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Abstract

Dementia is a progressive syndrome affecting cognition, motor abilities and behavior. Serious games are an emerging
treatment alternative but benefits have not been found for people with dementia yet. One reason may be that serious games
were not well adapted. The purpose of this article is to give informed recommendations on the design and implementation
of serious games for people with dementia that future studies can apply and thus may find significant effects. The

methodology applied was deriving information from existing literature in combination with experience from personal work
in the field. Main findings are: implementation of well-contrasting icons; first-person game perspective; gesture control;
personalized game content; combination of only one cognitive and one motor skill; implementation as supervised group
activity. In conclusion, the recommendations are a novelty and represent a profound guidance in the design and
implementation of serious games for people with dementia
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1. Introduction

Dementia is a chronic and progressive syndrome which
affects cognition “beyond what might be expected from
normal ageing” (1). Alzheimer’s disease (AD) contributes to
60-70% of all cases (1). Executive functions are affected
including comprehension, attention, information processing,
decision-making and planning, together with memory,
learning, orientation and language skills (2). Cognitive
impairment is accompanied by the loss of motor functions,
such as balance, gait, flexibility or strength (3). Further,
behavioral disturbances commonly occur with dementia, e.g.
verbal and physical aggression or sleep-wake disturbances
(4). According to “The Global Deterioration Scale for
Assessment of Primary Degenerative Dementia” by
Reisberg et al. (1982), the course of dementia can be divided
into two phases comprising seven stages: the pre-dementia
phase (stages one through three) and the dementia phase
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(stages four through seven) (5). In the early pre-dementia
phase, no cognitive decline is evident (5). This is followed
by a very mild decline, which can be considered as “age
associated memory impairment” merging into a “mild
cognitive decline” where first deficits e.g. in finding words
and names or becoming lost in unfamiliar places become
evident (5). The first stage in the dementia phase is
considered as “mild dementia” with a moderate cognitive
decline and is characterized by e.g. forgetfulness, losing
track of time, memory deficits and problems of handling
finances (1,5). The second stage in the dementia phase is
considered as “moderate dementia” with a moderately
severe cognitive decline and is characterized by e.g.
forgetting well-known phone numbers or addresses,
requiring help with (instrumental) activities of daily living
((DADL) such as choosing proper clothing, or even facing
balance problems (1,5). In the last two stages of the
dementia phase (moderately severe dementia and severe
dementia), cognitive decline is severe or even very severe
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(5). People with dementia (PwD) are dependent on extensive
assistance in their daily life, e.g. when it comes to personal
care such as toileting and eating (5). They experience
behavioral disturbances (e.g. delusional behavior, agitation,
aggression or anxiety symptoms), become completely
unaware of time and place, have major difficulties
recognizing relatives and friends or show inability to walk
(1,5). There are around 50 million PwD currently (1). The
number of PwD is rising constantly and ten million new
people are diagnosed with dementia every year (1). Over
150 million people will live with dementia by 2050 (1).
Following ischaemic heart disease, stroke, chronic
pulmonary disease and lover respiratory infections,
dementia is in the fifth place accounting for global deaths
(6). In 2015, 818 billion US dollars were spent on dementia
globally and costs are expected to increase to more than 1
trillion US Dollars in 2030 which makes dementia constitute
an equally high economic burden as cardiovascular diseases
(7,8).

Currently, there is no treatment available to cure dementia
[1]. Traditional treatment of dementia consists of drug
therapy in combination with cognitive and/or physical
training. A meta-analysis investigated the efficacy of drug
treatment on cognition and found that drugs had only a
small, however significant, impact (9). The same meta-
analysis also investigated the impact of physical exercise on
cognition and found that it potentially improved cognitive
functioning (9). A review analyzed the effect of cognitive
training as a form of non-pharmacological intervention in
people with mild to moderate dementia (10). The review
found that there was “still no indication of any significant
benefits from cognitive training” (10) and that “available
evidence regarding cognitive training remains limited” (10).
However a meta-analysis found that “cognitive training
evidenced promise in the treatment of AD, with primarily
medium effect sizes for learning, memory, executive
functions, ADL, general cognitive problems, depression,
and self-rated general functioning” (11). The discrepancy
between the findings of the two articles resulted from the
methodological differences they applied. The latter one
“applied much less strict inclusion criteria and included both
randomized and non-randomized trials as well as studies
that included patients with moderate to severe AD” (10).
One review found that physical activity was beneficial in all
stages of dementia where “best results were obtained in the
interventions with the largest training volume” (12).
“Multicomponent interventions (e.g. a combination of
endurance, strength and balance) led to larger improvements
in gait speed, functional mobility and balance, compared to
progressive resistance training alone” (12). A meta-analysis
“found a significant effect of exercise programs on the
ability of people with dementia to perform ADL” (13).
However, this meta-analysis suggested caution in
interpreting  findings  since  unexplained statistical
heterogeneity was observed (13). Thus, effects of traditional
treatment vary between different studies and do not seem
enough satisfactory for PwD.

D EA

In the age of digitalization, an emerging treatment
alternative in the field of dementia is training by means of
serious games (SG). This treatment approach makes use of
“technology to combine three components which are
multimedia, entertainment, and experience” (14), and are
defined as “any meaningful use of computerized game/game
industry resources whose chief mission is not entertainment”
(15). The term “serious” indicates that the games aim for
training, education and health improvement. SG include
physical and/or cognitive components and comprise
computer games, training simulation, as well as sports or
board games (14).

Serious games provide a low-cost treatment method that can
easily be installed in the user’s home (16) or a daycare
facility. It provides the option of experiencing and training
real-life activities in a virtual environment for people who
may no longer be able to engage in such real-life activities
due to cognitive and/or physical impairment. A systematic
review addressed the scope of SG used with PwD as well as
their feasibility and effectiveness (17). Regarding the scope,
a great variety of SG interventions was reported. One study
administered for example a music intervention where PwD
could play a virtual keyboard (18). In another study, PwD
had to scratch virtual bubbles floating over a screen (19).
Another study applied cooking games, interaction with
music apps and Google Maps and balance training through
the Nintendo Wii® (20). Nintendo Wii® was also applied in
two other studies where PwD played bowling, yoga,
strength and balance games (21,22). In yet another study,
PwD had to find a certain room or certain targets in a virtual
apartment (23). One study applied a game with IADL tasks
such as grocery shopping or taking the bus (24).

Regarding the feasibility of SG for PwD, the review
concluded that this user group needs support from
caregivers to understand the game content and to handle
technical equipment (e.g. remote control). Feasibility
analysis also revealed that PwD enjoyed playing SG,
especially when they were conducted in groups. With this
social interaction and communication between players were
fostered (17).

Effectiveness analysis in the review article comprised results
on  cognitive  function, physical function and
personal/behavioral aspects. However, outcomes were
diverse. The one study that applied Nintendo Wii® yoga,
strength and balance games did not identify significant
effects on cognition. Two studies found significant
improvements in cognition in their computer-assisted
cognitive training groups. Improved areas were for example
attention, calculation, language, memory, orientation and
learning. However, they found significant improvements
also in their comparative intervention group that received
non-technical cognitive programs. Two studies found
positive effects on cognition only in their computer-assisted
intervention group. One study could identify stable Mini
Mental State Examination (MMSE) scores in their
intervention group receiving computer-assisted cognitive
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training and a significant cognitive decline in their
comparative intervention group receiving an aspecific
cognitive training program. Regarding physical outcomes,
the one study with the Nintendo Wii" yoga, strength and
balance intervention found improvements in balance and
gait. However, they could also identify balance and gait
improvements in their comparative intervention group that
received a simple walking intervention. One study found
greater improvements in daily functions in the intervention
group receiving a non-technical cognitive program. Three
studies could not identify significant effects on physical
function in any of their study groups. Regarding
personal/behavioral aspect outcomes (e.g. quality of life),
three study could not identify changes in any of their
intervention groups. One study found significant
improvements in their computer-assisted intervention group,
whereas another study found greater positive changes in
their intervention group without the computer-assisted
program (17).

Taken together, the review concluded that available studies
allow no firm conclusion on the presence of added benefits
when SG are played in addition to traditional interventions
(17). One possible reason for this lack of consistent data is
the large heterogeneity of available studies regarding, e.g.,
intervention length, intervention content and outcome
measures. A second possible reason is the low
methodological quality of some studies (e.g., external
validity, representativeness of study participants and
randomization of study participants). A third possible reason
is that some of the SG administered in the past were not well
adapted to the needs of PwD. The recent article addresses
the latter issue.

The purpose of this article is to give informed
recommendations on the design of SG for people with mild
to moderate dementia, based on existing literature and
personal work experience in the field. These
recommendations are intended to provide a guidance in
designing SG that specifically meet the abilities and needs
of PwD. Thereby, the prime concern is the ease of access of
SG for PwD, which is the prerequisite for motivation and
enjoyment of engaging in SG. With this, the
recommendations further aim to support social interaction
and to reduce behavioral disturbances. Additionally, a
regular engagement in SG may also help to improve
cognitive abilities (17) and to achieve physical activity
recommendations by the World Health Organization (WHO)
(150 minutes of moderate-intensity activity in bouts of at
least ten minutes duration throughout the week for adults of
65 years and above) (25). Therefore, studies included in the
available systematic review (17) were screened.
Additionally, a non-systematic literature search on studies
comprising SG for PwD was conducted and relevant articles
(only inclusion criteria were SG and PwD) were screened.
The included studies aimed, for example, at improving
behavioral symptoms, cognitive performance, balance and
gait (18,19,21), but also exploring acceptability, pleasure
and social engagement (19,20). Personal work experience
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was contributed by one of the authors (CD) who worked as
researcher in a SG project called “MobiAssist” (26), which
was specifically designed for, and administered to, PwD.
While MobiAssist was still in the developing phase, CD
used it for personal research interests (development of an
observer-rated usability scale to evaluate the effectiveness,
efficiency and satisfaction of SG for PwD) and played it
with a group of PwD in a daycare facility twice a week for
45 to 60 minutes over four weeks. Second, in the actual
research project, CD installed MobiAssist it the PwD’s
homes, explained the technical components and how to play
the games so that they could use the SG independently over
four months. Furthermore, CD was involved in
troubleshooting during the intervention period, and
conducted structured interviews with the PwD and their
caregivers after the intervention, to retain information on
how they experienced MobiAssist, how they integrated
gaming into their daily routines, what difficulties they
encountered or what games they liked and disliked the most.
This specific methodology that combines knowledge from
the literature and first-hand work experience was chosen for
the synthesis of holistic information that encompasses the
broad field of dementia work. With this, we would like to
ensure that all aspects, from the theoretical background to
the practical working field, are consistent and
complementary when giving recommendations appropriate
for the specific target group of PwD.

2. Technology used, Observations,
Recommendations

2.1. Input and output device

Eight studies used a touch screen or a PC keyboard in
combination with a PC mouse (20,24,27-32). Touch control,
keyboard and mouse require fine motor skills on a relative
small (Tablet) PC screen. Seven studies used gesture control
which comprises movements of upper and lower limbs and
requires certain motor functions such as balance (postural
control, weight shifting, and lateral stepping), eye-hand
coordination or reaching beyond one’s arm length (19—
21,33-36). Movements are monitored on a big (e.g. TV)
screen in front of the player. Five studies used a remote
control (four used Wiimote; one used a joystick)
(18,22,23,37,38). The Wiimote is used as a remote control
and features different buttons. The player holds the Wiimote
in their hand and moves their arm or wrist to move a cursor
on a TV screen for pointing purposes. Buttons on the
Wiimote are pressed and released for enter purposes. One
study modified the Wiimote by providing a “Wii Pistol” (a
case for the Wiimote) for better a handgrip and reduced
wrist movement amplitude and additionally programmed all
buttons having the same enter function (18). Another study
modified the Wiimote by covering all but one button on the
Wiimote (38). The joystick functioned as a remote control to
move through a virtual apartment (23). It featured a button
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that could be pressed to log in game targets. In MobiAssist,
a remote control was not used for pointing purposes but only
for entering purposes. It featured five different colored
buttons. One study featured a stationary bike with a blue and
a yellow button on the steer connected to a screen (39).

The advantage of gesture control over a remote control is
that PwD do not need to familiarize with new devices and
learn and remember different functions of buttons. Studies
that used remote controls often reported that PwD had
difficulties in operating the devices and needed extensive
help by caregivers (18,37). From my personal work
experience with the MobiAssist remote control, I observed
that PwD often did not understand when to press which
button to log in the correct answer out of four answer
options shown on the screen. They had difficulties to
associate the colors on the remote with the colors that
framed the answers on the screen. However, I believe that if
the design of the remote control is kept simple (e.g. without
wires or different colors and with only one button) and if the
remote control is used for pointing together with entering
purposes, an intuitive use could be achieved, too.

Since PwD often face visual problems and have reduced fine
motor skills (18), pointing and moving their fingers on a
small Touch PC or typing on a keyboard and moving a PC
mouse could be quite challenging. Additionally, people,
who have now reached an age of 65 and older, were not
born and raised in a time where computers were part of
one’s daily work and private life. PwD might have never
interacted with a virtual environment or might not be used to
technical equipment. Familiarization with such new games
might already be overwhelming for older people without
dementia and thus might be even more challenging for PwD.

A stationary bike provides the advantage that practically
everyone knows how to cycle and thus no further
explanation on how to pedal is necessary. Additionally,
PwD who have balance problems or get easily fatigued
when standing for too long, could easily exercise on a
stationary bike as they are seated, can hold on to the steer
and only have to move their legs. Disadvantage of a
stationary bike in a virtual environment is the limited
physical training diversity - stationary bikes would only
exercise the lower limbs.

Recommendations

e The input should support the natural movements to
execute game tasks (e.g. stretching arm above when
reaching for an object on the upper frame of the 2.2.
Feedback.

e To keep cognitive requirements to a minimum and to
foster intuitive use, gesture control is preferred over
remote control input devices and PC keyboard and
mouse.

o If PwD show restricted motor abilities (e.g. because of
pain or limited joint mobility), a remote control (such
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as the cased Wiimote with only one active button)
could be used instead.

e Stationary bikes could be applied when training of
lower limbs is desired explicitly.

2.2. Feedback

In one study, PwD played a song on a virtual keyboard by
clicking on keys that were highlighted successively (18). If
they clicked on the wrong key, the system gave immediate
feedback by reducing the volume of the note played.
Nintendo Wii Bowling”, which was applied in three studies
(22,37,38), provides immediate feedback through showing
the player a screen with the fallen pins and with the pins that
are still standing. One study explicitly mentioned that their
virtual memory program provided immediate audiovisual
and positive feedback (24). In MobiAssist, PwD played a
quiz game where they had to choose the right out of four
given answers. Immediate feedback was provided: if they
picked the wrong answer, the background was highlighted in
red; if they picked the right answer, the background was
highlighted in green. Four studies and MobiAssist provided
feedback on game scores, errors and time needed for task
completion (31,34,37,39).

To reinforce learning (memory) strategies, providing
immediate and positive feedback (e.g. audio or visual
signals as mentioned above) is important (24) and could
prevent PwD from frustration and the loss of motivation.
Adapting feedback to the player’s visual and hearing
abilities could be done by giving audio feedback for PwD
with visual impairment and vice versa. From my personal
work experience in the field of SG in PwD, I got the
impression that a summary screen at the end of a game is
valuable when SG are played in groups. With that, players
can compare their performance among the group. This
fosters competition and enhances social interaction.
Comments, such as “Wow, you got nine out of ten questions
right.” or “Amazing, you completed the task in under a
minute.” were fixed parts of the sessions.

Recommendations

e SG should provide immediate feedback adapted to the
player’s visual and hearing abilities to foster motivation
and prevent frustration.

e A summary screen showing scores, errors or time is
recommended to foster competition and social
interaction.

2.3. Instruction and assistance

Sixteen studies reported that instructions and introductory
sessions (explanation of technical equipment and content of
SG, and exemplary demonstration of games) were given by
the caregiver or research personnel, respectively
(20,22,24,29-35,37-39). Ten studies reported that they
provided repeated assistance on technical equipment and
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game content or physical help to perform required
movements  (18,20,22,23,27,32,33,37-39). One study
reported that daily instructions were necessary to help the
participants remember the game content (33). MobiAssist is
an example for in-game instructions provided for the
players. Slides with written instructions and pictures or short
video sequences are shown before each game. Instructions
were formulated over several slides that PwD could click
through or skip.

From my personal work experience with MobiAssist, |
could observe that instructions were too long and formulated
too complicated for PwD to remember. As soon as the game
started, PwD had already forgotten the instructions and
asked “So, what am I supposed to do now?”. Thereupon, the
caregiver had to summarize the instructions and explain the
game while the PwD was already playing. Thus, it seems
that written explanations fail the mission of explaining game
tasks. The majority of literature analyzed also shows that
playing without assistance is almost impossible for PwD.
There is an obvious need for a caregiver assisting the
sessions in order to guarantee the correct handling of
technical equipment, the explanation of game content, how
to solve tasks or when physical assistance is required. An
introductory session where the SG and equipment is
explained in general might be wise to give PwD a first
insight into what they will engage in and to prevent overload
in the first game session.

Recommendations

e Instructions should be kept brief and concise.

e [t is recommended that a caregiver gives instructions on
how to use technical equipment, on game content and
on how to solve game tasks.

¢ Introductory sessions are recommended where handling
of technical equipment and games are practiced
exemplary.

2.4. Game content and cognitive and motor
requirements

Ten studies featured cognitive game contents, such as
exploring homepages (e.g. BBC news, National Geographic)
and interacting with applications (e.g. Google Earth or
Google Maps), answering multiple choice questions,
performing IADL (shopping, cooking, writing and sending
E-Mails, money management), playing virtual instruments,
solitaire or block-match and solving navigation (e.g.
walking through a park) and memory tasks (18,20,23,24,27—
32). Cognitive requirements comprised, for example, visuo-
spatial analysis, spatio-temporal orientation, attentional
monitoring, divided attention, problem solving, action
planning, reminiscence/memory skills, reading, recognition,
concentration, imagination, shifting, inhibition, navigation
and timing.

D EA

Six studies featured motor game contents, such as Nintendo
Wii Bowling®, Nintendo Wii Tennis®, (Nintendo Wii®)
Balance or Nintendo Wii Golf®, apple box lifting, fruit
sorting and boat rowing (20-22,36-38). Motor requirements
comprised, for example, fine motor skills, movement of
limbs, balance, aiming, psychomotor skills (e.g. (hand-eye)
coordination), postural control, weight shifting, lateral
stepping, reaching beyond one’s arm length, bending, tilting
and upper body and head rotation.

Six studies featured motor-cognitive contents, such as
cycling, snowboarding, juggling, car racing, coin grabbing
or scratching bubbles (19,20,33-35,39). Motor-cognitive
requirements comprised mostly dual-tasking. One study
applied a stationary bike connected to a screen where PwD
cycled while popping blue and yellow balloons on the
screen by pressing the corresponding buttons on the steer
(39). One study asked PwD to move the cursor from the
center of the screen to the highlighted yellow balls as fast as
possible by shifting their weight while they were standing
on a platform with swivel joints (35). One study instructed
PwD to move their legs to music by tapping on a mat right
in the moment when two virtual balls, falling from the top of
the screen, hit the drums on the bottom of the screen (34). In
another study where PwD had to scratch virtual bubbles
moving through a big screen through gesture control, PwD
also had to use their attention skills since they were only
allowed to scratch blue bubbles but had to spare the red
ones. In order to scratch the bubbles, they had to move and
coordinate their upper limbs in space (19).

Each SG requires some kind of dual- or multi-tasking
abilities. Games that train cognitive skills through PC
activities do also require fine motor skills when handling the
keyboard and the mouse or the touch pad. The one study
that had the players play familiar songs on a virtual
keyboard required several skills at a time: (1) holding and
moving the Wiimote, (2) aiming (the cursor on the
highlighted key), (3) pressing the button on the Wiimote (to
enter the highlighted key and make the system play the
corresponding note) and (3) reading and singing (the song
lyrics) (18).

The virtual instrument-study reported that the multi-tasking
requirements were often too challenging for PwD so that the
caregiver did most of the Wiimote handling or that tasks
were split between players (“I play, you sing” dynamic)
(18). Studies that applied the commercially available (and
not modified) Nintendo Wii Sports® games reported that
PwD needed assistance from the caregivers since they were
overwhelmed by handling the Wiimote and performing the
motor tasks at the same time (22,37). PwD had to face
different challenges simultaneously. While remembering
how to control the Wiimote (buttons and their different
functions) and when to push and release the trigger, they had
to coordinate and time their movements.

Furthermore, one study reported that the posture for playing
the games may not generally be suitable for PwD as they get
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easily fatigued, might suffer from hand tremor (what makes
it difficult to hold and control the Wiimote) and other
physical pain (37). In order to include PwD that get easily
fatigued or have distinct balance problems, it may be
considerable to create motor games that can either be
performed while standing or seated.

Personal work experience and existing literature have shown
that it is wise to create game contents that matches activities
and interests of PwD and to personalize game content (e.g.
incorporating personal pictures) (30,36). Since they often
show a defensive attitude towards unfamiliarity (18), games
that relate to previous hobbies (e.g. dancing, singing, skiing,
hiking) and activities (e.g. picking apples, gardening,
cooking) seems adequate. With this, reminiscence to their
past (e.g. childhood, teenager years or early adulthood)
could be created and communication and social interaction
between players could be initiated.

Recommendations

e Games should place their focus on either cognitive or
motor skills in order to prevent overload. However,
since SG will always require some kind of cognitive
and motor skills simultaneously, it is recommended to
not exceed dual-tasking, i.e. combining only ONE
cognitive skill together with ONE motor skill.

e Game content should be personalized (e.g. through
personal pictures) and match personal interests and
previous hobbies or activities (e.g. dancing, hiking,
gardening, cooking) to create a fun atmosphere.

o It is recommended that motor games should be
designed in a way that they could be performed while
standing or seated in order to include PwD that get
easily physically fatigued or show balance problems.

2.5. Animations and game perspective

Two studies reported that they only had a minimum number
of objects in the screen and tried to avoid crowded screens
with unnecessary objects in the background (18,36). One
study applying Nintendo Wii Bowling® and Nintendo Wii
Tennis” reported that too many information were displayed
on the screen (e.g. arrows and instructions to guide
movements or game scores) (37). One study chose to have
only one active screen area (i.e. highlighted with a colorful
frame) at a time and designed large and highly contrasted
icons (18). Three studies applying Nintendo Wii"” games let
PwD create their own game character (Mii character) that
functioned as an avatar in games with third-person
perspective (20,22,37). MobiAssist used either a male or a
female avatar for playing games in third-person perspective.
One study reported that they played SG in front of a green
screen that projected PwD into the game scenario so that
games could be played in first-person perspective (33).

PwD have a reduced attention span which makes it difficult
for them to focus on a certain task (18). Thus, avoiding

D EA

accessories and too many objects irrelevant for the game
task seems right to prevent the player getting distracted from
the actual game task. PwD also often show decision-making
difficulties (18). To reduce the burden of making a choice
what to interact with on the screen, only one active screen
area could be a feasible approach. In order to support visual
abilities of PwD, large and highly contrasted icons may
compensate visual deficits. MobiAssist lacked large and
highly contrasted pictures in their quiz games which made
the players often remark “Oh, I cannot recognize what is in
the picture there. Is it a crocodile? Is it a bunch of leaves?”.
This shows how important it is to integrate pictures and
icons that PwD are able to clearly identify.

Regarding game perspective, one study reported that players
were not able to recognize their own Mii character that they
created as their avatar for the games (22). What I could
observe with MobiAssist was the difficulty that PwD
generally had when gaming with the avatar. Some needed
repeated explanations in each session to understand that the
avatar would simultaneously mimic the exact movements
that they do in front of the screen. I tried to explain how
playing with the avatar works by demonstrating movements
in front of the screen such as lifting my arms and legs and
asked the players to observe how the avatar mimics my
movements. PwD may have a limited capability to think in
such abstract way and to emphasize with artificial characters
in a screen. To overcome the difficulty with the concept of
playing with a third-person perspective, a first-person game
perspective may be more suitable for PwD.

Recommendations

e Accessories should be avoided and only one help icon
(e.g. arrow to point the direction where the player
should be walking next) should be displayed at a time.

e Only one active screen area to interact with is
recommended.

e Large and highly contrasted icons are recommended.

o Games should be played from a first person perspective
to prevent confusion with avatars.

o It is recommended that motor games should be
designed in a way that they could be performed while
standing or seated in order to include PwD that get
easily physically fatigued or show balance problems.

2.6. Task difficulty

Nine studies reported that they integrated different difficulty
levels (18,19,23,24,29,31,33,35,39). Four of them had the
levels set by the caregiver/research personnel according to
the cognitive and motor abilities of the player (18,23,24,33).
However, only one study provided concrete information on
the rule according to which the caregivers/research
personnel adjusted difficulty levels (23). This study
considered a task as solved when no false-positive reaction
occurred, when all targets were found and when no aid was
given by the research personnel. If these requirements were

EAI Endorsed Transactions on
Serious Games
09 2018 - 07 2019 | Volume 5 | Issue 17 | €5



Recommendations on the Design of Serious Games for People with Dementia

met, the researcher increased the difficulty level (23). One
study reported that even though the difficulty level was
adjustable by the caregiver/research personnel, only the
easiest level was played. Otherwise it would have exceeded
the players’ abilities (33). Only two studies provided
concrete information on how the SG was programmed to
automatically increase difficulty (29,39). One of them
increased difficulty when the response time was less than
five seconds and the error rate was less than 5% (39). The
other one increased difficulty after three consecutive
performances without error or when a player completed 80%
of the tasks correct over six sessions (29). This study
decreased difficulty when performance fell below 15%
correct in three consecutive sessions or below 20% in six
consecutive sessions, respectively (29). MobiAssist included
levels that were programmed to automatically increase when
80% of the required game performance was achieved.

Examples for how difficulty levels increased are following:
In the study where PwD played a virtual keyboard, difficulty
could be increased by adjusting the number of keys
(between eight and eleven keys) (18). One study, where
PwD played a virtual cooking game, increased the difficulty
through an increase of the number of ingredients, planning
of actions needed to cook a certain meal and the actual
performance of gestures to accomplish tasks (31). Another
study, where PwD had to perform a virtual Trail Making
Test increased the difficulty by adding additional numbers
(35). The study, where PwD had to scratch virtual blue
bubbles, difficulty was increased by increasing the bubble
movement speed (19).

Three studies reported the application of a concept called
“errorless” learning and game play (18,24,34). It is “a
technique that can compensate for neurocognitive deficits as
they relate to acquisition of new skills and abilities” (24)
and thus make failures impossible or unlikely to happen
(18). As described in chapter 2. Feedback, in the study
where PwD played a song on a virtual keyboard, clicking on
the wrong key resulted in reduced volume of the note
played. The system did not count the wrong key as error and
PwD could proceed playing along (18).

Studies have shown that there are two options of how to
handle difficulty levels. First, the SG is programmed to
adjust difficulty automatically and second, difficulty levels
are set by caregivers. However, I believe that a combination
of both might be wise. As I observed during my work with
MobiAssist, cognitive and motor abilities of PwD can vary
from day to day. It may happen that cognition and motor
function worsen from one day to another but improves again
the following day.

As described above, SG could be programmed to adjust
difficulty when a certain percentage of correct game
performance is achieved (e.g. increase when performance
was 80% or decrease when performance was below 20% in
six consecutive sessions). However, the SG should also
provide the opportunity to adjust difficulty manually.

D EA

Caregivers work with their PwD each day. They can observe
the cognitive and physical conditions daily and thus may
have a greater expertise than a system to correctly estimate
which level might be appropriate for the player.

Regarding errorless game play, this principle is supposed
to counteract the fear of failing in PwD and to prevent them
from giving up too easily when no immediate success was
achieved as PwD show difficulty in self-correcting errors
(18,24). However, this counteracts the purpose of giving
feedback on game performance which is important to
enhance learning strategies and which fosters social
interaction and communication between players when
comparing game scores (see 2.2. Feedback). Compromising
these two approaches, the SG should incorporate games
where PwD can achieve early success without making too
many errors and thus might become frustrated and lose
motivation (24).

Recommendations

o SG should incorporate games where PwD can achieve
early success to foster motivation and prevent
frustration.

e SG should incorporate a programmed algorithm to
automatically adjust difficulty levels (e.g. increase
when performance was 80% or decrease when
performance was below 20% in six consecutive
sessions).

e SG should also provide the opportunity to manually
adjust difficulty levels by caregivers depending on the
player’s current cognitive and physical condition of the
day.

2.7. Setting

Two studies implemented the SG at home (30,31) and 17 at
a research facility or nursing home/care unit (18-
24,28,29,32-39). Fifteen studies reported that SG were
played in a single setting (19,21-24,28-33,35-37,39). Four
studies played the SG in groups of three to ten PwD
(18,20,34,38). Those studies reported that professional
caregivers were instructed to create a pleasant environment
where players feel enjoyment by using praise and providing
assistance with technical equipment or explaining
instructions if necessary. They were encouraged to let group
dynamics and social roles evolve. One study reported that
caregivers asked PwD about their physiological and
psychosocial needs (e.g. urination, hunger, pain, tiredness)
before they started the game to guarantee incident-free game
sessions (32). They also reported that implementing SG in a
group setting resulted in mutual support between players.
They found that social interaction and communication was
fostered not only between players but also between players
and caregivers. Studies reported that players exchanged
affection and empathy for each other, involved in
discussions, cheered, played doubles, commented on each
other’s performance, gave feedback and tips or even
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explained instructions. This created a sense of
empowerment, achievement and independence. Interacting
and competing with other players provided the opportunity
to challenge their own perceptions and abilities.

MobiAssist was mainly implemented at home for single use
in the main study. The caregivers had to personally involve
with the game so that they could set up each session (e.g.
switching the game on and off) and help with the handling
of the technical equipment. They had to explain the games
and watch the session in case their assistance was required.

From my personal work experience with MobiAssist in the
main study, I could observe that the SG placed an additional
burden to the daily care responsibilities on the caregivers
(which were mostly the PwD’s spouse). Receiving a
dementia diagnosis changes the whole life situation not only
of the person affected, but especially of their significant
other. With the diagnosis, the role of the significant other
changes from being a partner to being a caregiver that is
confronted with the cognitive and motor degeneration of
their partner. They have to learn how to cope with
behavioral changes and learn how to integrate care routines
(e.g. grooming and feeding) in their daily life. This often
results in psychological stress and caregivers tend to forget
to spare some time for themselves because they fear leaving
their PwD alone. They often tend to neglect their personal
needs and put the needs of their PwD over their own well-
being.

Facing all these significant changes is difficult
enough. After the intervention period, caregivers often
reported that little fights arouse during the games.
Disagreements occurred over how to play games. Caregivers
admitted that they were too impatient with their PwD when
they did not understand or did not follow game instructions
correctly or did not log in right answers in quiz games
immediately. Thus, a neutral third person supervising the
sessions might overcome the problem of the caregiver being
in need of acting as “teacher” giving advice which could
seem too bossy and which PwD might see as personal
critique.

From my personal work with MobiAssist that I also played
with a group of PwD in a daycare unit, I experienced that a
rotating system where the active player role changed after
each game was highly appreciated among the participants. I
can highly confirm what other studies have found: mutual
support between players occurred and social interaction and
communication was fostered not only between players but
also between players and myself. I can see a great advantage
in providing SG for PwD in groups supervised by a
professional caregiver. Not only that social competence of
PwD are triggered, but also the additional burden for their
spouses investing time and their patience would become no
longer necessary. Instead, they could take the time, when
PwD are playing SG in a group, trying to relax and engage
in activities that otherwise get neglected in their everyday
life and thus create a healthy balance between care
responsibilities and personal interests.

D EA

Recommendations

o It is recommended to play SG in groups supervised by
professional caregivers, e.g. in a common room of a
nursing home or daycare facility, to assist PwD with
technical equipment and to create a pleasant
environment  where social  interaction  and
communication as well as group dynamics can evolve.

e [t is recommended to implement SG in a group setting
of not more than ten participants to ensure that each
participant has the chance to engage in the SG equally.

2.8. Schedule

In eleven studies sessions lasted between 20 and 60 minutes
(19,21-24,27-29,36,37,39). Two studies reported sessions
took up to 120 minutes per session (20,38). Sessions were
held between once (20,22,34,37) to five times per week
(23,32,33,36). Regarding physical activity engagement, the
WHO recommends 150 minutes of moderate-intensity
activity in bouts of at least ten minutes duration throughout
the week for adults of 65 years and above (25).

Since PwD face cognitive and motor impairments (e.g.
reduced attention span, gait disturbances) (1,18), it might be
worthwhile to create relatively short games (e.g. around five
minutes) and to see SG as one component in the activity
plan of PwD and not as the only source of physical activity
engagement. In MobiAssist, PwD played a game where they
walked through a park by lifting their feet in place (in higher
levels, game time was over ten minutes) but felt bored and
exhausted after five minutes. Even though the World Health
Organization recommends physical activity in ten minutes
bouts (25), it would not be beneficial to create games that
PwD are not willing to engage in. Designing shorter games
that keep PwD interested and motivated would be more
useful as one could imagine that PwD would play those
games more often and thus accumulate the recommended
physical activity amount. From my personal work with
MobiAssist in a daycare unit, [ experienced that playing 45
to 60 minutes sessions twice a week was highly appreciated
among the participants and easy to integrate in the daycare
routines of the facility.

Recommendations

e SG should not be seen as the only source of (physical)
activity for PwD.

e Sessions of 45 to 60 minutes twice a week seem to be
manageable for both PwD and the care management
plan of nursing homes or daycare facilities.

3. Discussion

Summing up, our main recommendations on the design of
SG for PwD are:
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e Use large, well-contrasting icons. Display the game
from a first-person perspective.

e Implement gesture control rather than remote control,
keyboard, joystick or mouse.

e Keep cognitive requirements to a minimum, and adjust
difficulty levels depending on the player’s current
cognitive and physical condition.

e If dual-tasking is to be trained, combine only ONE
cognitive skill with ONE motor skill.

e Personalize game content to match players’ interests,
hobbies or other activities. Create a fun atmosphere.

e Design SG as a group activity, to be supervised by
professional caregivers. Keep in mind that in nursing
homes, game sessions must flexibly adapt to the care
plan and to the availability of caregivers.

Below, a greater body of independent evidence that supports
our recommendations is listed:

One article found that VR-based SG are more efficient than
tablet-based gaming (40). This would support our first
recommendation of implementing natural movements over
keyboards in order to execute game tasks. Another article
found that the permanent provision of real time guidance
and the reduction of information on the interface are key to
successful SG design (41). These suggestions would also
support our recommendations of giving immediate feedback
and reducing accessories on the screen. A group of
researchers designed a SG by creating an environment that
is well-known to the player with familiar challenges (42).
This would support our recommendation that the SG content
should be as personalized as possible. Further, they applied
a strategy where the game was “capable of estimating the
cognitive abilities of the patients through the play sessions,
using the data collected from the different activities” (42).
This goes along with our recommendation of programming
an algorithm that automatically adjusts difficulty levels to
adapt to the player’s abilities and to guarantee an early
success so that motivation is fostered. One research team
found that the combination of physical and cognitive
training promises greater cognitive benefits than physical
training or cognitive training alone (43). This supports our
recommendation to combine one cognitive with one motor
requirement. However, we would like to emphasize once
more that combining more than one cognitive and one motor
requirements may exceed the capacities of PwD and thus
cause frustration and demotivation. One article supports our
recommendation that SG should ideally be implemented in a
group setting (44). The article reported that group
interventions enhanced not only memory performance, but
also an enhanced well-being through engaging in shared
social activity in residents of (i.e. dementia) care units (44).
Two researchers collected tips on how to effectively

communicate with PwD (45). They emphasized using “short
and simple sentences” as well as speaking slowly in a
simple language (45). Further, they stresses that “effective
communication can make to patients’ wellbeing and quality
of life” (45). Their tips underpin our recommendations on
the design of SG instruction: keeping them brief and concise
in the presence of a caregiver. The Cochrane Review of
2013 reported that the length of intervention sessions for
exercise programs in PwD between 20 and 75 minutes (13).
Here, the evidence remains still unclear what may be the
ideal session length. However, we would like to highlight
that, depending on the care management plan of nursing
homes and daycare facilities, 45min sessions twice a week
seem an adequate amount of SG training time.

One limitation of the present paper is the sparseness of
pertinent literature: we could retrieve 20 articles on SG
training for PwD, but each addressed only one or a few of
the eight SG characteristics covered in the present paper.
Furthermore, some of those articles did not specify in their
Results and Discussion sections whether procedures were
indeed as feasible as anticipated in their Methods sections.
Another limitation is that some recommendations are based
on personal work experience with one particular SG,
MobiAssist, and therefore may be biased. However, we
would like to emphasize that personal work experience
rather upgrades the value of the given recommendations as
the inclusion of first-hand experience adds to the theoretical
knowledge drawn from the literature.

The given recommendations are a novelty. They are unique
and explicitly written for the target group of PwD. They
represent a concrete and profound step-by-step guidance in
not only how to design, but also how to implement serious
games. Our recommendations thus add to already existing
and more general standard human-computer interaction
textbooks (46,47) and other scientific work in the field
(16,48).

The present paper is supposed to present the starting point
for future empirical studies that implement our
recommendations. In Appendix 1, we present an example of
a likely application of the recommendations in a future
serious gaming project covering the training of spatial
navigation skills in PwD.

Appendix 1 presents the recommendations to enhance the
usability of one specific SG for PwD. Inspired by VR city,
we decided to consider a SG for the training of spatial
navigation skills in PwD.
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Appendix A. Guidelines for the design of
a serious game for spatial navigation
training in people with dementia.

Background. Spatial navigation is the “ability to
maintain a sense of direction and location while moving
about in the environment” [39]. This ability deteriorates in
older age [40]. PwD are affected already in the early
stages of their disease [41].

Input and output device. A virtual environment is
displayed on a set of large TV screens. Players move
forward through this environment by walking in place,
and turn left- or rightwards by lifting their left or right
arm.

Feedback. When a player successfully completes a
navigation task, i.e., when they reach the instructed
destination (see below), they receive encouraging visual
and/or auditory feedback, depending on their sensory
abilities. If the destination is a store, players select a
virtual item from that store and receive the pertinent real
item as a reward. A summary screen provides a list of
tasks completed so far, along with a one-to-five star
rating.

Instructions and assistance. A caregiver explains and
demonstrates all game features that are relevant for game
use, not more and not less. This includes what is
displayed, what kind of tasks will be presented, how to
move through the virtual environment and how to
interpret summary screens. If players hesitate along their
way or take a wrong turn, conspicuous high-contrast
arrows appear on the screen for guidance.

Game content and requirements. The virtual
environment displays a familiar neighborhood with
familiar landmarks. Tasks are to walk from a “home”
position to a specified landmark (i.e., acquisition of route
knowledge), to find new shortcuts between landmarks
(i.e., acquisition of survey knowledge), and to complete
either of those tasks along with a concurrent, realistic task
(avoiding collisions with virtual oncoming pedestrians,
crossing a busy street, remembering a shopping list, etc.).

Animations and game perspective. Realistic animated
objects (trees blowing in the wind, domestic animals on
the sidewalk, pedestrians, cars, ...) are introduced in
dependence on each player’s momentary capacity to deal
with distracting events. Players navigate through the
environment in a first person perspective.

Task difficulty. Adaptive modification of task difficulty,
starting with a walk towards an always-visible landmark
in a stationary environment with a simple architecture, up
to a walk towards one of many landmarks in a complex

D EA
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environment with multiple
realistic distractors.

stationary and moving,

Setting. Common room of a nursing home or daycare
facility. A caregiver supervises the game session and
facilitates social interaction. They ensure that participants
take turns as active players and encourages the other
participants to provide hints and encouraging feedback.

Schedule. Game sessions of 45 minutes, twice per week.
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