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Abstract 

With our aging society, a growing number of people are diseased with dementia leading to increasing 

costs in nursing. Since there is no cure for this disease, the only possibility to better the condition of 

the patients is to slow down and fight the symptoms. In this work, a multiplayer quiz application is 

developed specially designed for that target audience. The app will focus on improving the social 

connections of the players. Therefore, multiple users will play on a single device cooperatively, while 

a game master leads through the game. Further, two virtual companions will help to motivate the 

players. For development, multiple design and motivation guidelines are used to take the special 

needs of people with dementia into consideration. After finishing the development, a scenario-based 

evaluation is executed to check the usability features of the application. 
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1. Introduction 

Our society is getting older and older while we increase our knowledge about the human 

body and his needs every day (Gowans et al., 2007). The proportional shift between 

younger and older people appears with a variety of challenges and problems for the 

global population. Some of them are considered so important that today’s children learn 

about them at school. While they mainly focus on topics like “How can few younger peo-

ple finance the pension for many older ones?” they almost totally neglect the health as-

pects of getting older (Hartleb et al., 2014). One factor here is dementia, a disease mainly 

affecting older people and a significant cause of disability and dependency of older peo-

ple. It is estimated that between five and eight percent of the global population aged 60 

and over has dementia (WHO, 2019). Looking at the group aged 85 and older, every 

fourth person will be diagnosed with dementia (Gowans et al., 2007). 

Dementia is already a huge financial burden for the global society. With currently around 

50 million people having this diagnosis, the worldwide costs for it were estimated to be 

US$ 818 billion in 2015, corresponding to 1.1% of the global gross domestic product 

(WHO, 2019). Moreover, the number of cases increases faster than expected. While in 

2015, the estimations for people having dementia in 2030 were at 74.7 million and in 

2050 at 131.5 million (Prince et al., 2015), the valuations increased in 2019 to 82 million 

in 2030 and 152 million in 2050 (WHO, 2019; Alzheimer’s Disease International, 2019). 

However, the economic impact is only one aspect. Another is the physical, but above all, 

psychological and social factors affecting the patient, his family and caregivers (WHO, 

2019). Especially for the patients themselves, it is nearly impossible to stay socially con-

nected, leading to loneliness and isolation (van Rijn et al., 2010). This problem is more 

current than before since visits of the family in care centers are not possible at the mo-

ment due to the COVID-19 pandemic (Bayerisches Staatsministerium für Gesundheit 

und Pflege, 2020). Therefore, socializing and communication as an important part of 

everyday living (Matsuyama et al., 2009) must take place directly between the dementia 

patients. Motivating them to do so is often hard to archive for the caregivers. 

When searching the internet for leisure activities for older people or people with demen-

tia, there are many sites with thousands and thousands of suggestions. Board and card 

games count to the most common recommendations. Many of those games are social 

activities by nature. On the contrary, quizzes, another popular activity among older 

adults, are rarely sociable. (mal-alt-werden.de, 2016; www.goldjahre.de, 2020) 
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Over the past few years, many researchers focused on developing helpful applications 

and activities to support socializing and counter cognitive decline. The results of this 

research are often so-called Serious Games, digital games with another focus than en-

tertainment (Tong et al., 2017). Even if dementia patients are often defensive against 

unfamiliar things like modern tablet devices (Benveniste et al., 2010), Manera et al. 

(2017) found several studies suggesting that Serious Games are acceptable and moti-

vating for this target group.  

A good example of a Serious Game against cognitive decline for people with dementia 

is “Kitchen and Cooking” proposed by Manera et al. (2015). Here, the players have to 

select the right ingredients for their recipe, use them in the correct order and way and 

perform gestures fitting to the real-world actions. However, the “Chitchatters” game (van 

Rijn et al., 2010) focuses more on the social aspect. Here, a group of dementia patients 

is sitting together in a prepared room. A caregiver can control multiple objects like an old 

looking TV or telephone that will play media from the players’ past to trigger their mem-

ories.  

The goal of this thesis is to combine popular quizzes and a social activity with the help 

of modern technology. To provide the opportunity to connect this activity with already 

known concepts, the application will follow the principle of a quiz-show on television. A 

game master will present the questions and control the game flow, while the participants 

– people with dementia – can focus on having fun and working together to answer those 

questions.  

To develop a suitable application for people with dementia, this work will first focus on 

the disease. Afterward, related work about Serious Games for dementia will be reviewed 

to characterize such applications, as well as to provide design and motivation guidelines. 

The central part of the thesis will focus on the development of a multiplayer quiz appli-

cation for dementia patients (QUAD), following the guidelines found before. An evalua-

tion of the application will be presented, as well as ideas for improvements and future 

work. 
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2. Related Work 

Before developing a Serious Game for dementia, it is essential to understand the disease 

and its symptoms first. Therefore, this chapter starts with a section about dementia. The 

next section will clear differences of terms found in the context of Serious Games for 

dementia, followed by a characterization and the requirements for such applications. Fi-

nally, this chapter will focus on the scenario-based evaluation method used later in this 

thesis. 

2.1. Understanding Dementia 

The World Health Organization (WHO) describes dementia as “a syndrome in which 

there is deterioration in memory, thinking, behavior and the ability to perform everyday 

activities”. It affects mainly older people but not exclusive (WHO, 2019). The most sig-

nificant symptom is impaired memory, but dementia is also accompanied by impairments 

in thinking, communication and orientation, personality changes, anxiety, depression, 

suspiciousness, delusions, aggression and problems with calculation, learning, language 

and judgment (Engedal, 2010; van Rijn, 2010; WHO, 2019). These symptoms lead to 

further issues such as a decline in personal interest (Wherton and Monk, 2008) or bore-

dom and loneliness (Conroy et al., 2010). 

While “Alzheimer’s disease is the most common form of dementia” (WHO, 2019), there 

are others like vascular dementia, dementia with Lewy bodies and frontotemporal de-

mentia. A clear distinction between different types is often not possible. (WHO, 2019) 

However, symptoms of dementia can be distinguished in three stages: An early, middle, 

and late stage. The early stage is often hard to detect since “the onset is gradual”. Com-

mon symptoms are forgetfulness, losing track of time and becoming lost in familiar 

places. When advancing to the middle stage, forgetfulness increases and affects names 

and recent events. Needing help with personal care and becoming lost at home are fur-

ther symptoms appearing in this stage, as well as behavioral changes like wandering 

and repeating the same question multiple times. These symptoms get worse when en-

tering the late stage, where even relatives and friends become strangers. Confusion of 

time and place, difficulties with walking and behavioral changes, including aggression, 

may follow. (WHO, 2019) 

Currently, there is no cure for dementia and no medical treatment to alter its progressive 

course (WHO, 2019). However, research has found that cognitive training and 
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reminiscence activities, as well as playing games, can have a positive impact on the 

course of the disease (Dartigues et al., 2013; Anderiesen et al., 2015). 

2.2. Games for People with Dementia 

This section will focus on different kinds of games for people with dementia, including a 

characterization of such games, as well as guidelines for design and motivational as-

pects. 

2.2.1. Definition of Terms 

When searching the literature for applications and activities focusing on older people and 

people with dementia, a few different terms appear, depending on the researches focus.  

Devices and systems that support persons to stay independent, safe, and maintain or 

improve their wellbeing run under the topic of assistive technology. They tend to focus 

on helping with cognitive difficulties rather than physical impairments. While assistive 

technology is designed to help users to stay independent, it is important to mention that 

human interactions cannot be replaced. The range of application shifts from assisting 

people to remain safe and continue everyday living to supporting social interactions and 

providing opportunities for activities and enjoyment. With this development, assistive 

technology starts to include digital games as well as other helpful applications for tablets 

and smartphones. (Alzheimer’s Society, 2015) 

When focusing on digital games, the term Serious Games is often used. These are 

games designed for a primary purpose other than entertainment (Tong et al., 2017). 

Since Serious Games is quite a general term, this field consists of many different parts. 

One of the key areas is the health domain (McCallum and Boletsis, 2013), sometimes 

referred to as Games for Health (Göbel, 2012). Here, Serious Games are used for diag-

nosis, as well as supporting care professionals in their work (Robert et al., 2014). Serious 

Games for Dementia are part of the Games for Health domain (McCallum and Boletsis, 

2013). Another category appearing in this context are cognitive games, which focus on 

stimulating cognitive abilities while still being fun to play (Vasconcelos et al., 2012). 

Besides the content of the application, the interaction method is an important part. In the 

context of older people and people with dementia, Tangible User Interfaces can be found 

as the center of research. In the case of Tangible User Interfaces, the objects of interest 

become the interface, interaction object, and interaction device at the same time, merg-

ing the physical and digital world (Hornecker and Burr, 2006; Spreicer, 2011). Even the 

body itself can become the input “device” (Hornecker and Burr, 2006). 
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In contrast to most of the applications and actions belonging to the previously defined 

areas, leisure products do not focus directly on health improvement for their users (van 

Rijn et al., 2010). Participation in leisure activities can be distinguished into three different 

types: informal (social interactions with known people), formal (participation in formal 

groups and organizations), and solitary (activities alone like reading and other hobbies) 

(Adams et al., 2011). Those activities result in positive wellbeing and reductions in bore-

dom, agitation and stress (Adams et al., 2011; van Rijn et al., 2010). 

2.2.2. Characterization of Serious Games for Dementia 

Because of the symptoms following dementia, the affected people have a variety of spe-

cial needs. Those must be considered when developing games or other applications for 

this target audience. McCallum and Boletsis (2013) proposed a taxonomy for Serious 

Games for Dementia (SG4D) as an assistive tool to help compare such games and give 

a foundation for the design and development process. Figure 1 shows the taxonomy that 

is divided into three areas: the game category, the game type and the player type. 

 

Figure 1. The taxonomy of Serious Games for Dementia (McCallum and Boletsis, 2013) 

The first layer of the taxonomy, “game category”, is associated with the health function 

that the SG4D affects. Cognitive games address mental abilities, and physical games 

target the physical health of the player. While games under those two categories focus 

on the direct symptoms of the disease, social-emotional games try to encourage the 

player into social interactions and thus counter secondary effects like boredom, isolation, 

and resulting depression. The second layer, “game type”, focuses on the health purpose 

of the game, which is not restricted to a single-use. Preventative games try to slow down 

dementia’s symptoms, e.g., by keeping the players physically, cognitive, or emotionally 

active. Rehabilitative games focus on restoring the patient’s health as far as possible 

since there is no cure for dementia (WHO, 2019). Educative games raise awareness of 

the disease and its consequences and inform about it. Finally, assessing games have a 
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diagnostic character and provide information about their health status to the players. 

Following these two main layers, the last layer represents the “player types”. Those are 

defined following their connection with the dementia disease. While “patients” are people 

who were diagnosed with some type of dementia itself, “potential patients” have not yet 

been diagnosed, but possibly will soon. “Professionals” are people directly affected by 

dementia in a professional way, meaning, i.e., researchers, public health workers, and 

caregivers. The last group, “public”, comprises everyone not included by the other three 

groups. The matching between game and player types can be seen in figure 1, showing 

that, e.g., educative games fit for all player types. (McCallum and Boletsis, 2013) 

2.2.3. Design Guidelines 

As mentioned before, it is crucial to focus on the special needs of the target audience 

when developing for people with dementia. Therefore, a user-centered approach should 

be chosen (Eichhorn et al., 2020) and the product should follow an “accessible and in-

clusive” (Seaborn et al., 2016) approach.  

One of the first steps in development is the choice of a suitable input method. Here, 

touchscreens are an often-suggested solution. As direct input devices, they offer a more 

direct (Vasconcelos et al., 2012), “finger-based intuitive” (Kobayashi et al., 2011) inter-

action that is more familiar then, e.g., interaction via a keyboard (Tziraki et al., 2017). 

However, when using the final product, the screen size is an important factor. Coppola 

et al. (2013) recommend a size of at least 10.2”. 

Besides the input method, choosing the right game design elements to use is important. 

Anderiesen et al. (2015) reviewed the literature on neuropathology and clinical studies 

about which game design elements fit for people with Alzheimer’s disease, the most 

common form of dementia (WHO, 2019). They found that aspects of relaxation, reminis-

cence and sensation are suitable for persons in all stages of the disease. Mainly remi-

niscence is often used as an activity or even group therapy (van Rijn, 2010; Woods et 

al., 2018). “Reminiscence refers to the process of recollecting memories from one’s life, 

for e.g. [!] about work or hobbies, and speaking about these with one or more other 

people” (Astell et al., 2010). Elements of challenge, expression, humor, nurture, fellow-

ship, sympathy and simulation are recommended for the mild-to-moderate stage, while 

eroticism might be suitable. The subversion of norms should only be used for people in 

the early stage. Fantasy elements might not be ideal because of the real-world orienta-

tion problems following along with dementia. Content of suffering and sadism, as well as 

thrill, are not recommended at all. There were no findings for other elements. (Ander-

iesen et al., 2015) 
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Suitable activities focusing, for example, on reminiscence, should not “require the person 

to keep a conversation topic active [to] provide a structure for meaningful interactions” 

(Alm et al., 2007). Such activities can, e.g., be looking at photographs (Alm et al., 2007), 

or listening to music, while music from the people’s youth or classical music is preferred 

(van Rijn et al., 2010). Further, it is recommended to offer familiar content and context to 

overcome reservations by the users (Holzinger et al., 2008; Bouchard et al., 2012; Ko-

bayashi et al., 2013) and trigger memories from the past (Boot et al., 2012). Finding the 

right difficulty for the tasks, which means not only avoiding a too high complexity but also 

boring experiences, will help the users to feel comfortable and confident (Chin et al., 

2017). Automatically adjusting game elements (Khoo et al., 2008) can help to reach this 

goal, as well as encouraging prompts following on errors (Tziraki et al., 2017). These 

tools will also help to get a setting with errorless learning, which works better than other 

approaches (Metzler-Baddeley and Snowden, 2005). Overall, the rules and goals should 

be clear and understandable (Vasconcelos et al., 2012; Chin et al., 2017). 

However, the presentation of the content is essential, too. Here too, the aspect of famil-

iarity should be considered, as van Rijn et al. (2010) state. Squares with a size of at least 

20-30 mm should be used for buttons, with enough space between them to avoid input 

errors (Caprani et al., 2012). Placing the buttons in the corners of the screen will lead to 

the best accuracy (Lee and Zhai, 2009). Since buttons will be hit at the bottom, border 

detection can help to give feedback about wrong clicks and thus prevent confusion (Ko-

bayashi et al., 2011). For readable text, sans-serif fonts of at least 16pt size should be 

used (Caprani et al., 2012). Next to making the text readable, it also must be understand-

able. Therefore, it should use simple language (Zmily and Abu-Saymeh, 2013) and be 

written in the preferred language of the user to not discourage him (Chin et al., 2017). 

Further, the used colors should address colorblindness, i.e., avoid blue-green tones 

(Strengers, 2012). Additional, discrimination problems in the red-green and blue-yellow 

spectrum should be considered for older users (Schneck et al., 2014). In general, warm 

and bright colors should be used, since they are easier to distinguish (Jones and van der 

Eerden, 2008). Finally, unnecessary information should be avoided not to overtax users 

(Bouchard et al., 2012; Chin et al., 2017; Tziraki et al., 2017).  

2.2.4. Motivation Guidelines 

Next to the design, motivation for the players is a necessary part of applications devel-

oped for dementia patients (Tong et al., 2017). Eichhorn et al. (2020) describe two types 

of users. On the one side, active participants occur open for unknown activities. Their 

motivation is mainly intrinsic and comes from personal interests. On the other side, pas-

sive participants will not become active on their own. Reasons for this behavior can be 
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the fear of unwanted situations because of, e.g., doing something wrong or destroying 

the device or just being disinterested in the activity. Another cause of inactivity can be 

an unattractive application design, leading to the inability to interact with it. In this case, 

extrinsic motivation is necessary (Eichhorn et al., 2020).  

One possibility to motivate people with dementia is companions. Coppola et al. (2013) 

observed that users were much more active in the presence of a companion, even if they 

have had no interest in the activity before. It is not important for the participant who takes 

the role of the companion, may it be another resident or caring staff. Even virtual com-

panions are motivating since they can stimulate and convey positive feelings (Albaina et 

al., 2009; Castilla et al., 2013).  

Besides companions, rewards are a good motivation. However, it is difficult to find the 

right rewards (Albaina et al., 2009), since they have to fit in the game and be appealing 

to the users (Andersen et al., 2011). Therefore, many Serious Games use entertainment 

as the main motivational factor, as Tziraki et al. (2017) stated. Tremendous help for in-

creasing the enjoyment and additional motivation, especially for older users, is the fun of 

playing together (Mubin et al., 2008; De Schutter, 2011; Vasconcelos et al., 2012; Mars-

ton, 2013). Multiplayer games provide the possibility of social interactions (De Schutter, 

2011) and possibly the opportunity to connect with family and friends, which further in-

creases motivation (De Schutter and Maillet, 2014).  

Next to the greater factors above, multiple smaller ones help motivate people with de-

mentia. Some of them were already mentioned as design guidelines since these two 

aspects work hand in hand together. Familiar environments (Eichhorn et al., 2020) and 

an association with traditional games (Cota and Ishitani, 2015) motivate the players, as 

well as tasks with the right difficulty, leading to the so-called “flow zone” (Bouchard et al., 

2012; De Carvalho and Ishitani, 2012). Further, building up excitement can make the 

players more active (Eichhorn et al., 2020).  

2.3. Scenario-based Evaluation 

Evaluating an application, especially when developing for a target group with special 

needs, is essential. Unfortunately, it is not always possible to assess with intended users. 

This is, e.g., the current case with the COVID-19 pandemic avoiding visits in care cen-

ters, but can have multiple other reasons, too. Nevertheless, applications must be eval-

uated. Therefore, there exists a considerable variety of assessment methods that are 

used daily in practice. Most of these methods work with a scenario-based approach (Pat-

idar and Suman, 2015). Multiple reviews are comparing different approaches like SAAM 
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(Software Architecture Analysis Method), ATAM (Architecture Trade-off Analysis 

Method), or ALMA (Architecture Level Modifiability Analysis) (Ionita et al., 2004; 

Shanmugapriya and Suresh, 2012; Patidar and Suman, 2015). According to the results 

of these reviews, most of the methods are applied during the development and need a 

huge amount of time to be executed (Patidar and Suman, 2015). This section will further 

focus on the SALUTA (Scenario based Architectural Level UsabiliTy Analysis) method 

proposed by Folmer et al. (2003) since it is the best suitable method to use for this work.  

SALUTA focuses on the evaluation of usability aspects, which can be specified by sce-

narios. “A scenario is defined as a short statement describing [an] interaction of one of 

the stakeholders with the system in a particular context” (Folmer et al., 2003). The 

Method consists of the following steps:  

 Determine the goal of the assessment 

 Create a usage profile 

 Describe the software architecture 

 Evaluate the usage scenarios 

 Interpret the results 

For the first step, determining the goal, Folmer et al. (2003) distinguish three goals. First, 

predicting the level of usability, which means indicating the support of usability. Second, 

risk assessment, which should detect usability issues the software has. Third, software 

architecture selection, which, in opposition to the others, focuses on two different ap-

proaches to find the better solution. 

The next step, create a usage profile, consists of its own of four steps to create scenario 

profiles or usage profiles, respectively. Latter is defined as “a system in terms of scenar-

ios” (Folmer et al., 2003). For creating a scenario profile, first, the context of its genera-

tion has to be defined. Folmer et al. (2003) give two possible settings: On the one side, 

the Greenfield context, where the evaluating institution has no experience with similar 

systems and the profile is based on creativeness. And on the other side, experienced 

context, where experience with older applications can be used as additional input for the 

new system. In the next step, all scenario entities must be identified. According to Folmer 

et al. (2003), scenario entities are the users as stakeholders, the context of user opera-

tion as part of the environment, and the task a user can perform as part of the system. 

The third step of creating a usage profile is creating usage scenarios. Therefore, at first, 

all users are identified, followed by a representative selection of tasks and the context in 

which the user operates. Finally, an attribute preference table (APT) is created. In the 

ATP, a combination of user, task and context is valued for every usability attribute 
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according to the importance of it. Usability attributes are “component[s] of the abstract 

concept of usability” (Folmer et al., 2003). According to Folmer et al. (2003), the most 

used attributes are learnability (time and ease to get to work productively; ease in re-

membering the way of operation), efficiency (performable tasks per time unit), reliability 

(error rate and recovery time), satisfaction (subjective opinions of the user on the sys-

tem). In the last substep, relevant scenarios must be selected to get a usage profile. For 

a complete scenario profile, all potential scenarios can be picked. Otherwise, the selec-

tion should relate to the goal of the evaluation determined in step one. To predict the 

level of usability, e.g., scenarios with a high probability to occur should be selected 

(Folmer et al., 2003).  

The third step of SALUTA, describing the software architecture, provides the data which 

is necessary to analyze the usability of the system. In the following step, the scenario 

evaluation, the usability scores for the system are compared with the required scores 

found in step two. Those scores are found in a phase called “architectural support anal-

ysis”, which is similar to the valuation of usability attributes in the ATP. The definition of 

the score for the assessed system can be done pattern-based (by an expert), design 

decision based, or use case map-based. In the final step, the results are interpreted to 

conclude what parts of the application work good, and which have to be changed. 

(Folmer et al., 2003) 
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3. Development of a Multiplayer Quiz-App 

This section describes the development of QUAD, a QUiz Application for people with 

Dementia. QUAD is a leisure activity for dementia patients where several of them can 

take part in a quiz game. The look and game design are based on old and current Ger-

man TV-shows like “Wer wird Millionär?”. This approach leads to a Tangible User Inter-

face, helping abstract from technology and thus, preventing fear on the user side, keep-

ing them away from participating in the game (Coppola et al., 2013). A game master, i.e., 

a caregiver, guides through the game and presents the questions, while the dementia 

patients can give their answers and talk about the content. It is supposed to be used in 

group activity sessions, for example, at care centers.  

This chapter will first describe the chosen platforms and tools, followed by a classification 

of QUAD. Afterward, the application itself will be focused, starting with the basic struc-

ture. Then, the application’s part for the players and the section for the game master will 

conclude the chapter.  

3.1. Target Platforms and used Tools 

Since touchscreens offer a direct and thus an intuitive way of interaction (Vasconcelos 

et al., 2012), they are an excellent choice as an input method. Therefore, QUAD is de-

signed to use Android-based tablet devices for player input. However, to allow the game 

master to display the questions on a bigger screen, Windows compatibility is useful. To 

get a simple way of developing for both Android and Windows, the Unity game engine 

was chosen. It is a very flexible game engine supporting 2D and 3D games, multi-plat-

form development, and it is free to use for students and small businesses (unity.com, 

2020). For the communication between player and game master devices, QUAD uses 

Ubi-Interact, a NodeJS-based “framework for building reactive and distributed applica-

tions” (Weber, 2020) working according to the publish-subscribe pattern. It is developed 

by Sandro Weber, a member of the research group Augmented Reality at the Technical 

University of Munich. Since Ubi-Interact is still work in progress, there were a few bugs 

during development. Missing .dll-files avoided building the application, and a .json-file 

was not included in the build version causing multiple errors. These bugs could be solved 

by the author of this work during the development of QUAD by including the .dll-files 

manually and moving the mentioned .json-file to the “Resource” folder in the unity assets. 

The fixes were later added to the Ubi-Interact repository to make the tool work for future 
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users. However, without these bugs, Ubi-Interact was very easy to use, making it the 

right choice for QUAD.  

3.2. Classification 

After determining the technical parameters, it is useful to classify the game according to 

the taxonomy described under 2.2.2. Since QUAD is a quiz game, it would be axiomatic 

to type its game category under “cognitive”. Nevertheless, the main goal of the game is 

to bring people with dementia together and let them talk about their past. Thus, QUAD 

fits better into the social/emotional game category. However, the only game type that fits 

for QUAD is the rehabilitative one because it is specially developed for people with de-

mentia, and it does not provide feedback about the current health status of the users. 

Further, it is not the goal of QUAD to be educative about the disease or other health-

related topics. 

3.3. The Application 

With the technical decisions and the classification finished, this part of the chapter will 

describe the structure of QUAD, as well as the different features. With it, the reasons for 

the design decisions made during development will be given.  

3.3.1. Basic Structure 

Both parts of QUAD, the players’ and the game master’s part are bound together in one 

single application. With that, the devices for all participants are not limited to a single, 

predefined type. If e.g., no android tablet is available, it is still possible to play the game 

on a tablet PC running Windows instead. The following figure shows the structure of 

QUAD. 

 

Figure 2. Structure of QUAD 
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When starting the application, the “StartScene” opens. Here, the game must be set up 

by entering the IP address of the computer running the NodeJS backend needed for 

communication. If the IP address does not change, this step must be done only once per 

device, reducing preparation time for future game sessions, as suggested by Eichhorn 

et al. (2020). However, the primary purpose of the Start scene is to determine whether a 

player or the game master is using the device. Therefore, it features a big, centered 

button labeled “Start” that leads directly to the PlayerView, which will be discussed in the 

next section. Even if the setup should be done by the person acting as the game master 

or other people without dementia, this button takes most of the space. Thus, a dementia 

patient is more likely to press on this button then on another. The second button with the 

label “Game Master” directs to the “MasterViewLock” scene. Here, the user has to con-

firm if he wants to continue as the game master for the main reason of saving time in 

case of a misclick. Otherwise, the game had to be restarted to continue as a player since 

there is no way back to start after role selection. Further details on the game master part 

of QUAD will be given in the next but one section.  

QUAD features two different color schemes. First, the PlayerView uses bright colors for 

better visibility (Jones and van der Eerden, 2008; Bouchard et al., 2012) and to address 

colorblindness (Strengers, 2012), since this part has to be read by the dementia patients. 

The rest of the application uses the second color scheme. To overcome reservations by 

the users, this scheme should be familiar in the context of quiz shows (Holzinger et al., 

2008; van Rijn et al., 2010). Therefore, ten German TV-shows have been evaluated. All 

were broadcasted between 1974 and 2019. Older shows were not considered, because 

they were still transmitted without color in black and white. However, seven shows used 

blue as the dominant color, as can be seen in figure 3, and only one show did not use 

white as the font color. Therefore, the main color scheme of QUAD consists of blue back-

grounds and white font. To get the attention of the users, text areas have black-white-

black borders, while interactable buttons only have black surroundings because they are 

unimportant for the players (Bouchard et al., 2012).  
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Figure 3. Dominant colors of ten German quiz-shows 

Besides the font color, the font style and size are important factors to provide readable 

text to the users. While font size varies between text for players and the game master, 

the font style is uniform for all text. As Caprani et al. (2012) recommended, the sans-serif 

font “Arial” was chosen. 

Since QUAD was developed and planned to be evaluated in Germany, German was 

chosen as game language. This would avoid the discouragement of dementia patients 

by not forcing them to understand a foreign language (Chin et al., 2017).  

3.3.2. The Player View 

The player view contains all game elements directly used by the players. As mentioned 

before, this part of QUAD is designed for interactions using a touchscreen because of 

the direct input through “finger-based intuitive interaction” (Kobayashi et al., 2011). Fur-

ther benefits of using a touchscreen are the disassociation from mouse and keyboard, 

which are more likely unfamiliar things for older dementia patients (Tziraki et al., 2017), 

and thus do not need to acquire new skills for using them (Alm et al., 2007). The player 

view was optimized for a resolution of 1280x800 pixels, the native resolution of the Sam-

sung Galaxy Tab 2, that should be used for evaluation. However, with the help of Unity’s 

auto layout functionality, QUAD works with every resolution. 
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Figure 4. Companion selection 

The first step for the players is the selection of a virtual companion, which can be seen 

in figure 4. The two options are Karo, the cat, and Hubertus, the dog. By tapping on one 

of them, a “joyful leap” animation is played, and the animal is selected for the game 

session.  These companions serve as one of the two significant motivational factors of 

QUAD; the other one is the fun of playing together. Besides the appearance in the player 

view, both companions also appear in the game master view, which will be described in 

the next section. However, many researchers have investigated the use of virtual com-

panions in games for people with dementia. An essential point of their findings is the 

possibility of such avatars to convey positive feelings to the players and give them con-

fidence (Orpwood et al., 2004; Albaina et al., 2009; van Rijn et al., 2010; Castilla et al., 

2013). For that reason, the selected companion gives motivational feedback after each 

question, as figure 5 shows. Like all text that the players have to read on their own, these 

messages are held short and simple, as suggested by Zmily and Abu-Saymeh (2013). 

Thus, they are easy to understand, and problems for users with impaired vision are low-

ered.  Another effect of the companions is that they catch the attention of the users (Cas-

tilla et al., 2013), which can motivate passive users to become more active. However, to 

archive the previously described effects, it is crucial to choose an appealing model for 

the companions. A cat and a dog were selected because those animals are already in 

use, e.g., for reminiscence therapy in dementia care centers (Richeson, 2003; van Rijn 

et al., 2010), and they are the two most popular pets in Germany (Henrich, 2019). The 

used assets can be downloaded for free from gameart2d.com. 
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Figure 5. Karo, the cat, gives feedback to a right answer 

After selecting a companion, the multiplayer part begins. If the game master has not 

started a question yet, the companion advises the users how to play the game with a text 

message (see table 1, no lock-ins). This can increase the understanding of the instruc-

tions, as Oritz et al. (2007) stated. If the quiz master already has started a question or 

as soon as he does, the answer selection screen appears (see figure 6). 

 

Figure 6. Answer selection screen with one lock-in on “Hunde” and two on “Katzen” 
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In the literature, there are multiple suggestions on the size and placement of interactable 

game elements. All agree on the point that those elements should not be too small 

(Caprani et al., 2012; Eichhorn et al., 2020). Since the answer selection screen only 

shows the four different answers, the buttons to lock them in can take the whole screen. 

No other information is provided on this screen to hold it simple, as recommended by 

Bouchard et al. (2012), Chin et al. (2017), Tziraki et al. (2017) and Eichhorn et al. (2020). 

To archive good accuracy, the buttons are placed in the corners of the screen, as sug-

gested by Lee and Zhai (2009). Further, black lines separate the buttons to avoid input 

errors caused, e.g., by shaking, as mentioned by Caprani et al. (2012). Since the buttons 

will likely get hit at the bottom (Kobayashi et al., 2011), the text is placed in the middle, 

to get additional spacing.  

As mentioned before, one main goal of QUAD is to bring dementia patients together and 

increase their social interactions. Therefore, it is designed to let multiple users play on a 

single device as a group and multiple groups in one session. Each input device should 

be used by around three players cooperatively. Thus, social connections, i.e., the feeling 

of relatedness is increased (De Schutter, 2011; Seah et al., 2018; Dove and Astell 2019), 

and passive users are more active (Coppola et al., 2013). However, since aggression is 

a possible symptom of dementia (WHO, 2019) and three players might not always agree 

with each other, QUAD offers the possibility to lock in up to three different answers. To 

avoid frustration as a result of wrong or over-hasty input, the lock-ins can be changed as 

long as the question is active. Color steps indicate how many votes each answer has to 

provide instant feedback to the users, letting them see the impact of their actions, as 

Chin et al. (2017) suggested. In figure 6, e.g., the right answer (“Richtig”) has two lock-

ins, while the bottom-left answer only has one, and the two remaining none. Further, if 

only one or two options are locked-in when the question is closed, the remaining votes 

will be given to the correct answer if it had at least one vote before. While this system 

might sound a bit difficult, the dementia patients do not have to understand it further than 

to “I click on the right answer” and “The colors indicate my choice”. On the other side, it 

offers an errorless approach to the players, which is recommended for the use by people 

with dementia (Metzler-Baddeley and Snowden, 2005; Tziraki et al., 2017). However, 

when a question is closed by the game master, the selected companion shows up with 

a motivational text, as mentioned before. These messages depend on the number of 

right lock-ins. To avoid frustration, the words are always positive and do not tell the play-

ers directly what they did wrong. Only if no interaction with the device happened during 

one question, the message reminds the players of their task. Table 1 gives an overview 

of the different messages. 
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Lock-ins German message English translation 

No lock-ins Wähle die richtige Antwort 
aus, sobald die Frage ge-
stellt wurde! 

Choose the right answer as 
soon as the question has 
been asked. 

Zero right lock-ins Fertig machen für die 
nächste Frage. 

Get ready for the next 
Question. 

One right lock-in Toll, richtige Antwort! Great, right answer! 

Two right lock-ins Super! Richtige Antwort! Super! Right answer! 

Three right lock-ins Perfekt! Alles richtig! Perfect! Everything right! 

Table 1. Motivational post-question messages 

 

3.3.3. The Game Master View 

The game master view is supposed to let the game master control the game and show 

the questions to the players. The role of the game master should be taken by a caregiver 

or another person experienced in the handling of dementia patients. This is important, 

because the game master has a central role for QUAD, as a presenter has in a TV show. 

Technology can never replace human interaction and personal attention is significant for 

people with dementia (van Rijn et al., 2010; Alzheimer’s Society, 2015). The game mas-

ter has to introduce to the game, explaining how to play and what the goal is (Chin et al., 

2017). Further, he has to repeat the instructions, so everyone knows what to do (Zmily 

and Abu-Sayem, 2013), and help if someone needs it (De Carvalho and Ishitani, 2012). 

The game master also has to decide how much time the players have to answer a ques-

tion, which directly influences their level of comfort (Bouchard et al., 2012). Finally, he 

has to reassure players and give them back their self-confidence if any problems occur 

(Orpwood et al., 2004; van Rijn et al., 2010).  

However, the game master view starts with an overview of different question topics, the 

question selection screen (figure 7). Here, the game master can select the question set 

he wants to play with his group. The items are sorted by subject instead of the used 

media type, as Alm et al. (2007) found to be the preferred way for people with dementia. 

The following sets were selected to have a bit of change and match the interests of the 

players at the same time (Tong et al., 2017):  

 “Einführung” (Tutorial): two simple questions to show how the game works (De Car-

valho and Ishitani, 2012; Tang et al., 2012) 
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 “Tiere” (Animals): eight questions about animals, mainly pets or German countryside 

animals 

 “München” (Munich): four questions about places in Munich, the city of the planned 

evaluation 

 “Berühmte Paare” (famous pairs): fife questions to complete a famous pair, a popular 

game for care centers (mal-alt-werden.de, 2016; www.goldjahre.de, 2020) 

 “Sehenswürdigkeiten” (sights): six questions about famous sights worldwide, like the 

statue of liberty 

 “Essen” (food): six questions about food, the most exciting topic for elderly people in 

nursing homes (Leone et al., 2012)  

The questions can be completed in any order and it is possible to switch between differ-

ent question sets at any time. Every question can only be done once until the application 

is restarted. After completing all questions of a single set, it will be marked on the over-

view screen and cannot be selected anymore. This helps the quiz master keeping an 

overview of what is done, without the need of remembering everything. Thus, he can 

focus better on the people with dementia.  

The remaining elements present in the question selection screen are the score, a button 

for the progress overview, and one to end the game. Those features will be described 

later in this section.  

 

Figure 7. Question selection with three completed sets 

When selecting a question set, the question display screen appears. The layout differs 

according to the question type, of which QUAD features four: text, audio, picture, and 

video. With these different types, it is possible to address the different senses of the 
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players. Thus, e.g., users with impaired vision can participate better in questions with 

audio content, while users with hearing problems might point better at text questions.  

For text questions, the question itself is the only relevant information to display. Thus, it 

fills most of the screen, apart from the necessary control elements (figure 8).  

 

Figure 8. A text question 

The next type, audio, has still a considerable focus on the question text, but displays 

control buttons to stop, start, and pause the audio clip. These buttons are more promi-

nent than it would be necessary for the game master so that the players can recognize 

the question type (figure 9). 

 

Figure 9. An audio question 
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Figure 10. A picture question, similar to the video question layout 

The layout for the other two question types, picture and video, are almost the same. 

Since questions of these types focus on recognizing the content of the photograph and 

video, respectively, the question text is held smaller to leave more space for the media 

(figure 10). However, to distinguish between the picture and video questions, the latter 

starts with a big “play” symbol. After clicking on it, the film clip will be played. The videos 

can be paused and resumed by interacting with them. After giving the players enough 

time to give their answers, and letting them talk about the content of the question, if a 

conversation started, the game master can close it by clicking on “Auswerten” (evaluate). 

The right answer will be added to the question text and after a few seconds, the new 

score will be displayed, and the game can continue with the next question. The delay is 

used to provide enough time for network transmissions, even with slow connections. 

More information about the score will be given later in this chapter. 

More important than the design of the screen in this part of QUAD is the question design. 

The challenge here is to find the right difficulty that fits for dementia patients in all stages. 

Making the questions to simple or complex could reduce the comfort and confidence of 

the players (Chin et al., 2017). Further points to consider are the wording of the questions 

and the choice for images and videos. Questions should be short and formulated using 

simple language (Zmily and Abu-Saymeh, 2013), while simple pictures and films in-

crease visibility (Eichhorn et al., 2020). Additional benefits can be archived by using 

game elements triggering sympathy, like, e.g., cute animals (Anderiesen et al., 2015) 

and familiar content (Chin et al., 2017). Following these guidelines, the 31 questions of 

QUAD were developed. A list of all questions can be found under A.1. In general, the 
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goal of a question is to recognize what is presented with media, or, in case of the famous 

pair-questions, to choose the right partner.  

Besides the importance of the question design, there is another crucial point for a fun-

to-play game: motivation. Without the right motivation, there might be low interest in par-

ticipating in the game or even resistance against it (De Carvalho and Ishitani, 2012; Sea-

born et al., 2016). Nevertheless, finding the right goals is often difficult (Albaina et al., 

2009). Since there are many pieces of research in the area of digital games for older 

people and dementia patients, there are many different approaches for motivating the 

players, too. Unfortunately, these tactics are often only described on an elementary level 

since they are not the main focus of the research. Savulich et al. (2017), e.g., developed 

a cognitive training game, where the player has to associate geometric patterns with 

different spatial locations. The motivational factor described here is “the player taking 

part in a Game Show to win gold coins”. The benefits for the player of having more coins 

are not specified. Other projects, like “Chitchatters”, focus on the motivation of playing 

together and having fun, without additional rewards (van Rijn et al., 2010).  

As already mentioned in the previous section, QUAD’s motivational components focus 

on this principle, too. Further, since QUAD is oriented on TV shows like “Wer wird Mil-

lionär?”, a reward system is used. This can work as a clear incentive for reaching goals, 

as stated by Eichhorn et al. (2020). Each right answer adds a predefined amount to the 

score, according to the estimated difficulty of the question. The score is shared by all 

players to avoid arguments between the groups or bad feelings if one group performs 

worse than another. With an increasing amount of points, the players can unlock seven 

different reward steps. The step currently opened is marked, as, e.g., step three in figure 

11. As soon as a new level is unlocked, this screen appears instead of continuing to the 

next question. Thus, the game master does not need to remember the points necessary 

for each step. However, this screen can also be entered without unlocking a new level 

from every other screen in the master view. The layout of this screen is oriented on the 

progress pyramid in “Wer wird Millionär?” so that the players can recognize it as a familiar 

concept. This can trigger memories of the past and lead to conversations (Alm et al., 

2007; Skalsky Brown, 2014), which is a goal of QUAD.  
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Figure 11. Progress step overview with step three reached 

 

Figure 12. Empty reward scene without any items at the beginning of the game 

As a reward for reaching a new step, an animation of the two companions can be shown 

to the players. This animation starts with an empty scene containing only the two com-

panions when having no points (figure 12). For each step, new items are added to the 

scene, and the animations of the companions are changed. The goal of this is to make 

the players feel happy because they can help their companion to get new things and to 

have fun. The used assets are downloadable for free from kenney.nl and 

www.gamedevmarket.net. 



24 Development of a Quiz-App for Mobile Devices to use with Dementia Patients 

 

Figure 13. Reward scene after reaching the final step 

At the end of the session, the game master can use the “Beenden” (end) button in the 

question selection screen. To avoid ending the game accidentally, resetting the score 

and thus demotivating the players, this must be confirmed with a second click. The game 

master screen will change to the goodbye screen, showing both companions and dis-

playing a congratulation-message. This message contains the group score if it is above 

a certain threshold. On the players’ devices, a goodbye message is shown, too, again 

displaying the score above a threshold. The threshold is used to leave the players with 

a good feeling after the game, even if they did not perform in the best way, avoiding 

frustration and a loss of confidence. 

 



  

Development of a Quiz-App for Mobile Devices to use with Dementia Patients 25 

 

Figure 14. Game end screen in the master view with threshold reached 

 

 

Figure 15. Game end screen for the players with Hubertus, the dog, selected and threshold not reached 
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4. Evaluation 

4.1. Planned Evaluation 

Together with the development of QUAD, two evaluation sessions at a retirement home 

in Munich, Germany, were planned. Due to the COVID-19 pandemic, the “Bayerisches 

Staatsministerium für Gesundheit und Pflege” (2020) restricted the possibility of visiting 

retirement homes before the evaluation could be carried out. Therefore, this section will 

only describe what was planned for the evaluation sessions.  

For the first session, between five and ten participants were planned, as well as two to 

four Galaxy Tap 2- tablets to use for the evaluation, resulting in two to three participants 

on each device. The role of the game master would be taken by the researcher or a 

member of the care staff. The session would last 30 to 45 minutes, depending on the 

users’ motivation. For this session, no questionnaire was planned. Instead, the players 

should be observed according to the following aspects: 

 Are there any problems interacting with the tablet device? 

 How understandable are the questions? 

 Do the questions encourage the players to talk about the topics and reminisce? 

 Is the companion mechanic motivating? 

In addition to these observations, inquiries about a specific aspect of the game would 

have been made. Besides answers to the application centered questions above, the first 

evaluation session seemed promising to get a better insight into the abilities and needs 

of dementia patients than literature can provide.  

After the first session, evaluation of the results and corresponding adjustments to the 

application were planned, as well as the design of a suitable questionnaire to use in the 

second session. For the survey, initially, eleven questions were planned, all using a dis-

crete Likert scale, as Andersen et al. (2011) recommended. The scale would use five 

points in the range from “totally agree” to “totally disagree”. The questionnaire would be 

presented with a huge font size to make it easily readable for dementia patients (Caprani 

et al., 2012), and in German language (Chin et al., 2017). Further, the questions would 

cover individual and social aspects during gameplay, as well as feelings after playing the 

three areas covered by the Game Experience Questionnaire (Ijsselstijn et al., 2013). The 

following questions were planned: 

 I had fun 

 I could interact with others 
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 I found the interaction with others was fun  

 I found the questions’ difficulty was (different scale: too easy – too hard) 

 I understood the questions 

 I was able to read the questions on the big screen 

 I was able to read the answers on the small screen 

 I found it easy to select an answer 

 I like Karo, the cat, and Hubertus, the dog 

 I was motivated to participate in the game 

 I would like to play the game again 

These questions would be adjusted and replenished to cover the problems found in the 

first evaluation session. In the second evaluation session, the questionnaire would then 

be carried out with a similar number of tablets and participants as the first session. To 

answer the questions, as much help would be provided to the dementia patients, as they 

need. 

4.2. Scenario-based Evaluation 

This section will describe the evaluation of QUAD using the SALUTA method described 

in section 2.3.  

1. Determination of goals 

The goal of this evaluation is to find the strengths and weaknesses of QUAD concerning 

usability and fun. Thus, the “predicting the level of usability”-goal proposed by Folmer et 

al. (2003) is the best fitting one.  

2. Creating usage profiles 

First, the context of generation is, for the most part, the Greenfield one. Only previous 

knowledge about development for people with dementia is provided by the literature re-

viewed while writing this thesis. However, the following tables show the defined scenario 

entities:  

Abbreviation Description 

P1 A senior citizen without any symptoms of dementia and no experi-
ence with QUAD 

P2 A senior citizen without any symptoms of dementia and experience 
with QUAD 
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Abbreviation Description 

P3 A person with early-stage dementia 

P4 A person with middle-stage dementia 

P5 A person with late-stage dementia 

M1 An unexperienced game master 

M2 An experienced game master 

Table 2. Scenario entities: users 

Abbreviation Description 

T1 Select a role: player or game master 

T2 Read the question 

T3 Read the answers 

U1 Select a companion 

U2 Select a single answer 

U3 Select multiple different answers 

U4 Change an answer to another 

U5 Read post-question text 

S1 Setup the game 

S2 Select a question set 

S3 Evaluate the current question 

S4 Change the current question 

S5 Display the progress 

S6 Open the overview 

S7 End the game session 

Table 3. Scenario entities: tasks to be performed 
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Abbreviation Description 

C1 Preparation of a play session 

C2 Carrying out of a play session 

Table 4. Scenario entities: the context of operations 

Since QUAD is most likely to be played at retirement homes or similar institutions, healthy 

senior citizens were included as user entities, even if they are not the target audience. 

Further, there is no distinction between experienced and inexperienced players with de-

mentia because of the impaired memory that comes with the disease.  

With the scenario entities above, it is useful to create two different scenario sets, one for 

each part of QUAD. The first scenario set will focus on the players. Therefore, the user 

entities P1-P5 can be used, as well as tasks T1-T3 and U1-U5, and context C2. Since 

there will likely be few to no differences between an unexperienced healthy person and 

an early-stage dementia patient, P1 and P3 can be used equivalent for this scenario set. 

Further, preparation of the session is not a task for the players, so that C1 is irrelevant 

for the user scenarios. However, for the second scenario set, which focuses on the game 

master, both context entities are relevant, just as users M1 and M2, and tasks T1-T3 and 

S1-S7. 

For the next step, creating an attribute preference table (ATP), a scale from one (“very 

important”) to five (“not important”), will be used to value each usability attribute. Further, 

not all possible scenarios will be assessed since some of the tasks are very similar to 

each other or irrelevant for the context.  

User Task Context Learnabil-
ity 

Efficiency 
of use 

Reliability Satisfac-
tion 

P2 T1 C2 4 4 1 4 

P2 T2 C2 1 2 3 2 

P2 T3 C2 1 2 3 2 

P2 U1 C2 4 5 1 1 

P2 U2 C2 1 1 2 2 

P2 U4 C2 2 4 3 5 
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User Task Context Learnabil-
ity 

Efficiency 
of use 

Reliability Satisfac-
tion 

P2 U5 C2 5 5 5 2 

P3 T1 C2 3 4 1 4 

P3 T2 C2 1 2 3 2 

P3 T3 C2 1 2 3 2 

P3 U1 C2 4 5 1 1 

P3 U2 C2 1 2 2 2 

P3 U4 C2 2 4 3 4 

P3 U5 C2 5 5 5 2 

P4 T1 C2 3 4 1 3 

P4 T2 C2 1 2 2 1 

P4 T3 C2 1 2 2 1 

P4 U1 C2 3 5 1 1 

P4 U2 C2 1 1 2 1 

P4 U4 C2 2 4 2 3 

P4 U5 C2 5 5 5 1 

P5 T1 C2 3 4 1 1 

P5 T2 C2 1 2 1 1 

P5 T3 C2 1 2 2 1 

P5 U1 C2 3 5 1 1 

P5 U2 C2 1 3 2 1 

P5 U4 C2 2 4 2 2 

P5 U5 C2 5 5 5 1 

Table 5. ATP for user scenarios 
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User Task Context Learnabil-
ity 

Efficiency 
of use 

Reliability Satisfac-
tion 

M1 S1 C1 1 3 2 3 

M1 T1 C1 1 1 1 3 

M1 T2 C2 1 1 1 3 

M1 T3 C2 1 3 3 3 

M1 S2 C2 1 3 4 3 

M1 S3 C2 1 2 1 3 

M1 S4 C2 3 2 4 3 

M1 S5 C2 2 3 4 3 

M1 S6 C2 2 2 4 3 

M1 S7 C2 3 4 1 3 

M2 S1 C1 2 2 3 3 

M2 T1 C1 2 1 2 3 

M2 T2 C2 2 1 2 3 

M2 T3 C2 2 3 4 3 

M2 S2 C2 2 3 4 3 

M2 S3 C2 2 2 1 3 

M2 S4 C2 3 2 4 3 

M2 S5 C2 2 3 4 3 

M2 S6 C2 2 2 4 3 

M2 S7 C2 3 4 2 3 

Table 6. ATP for game master scenarios 

The last step for creating a usage profile is the selection of scenarios from the ATPs. 

Additional to the situations not listed in tables 5 and 6 due to repetitiveness, further sce-

narios can be sorted out for the usage profiles. As can be seen in table 5, the valuation 
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of the usage attributes varies only little with an increasing state of dementia. Mainly, the 

importance of reliability and satisfaction of the tasks increases. Therefore, assessing only 

the scenarios with P4 should be sufficient. Further, the task of selecting a role (T1) should 

be done by the game master during preparation making the corresponding scenario ir-

relevant. Similar restrictions can be made on the side of the game master. The vast 

difference from an inexperienced to an experienced game master is the lower importance 

of learnability and reliability. Therefore, only the scenarios with M2 will be further evalu-

ated. As a result, two following usage profiles are defined, one for the players, the other 

one for the game master.  

Scenario 
ID 

User Task Context Learna-
bility 

Effi-
ciency 
of use 

Reliabil-
ity 

Satisfac-
tion 

#1 P4 T2 C2 1 2 2 1 

#2 P4 T3 C2 1 2 2 1 

#3 P4 U1 C2 3 5 1 1 

#4 P4 U2 C2 1 1 2 1 

#5 P4 U4 C2 2 4 2 3 

#6 P4 U5 C2 5 5 5 1 

Table 7. Usage profile for the users 

Scenario 
ID 

User Task Context Learna-
bility 

Effi-
ciency 
of use 

Reliabil-
ity 

Satisfac-
tion 

#7 M2 S1 C1 2 2 3 3 

#8 M2 T1 C1 2 1 2 3 

#9 M2 T2 C2 2 1 2 3 

#10 M2 T3 C2 2 3 4 3 

#11 M2 S2 C2 2 3 4 3 

#12 M2 S3 C2 2 2 1 3 

#13 M2 S4 C2 3 2 4 3 
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Scenario 
ID 

User Task Context Learna-
bility 

Effi-
ciency 
of use 

Reliabil-
ity 

Satisfac-
tion 

#14 M2 S5 C2 2 3 4 3 

#15 M2 S6 C2 2 2 4 3 

#16 M2 S7 C2 3 4 2 3 

Table 8. Usage profile for the game master 

3. Describing software architecture 

This step was already done in chapter 3 of this work and thus can be skipped.  

4. Evaluating the usage scenario 

To evaluate the usage scenarios, first, the support of the system for each task must be 

analyzed. Since an importance scale does not make sense in the context of the level of 

support, the meaning of the scale is changed to “very well supported” (one) up to “very 

poor supported” (five) for the following analysis. 

Task Learnability Efficiency of 
use 

Reliability Satisfac-
tion 

Corre-
sponding 
Scenarios 

T1 2 2 2 5 #8 

T2 1 1 1 3 #1, #9 

T3 1 1, 5 1 2 #2, #10 

U1 2 1 4 1 #3 

U2 2 1 2 2 #3 

U4 3 2 1 3 #5 

U5 2 1 1 1 #6 

S1 4 4 3 5 #7 

S2 1 1 2 2 #11 

S3 2 1 4 2 #12 

S4 3 3 1 4 #13 
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Task Learnability Efficiency of 
use 

Reliability Satisfac-
tion 

Corre-
sponding 
Scenarios 

S5 2 3 2 3 #14 

S6 1 1 2 2 #15 

S7 2 2 2 2 #16 

Table 9. Architectural support analysis for QUAD 

The results of comparing the provided support of QUAD with the needed values are as 

follows:  

 T1: The role selection should slightly be more efficient 

 T2: Reading a question should offer more satisfaction for the players 

 T3: Reading the answers works as intended for the players, but for the game master, 

it is very inefficient. 

 U1: For companion selection, error correction is a huge problem. 

 U2: QUAD makes answer selection not as clear and satisfactory by its own, as pos-

sible 

 U4: The possibility of changing an answer is supported better than necessary 

 U5: Reading the post-question text works better than necessary 

 S1: The setup of QUAD needs improvements in every category 

 S2: Selecting a question set works better than necessary 

 S3: The reliability of evaluating a question is supported worse than it should 

 S4: Changing a question could be more efficient 

 S5: Displaying the progress works well 

 S6: Opening the overview works better than necessary 

 S7: Ending the game works better than necessary 

 

5. Interpreting the results 

The evaluation shows that QUAD works on the whole as it should, but some problems 

occurred. However, some of the difficulties found are addressed by the game master, 

who has an essential part in making a game session successful. Answer selection, e.g., 

will be explained by him. Contrary to this is the problem of error correction in companion 

selection, but adding confirmation to it would decrease the ease of use. Since the impact 

of a wrong selected companion should not be very high, no improvement will be made 

for this issue.  
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All other occurring problems refer to the game master. The biggest issue is the game 

setup, which needs to be more efficient, understandable and error resistant. The instal-

lation and configuration of the Ubi-Interact backend is the most significant part of the 

setup. Since Ubi-Interact is still work in progress and not part of this thesis with limited 

time, it is difficult to solve the problem. However, in the next chapter, future work, there 

will be some ideas on how to make the setup process more accessible. The issue of 

reading answers as a game master is caused by the design decision of avoiding unnec-

essary information and keeping the screen clean. A solution would be an extensive prep-

aration by the game master, e.g., writing the questions with corresponding answers on 

a sheet of paper. The next issue, reliability of question evaluation, results of similar de-

sign decisions as to the last problem. Additionally, improving the error resistance through 

a confirmation would decrease the efficiency of use, which is an important factor for this 

task. However, to make the game flow better understandable for the game master and 

thus reduce the error rate of evaluating a question, a help text was included in the master 

view screen. The text explains the basic game flow and gives a hint for players that might 

get lost to this point of the application.  



36 Development of a Quiz-App for Mobile Devices to use with Dementia Patients 

5. Future Work 

The scenario-based evaluation of QUAD showed some issues that should be resolved. 

However, this evaluation is limited to the usability aspects of the application and depends 

strongly on personal thoughts caused by the Greenfield context. Therefore, an assess-

ment of QUAD as it was planned initially should be executed when it is possible again. 

This would provide information not only about usability, but the questions’ difficulty and 

the motivational potential of the companions. 

There are many possible improvements for QUAD, that could not be implemented in the 

period of this work. To simplify the setup process, the implementation of a QR-code 

scanner for IP-address input could be useful. Other possible adjustments are proposed 

in related work. Chin et al. (2017), for example, suggested automated prompts to help 

the users if they get stuck. In the context of QUAD, messages that pop up after a time 

could be implemented in the answer selection screen to remind the players to choose an 

option. Another possible feature is an automatic selection proposed by Eichhorn et al. 

(2020) to catch the users’ attention. Further, adding stimulating background music could 

increase to motivate people with dementia (Eichhorn et al., 2020). Another change that 

might increase the comfort of the users is a redesign of the question display screen. Alm 

et al. (2007) and van Rijn et al. (2010) suggested to design screens presenting media in 

the look of devices that presented it in the timeframe the dementia patients live in. This 

means, e.g., showing a radio for audio and a frame for picture questions. Since QUAD 

currently supports only the German language, its use is restricted to the German lan-

guage area. Adding the option to change the language could open the use to more play-

ers. Further, dementia patients living in Germany but having another mother tongue than 

German could benefit from this feature. Finally, adding new questions and question sets 

to the set could increase the fun of multiple game sessions, especially for people in the 

early stage of dementia, where the memory still works fine to a certain degree. Allowing 

the game master to add new questions right inside the application could be another use-

ful feature. 

Besides the possible improvements, QUAD offers some opportunities to compare differ-

ent approaches. One option for future research would be the comparison of QUAD as it 

is now with an adapted version, where the user input works with physical buzzers further 

abstracting from modern technology.    

QUAD focuses on increasing the social connections of people with dementia. Future 

work could take this approach and change it to be fun for every age, allowing people with 
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dementia or older citizens overall to connect with their families. A reference project in 

this field is Age Invaders (Khoo et al., 2008), where children play directly with their grand-

parents while the parents take part via the internet. For a quiz application in this field, 

finding the right difficulty for the questions to entertain everyone will probably be the 

biggest challenge. Moving the focus from socializing to the cognitive stimulation of the 

participants could be another starting point for future work.  
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6. Conclusion 

In this thesis, a Serious Game in the form of a multiplayer quiz application for people with 

dementia called QUAD was developed. The design process followed multiple design and 

motivation guidelines found in the literature. One goal of QUAD was to enhance the so-

cial connections of the users to counter secondary symptoms of the dementia disease. 

Therefore, it was designed to be used in activity sessions with a game master to lead 

through the game. For game master and users, different views were developed, each 

optimized for its purpose. As the central element of motivation, besides the fun playing 

together, two digital companions were used. Further, questions were designed to trigger 

memories from the past and good feelings. 

Since the current situation made the planned evaluation in a care center impossible, a 

scenario-based assessment method was used. Therefore, the SALUTA method was 

chosen with the help of multiple reviews about evaluation methods. The evaluation 

showed that following design guidelines during development could overall lead to good 

support of usability in the final product. However, the assessment was restricted to those 

usability factors leaving aspects like question difficulty or motivational factors open. Fur-

ther evaluations, as planned in firsthand, could be a good starting point for future work.   
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Appendix 

A.1. Listing of all Questions 

The questions are listed as follows with the right answer printed bold: 

Question in German 
English Translation 

Question Type 

Answer 1 German 
English Translation 

Answer 2 German 
English Translation 

Answer 3 German 
English Translation 

Answer 4 German 
English Translation 

 

Before the first question of a set, the name of the set will be written. 

1. Einführung - Tutorial 

Drücken Sie auf den Bereich mit dem Inhalt "Richtig" 
Press the area labeled “Right” 

Text 

Falsch 
Wrong 

Richtig 
Right 

Falsch 
Wrong 

Falsch 
Wrong 

 

Wählen Sie jetzt 3-mal “Richtig”. 
Now, choose “Right” 3-times. 

Text 

Richtig 
Right 

Falsch 
Wrong 

Falsch 
Wrong 

Falsch 
Wrong 

2. Tiere – Animals 

Welche Tiere sieht man? 
Which animals can you see? 

Picture 

Füchse 
Foxes 

Katzen 
Cats 

Hunde 
Dogs 

Wölfe 
Wolfs 

 

Welches Tier sieht man? 
Which animal can you see? 

Video 

Katze 
Cat 

Hase 
Rabbit 

Hund 
Dog 

Meerschweinchen 
Guinea pigs 
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Welches Tiere hört man? 
Which animal can you hear? 

Audio 

Pferde 
Horses 

Esel 
Donkeys 

Schweine 
Pigs 

Kühe 
Cows 

 

Wie heißt dieses Tier? 
What’s the name of this animal? 

Picture 

Ratte 
Rat 

Hamster 
Hamster 

Meerschweinchen 
Guinea pig 

Hase 
rabbit 

 

Wie heißen diese Tiere? 
What are these animals called? 

Video 

Wellensittiche 
Budgerigars 

Papageien 
Parrots 

Amseln 
blackbirds 

Spatzen 
Sparrows 

 

Wie heißen diese Tiere? 
What are these animals called? 

Video 

Meerschweinchen 
Guinea pigs 

Hamster 
Hamster 

Koalas 
Koala bears 

Hasen 
Rabbits 

 

Wie heißen diese Tiere? 
What are these animals called? 

Video 

Esel 
Donkeys 

Zebras 
Zebras 

Lamas 
Lamas 

Pferde 
Horses 

 

Welche Tiere hört man? 
What animals can you hear? 

Audio 

Esel 
Donkeys 

Pfaue 
Peacocks 

Schafe 
Sheep 

Kühe 
Cows 

3. München – Munich 

Welcher Park Münchens ist zu sehen? 
Which park in Munich can you see? 

Picture 

Englischer Garten 
English garden 

Hirschgarten Botanischer Garten 
Botanic garden 

Ostpark 
Eastpark 
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Welcher Turm ist zu sehen? 
Which tower can you see? 

Picture 

Indischer Turm 
Indian tower 

Chinesischer Turm 
Chinese tower 

Afrikanischer Turm 
African tower 

Japanischer Turm 
Japanese tower 

 

Welcher Münchner Kirche gehören die zwei Türme? 
To which Munich church do these two towers belong?  

Picture 

Theatinerkirche Dreifaltigkeitskirche Frauenkirche Heiliggeistkirche 

 

Wie heißt der Platz in München, an dem dieses Glockenspiel 
stattfindet? 
What is the public place in Munich called, where this carillon 
takes place? 

Video 

Karlsplatz (Stachus) Marienplatz Goetheplatz Odeonsplatz 

4. Berühmte Paare – Famous pairs 

Die nach der Bibel ersten Menschen: Adam und 
The according to the bible first humans: Adam and 

Text 

Maria Johanna Eva 
Eve 

Theresa 

 

Das bekannteste Liebespaar: Romeo und  
The most famous love pair: Romeo and 

Text 

Julia 
Juliet 

Jana Janina Jennifer 

 

Die verlorenen Geschwister: Gretel und  
The lost siblings: Gretel and 

Text 

Helmut Herrmann Harry Hänsel 
Hansel 

 

Ein ungleicher Kamp: David gegen 
An uneven fight: David against 

Text 

Mohamed Achilles Goliath Gabriel 

 

Die besten Freunde Galliens: Obelix und 
Gaul’s best friends: Obelix and 

Text 
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Idefix Asterix Mirakulix Majestix 

5. Sehenswürdigkeiten – Sights 

Welche Sehenswürdigkeit ist zu sehen? 
Which sight can you see? 

Picture 

Schiefer Turm von 
Pisa 
Leaning Tower of 
Pisa 

Münchener Fern-
sehturm 
Munich television to-
wer 

Großer Leuchtturm 
Great lighthouse 

Eifelturm 
Eifeltower 

 

Welche italienische Stadt ist zu sehen? 
Which Italian city can you see? 

Picture 

Rom 
Rome 

Neapel 
Naples 

Venedig 
Venice 

Mailand 
Milan 

 

Welche Sehenswürdigkeit ist das? 
Which sight is this? 

Picture 

Freiheitsstatue 
Statue of liberty 

Statue der Einheit 
Statue of unity 

Buddha Statue 
Buddha statue 

Christo Redentor 

 

Welches Weltwunder ist zu sehen? 
Which wonder of the world can you see? 

Picture 

Hängende Gärten 
von Babylon 
Hanging Garden of 
Babylon 

Mausoleum zu 
Harlikarnassos 
Mausoleum of 
Harlikarnassos 

Pyramiden von 
Gizeh 
Pyramids of Gizeh 

Tempel in Ephesos 
 

 

Welche Sehenswürdigkeit ist zu sehen? 
Which sight can you see? 

Picture 

Klagemauer 
Wailing Wall 

Koloss von Rhodos 
Colossus of Rhodes 

Berliner Mauer 
Berlin Wall 

Chinesische Mauer 
Great Wall 

 

Welches bekannte Tor ist zu sehen? 
Which famous gate can you see? 

Picture 

Baden-Württember-
ger Tor 
Baden-Württemberg 
Gate 

Brandenburger Tor 
Brandenburg Gate 

Bayerisches Tor 
Bavarian Gate 

Berliner Tor 
Berlin Gate 
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6. Essen – Food 

Wie heißt dieses Gericht? 
What is this dish called? 

Picture 

Wiener Schnitzel Steak Bratwurst Leberkäse 

 

Wie heißt dieses Gericht? 
What is this dish called? 

Picture 

Wiener Schnitzel Steak Schweinebraten 
Pork joint 

Roulade 

 

Wie heißt diese Nachspeise? 
What is this dessert called? 

Picture 

Apfelstrudel 
Apple strudel 

Eis 
Ice 

Pudding 
Pudding/Blanc-
mange 

Früchtequark 
Cream cheese with 
fruit 

 

Wie heißt dieses Gericht? 
What is this dish called? 

Picture 

Salat 
Salad 

Gemüse 
Vegetables 

Fisch 
Fish 

Suppe 
Soup 

 

Wie heißt dieses Gericht? 
What is this dish called? 

Picture 

Flammkuchen 
Tarte flambée 

Pizza Kuchen 
Cake 

Ofenkäse 
Baked cheese 

 

Wie heißt dieses Gericht? 
What is this dish called? 

Picture 

Nudeln 
Pasta 

Reis 
Rice 

Suppe 
Soup 

Kartoffeln 
Potatoes 
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A.2. Evaluated Quiz Shows 

Name Years Primary color Secondary color 

Da kommst du nie drauf Since 2017 Red White 

Quizduell Since 2014 Blue White 

The Wall Since 2017 Blue White 

Der Quiz-Champion Since 2012 Blue White 

genial daneben – Das Quiz Since 2018 Red White 

Wer weiß denn sowas? Since 2015 Blue White 

Wer wird Millionär? Since 1999 Blue White 

Gefragt – Gejagt Since 2012 Blue White 

Der große Preis 1974-1993 Black Blue 

Riskant! / Jeopardy 1990-2000 Blue White 

 

Source for the years: de.wikipedia.org/wiki/Quizsendung#Deutschland, 2020 


