluating
users/employees according to their needs, currently
mostly driven by common sense. Traditional learn-
ing methods constitute the area more developed,
having built tools collaborating with psychology,
contrasting with the area of serious games, the most
recent one. In this area there are many projects
exploring different approaches, but most of them
fail to obtain a clear evidence of how the developed
game was appropriate for a certain population and
if it generated knowledge, because it involves com-
prehending complex concepts like how a player re-
ally feels about a video game. This is a problem
because there’s no stable base from which to start
developing a serious game for cognitive disabilities,
although many attempts have been done. We based
the development of the serious game presented in
this work on a set of Design Principles collected
from recent literature. Although they helped de-
signing the game, most of them were general, acting
like a ”hint” about what to look for. Even finding
a model for evaluating the game in a systematized
way was no easy task.

Only when the academic research agrees upon a
standard serious game evaluation model, the serious
games will have the possibility to grow and become
the learning tool by excellence or, in opposite way,
they will be proved as not being good enough tools
for learning, situation in which games will be used
only as entertainment tools. In the current state
of the art, although there are some evidences sup-
porting the effectiveness of serious games as learn-
ing tools, it’s hard to state in a peremptory fashion
that they are in fact more effective than traditional
methods for learning. Some research still has to be
made to obtain conclusive evidences.

Nevertheless, we made some interesting discover-
ies on how people with cognitive disabilities think
and feel and we developed a Proof of Concept able
to transmit knowledge.

6. Future Work

Some aspects of the Proof of Concept still need
some work for it to be a game playable by people
with cognitive disabilities and providing a good
experience. Of course the next step would be
correcting these details that weren’t so polished in
the Proof of Concept and increase its complexity,
developing it to be a complete game and making
improvements on Player Experience (focusing
especially on Effectiveness and Emotion).

Taking into account that we consider a smooth
frame rate as at least 15 fps, we got some issues
related with texture loading, causing the frame
rate to be 6 fps or less at the beginning of the
game. As the player walked more deeper in the
supermarket, the frame rate would return to a
smooth state, being however necessary to improve
the performance and Player Experience. To do so,
we could use mipmaps technique to pre-calculate
multiple textures at different resolutions that can
be used in the displays and items, according to
their proximity to player [26]. Player Experience
would also be improved by the use of hardware
specifically designed for this kind of intensive load.

In Section 4 we got evidence that the Proof of
Concept generated knowledge on players. However,
we should compare the efficiency of the traditional
method of training in a supermarket against learn-
ing through the presented game. For this, we would
select two groups of users with similar cognitive
characteristics, in which one of the groups doesn’t
have any experience in working at supermarkets
and the other group has just started his formation
in a real supermarket - not an experienced worker.
The group with no experience would play the
game while the other one would proceed with the
normal learning process. Then, when the users are
approximately at the same level of knowledge, both
would be placed in a real supermarket and asked
to do some assignments using the knowledge they
acquired. Their performance in those assignments
would be an indicative of whether the learning
process was more or less efficient with the game.

On the later run, when a complete game is
developed, aim for a game extension that focuses in
teaching more specific skills like the ones required
by sections like butchery, bakery, fishmonger,
charcuterie, patisserie, florist, etc. Even more
interesting would be simulating a complete work
week in a supermarket, where there’s a day of
the week specific for certain tasks and a specific
timetable to fulfil them. For instance: on Tuesdays
trucks loaded with meat arrive on the supermarket,
being necessary to unload them from 9h to 11h;
from 11h to 12h is necessary to restock shopping
alleys 1 to 5, from 12h to 13h is lunch break, etc.

Finally, the Game Architecture could be
expanded regarding the Assessment System mod-
ule, to provide a way to players reflect upon their
performance and see their improvements.
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