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Abstract. Dementia is one of the severe causes of mortality in elder groups of human population, and the number of dementia patients is expected to increase all over the world. Globally,
the cost to take care of patients with the illness is high. Moreover, the lives for dementia patients
are commonly impacted by a variety of challenges, for example in terms of communication,
emotional behaviour, confusion and wandering. Therefore, the future aim is to develop a serious
games package which can help to slow down the progression of dementia, better life for the
patients and their loves one, and reduce the use of medications and the cost for the government
sectors. In this study, a conceptual model was formed to present the problems the dementia patients and their caregivers are facing, and non-pharmacological approaches are suggested to slow
down the progression of dementia-related impairments and behavioural symptoms by using well
structured serious games with personalised data.
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Introduction

The purpose of the current study was to two-fold: first, find knowledge about the
problems that people suffering from dementia and their caregivers are facing, and second, see if there are means to slow down the progression of dementia-related symptoms
with the help of non-pharmacological approach, in this case with the help of ICTenabled games.
The number of dementia cases is increasing year by year all over the world. There
are approximately 50 million people worldwide diagnosed with dementia [1] and Alzheimer's disease is the most common cause of dementia [2]. There are many direct and
indirect costs for the society in taking care of this group of patients and this has become
a huge burden for every countries in the world [3].
At the time of the study, no cure of Alzheimer's disease is reported. Since 2003, not
even a new treatment option is published in the clinical market. [4] However, there
already are interventions for people suffering from dementia focusing on different technologies. On the other hand, the role of social health and social participation as objectives is not established so far. There are studies that propose positive findings related
to computer-based cognitive interventions carried out with people with dementia, and
earlier knowledge proposes that people suffering from dementia can benefit from ICTbased applications that support the demented people to facilitate and create social networks. [5,6].

In general, the behavioural and psychological symptoms of dementia should be managed with non-pharmacologic care if possible, and the management of those symptoms
form an important part of the care plan. In this sense, the practices and treatment should
be evaluated frequently. [7] A recent study [8] of serious games in healthcare showed
that the role of serious games is increasing especially to influence education, cognitive
rehabilitation, psychology and physical rehabilitation.
The current study wanted to find out how the issues related to ageing people with
dementia and other memory related diseases are discussed in earlier research, especially
from the viewpoint of non-medical approach, considering also their caretakers. To answer the research question, the earlier knowledge was approached by a mapping study.
In addition, a pre-study was carried out to give pre-understanding of the research context and elderly suffering from memory issues.
The current study proposes that carefully designed serious games can support both
communication skills as well as reduce emotional problems of the dementia patients.
With these improvements, dementia patients are to experience easier, healthier and better lives with their families.

2

Research approach

A mapping study is about doing classification and thematic analysis of literature on
the chosen topic. In mapping studies, research questions are rather generic than specific.
The research question typically asks 'how' and 'what type'. The actual research process
is defined by the research area. In the beginning, the scope can be wide and then sharpen
when the process progresses. In mapping studies the researcher can choose to focus e.g.
on targeted sets of articles or to one or two digital libraries. [9] A systematic mapping
study aims at finding research directions while systematic literature study seeks for
ways to combine evidence [10]. Papers with empirical research included into the study
can be classified into two categories such as validation research or evaluation research,
and papers with non-empirical research can be classified into categories such as solution proposals, philosophical papers, opinion papers or experience [11].
A prospective descriptive design was conducted to analyse the use of ICT design
and gamification with personalised data to slow down the progression of dementiarelated impairments and to control behavioural symptoms.
In this study, the findings from studies of researches by other scholars and authors
were concluded and combined with the result from the primary research. The Google
search engine and Google Scholar search engine were used to look for studies within
the same or related context. Articles and papers were found with the key words “dementia”, “cost for dementia”, “caregivers”, “behaviour of dementia”, “symptoms for
dementia”, “stages of dementia”, “gamification”, “gamification health”, “gamification
dementia” and “personalised information”.
These references were selected based on the relevance of the article for the study and
the number of citations. The final number of analysed articles was 338 in total. The
articles were read through and based on their focus or main content 118 articles were
included in the analysis.
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The Study / Literature Review

According to a 2015 report by World Health Organization (WHO), 47.5 million people by an estimate were living with dementia. Moreover, since then the number of people with the illness has only been increasing. In the report, WHO is projecting the diagnosed cases to triple by the year of 2050. The cost on dementia patients in United
States was around 818 billion U.S. dollars in year 2015 and by a forecast, the total cost
on this group of people will be around 1 trillion U.S. dollars in 2018 [12]. This sum
equals to 1.09% of the global GDP, which is comparative to the entire annual GDP of
countries like Indonesia, the Netherlands or Turkey. Nevertheless, this cost is also
larger than the market value of world’s largest companies (2017), such as Apple Inc.
(752 billion U.S. dollars), Microsoft (507.5 billion U.S. dollars), Amazon.com (427
billion U.S. dollars) and Facebook (407.3 billion U.S. dollars) [14]. Furthermore, the
estimated cost on dementia patients will be around 2 trillion by the year 2030, which
corresponds to the current total market value of all these companies together [15]. Studies also show the average cost for taking care the group of patients is around 81% more
expensive than patients without dementia, for example while comparing to the costs on
heart disease or cancer patients [16,17]. Finally, by these figures on diagnosed cases
and their tendency of growth, many studies acknowledge dementia as a globally substantial issue [18,19]
The percentage of people with dementia in Finland is higher than in European Union
(EU) on average. In 2013, this proportion was 1.7% representing 92,000 people of the
entire Finnish population [20]. Furthermore, annually roughly 13,000 new diagnoses
are being made, at the same time while a significant proportion of patients die. In addition to personal tragedies caused by disease, from economic and social perspective a
person with dementia produces 5,088 euros higher healthcare costs per year than an
average citizen [21].
3.1 Family caregivers’ view in taking care of demented family members
The cost of family caregivers to patients at different stages of dementia is also a
significant factor as these groups of people are constantly under stress for example on
psychological, practical and financial levels, to mention a few. Moreover, informal
caregivers from family can easily develop a problem with depression by taking care of
dementia patients [22,23,24]. As the family caregivers realise they might need to spend
a long time to take care their loved one whose situation with health is getting worse day
by day, this might increase their worry and uncertainty for the future. In addition, they
may need to alter their plans for everyday life, which may not be able to work out the
same as before. Caregivers might also reduce their participation in different kinds of
social activities, only to avoid their loved ones behaving inappropriately due to the
cause of dementia symptoms. For some people, such arrangements may not be that
challenging, however for others it can cause a lot of stress and harm the caregiver’s
health [23],[25]. Moreover, taking care of a patient with memory disorders takes a lot
of time. Therefore, many caregivers need to reduce their working hours or even resign

from their job to be able to offer enough support to their loved one. [26,27,28]. The
costs are emphasised on mild and moderate patients with dementia who are mainly
taken care by their spouses or kids (in-law) at home [29]. These indirect costs for taking
care of dementia can be even doubled to direct costs for a society [23],[29,30,31].
Therefore, this is a clearly increasing the burden of both the communities and the entire
world. Although the cost at in-home care is high, there are many positive reasons supporting it. As long as a patient’s partner or close relatives are able to look after one, the
society should still provide its maximum support for an informal caregiver to look after
their patient at a regular home rather than a nursery one, especially at the early stage of
the illness. Patients with dementia are more willing to rely and to be taken care by the
people they find familiar and trustable. [32]. Family caregivers can give more mental
support to the patients and - if they are receiving enough information, support and professional instructions from the society - it is possible for the patient to release their
stress by taking care the loved one and even improve the overall relationships within
the family [25],[31].
3.2 Difficulties of people having symptoms of dementia
The fact sheet published by WHO (2017) describes dementia as commonly a longer
term and gradually decreasing ability to think and remember, having an impact on a
person's daily functioning. Thus, in addition to issues with memory loss being individual to every patient, it also impacts on the surrounding society they live in [19], [22],
[33]. As the disease evolves, a varying set of difficulties are either directly or indirectly
faced by both patients are their loved ones. These are commonly experienced in form
of symptoms such as – but are not limited to – communication [34,35,36,37], emotional
[38,39] behavioural [40,41,42] and wandering [43,44,45,46,47] and comprehension
[35], [48,49,50] problems.
Communication is the most common challenge people diagnosed with dementia are
facing each day. Generally, patients with dementia start to lose the ability in finding
words [51,52,53,54]. Moreover, they may also not be able to fully understand and interpret surrounding conversations and words in a usual manner. Dementia is causing it
difficult for some patients to catch part of the instruction or information in the whole
discussion and therefore might understand it incorrect. [55] As the illness progresses,
patients with dementia might no longer communicate with other people as fluently as
usual. Due to this, it is possible for patients to lose their confidence, increase depression
and feel more moody [51],[56,57,58]. Furthermore, losing the ability to communicate
can path dementia patients way to emotional problems, having to experience anxiety,
frustration, anger and depression [44],[59,60]. These symptoms may also exist when
the patient start to reply more others to complete their daily tasks, unable to maintain
their interest and participating in different activities, brain disorder and presence of
physical symptoms such as pain, loss of appetite and lack of energy deal to the dementia
disease [61,62].
Furthermore, the behaviour of people diagnosed with dementia also changes as the
illness progresses [60]. The dementia patients might start doing the same things repeatedly, as well as time to time behaving restless, sleepy, wandering, screaming and being

physically aggressive [62,63,64,65]. It is common for dementia patients to wander.
Nevertheless, this behaviour is very exhaustive to the caretakers as patients might put
themselves into danger, such as getting into an accident, lost and confused. This inappropriate behaviour might interfere notably with daily activities of the patients and their
caretakers. [44].
Finally, brain degeneration effects on the patient’s ability to comprehend. Impairment of comprehension is a factor very necessary to be considered while observing the
performance of patients. Based on the findings processing words is a significant problem for most of these people with dementia [66,67,68]. Complex, long, passive sentences or ones with new words are always difficult for dementia patients to understand
[67],[69].
In all, the difficulties bring caretakers a burden to apply more physical efforts while
looking after their patients. In addition, the risk of their mental stress is increasing.
3.3 Different diagnosis in early, middle and later stages of dementia
Dementia progress is often divided into three different stages, which are early dementia, middle dementia and late dementia [70,71,72]. In the early stage of dementia,
symptoms might not be very visible. Patients might only make mistakes - as an example
- with days, names of people or items, daily tasks, metaphysical thinking or having
difficulties in drawing simple pictures. Moreover, the patients may not sleep restlessly
and have as stable emotions as normally. At their early stage of dementia, people are
able to take care themselves independently, only not as smoothly as before with their
normal health. People around the patient may not immediately recognise such behaviour as signs for the patient getting diagnosed with dementia [73,74,75].
Typically, patients will move to the middle stage of their disease. At this stage,
symptoms are getting more obvious, dementia patients might start to lose a direction in
areas familiar to them. The patients are commonly experiencing difficulties in understanding instructions and information, problems in concentration and emotions, for example becoming more moody or violent [2],[76,77]. The patients may also behave inappropriately in public areas, experiencing frustration [78].
Finally, at the late stage of dementia, individuals with the illness may not be able to
take care themselves while performing daily tasks, such as eating, bathing and dressing
up. At this terminal phase, some may no longer be able to read, write, talk, walk or
recognise people they used to know. Normal conversations with the patients are almost
impossible. Their personality might totally change and become more emotional. Typically to these patients, crying and screaming might happen. Furthermore, the patients
might not have much energy to participate in their usual hobbies [79,80]. As the level
and nature of the symptoms at different stages of dementia patients are various, it is
also assumed the impact of serious games varies from one patient to another.
3.4 Using personalised information to decrease the problems
Although the symptoms of dementia reduce a person’s ability to maintain their daily
routines, the studies found that communication, emotion, behaviour and comprehension

problems can be improved if subjects of discussions are related to their personal preferences. Patients are more interested to speak about topics which they are familiar with.
These topics are usually related with one’s own life stories or memories, which are
having a positive and significant role or impact on the person directly [81,82,83,84].
Topics which are related with the patient's’ history are always easier to chat and share
with the patient [85], and better communication will increase the patient’s self-confidence [86].
Moreover, this interest can be encouraged with pictures or video recognisable by the
patients. Patients with dementia can remember better and have a more clear picture
about their past than what has happening around them recently. [84] Creating an environment with pictures, video or music, which match with the individual interest or
background, can help in stabilising the patient’s emotion and behaviour [86]. Older,
personal memories relevant to the individual always have a higher chance to be remembered by patients diagnosed with dementia [87].
Furthermore, discussions on special events belonging to the dementia patient’s own
culture can also stimulate one’s memory and improve performance on communication
[88]. As dementia individuals can remember things in the past better, the best contextual to support this group of patients are the items or pictures that they are familiar with.
The suggestion of writing a life story books, memory books, family albums and
memory boxes have been widely introduced in many researches, associations and communities [89,90]. People from different nations and environment will develop different
habits, interests and value to their lifestyle and history [91]. Understanding the culture,
history background and interests of a dementia patient can let them feel more willing
and comfortable to maintain their interest in communication. This can stimulate the
patient’s verbal skills and exploration. Finally, due to the brain degeneration issue, language comprehension ability of people diagnosed with dementia will decline, however
with contextual support, patient can also have a better understanding of conversations
and instructions. [67].
3.5 Gamification impact in health care
Gamification is about applying game design elements in non-game contexts [92].
Generally, gamification is a process for applying game design elements in motivating
users to participate and achieve a positive result in their performance [93,94]. It can
also change the behaviour of a person through ‘playing’ with the ‘games’
[93],[95,96,97]. A survey reported that 65% of the cases under study showed gamification having a positive impact on encouraging end-user participation, and 32% of the
cases claimed that gamification elements have a capability to change behaviour [98].
Thanks to the development of modern technological solutions, such as laptops, tablets and smartphones, gamification has been widely used in many different areas
[99,100,101,102]. For example, in marketing industry, the role of gamification is to
modify customer's behaviour, increase customer engagement and awareness, and maintain customers’ loyalty [103,104,105]. Moreover, gamification is used for educational
purpose. It can motivate students to learn and achieve better result in their studies by
receiving more accurate feedback [102],[106,107]. Studies show that through 'gaming',

users can be educated to become more efficient and productive. Furthermore, it will
also motivate them to practice learning and apply the skills in their studies or work
[105],[108]. Many researches and studies indicate that positive elements - such as passion in learning and engagement [109], which comes along with gamification - are very
valuable and beneficial in improving a service and the health and wellbeing of patients
[110]. Gamification can help in educating the public to understand and promote different health related information [97],[111]. More importantly, gamified systems can also
be applied to healthcare designed training by motivating the patients to exercise more,
as a result of better improvement in their health [18],[112,113,114].
Related to gamification in supporting patients with dementia, there are suggestions
that non-pharmacological therapies might offer appealing alternatives for treatment of
cognitive symptoms. In addition, serious games can positively address people’s condition with dementia and improvements can be found particularly from emotional, behavioural and social aspects [113]. Gamified training can increase the enjoyment for
patients to continue their participation in brain training exercises, and as a result, both
‘self-confidence’ and ‘self-rated memory’ are advanced [114]. Combined with the importance of personalised information in improving the communication of dementia patients [85], serious game systems with personalised content have the potential to improve the power of gamification and enhance the life quality of dementia patients.
Table 1. Concepts and papers.
Communication

34; 35; 36; 37; 51; 52; 53; 54;

Emotion

38; 39; 44; 51; 56; 57; 58; 59; 60; 61; 62

Behaviour

40; 41; 42; 43; 44; 45; 46; 47; 60; 62; 63; 64; 65

Comprehension

35; 48; 49; 50; 66; 67; 68; 69

Personalized information

67; 81; 82; 83; 84; 85; 86; 87; 89; 90; 91

Gamification

92; 93; 94; 95; 96; 97; 98; 99; 100; 101; 102; 103; 104; 105;
106; 107; 108; 109; 110; 111; 112; 113; 114

Table 1 summarises the grounds of this study by identifying references reviewed for
each topic of this paper.
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Findings

In this study the findings are presented as a conceptual framework (Fig.1).

Fig. 1. The proposed conceptual framework.

The literature studies suggested that problems related to communication [35],[37],
emotional [39], behavioural [41], wandering [44],[46], and comprehension [48],[50]
are the most common symptoms for individuals in early, middle and later stages of
dementia [70]. On the other hand, personal content can motivate dementia patient’s
interest in communication [85] and serious games may have a positive impact on patient’s emotion, behaviour and sociability ability [113]. Based on the findings from referenced literature studies and the approach introduced in the conceptual framework of
this paper, serious games tailored with personalised content is expected to influence on
the patient’s daily routines and potentially the quality of life.
Future development and studies will evaluate if the proposed conceptual framework
shows potential in managing behavioural symptoms at different stages of dementia,
while applied to well-designed serious games with personalised content.

5

Discussion and Conclusions

The purpose of the paper was to identify potential means to slow down the progression of dementia-related symptoms with the help of a non-pharmacological approach.
As a part of the conceptual framework, a technological approach to the non-pharmacological method was introduced.
Dementia is one of the severe causes of mortality in elder groups of human population. The studies estimate that the number of dementia patients is to increase all over
the world [2]. Moreover, the cost for the world to take care of patients with dementia is
high and further growing [12]. In order to reduce the countries’ burden for taking care
the illness and improve the quality of their lives, solutions of helping this group of

people are needed. The current study proposed a concept (see Fig. 1) that opens new
possibilities to support people with lower costs.
Senior citizens are willing to use new technologies if they are well informed about
the provision of usable technologies and have gathered positive experiences in using
them [115]. The advantages of applying gamification on patients in healthcare sectors
have already been identified and reported in many researches [18],[110],[112]. On the
other hand, based on the literature studies, the chances for people to get diagnosed with
dementia will start to increase rapidly from 65 years on [19],[116,117,118]. This is the
age group at risk and in target for researches. Therefore, it is presumable that after experiencing the initial phase of dementia, some of their skills for using information systems are still present. Furthermore, personal content can motivate dementia patient’s
interest in communication [85] and serious games have a positive effect on patient’s
emotion, behaviour and sociability [113]. However, the power of personal content with
serious gaming has not been researched and tested. Therefore, a conceptual framework
(Fig. 1) was constructed. The conceptual framework will guide analysing if serious
games with content personalised for dementia patients diagnosed into one of the three
different phases of dementia (first stage, middle stage and late stage) can bring new
ways to meet the patients and to support their lives. The current study proposes that the
conceptual framework will offer new knowledge to be applied when seeking for reliable
and realistic data on the impact of serious gaming with personalised content on dementia, and explore its possibilities to be used as a non-pharmacological method of treatment.
In the future, further interviews, prototyping and targeted field trials on audiences
possessing a risk for dementia are needed. Academic collaborators from the field of
research and development (R&D) are introduced with the concept and invited to work
together on the second phase of the project, development of a prototype for the target
group. Future studies are aiming at developing a real-life prototype consisting of an
interactive, gamified Web/mobile based application for storing and consuming personal, familiar memories presented in form of images, videos, sounds (voice), graphics
and colours. The findings and feedback are concluded with the resulting prototypes of
a serious game and its impact on dementia patients at different stages of their illness.
More studies are needed to conclude the value of gamified, interactive and personal
Web/mobile solutions for lives of dementia patients.
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