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“La maladie d’Alzheimer enlève ce que l’éducation a mis dans la personne 

et fait remonter le cœur en surface.” - Christian Bobin, La présence pure, 2008 

 

 

 

Free translation from the author: 

“Alzheimer’s Disease takes away what education  

has given to a person and lets the heart resurface.” 
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Abstract 
 

 

Machines are designed to be infallible, but what happens if they are suddenly 

struck by chronic mental decline such as dementia? In this research, a social robot 

has been transformed into a mild-stage Alzheimer’s patient. The ultimate goal is 

to use it as a training tool for caregivers and medical students, as well as to raise 

general awareness for the disease. In particular, the study aimed to identify how 

to simulate Alzheimer’s with a social robot and what the effects are on its 

conversation partners. Thanks to its properties, the back-projected robotic head 

Furhat was the ideal candidate to adopt the role of Max. The sources of 

inspiration derived from interviews and observations. A Wizard of Oz setup 

enabled a conversation between the character and the user, who was given the 

task of asking about the robot’s life. To allow for in-between subject 

comparisons, the set of 20 participants was a mixture of medical and non-

medical students, as well as people who knew someone with dementia closely 

and those who never met any. The experience was evaluated through pre- and 

post-interviews along with user observations. The results indicate that the patient 

simulation was convincing, leading the users to treat the machine as a human 

being and develop an emotional bond to it. They remained patient in spite of 

the robot’s symptoms, which affirms its potential for educational use. After all, 

this project aims to inspire researchers to find solutions in unconventional ways. 
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1. Introduction 

 
1.1. Motivation 

 

Advanced AI, machine learning, driverless cars and socially intelligent robots. These terms are 

omnipresent in current tech media articles and computer science research. Despite machines 

getting more sophisticated and revolutionizing many of our professional domains, society remains 

critical. They fear that robots will take over our jobs and might even acquire control over us humans 

in a later instance [1]. At the same time, we are facing the fact that our population is ageing. It is 

therefore essential to prepare for this demographic change in order to ensure meeting sustainable 

development goals [2]. Concerning the domain of mental health, the World Health Organization 

(WHO) has launched a Global Action Against Dementia in 2015 [3]. Next to the call out for 

advancements in dementia research, treatment and risk reduction, it focusses on the need for 

improving awareness of the disease among the general public.  

  

It remains a challenge on how to use this potentially intimidating technology to assist our society, 

in particular the increasing elderly. As will be discussed in the literature review, current efforts exist 

to use robots for detecting dementia, providing cognitive therapy and being a valuable health 

companion. It becomes clear that there is one idea missing: A social robot, taking on the role of an 

Alzheimer patient and imitating obvious symptoms of the disease. Even though machines are 

generally designed not to make a mistake, we will overturn this concept in order to explore the 

reactions of the users. As a consequence, we can derive the system’s potential for being used as a 

training device.  

 

Since most research is concentrating on patient centered solutions or the medical education of 

students, this work puts a focus on caregivers. This is not only due to their demand for more 

instructions [4], but also because the emotional impact and burden of caring for a cognitively 

impaired person is barely recognized by the general public [5]. As care should not be reduced to a 
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sterile experience with pictures, we follow the concept of Experience-centered Design [6]. This 

design for relating aims to improve the general understanding of a situation in all its complexity, 

relying on dialogue and empathy as fundamental elements. In this case, we are trying to achieve 

this through the means of a social robot. However, instead of scaring people away of the limitations 

dementia imposes on a patient, we want to encourage them to look beyond. Ultimately, they should 

see that it is still possible to have deep conversations with and recognize the person behind with a 

story.  

 

That is why the research questions for this Master thesis are: 

• How to simulate an Alzheimer patient with a social robot? 

• Which effects does a social robot simulating Alzheimer’s Disease have on the interacting 

user? 

 

1.2. Value for the Company Furhat Robotics AB 

 

Furhat Robotics [7] has a genuine vision of enabling us humans to interact with technology in the 

way we interact with each other. It combines hardware and software to create its unique product: 

the social robot Furhat. More details about this disruptive innovation robot will be given in section 

4.2 About Furhat.   

 

Furhat was introduced to the market as a technology-push product, as it fundamentally focused on 

the interface and the technology instead of a clear use case. The company started off with the vision 

of creating a social robotics platform, and not merely a standalone robot. This means that Furhat 

Robotics provides the hardware and software, building the platform infrastructure, as well as some 

basic applications installed on the robot. On top of that, they provide API’s and tools through 

which external developers can create additional functions for their own use cases and expand the 

abilities of the robot.  

 

As the platform company aims to enable applications for many different market segments, being 

able to change the personality of Furhat represents an important feature for the robot. Not only 

would the robot alter its behavior in different scenarios - for instance, certain attributes are more 

relevant when put in place as a hotel receptionist rather than as a language teacher for children; but 
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it would also be useful to switch between various character traits within one particular domain. In 

our concrete case, Furhat might be used by a hospital or clinical practice that is interested in using 

it as a training tool for medical doctors, nurses and psychotherapists. It should be able to accurately 

portray a set of diverse personalities that are each associated with a certain mental disease, such as 

Alzheimer’s Disease (AD) with a varying degree of severity. This should help the user to correctly 

learn how to approach, detect and treat such a disease.    

 

Furthermore, the health market is considered to be a key vertical which the company is trying to 

address. Many potential applications for the robot are thinkable to drive innovation within that 

domain. On the one hand, Furhat could for example simulate a patient to train doctors in their 

anamnesis skills. On the other hand, it could be considered a valuable resource for detecting specific 

diseases. It might also become a precious companion for children with special needs or disabilities, 

such as diabetes or autism.  

 

In sum, it can be assumed that this Master thesis will create additional value for the company, being 

an initial step to forming diverse personalities and building concrete use cases within the health 

care vertical for their robotic product.  

 



 4 

 

 

2. Background  

 
2.1. Alzheimer’s Disease: Definition and Symptoms 

 

For a proper start, it is necessary to clear out the general confusion between dementia and 

Alzheimer’s Disease. Dementia is not a disease per se but rather a syndrome associated with a 

progressively decreasing cognitive performance affecting memory, thinking and behavior. It most 

often strikes elderly people, i.e. aged 65 and older, and is not to be mistaken with the normal ageing 

process. Between 60 and 70% of all cases are caused by Alzheimer’s Disease, making it the most 

common account for dementia. Other causes are vescular dementia, dementia with lewy bodies 

and frontotemporal dementia [3]. 

 

Even though every person will experience Alzheimer’s in a unique way, early stage symptoms may 

consist of [8]: 

• Forgetting the latest names, faces and happenings frequently 

• Adopting highly repetitive behavior (e.g. asking a question repeatedly within a short time) 

• Troubles with finding the correct words 

• Becoming unsure about the current date and time of day  

• Getting into a bad mood or anxious regularly, losing interest in the surrounding events 

 

Later stage symptoms may include: 

• Decreasing capability of remembering, thinking and making decisions  

• Not recognizing previously well-known faces and objects 

• Difficulties to express oneself and communicate  

• Depression and frustration about the situation, accompanied by hallucinations and shifts 

in sleep patterns 

• Daily actions, such as using the kitchen or bathroom, can barely be performed without 

additional help 
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To reach a deeper level of understanding of the disease and the reason behind its symptoms, it is 

important to discuss what happens to the brain of an Alzheimer patient on a microbiological level. 

Atypical protein deposits build up plaque and tangles in the brain, and neurons lose their 

connection with each other and die. This leads to changes in several parts of the brain tissue and 

ultimately to brain shrinkage as depicted in figure 1. As this deterioration is irreversible, Alzheimer’s 

Disease remains incurable until today. Current medication can merely alleviate patients’ symptoms 

and slow down the progression of the disease [9]. 

 

Figure 1: Comparison of a healthy brain (left) with an AD affected brain (right),  

retrieved from the National Institute on Ageing 

 

2.2. Demographics and Social Implications 

 

As life expectancy is rising globally, chronic diseases such as Alzheimer’s become more prevalent in 

our society. In 2015 it was estimated that worldwide 46,8 million people are living with dementia, 

10,5 million among them in Europe. Every year there are about 9,9 million new dementia 

diagnoses being made. These numbers are not only alarming, they are also increasing: It is expected 

that they will double every two decades, rising up to 131,5 million in 2050 [10]. In the United 

States alone, 5,5 million people are estimated to suffer from Alzheimer’s Disease and it is considered 

to be the sixth leading cause of death. Ten percent of the population aged 65 and older is affected 

and nearly two thirds of all American Alzheimer patients are women [11]. At the same time, the 
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global costs associated with dementia have risen up to 818 billion USD in 2015 with an increase 

of 35,4% in the previous five years. This amount includes direct medical and social care costs as 

well as nursing and informal care costs [10]. These statistics justify that there is a big demand for 

innovation in this domain to improve the health status of the elderly population and cut down 

costs along with it. 

 

Despite being a fast-growing disease, Alzheimer’s also has a significant social impact. Currently, 

over 15 million people in the United States, with a majority of women, are providing care for 

people with AD or a different kind of dementia without getting paid [11]. In the UK, the costs of 

caring for a dementia patient are about GBP 28.500 each year, while 20% of female caregivers 

reduce their work from full time to part time [12]. 

 

As the symptoms of the patients worsen and their personality changes, the challenges for a caregiver 

become greater. 59% of family caregivers consider their emotional stress level to be high or very 

high, with about 40% falling into depression. More than half of the women being mothers 

indicated caregiving for an AD patient to be more demanding than taking care of a child. This 

permanent stress exposure leads to a declining health of the caregiving person itself. In comparison 

to caring for other patients, dementia caregivers have a lowered immune system and are more prone 

to obtain cardiovascular and kidney diseases [13].  

 

In the past years, research has been conducted around the experience of caring for dementia patients 

and call on other researchers to minimize the burden. The majority of projects nowadays still 

focuses merely on the patient, while neglecting that the wellbeing of caregivers should be equally 

as important. Only if they feel at ease, they can provide the best care for their loved ones over many 

years [4].  

 

2.3. Therapy Methods 

 

As previously mentioned, current pharmacological treatments are not able to cure Alzheimer’s 

Disease but aim to slow down its progression, while often being associated with strong side effects. 

Therefore, psychosocial and environmental treatments represent a popular supplement or 

alternative to ease behavioral symptoms of the disease and its affective compounds such as 
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depression and delusions. It mainly intends to improve the quality of life of both the patient and 

the caregiver. In fact, educating caregivers in these techniques has been proven to increase their 

wellbeing and to have lasting effects on the patient, resulting in significant cost and time savings 

for the caregiver [14].  

 

There are numerous psychosocial interventions available and many involve a specific surrounding, 

for instance massages, psychotherapy, music and dance therapy, pursuing meaningful activities, etc. 

Others however can be performed at home without additional help and progressively integrated 

into every day communication. The three most named approaches are Reality Orientation, 

Validation Therapy and Reminiscence Therapy [9][10], which were all introduced between 1958 

and 1966. Reality Orientation tries to decrease patients’ confusion and bring the patient back to 

the real world. This is achieved by continuously repeating informational cues such as the current 

time and location or showing calendars and clocks. In contrast to that, Validation Therapy focuses 

on adapting to the reality of the patients. Instead of insisting on the reality of facts and correcting 

the disoriented people, it tries to approach them with empathy and respect for their perception of 

time and place. Additionally, Reminiscence Therapy aims to let the patient relive the past by talking 

about old memories. This can be done with the help of physical items such as photographs and 

familiar objects, or by leading the person through sequential life events. This therapeutic approach 

is related to the fact that dementia patients can usually remember happenings from their early life 

fairly well and recalling those might contribute to a feeling of security [16].  

 

Generally, there are plenty of advices on what caregivers or medical personnel can do to ease the 

communication with a dementia patient. For instance, the Speech therapy clinic at Karolinska 

Institutet (KI) offers a brochure with the most important tips. First, it is important to be quiet 

during the conversation and eventual noises such as coming from the TV or radio should be 

reduced. One should also add body language, i.e. gestures and facial expressions to the speech, to 

clarify what is meant. Additionally, the conversation partner should endeavor to talk slowly, 

articulate, choose easier words and keep eye contact to make the patient better understand.
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3. Related Work  

 
3.1. Patient Simulation 

 

To the best knowledge of the author, robots have never been used to simulate a mentally unhealthy 

patient before. This makes it especially difficult to reference previous work, but related concepts 

will be cited in the following section.  

 

If someone thinks of patient simulation with a robot, the first idea that should come to mind are 

full-body medical mannequins, that are used in hundreds of medical schools and universities 

around the world. The first of its kind, Sim One, was already introduced in the 1960s and disposed 

of a heartbeat, blood pressure, as well as a breathing behavior. It was used to train medical students 

in carrying out an intubation and inducing anesthetic substances. Current patient simulators have 

integrated a set of more complex features to realistically portray the physical aspects of a patient. 

Their pulse can be felt over the arteries and lung sounds can be perceived with a stethoscope at the 

right position. Additionally, they can be attached to modern respiratory equipment, deliver 

accurate measurements and respond to stimulation in a respective manner. With the help of these 

simulators, students can acquire basic and advanced clinical proficiency, by learning how to insert 

intravenous needles and catheters, or how to perform a lumbar puncture and laparoscopic surgery 

methods [17]. 

 

Even though the patient simulator represents an effective learning tool, it remains a mannequin 

with a static and inexpressive face. Getting used to working with these results in a tendency for 

students to perform procedures without asking for explicit approval and giving less information 

while acting [18]. They generally pay less attention to the face of the patient, even though observing 

facial signals is essential for diagnostic purposes to evaluate the pain level. A recent experiment [19] 

tried to map these nonverbal signs of pain onto the face of a humanoid robot as well as on a virtual 
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avatar. The ultimate goal is to augment the mannequin’s body for a more holistic learning 

experience for the students in the future.  

 

3.2. Virtual Agents as a Training Tool 

 

The closest concept related to this thesis is the use of virtual agents (VA) to perform as standardized 

patients. Despite lacking a physical embodiment, which can be considered their main difference to 

a robot, they are an effective tool to improve the overall communication between patient and 

clinician and to train the interview and diagnostic skills of the latter [20]. Much has been achieved 

in this direction at the Institute for Creative Technologies at the University of Southern California 

(USC) [21]. The first prototypes were focused on simulating virtual patients, with a focus on 

veterans and other characters suffering from post-traumatic stress disorder (PTSD). For instance, 

in 2008 Kenny et al. developed the adolescent virtual patient Justina, a victim of assault that shows 

symptoms of PTSD [17][18]. Through the use of automated speech recognition, scripted responses 

and an animation system, the character would interact over the screen with medical and psychiatry 

students, that were free to ask any question in order to make their diagnosis. Despite being merely 

an early attempt to better understand the requirements for building virtual patients, Justina had 

meaningful interactions and discussions about her problems with the study participants.  

 

After another related project, SimCoach [24], the research team has launched the USC Standard 

Patient project in 2013 [25]. It is an online open-source platform through which clinicians can 

create their own virtual patient (VP). In this way the database gets augmented with a great variety 

of characters, reflecting many different medical cases. Students will perform an anamnesis with the 

VP and at the same time improve their communication and diagnostic skills, which are evaluated 

through a continuous feedback system. Many patient scenarios offer a choice-based interaction, as 

depicted in figure 2, that will suggest the user a set of possible questions to ask the patient in a 

particular moment. The USC Standard Patient project has many parallels to this thesis work, as it 

is a recent framework that allows an accurate patient simulation, thus to potentially portray a 

dementia case. The main contrast points are that it only makes use of virtual agents, which has 

many benefits in terms of accessibility and costs, and focuses merely on educating medical staff 

[26].  
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Figure 2: Screenshot of a Virtual Patient scenario, taken from www.standardpatient.org 

 

Moving away from the pure instruction of medical competence, there has been an attempt to 

improve the empathy level of the students by giving them a better understanding of the patient’s 

perspective. This reflects the aim of this thesis more closely, but Halan et al. [27] try to reach it in 

a different way. They let speech pathology students create their own VP, by coming up with 

possible questions and imagining the corresponding answers from the patient by themselves. As a 

result, students noticeably adopted more empathic behavior when interviewing a virtual patient 

that belonged to the same ethnicity group as the character they created. Generally, students also 

seem to be more empathic when interacting with VP in contrast to interviewing standardized 

patients (SP) [28]. Since the former are artificial characters, students feel less pressured to answer 

quickly and have more time to formulate compassionate answers.   

 

It appears that virtual agents have a wide range of usage possibilities and seem to be the current 

means of choice when it comes to training people for certain skills. One last relevant case example 

is the work of Bosse & Provoost [29], which equips Embodied Conversational Agents (ECA) with 

a personality and a specific mental state. These two parameters will further define the behavior of 

the agent and let it respond accordingly to a stimulus. For instance, a reactive aggressor type can be 

comforted through supportive behavior. The aim is to promote people’s emotional intelligence and 

instruct them how to avoid aggressive situations by choosing the right way of communication. 

Eventually, this approach is similar to this thesis work, if one considers early stage of Alzheimer’s 
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Disease to be the chosen mental state for this experiment. It could also be used for aggression de-

escalation training with demented robots in the future, as this is a prevalent symptom of late stage 

AD. 

 

3.3. Robots and Dementia 

 

Even though virtual agents remain popular, social robots are on the rise in the health care sector. 

Next to nursing robots being able to lift a human [30] and robots adopting the doctor’s role [31], 

let’s discuss which endeavors of introducing robots to the concrete domain of dementia exist. 

 

Currently, pet-type robots represent a valuable companion to the patient, enabling therapeutic 

benefits merely through touch and play. Most prominent in this research is the baby seal robot 

PARO [27][28]. With its furry look and body movements that react on sensor signals, PARO is a 

more hygienic and less dangerous alternative for animal-assisted therapy in elderly care homes. 

Studies have shown its long term interaction effects and many success stories of increasing patient’s 

moods, encouraging them to become more active and increasingly engage with their surroundings, 

as well as reducing stress levels in elderly. Additionally, EEG monitoring with dementia patients 

revealed that interacting with PARO promoted brain activity, which shows a high potential for 

preventing the disease from getting worse or even break out. An Australian pilot study could even 

demonstrate a raise in the overall quality of life of mid- to late-stage Alzheimer patients that came 

in contact with the seal robot in their care facility [34]. Further exploration on the alleviation of 

behavioral symptoms has been conducted with a robotic dog, AIBO [35], and could show that the 

speech, emotional words and satisfaction of elderly individuals improved. At the same time, their 

loneliness decreased after repeated interaction with AIBO. These results are promising and motivate 

the use of pet-type robots in the therapy of dementia sufferers. 

 

When it comes to humanoid robots, these have been used in recent research as a therapeutic means 

for cognitive stimulation. For instance, Martín et al [36] introduced a NAO robot to therapy 

sessions with institutionalized patients affected by moderate to severe dementia. In this case, the 

use of a humanoid with limbs was essential for performing certain physiotherapy exercises. The 

patients seemed to enjoy the robot and kept their attention because of its human appearance and 

behavior. The first encouraging results indicate the alleviation of neuropsychiatric symptoms. 
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Furthermore, socially assistive robots (SAR) have been used in a long term experiment, aiming to 

enhance the cognitive ability of patients with dementia or other cognitive impairment [37]. 

Together with the robot for assistance and motivation, users could play a musical game, where the 

difficulty level automatically adjusts to their capabilities. In fact, patients highly engaged with the 

robot and showed progress throughout the games, indicating a positive effect on their cognitive 

skills. Another approach aims to improve the communication of early stage dementia affected 

people in their own home. By neglecting any use of digital screens, it provides a NAO robot in 

combination with a smart pen as a more natural way of interaction for the elderly [38]. They serve 

as a cognitive support during daily tasks, e.g. writing emails and pill reminder, and to keep track of 

a person’s activities. Next to dementia prevention and therapy, the currently ongoing project 

EACare [39] at the Department of Speech, Music and Hearing at KTH utilizes the robot of study, 

Furhat, to detect early symptoms within elderly. With the help of sensors and algorithms, the 

dementia detective will analyze users’ movements and speech, and as a result evaluate their mental 

state.  

 

3.4. Dementia Awareness 

 

Finally, there are multiple systems that aim to increase the awareness for Alzheimer’s Disease and 

dementia, which relates to another ambition of this thesis. These are however not supported by the 

use of robots, but rather count on serious games. The latter can be defined as video games whose 

purpose is higher than just pure entertainment, and especially aims to educate its players. In 

particular, the health care sector gives ground for deploying these games. Regarding the field of 

dementia, many serious games currently exist that try to assess, prevent and alleviate the disease, as 

well as to educate users about it [40]. As other possibilities to reach the first three goals have already 

been discussed, we will focus on the last and least addressed intention in the following.  
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Figure 3: A healthy person undergoing a dementia experience,  

Screenshot taken from Intodmentia.com 

 

Following the opinion that a disease can be best understood when going through it by oneself, Into 

D’mentia [41] was introduced in the Netherlands. Through enabling an experience that combines 

virtual reality and physical objects, see figure 3, it aims to convey the user how it feels to have 

dementia and how it affects the perception of their surroundings. Caregivers and medical 

professionals, which decide to go through that process, will ultimately develop more empathy with 

the patients, have an improved relationship with them and provide better care. Another example is 

the virtual reality app A Walk Through Dementia [42], which was developed in the UK. It helps 

users recognize the expected and unexpected struggles of everyday life with dementia through 

undergoing three different scenarios, which were created with the help of real patients. Also 

student’s efforts towards raising awareness for dementia with serious games exist. Do I Know You? 

[16] is a series of small games that was conceptualized within the scope of a Master thesis. The user 

would meet a person with dementia with the goal of finding out where she lives and bring her 

home. To achieve this, the former has to learn how to communicate with her and accomplish small 

tasks, while being accompanied by the demented chatbot. During the game, the user will be 

confronted with typical symptoms of dementia and details about the main character’s life. 
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4. Motivation for the Use of a Social Robot 
 

4.1. Advantage over other Solutions 

 

After reviewing the related work, one might wonder why this experiment did not make use of a 

virtual agent to simulate the dementia patient. Admittedly, VAs have certain benefits. Since they 

merely require a screen, they are significantly cheaper and easier to deploy than a physical robot. 

However, they do not exert the same impact on the user. It has been shown that an interaction 

with a robot is perceived as more positive. Due to their physical embodiment, they are more socially 

present, credible and engaging than their virtual representation. More important for this project, 

they enable a deeper sense of respect and trust from the user, which is closer reflecting human 

communication [43].  

 

There have also been experiments conducted around the direct comparison of a virtual avatar 

against Furhat itself [44][40][46]. It has been shown that a projected face on a 3D surface gives a 

more natural feeling to the user than showing the face on a screen. It is also easier and cognitively 

less demanding for a person to look at Furhat rather than its face being projected on a 2D surface. 

Furthermore, it proved to be more motivating and fun to interact with the social robot, and users 

felt a stronger connection than to the virtual character. All these points illustrate the benefit of 

using a physical robot over a virtual agent for this setting. 

 

Another possibility would have been to use standardized patients (SP). A SP is a person that has 

been trained to simulate a certain clinical condition in order to educate medical personnel in their 

anamnestic, examination and communication skills. The scenario is mostly pre-scripted with the 

help of patients or experienced doctors. During the role-play, the actor has to behave like a real 

patient would in that situation. He might also give constructive feedback and reveal how he felt as 

a patient during the interview. Standardized patients can provide a valuable learning experience in 

low-risk conditions, which can be repeated with many students in different locations [47][48].  
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However, using SPs presents major drawbacks. First of all, it requires a lot of time for the faculty 

to imagine potential scenarios and for the actors to adapt to their role. Secondly, it can become 

costly to employ SPs as they are usually paid per hour. Thirdly, as SPs are usually healthy adults, 

they are not able to demonstrate a variety of conditions such as lung murmurs, oedema or heart 

arrhythmia [43][45]. Some also contend that the actors do not stay neutral but adapt their 

performance to each student [22]. Since there is only a limited pool of available SPs per region, 

most of them will have to portray a patient with a different gender or age group at some point. For 

instance, a male SP might have to play a woman, or an elderly SP might have to play a patient aged 

40 [48]. Last but not least, when interviewing a patient actor for this project, it became apparent 

that they are not available 24/7 for training but only for a few hours during examination period. 

They are also specialized in educating medical students in a hospital setting and answering questions 

regarding their health status. This situation differs from the experiment setup here, and together 

with all the other factors, Furhat appears to be the ideal candidate for the task. 

 

4.2. About Furhat 

 

As mentioned before, Furhat is a back-projected robot head. This means that it mainly uses a 

human-shaped plastic mask and a micro projector inside its neck to project its animated face onto 

the mask. Further components are the servos to allow head movements and a speaker to enable its 

voice. Not to forget the optional furry hat, that contributes to its distinctive look and explains its 

name. Furhat is illustrated in figure 4. Despite the outer mask being static, its animated lips move 

in synchrony with its spoken words to keep the illusion alive. Similarly, the robot exhibits 

spontaneous eye and eye brow movements, such as blinking and brow raising, to replicate human 

behavior. Combining those with mouth movements, Furhat can display various human emotions, 

making it look extremely anthropomorphic [44][50].  
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Figure 4: The back-projected social robot Furhat (credits: Furhat Robotics AB) 

  

The robot is the result of over 15 years of academic research and was originally developed to study 

human-machine interaction and multiparty multimodal communication. Usually, Furhat is 

equipped with a Microsoft Kinect™. In this way it can use its depth camera for tracking its 

interlocutors and the microphone array for detecting their speech [44][45]. Even though Furhat is 

an immobile robotic head and does not dispose of any limbs, this should not pose any problem for 

the study as the focus lies in the communication between human and robot. On the contrary, the 

experiment could even benefit from that as it might increase the participants’ feeling of security 

and their comfort level. Since Furhat is not able to move, it will never touch nor hurt its 

conversation partners in any way. The participant can therefore stay focused on the task and does 

not have to worry about any uncomfortable situation.  

 

Another benefit of using the Furhat robot for this experiment is its ability to change appearances 

easily. Since its facial features result from an animation and are not controlled over motors, the 

projected texture can be exchanged with little effort. In this way, Furhat can adopt any personality, 

age and gender to precisely meet the requirements according to the situation. To give an example, 
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Furhat could be placed in a library and look like an old lady while telling stories, or become a child 

that other children can play games with. In all those scenarios, it is possible to make Furhat look 

incredibly human-like. Even though this might sound like an ideal criterion to the unexperienced 

reader for performing human-robot experiments, it comes with the potential downside of the so-

called uncanny valley effect. Masahiro Mori [51] introduced this term in 1970 and referred to a 

non-linear function of the affinity towards human-like robots. He argues that people enjoy 

machines to reflect their own appearance only until a certain point, where it begins to feel eery. 

Currently, research is being conducted around the uncanny valley effect with Furhat [52] and 

people generally consider the robot to be “likeable and a little strange”. Additionally, preliminary 

results have indicated that a male face is better perceived than a female face, due to the physical 

constrictions of the 3D mask, which has a rather masculine shape and wide forms.  
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5. Evolution of the Project  

 
5.1. Potential Beneficiaries 

 

The initial plan for this Master thesis was to design a robot personality and scenario in order to 

educate informal caregivers and family members of patients, since many efforts are already put into 

professional medical education. As became clear throughout the literature research, caregivers are 

usually the ones that are overlooked [53] and the original intention was to alleviate their daily lives, 

as they are the ones that spend the most time with the patient. However, throughout the research 

undertaken and the more people got involved, the more it became evident that there is a much 

broader range of end customers that could benefit from putting this application in place.  

 

The first evidence emerged during the primary interview with a standardized patient. She explained 

that she usually portrays either an orthopedic or a surgery case but was never assigned to an 

Alzheimer’s case. Moreover, the training center at Stockholm’s hospital Södersjukhuset confirmed 

that none of their actors ever had to portray an Alzheimer’s case. It also appears that such 

standardized patients are merely used to train future doctors in their anamnesis and decision 

making skills, but not in their sense of empathy and challenging conversation handling.   

 

The following interviews with two psychologists, one medical doctor and one nurse at the memory 

clinic of Karolinska Institutet university hospital, revealed that none of them ever received a formal 

education in how to maintain a smooth conversation with an Alzheimer patient or how to avoid 

hurdles in the interaction. They would have appreciated some sort of training and would highly 

suggest it to be given to the next generation. Furthermore, all of them confirmed that caregivers 

are approaching them to get advices on how to ease their daily life with the patient. The demand 

is high and they are regularly asked questions on how to react in certain situations. To find 

emotional support and connect with people in similar situations, they usually get referred to 

dementia groups and associations. Examples in Sweden would be Demensförbundet [54], 
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Alzheimer Sverige [55] or Demensnätverket [56], which organize events and provide general 

guidelines for caregivers on their website.  

 

One last profiteer of this system could be an unaffiliated person. For instance, a Furhat affected by 

Alzheimer’s could be placed in a public setting, where anyone who would like to could interact 

with it. It might become part of an interesting process to raise the general awareness for the disease. 

Interlocutors who never had the chance to do so before could get a feeling of how it is to talk to 

someone affected by Alzheimer’s. This could show them that, even if a person is in mental decline, 

an interesting personality still remains. Ultimately it should help to eliminate the fear of the 

unknown as well as remove stigmas around the disease. 

 

In conclusion, it became striking after all the interviews that not only relatives but also professionals 

do not receive a proper training in how to talk to AD patients. That is why the potential 

beneficiaries of this systems can be grouped into: 

• Medical professionals in training, i.e. doctors, nurses, psychologists, speech therapists, etc.  

• Untrained personnel, such as undersköterska (unlicensed assistive personnel) in Sweden, 

social workers or volunteers 

• Informal caregivers and family members of patients, as well as their surrounding network 

• Anyone interested in talking to an Alzheimer patient 

 

5.2. Steps along the Process 

 

The whole project began with a profound literature research, that was accompanied by discovering 

the online database Dementiabank [57]. It offers numerous audio recordings of people having a 

conversation with Alzheimer patients and gives a direct insight on how symptoms are expressed. As 

mentioned previously, an interview with a standardized patient followed but was not quite fruitful. 

More interviews followed at the Karolinska hospital with two psychologists and one nurse, to reveal 

more insights about their role and experiences with AD patients, the needs of caregivers, as well as 

the potential of a robot simulation. To reach a deeper level of understanding from every perspective, 

further interviews were conducted with a doctor and a speech pathologist at KI. Both helped to 

learn more about the symptoms of the patients and the concrete advices given to the caregivers for 

certain situations. Additionally, all previously named Alzheimer associations in section 5.1. 
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Potential Beneficiaries were contacted, to receive some personal information from caregivers 

themselves, but none of them replied to email requests. 

 

As it became clear that medical professionals had a great interest in using the system in their 

environment, it came to forming the character of the Alzheimer robot. An intensive literature 

research was performed to find hints on how to map a certain personality onto a robot or agent 

and its actions, but this did not turn out as a fruitful start either. For this reason, the experts of VA 

and VP simulation were contacted per mail: Gale Lucas, Jon Gratch, Albert “Skip” Rizzo and 

Thomas Talbot from USC, as well as Dirk Heylen from the University of Twente. All of them 

confirmed that the scenario and the answers of the agent need to be pre-scripted, as of today there 

is no framework for that. During the skype calls with the latter two, further brainstorming was 

conducted. The final piece of the puzzle was revealed during a personal meetup with an AD patient, 

described in the following section.  

 

5.3. My Experience with an AD Patient 

 

After gaining much theoretical knowledge along the research process for my Master thesis, I wanted 

to complete the picture with a practical experience and find out about the effects the encounter 

would have on me. This section is therefore written in the first-person perspective. At the memory 

clinic of Karolinska University Hospital in Huddinge, I had the chance to meet with Sophia, an 

Alzheimer’s patient in her seventies. Disclaimer: Due to privacy reasons, the name has been 

changed.  

  

The coordinating doctor at the hospital confirmed that the patient was still in an early stage of the 

disease and that she loves to talk. The patient could choose by herself how long she wanted the 

interaction to last. My plan was to go through the same task as my test users will undergo in my 

experiment, but with a real patient. That is why I asked questions that would reveal details about 

Sophia’s life, with the goal of getting to know her better. With some coffee and cookies on the 

table, it was supposed to be more of a relaxed conversation rather than a formal interview. 

Therefore, no notes were taken during the meeting. The patient was supposed to feel comfortable, 

not like the object of a study. The conversation was held in German because Sophia, a studied 
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German philologist, preferred it over English. It lasted about an hour and the topics covered 

included her family, her studies, her job, her disease, Germany and Sweden.  

 

5.3.1. About Her  

It turned out to be a very positive experience, as Sophia was indeed a very communicative and open 

person. Even though she was diagnosed with Alzheimer’s some years ago, she was still capable of 

doing mostly anything and lived by herself. She had many stories to tell and inserted comments 

along the way. Sophia also had a very expressive face, used hand gestures to illustrate her speech 

and lots of backchannels while I was talking. She seemed to be highly interested in my project and 

wanted to know how she could make a useful contribution. Interestingly, she also wanted to meet 

the robot Furhat as an Alzheimer patient as soon as the experiment was ready.  

 

As mentioned before, Sophia was still very self-aware and lucid. Even though I addressed her in 

formal terms, she immediately offered me the familiar form (“du”). Interestingly, I really did not 

notice that anything was wrong for about the first 20 minutes. We had an easy-going talk and I 

was close to forgetting that I had a patient in front of me. The flow of the conversation was good. 

The first sign I noticed was a wrong choice of words or articles at times, but this could also have 

been due to German not being her native language. Additionally, the way Sophia asked some 

questions was not always very clear to me, so I asked her to clarify. Similarly, she had troubles giving 

details to a question that was not about herself. When asked about the job of her children, she said: 

“My daughter has commercial relationships and my son works with businesses“, which left me confused.   

 

However, the moment her disease became more obvious to me was when she kept on asking me 

the same question (“How long are you still staying in Sweden?”) about ten times throughout our 

conversation. Sophia also sometimes randomly inserted pieces of information that she already 

mentioned before in the middle of her sentence. Or the conversation took an unexpected turn as 

she soon talked about something different than what was asked. I also noticed small inconsistencies 

in her answers. For instance, when I asked her if she had travelled somewhere other than to Austria 

and Germany, she replied that she had been to Heidelberg, which is a city in Germany. 

Furthermore, during the talk we exchanged email addresses and promised to stay in touch for 

another meeting, but just before we said goodbye, she forgot that and asked if we would see each 

other again.  
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5.3.2. Feelings and Learnings 

After this constructive experience of meeting Sophia, it is important to disclose how I felt as an 

interaction partner, as well as highlight the lessons learned, to let that influence the experiment 

scenario. Admittedly, I was slightly nervous before the meeting, as I did not know how good the 

conversation would go and what would actually await me. As I had not met Sophia before nor any 

other Alzheimer patient in my life, the first half an hour merely consisted of me asking and her 

recounting details of her life. Only after that did I dare to address her disease, as I did not know 

how she would react to that question or whether she would even be willing to talk about it. 

Additionally, I sometimes found myself running out of ideas on what to ask, but I did not want to 

break the conversation flow. This resulted in very unrelated questions now and then, to avoid 

awkward silences. I also noticed that I felt I had to reveal details about my life as well, since my 

counterpart was so engaged and I wanted to keep the dialogue lively. For my own persona 

incorporation, I felt especially inspired by the part on how she found out about her disease and 

how she was coping with the diagnosis, as these are highly sensitive topics and hard to find in 

research papers or on websites. Additionally, I will use some of the symptoms that I noticed for the 

robot experiment. Sophia confirmed my assumptions in that she still remembered her past in great 

detail, which indicates an intact long-term memory, and she also enjoyed talking about it. I also 

recognized further requirements for the study scenario. First, the conversation should last at least 

15 minutes, to allow some time for the ice-breaking. Second, it might be hard to try to educate a 

non-professional who is interacting with a patient for the first time, as the encounter can be 

overwhelming by itself. Third, to keep the experience positive, the robot should be talkative and 

also ask about the life of the user. 

 

5.4. Meet Max, the Alzheimer Robot 

 

The following section includes a depiction of the resulting persona with Alzheimer’s Disease, that 

will be adopted by the social robot Furhat, depicted in figure 5. It needs to be clarified that Max is 

by no means an attempt to design a standard patient, who incorporates all the characteristics of 

Alzheimer’s Disease, but is rather a character with its own unique personality and symptoms, 

representing one single patient that will differ from any other patient. A male persona was chosen 

because a masculine face fits better on the wide plastic mask of the robot. Events of his life and his 
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adopted symptoms were inspired by Sophia’s story, details revealed from doctors and psychologist 

in the interview and Dementiabank. Other choices originated from pure imagination. The 

description of his personality and life story is held extensive with many details, to be best prepared 

for all sorts of questions that a user might ask.  

 

 

 
Figure 5: A Furhat robot adopting the role of Max, a mild stage Alzheimer patient 
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5.4.1. Short Profile 

Name: Max Henderson  

Born: 07.02.1946 (age: 71) in Bath, UK 

Gender: male 

Nationality: British 

Family status: divorced for 5 years 

Children: John (*1980), Catherine (*1982) 

Grandchildren: Josephine (*2013) 

Siblings: Jane (died in 1964, age: 21) 

 

Occupation: retired since 2014, worked as an English teacher 

Hobbies: reading, going for walks, cooking 

Pets: a bird, Joey 

Personality: talkative, joyful, pensive at times 

Alzheimer diagnosis: 3 years ago – mild stage 

Symptoms: problems finding right words, forgetting names and numbers, mispronunciation, 

repetitive behavior 

 

5.4.2. Detailed Biography 

Max is 71 years old and was born in Bath, UK into a British working class family. He went to the 

nearby public St. Claire’s high school. One of his nicest childhood memories was playing with his 

best friends Tomas and Lisa on the nearby playground and strolling around the neighborhood on 

bicycles.  

 

Family 

His father was a bricklayer and his mother stayed home to take care of him and his older sister Jane, 

but despite that she never really learned how to cook. The relationship with his parents was rather 

difficult. As his father was a very dominant and strict person, there was lots of arguing and fighting 

going on in the household. His mother on the other hand was fairly quiet and mostly did not dare 

to intervene. This is why Max and Jane stuck together and they went along well, sharing the same 

room. But just as Max left the parent’s house to go to university, Jane died in a tragic car accident 
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when she was 21 years old (in 1964). After that, Max kept a distant relation to his parents, just 

visiting them sometimes for a few days during holidays. Both of them died with the age of 75 due 

to severe illness (in 2006).  

 

Study years and Work 

Max moved to London to study Literature at University College London (UCL). He enjoyed his 

study years a lot, especially because he was finally standing on his own two feet. His main focus 

and biggest interest were the German classics from the 18th century. With his closest study 

colleagues, which he is still in contact with today, he also went on two memorable trips to Poland 

and France. To finance his studies, he worked part-time in a small university coffee house. During 

those years, he proved to be a hard working student and established many new contacts with 

professors, who suggested him to work as an English professor. He finally decided to follow their 

advice and discovered his passion for teaching.  

 

Max became a dedicated English teacher and taught for 40 years at a public British high school in 

Reading, in the outskirts of London. He loved the idea of educating and inspiring the future 

generation but kept a strict appearance whilst remaining warm-hearted. Due to his devotion, 

commitment to children and initiative in autonomous school projects, Max was one of few popular 

teachers in the school. However, he noticed that the last years were getting harder for him and he 

had troubles handling the noise and agitation of the younger children. 

 

Private Life 

Max met his wife Dorothy at the school when she was the principal teacher. They married in 1977 

and have two children: John and Catherine, born in 1980 and 1982. When the children were small, 

times could not have been better. However, their marriage did not last forever. They grew apart 

over the years, Dorothy thought that Max had changed in a bad way and finally decided she wanted 

a divorce five years ago (2012). His son John became a diplomat and is traveling the world. His 

daughter Catherine became an English teacher, just like him, but has moved to Stockholm to live 

together with her Swedish husband and their 4-year-old daughter Josephine.  
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Living with the Disease 

It became striking for Max that something was wrong when during his final year his school children 

were telling him repeatedly that he kept on giving them the same chapters to read as homework, as 

well as a close friend mentioning his repetitive behavior. It was then that his daughter suggested 

him to go see a doctor. He received his official diagnosis, early stage Alzheimer’s Disease, three 

years ago from Dr. Gomez. This diagnosis was hard to handle for Max. He did not know how to 

go on with his life and thought that death was near. But after the initial shock was overcome, things 

began to calm down for Max. The important part was to accept the disease and talk openly about 

it with people he was close with.  

 

Even his ex-wife started to approach him again now, realizing that his changes had been due to the 

disease. She now comes by from time to time to check if everything is in order, helping him with 

his bills, just as she has always done, and keeping him company. Also his best friend from university, 

Christian, visits him frequently for a glass of wine or to play cards. The relationship to his children 

has barely changed, but he is thinking of moving to Sweden soon to live together with his daughter. 

This is also why he is currently visiting Sweden.  

 

Max remains a positive person, tries not to worry too much about the future but instead living in 

the moment and enjoying life to his fullest. There are dark days of course, but the good ones still 

overweigh. He still lives alone in his small house in Reading, recently bought a budgie bird called 

Joey and spends his retirement by working in the garden, reading good books and going for a walk. 

He also recently discovered his passion for cooking, mostly Mediterranean dishes. For a long time, 

he remained traumatized by his mother’s terrible cooking.  

 

5.5. Bringing the Character to Life 

 

After having written the life story of Max, the role needed to be assigned to Furhat. The first step 

was to imagine the possible questions that a participant could ask, and to script the reactions of 

Max accordingly. He is able to answer 47 questions and a detailed overview with the precise words 

can be found in the appendix. In this section, only some of his answers will be cited to illustrate 

focus points in the dialogue. Extensive work was put into making the answers sound natural and 
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as if they were coming from a real elderly man. Since the author has little experience with older 

people, this was particularly challenging, albeit in a good way.  

 

During the conversation, Max has a few focus points that he likes to talk about and keeps on 

repeating. These are especially his study years (see next paragraph), that he’s moving to Stockholm 

soon and that he adores his granddaughter, e.g. “I plan to move to Sweden soon, where my daughter 

is living now. Not that I really need it, but I enjoy so much spending time with my granddaughter Josi, 

and I don’t want to miss seeing her grow up. She is a charming little girl, only four years old!” Concerning 

the sensitive topics, he has learned to be quite rational about his disease and tries to maintain a 

happy and meaningful life, reflecting [14]: “Uhm! I have to admit that it was quite a shock at first. 

You don’t get to hear such things every day, you know. […] But then, when you give it some time, 

actually things become a bit clearer. You can’t change it anyway, so you might better make the best out 

of what you have right now.” Despite the seriousness of the task, Max has a pleasant personality and 

makes a joke from time to time, to keep it a positive experience for the user: “I am 71 years old, but 

I have come to learn that age is just a number *laughs*”. 

 

The first symptoms were already implemented in that stage, especially the fact that Max cannot 

remember certain words. In that case, he is either thinking a bit longer or trying to find a way to 

paraphrase it. He would also become unsure about concrete names or dates. Sometimes he is 

drifting away with his answer from the actual question. Additionally, his answers include giving 

repeated information at different times, as well as asking the participant the same questions. In this 

case, he will most often ask the participants repeatedly for their name, where they are from and 

what they are studying.  

 

The second step was to choose a voice for the character, that fitted his age and gender, as well as 

his nationality and personality. As Furhat is mostly using the high quality voices of the Text-to-

Speech (TTS) synthesis group Acapela [58], the list of possible choices was set. Consequently, the 

Peter22k voice was selected, as it is an older male voice with a British accent that sounded pleasant 

and has many prerecorded sounds and exclamations such as laughter, coughs, etc. However, there 

is currently no TTS system available that will sound perfect or pronounce everything like a real 

human would do. That is why a lot of work was put into fine-tuning Max’s vocal output. More 

precisely, to change the intonation of certain words, specific elements were added to the sentences 
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such as pauses, speed changes, emphasis points and alternative selection tags. Additionally, the 

mispronunciation of words was added at that stage. They were kept subtle however, in order not 

to distract too much from the other symptoms. Due to the TTS, the character has a slow speech 

with many long breaks in between, that could potentially lead to interruptions, but at the same 

time they were thought to fit the rhythm of an elderly man well. Table 1 gives an overview over 

Max’s symptoms illustrates them with dialogue examples.   

 

Max’s Symptoms Dialogue Examples 
 

• Word finding problems “I was born and raised in a British city called Bath. It is a town 

full with beautiful… Uhm! It has a special name. Uhm! Well, 

with beautiful architecture.” 

• Forgetting names  

 

• Forgetting numbers 

“Um! What was his name again… Woo! Woody… Um! 

Woody… Allen? Yes, that’s it! 

“I think that was about… three years ago…  Hmm… Yes, two or 

three years ago.” 

• Repeating information 

 

 

• Repeating questions 

“I also enjoy reading a good old book as if I was still a young boy. 

Did I already mention that I studied Literature? So the love for 

novels has always remained…” 

“What was your name again?” 

• Drifting away “Well, I can speak a bit of German, but it’s not brilliant. Let’s say 

I can read better than write. I was very much into the German 

classics, when I studied Literature in London. Aah! What a great 

time it was! I loved my studies and living in the big city for some 

years.” 

• Mispronunciations “I admiral… Um! Well, I really like Goethe. Maybe you know 

him?” 

 

Table 1: Overview over the persona’s symptoms and illustrating examples 

 

Finally, it came to putting all this work onto a Furhat robot and forming the appearance of Max 

in step three. An artist worked on the projected face, which is the end result of blending in different 

pictures of older men together to accentuate certain facial features. He was given a hat and a scarf 
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as accessories to hide the mechanical neck structure and to allow for a more natural appearance. 

While testing the speech on the physical robot, emotions and facial movements were added at 

appropriate moments. For instance, smiles were inserted into a happy story, sad or concerned looks 

into more sensitive topics, and also subtler expressions such as raising eyebrows were added here 

and there. Moreover, head movements were included to his stories, e.g. most often Max looks down 

or to the side when he is thinking. This adds motion, making the robot appear more alive. 

 

5.6. Professional Accuracy Evaluation 

 

A few days before the pilot testing was conducted, one of the two psychologists that was interviewed 

earlier came by to give his professional opinion on the current prototype. The goal was to estimate 

the accuracy of the Alzheimer’s simulation, meaning how trustworthy the robot can convey the 

impression of being an elderly patient, suffering from symptoms, as well as to give concrete 

suggestions on how to improve it. Fittingly, the psychologist has lots of experience with AD 

patients, as he is working in the memory clinic at Karolinska University Hospital and mainly 

assessing if someone is suffering from the disease or not. This task did therefore not differ much 

from his professional activities, even though the way he would do it, was altered. Generally, the 

psychologist would not only have a loose conversation with the patient, such as in this case, but 

also tackle many sensitive questions and additionally perform several tests that measure cognitive 

ability, such as the Mini-Mental State Exam. Rather than performing the actual experiment with 

the psychologist, it was meant as an exchange, to receive immediate feedback and to be able to ask 

questions or implement small changes on the spot. That is why, in contrast to the study setup 

explained in section 6.3, the wizard was sitting in the same room as the participant and the robot 

during their interaction and openly displayed how she controlled the latter. In essence, the expert 

felt the conversation to be natural as well as enjoyable, and gave some suggestions on how to 

improve the scenario.  

 

5.6.1. The Feedback  

According to the psychologist, the conversation with the robot is what someone could expect from 

a 71-year-old person in an early stage of Alzheimer’s Disease. In general, he believes that the answers 

from Max were well formulated and could have been from a real person of that age, sex and stage 

of the disease. The psychologist values this highly, as he understands that natural conversations are 
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hard to mimic, especially if the age difference between the author and the character is that high. 

He would have expected that an older person has written the scenario. Moreover, the theme of the 

exchange covered most topics that one would encounter with a patient. He recognized that the 

speech of the robot seemed to be anticipating where the conversation was leading to, e.g. with 

counter questions at the end, leaving little space for confusion to the counterpart and contributing 

to a good flow of communication. He also stated, that he would not have known that the robot 

was controlled, if he had not been informed before-hand. 

 

The psychologist liked talking to Max and laughed a few times. He thought it was a good idea to 

give him a social personality and let him talk a lot. In his professional experience, almost all patients 

in that stage of the disease still have a high quality of life. They are usually grateful, enjoy spending 

time with their caring family and believe that it could have been worse. People could be surprised 

that most of them are still quite cheerful. This matches Max’s profile well. Max’s symptoms became 

evident to the expert fairly quickly, and he stated that it should be possible to recognize the disease 

after five minutes at the most. The psychologist also did not mind the fact that at times the answers 

of the robot do not always fully match the question asked. For instance, if the question is “How 

many grandchildren do you have?”, Max would respond that his daughter Catherine has indeed one 

daughter herself. This could be due to hearing problems or misunderstanding of the question and 

can be expected by real patients as well. 

 

Besides, he enjoyed that his interaction partner was always keeping eye contact and followed his 

movements. He also appreciated the constant face and eye movements of the robot, that are always 

performed by Furhat and not related to the Alzheimer skill. They felt natural to him and gave a 

very human-like impression. Finally, he perceived the British accent of Max to give an additional 

but stereotypical feeling of politeness to the conversation partner. 

 

5.6.2. The Critique 

It needs to be noticed that when the psychologist encountered Max before the actual pilot study, 

the wizard was not yet well trained with clicking the right buttons, i.e. choosing the corresponding 

answer from the robot quickly. However, the speed of responding made the situation feel more 

natural for him, being aware that elderly people might sometimes take longer to answer certain 
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questions. He could also imagine that with some practice, the conversation flow would quicken up 

a bit and participants would not notice anything odd about it.   

 

Moreover, the psychologist expected it to feel strange to talk to a robotic head, but has been 

convinced otherwise during the actual interaction. He noted that if the wizard had not been in the 

same room, he would have felt more comfortable, as the situation was after all quite unusual and it 

takes some time to get used to the setting. This point was however not much of a concern to the 

expert, since the wizard will be hidden in the actual experiment.  

 

One aspect that the psychologist expected to cause some confusion among the participants, was 

that it is not clear if they can interrupt the robot or not. Sometimes, his speech includes relatively 

long breaks that are prone to interruption. The expert clarified that interruptions are favorable. 

They show that the counterpart is listening actively, even though this differs from person to person. 

For instance, it would be natural to ask more about a certain life event that he just mentioned or a 

clarification question. In that case, the robot should stop talking and encourage the participant to 

finish his sentence, e.g. by telling “Excuse me! You were saying?”. If the robot will however ignore 

the comment and continue with his speech, the participant might become hesitant to ask again, 

but will eventually learn to adjust to the speed of the robot.  

 

About the work that was done around the mispronunciations of words, the expert concluded that 

it would not take long to make the right diagnosis for someone, who is used to assess and talk to 

AD patients. On the other side, someone who is not familiar with the disease might confuse this 

symptom as just being a side effect associated to old age. If Max would have been placed in a 

memory clinic, that is highly frequented by Alzheimer patients, the context would make a person 

pay closer attention to symptoms, making the disease more apparent. In this case however, the 

robot is placed in an institute of a technical university, which removes this biasing effect.  

 

One more point was that a psychologist is a trained professional, who is used to tackle sensitive 

questions and will for example not have a problem with asking about loneliness. This might be 

different with an unexperienced stranger, who judges these topics as too personal, leading to the 

potential situation that a lot of difficult topics, which the robot is actually trained for, will be 

avoided.  
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5.6.3. The Suggestions 

In addition to his professional opinion, the psychologist gave direct suggestions to implement in 

the scenario that would contribute to a more realistic and better experience by making the disease 

even more apparent.  

 

One main explanation that the expert gave, was that the memories and feelings of the patients stay 

present, whereas it gets harder for them to describe or explain things in detail. That is why he could 

for instance not tell the exact birthday of their grandchildren or what his children do for a living. 

A concrete idea was to incorporate in every of the four sections (Small talk, Private life, The Disease, 

Family) something that he does not know. He could also love something very specific but would 

not be able to describe it to someone else. These points were implemented in the following way: 

Max is not sure how old his children actually are, even though he is sure they must be between 30 

and 40. He also remembers that he is a big fan of Goethe, the German poet, but cannot recall the 

name of his works anymore, even though he remembers what he felt while reading them. 

Additionally, he knows that his son is always busy and travels the world, whereas he forgot that his 

profession is to be a diplomat.  

 

Another group of advices was focused on increasing the comfort of the participants. For instance, 

Max could start by asking a few questions to the interviewer first, e.g. name, age, studies, etc. This 

could loosen up the situation a bit and give the participant more time to think on what to ask. In 

the same way, if there is a moment of silence or when the participant seems to be thoughtful, Max 

could ask “What are you thinking of right now?”. This could convey the feeling that he is actually 

seeing and understanding his counterpart, and was therefore incorporated into the scenario, 

alongside with other questions to break the silence when the participant seems hesitant, such as 

“Where are you from?” or “What are you studying or working actually?”.  

 

Another idea was to let participants reflect on their behavior during the semi structured interview. 

If a participant is for example very pushy towards the robot and insisting that he already knows a 

certain information, he should think about the reason and explain afterwards if he would react 

similarly with a real patient. One advice that was implemented on how Max should respond in 
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such a situation, was to take it with humor and let him mention that it might be due to his 

Alzheimer’s Disease.  

 

Furthermore, the psychologist confirmed that it is reasonable to try out the scenario with a less 

talkative robot or incorporate more problematic behavior at a later stage. This would reflect the 

conditions of a more severe case of the disease and challenge the comfort level of the participants. 

One final suggestion point was to include a child as a participant in the study. It would be highly 

interesting to see what a child actually wants to know about the person, how daring they are with 

sensitive questions and how well they would accept the robot with a disease.  

 

5.7. Pilot Study 

 

After the psychologist gave his review and before the actual experiment took place, a pilot study 

was conducted with four participants. This preliminary experiment had four goals. The primary 

goal was to test if the system and microphone setup worked correctly throughout the whole 

scenario. The second goal was to detect potential bottlenecks in the conversation, to correct them 

and to guarantee a smooth exchange between human and robot. The third goal was to add more 

frequently asked questions to the repertoire of the robot. Ultimately, the wizard should be trained 

in finding the right answer to click on the screen in order to speed up Max’s response time. 

 

Due to the reactions in the pilot study, several small changes were implemented. Most importantly, 

it became clear that the participants would soon run out of ideas about what to ask soon. This led 

to the emergence of the cheat sheet, further explained in section 6.3. The Setup. Moreover, after 

the robot started introducing himself and asking for the participant’s name, the latter replied but 

did not ask anything further, which led to a confusing moment of silence. To avoid this situation 

from happening and offer a transition to the actual task, a polite reply from Max was inserted where 

he says “Nice to meet you! So, what do you want to know about me?”. It also became clear that the 

wizard should avoid to press the same button twice. Due to the speech synthesis, Max would 

pronounce the same lines in the exact same way. This would sound unnatural and more like a faulty 

robot that keeps on repeating his limited set of answers rather than a robot with Alzheimer’s 

Disease. Therefore, even if a participant would ask the same question again, it should be 

paraphrased and written on the spot.  
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Additionally, some answers have been altered a bit to be compatible with more possible ways on 

how to ask a single question. For example, “How old is your granddaughter?” and “Do you know how 

old your granddaughter is?” require a slightly different reaction but aim for the same answer. The 

corresponding changes included removing words of affirmation in the beginning of a pre-scripted 

answer and adding specific buttons for “yes” and “no” to the screen of the wizard, also to be quicker 

in spontaneous questions.  

 

The pilot study also helped to identify the need for a button that would be pressed by the wizard 

in case the participant is asking a question that would deflect too far from the topic, e.g. a question 

on world politics, ethics or religion. The focus would then be shifted back to the original task. Max 

would then either ask the participant to think about a different question or suggest a different 

aspect of his life to talk about: “Um! How about, we talk about my childhood instead?”. Furthermore, 

one participant confronted Max with the fact that he already told him something. This event was 

prone to happen again during the actual experiment, which let the wizard add another button to 

the set of possible reactions. In this case, Max would acknowledge his mistake and say for instance 

“So sorry! I must have forgotten!”. The same should be pressed if the user tries to help Max by 

correcting him. 

 

Some questions were asked by several of the pilot participants and therefore added to the set of 

potential questions of the robot. To give some examples: “Which subject did you teach?”, “Does your 

family visit you often?”, “What do you like to read?” and “Do you drive a car?”. Two participants also 

wanted to know “what happens in those dark days?” when Max talked about how he felt about his 

disease. Finally, the need for a goodbye button was identified to let the robot say thank you for the 

conversation and wish a nice day before the participant leaves. 
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6. The Methodology 

 
6.1. Goal of the Study  

 

The purpose of this study is of exploratory nature. Letting a social robot simulate an Alzheimer’s 

patient and analyzing the effects on its conversation partners means using a robot in a way that it 

has not been used before, which implies a highly uncertain outcome. In order to assess the impact 

on the participants, numerous quantitative and qualitative factors need to be evaluated with a focus 

on the latter. Primarily, the author was interested if the users would accept the patient simulation 

and treat the robot as if it was a real person. Or would they lose their patience quickly as they 

cannot forget that they are only talking to a machine. Instances could be to adopt correcting and 

pushy behavior, as well as asking immediately about the disease, a sensitive topic. It can be assumed 

that the experiment will differ if a person has already interacted with the robot Furhat before, same 

as if a participant does have previous experience with Alzheimer’s and has realistic expectations 

about the symptoms and the effects on personality. It is also possible that some of the users, 

especially non-medical students, might confuse the patient’s symptom of repetition with a “faulty-

robot syndrome”. Generally, it was interesting to investigate what the discussions with the robot 

would be about, but it was assumed that it will be mostly around the life of Max, following the 

given task. Ideally, both user groups, with and without medical background, should learn 

something from the experience. 

 

6.2. The Participants 

 

The subjects for the user study were gathered from both the technical university KTH, as well as 

from the medical university Karolinska Institutet. They were students without exception and 

represented all the levels of academic degrees from Bachelor’s, Master’s to PhD students. Out of 

the 20 participants in total, 10 were female and 10 were male. They were between 22 and 34 years 

old, with an average age of 25,7. Together, they represented 11 countries and three continents. 16 
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formed the majority coming from Europe, the rest were from Asia and South-America. Every 

participant contributed to the experiment on a voluntary basis and did not receive any financial 

reward or another form of compensation. 

 

Concerning the professional experience, seven participants came from a medical background (four 

studying medicine, two bio-medicine and one psychology), eight participants had a technical major 

and five studied something else. Regarding the relation to the disease, ten stated to have had 

experience with an Alzheimer patient (four within their own family, three with acquaintances and 

three in a professional setting). Ten have never met an AD patient before. Four of the participants 

had previously seen a robot or even Furhat himself, five mentioned having encountered similar 

concepts such as virtual agents, bots or robotic toys, and eleven had never had any robot experience.  

 

6.3. The Setup 

 

In this section, the setup for the study will be explained. Following a theatrical scene, it is divided 

into the main stage, where the participants are meeting the main actor Furhat, and behind the 

curtain, where the controller was pulling the strings.   

 

6.3.1. The Main Stage 

The experiment was conducted at KTH in Stockholm, in the demo room that is shared by the 

Department of Speech, Music and Hearing (TMH) and Furhat Robotics. It is a dark room without 

windows and with dimmed lights to best reveal the projection of Furhat’s face. It is located next to 

the coffee kitchen, which makes it susceptible to high noise levels at times, especially during peak 

hours. However, it was preferred over the experiment room in the basement, which is totally quiet 

but feels like a too controlled environment. In the demo room, next to the kitchen, the atmosphere 

is more relaxed, allowing for a loose conversation and beneficial experiment conditions. In fact, 

some participants were taking their coffee or water with them during their talk with Max.  
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Figure 6: The setup of the experiment 

 

The concrete study setup is depicted on figure 6. 1: An external condenser microphone (Studio 

Projects C1 large diaphragm) is strategically placed close to the robot and the participant. It is 

connected to the hidden office of the Wizard of Oz (further explained in 6.3.2. Behind the Curtain), 

so that the latter can follow the conversation acoustically. 2: On the left chair is a smartphone that 

functions as a stopwatch to inform the participants how long they have been talking to the robot. 

3: The middle chair is reserved for the participants to sit right in front of their conversational 

partner, Max. 4: The robot itself has a Microsoft KinectTM in front of him, that tracks the 

movements of the participants to allow Furhat to follow them and in that way exhibits more social 

presence. 5: On the right chair lies a colorful paper, the cheat sheet, that is grouped into the four 

themes Family, Early Life, Small Talk and His Disease as illustrated in figure 7. It includes topics 

that should give the participants hints on what to ask about, in case they run out of ideas, and 

covers many topics that Max is prepared for. 6: Finally, there is a GoPro camera attached to the 

corner of the right table that captioned audio and video of the interaction for later-on evaluation.  
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Figure 7: The cheat sheet for the participants includes themes on what to talk about 

 

 

6.3.2. Behind the Curtain 

This setup is using the Wizard of Oz (WoZ) technique [59]. This means that the user is interacting 

with a system, believed to be functional, but actually there is a person (the “wizard”) in the 

background, replicating its responses. With little efforts, it allows users to engage with the system 

and for researchers to evaluate the former’s experiences. In essence, it serves as a proof of concept 

before putting valuable resources into the development of a real prototype. A Wizard of Oz 

arrangement is recommended if someone is interested in what users will feel and how they will 

react while trying out the system. Additionally, it is especially useful when conceptualizing a novel 

solution where design patterns are not yet in place. These points match the explanation for why a 

WoZ setup was chosen for this specific study, further explained in section 6.5. Explanation of 

Choices.  

 

In this setup, the room of the Wizard of Oz is where the magic actually happens. It is a small office, 

close by the demo room to assure a quick start of the interaction and for the computer to be 

connected to the same network as the robot. The cable of the microphone is connected to a 

Prosumer grade USB Audio Interface inside the room, in order for the wizard to listen to the 

conversation in real-time over headphones. Figure 8 gives an overview on what the wizard could 
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actually see on his screen. The standard wizard interface of Furhat was used and adapted to the 

specific scenario.  

 

 
Figure 8: The interface of the Wizard of Oz 

 

On the left is shown the life video feed from the Microsoft KinectTM so that the wizard can follow 

and react on the actions of the participant. The red rectangle signifies that the user’s face is tracked 

and his movements will be followed by the robot. Below is a text field to type immediate output in 

case a spontaneous situation (e.g. an unexpected question) arises. On the right are listed all the 

buttons, each one standing for a specific response of the robot. Some group similar reactions into 

one single button, played on random when clicked. For instance, the button Backchannels 

encompasses ten different reactions. All the buttons are sorted in a specific order and grouped into 

named sections in order for the wizard to click on the corresponding answer as quickly as possible.  

The meaning of each is explained in the following section.  

 

 



Chapter 6 - The Methodology 

 

 

40 

6.3.3. The Main Actor 

 

As the main actor Max was already presented in section 5.4. Meet Max, the Alzheimer Robot, a recap 

shall be given in table 2 for a better understanding about the robot’s capabilities, meaning all the 

questions that he is able to answer as well as all the additional details, which accumulated 

throughout the psychologist’s feedback and the pilot study.  

 

Introduction Hello, his age, his mood, goodbye 

Previous life Growing up, his childhood, his school days, his study years, his previous work, 

his teaching subject, his travels 

Family His children, the relation to his family, his family’s support, his 

grandchildren, his marital status, his siblings, his parents 

Small talk Where he is living, his hobbies, his pets, his languages, his favorite 

colour/book/movie/music, computer & TV usage, his activities, 

Stockholm, Sweden, England, car driving, what he looks forward to 

His disease How he found out, how he feels, his struggles, his fears, the dark days, 

his therapy methods, about living alone, about going out 

Other Backchannels, laughter, proactive question, unexpected question, he forgot, 

stop audio, interruptions, not understanding, refocus 

 

Table 2: The repertoire of the robot 

 

These are the main question groups, as some also include follow-up responses. The Other section 

comprises elements for a smoother communication between the robot and the user. They reflect 

Max’s pleasant personality and his polite nature and will be explained in the following. As before, 

the illustrating examples serve to explain concepts and the whole script can be found in the 

appendix. 

 

Backchannels are reactions that Max is giving at the end or during a story of the participant, such 

as “Oh, I see!”, “How interesting!” and “I understand!”. This also includes laughter in appropriate 

moments, for instance when the user told something funny. 
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Proactive questions are first used to loosen up the conversation and later-on to avoid too many 

moments of awkward silence. Instances are: “What are you thinking?”, “Please, tell me something 

about you!” or “What are you studying or working actually?”. To have a repeating effect, it includes 

questions that are already implemented at the end of another pre-scripted answer, as well as 

multiple instances of the same question but with a different formulation. 

In case a participant asks an unexpected question, Max will say for example “Er! Good question! Let 

me think a bit” or “Well, let’s see what I can think of… Er!” to allow himself more time and 

consequently the wizard to type an answer on the spot. 

For the same reason or in case the wizard would not understand, Max would ask the user to 

reformulate or repeat, for example by saying: “What do you mean exactly?”  or “Sorry, I didn’t hear 

you”. 

If a user makes Max notice that he already told him something, Max would not feel offended or 

ashamed, but simply acknowledge it and move on, e.g. “So sorry, I must have forgotten!”, “Is that so? 

Ha!” or “Whoops! Seems like my disease is taking over again.” 

When participants interrupt Max with a longer comment or a clarification question, the audio of 

the robot’s voice will be stopped and he will politely ask them to repeat, for instance with “Excuse 

me. You were saying?”.  

If a user asks a question that is too far off the topic or would expectedly take too much time for the 

wizard to answer accurately, Max would plead to refocus with e.g. “I prefer not to answer that. Maybe 

you have another question about my life?”, “Um! How about we talk about my childhood instead?” or 

“Maybe it’s more interesting for you to ask me about my hobbies *laughs*”. 

 

6.4. The Procedure 

 

The procedure of the user study starts with welcoming the participants and guiding them to a small 

office. Then, the first part of the interview, i.e. demographic data, experiences and expectations, is 

conducted, along with an introduction to the experiment. This includes the goal of the study and 

what the participant can expect. After that, if the participants have not met Furhat before, they 

should encounter a different Furhat robot in a separate room where he will present himself and 

play a short game with the participant. However, due to time limitations, technical difficulties und 

unavailability of robots at times, this was however not always possible.  
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Afterwards, the subjects are guided into the demo room and take the seat in front of the robot, who 

is awaiting them in a passive mode. The concrete scenario is explained: Max is in a mild stage of 

Alzheimer’s Disease and the participants’ task is to find out as much as possible about his life. They 

can come up with any question they would like, and if it is too far off the topic, the robot will let 

them know. In case they run out of ideas, there is the cheat sheet on the right to give some 

inspiration on what to ask about. To the left is a smartphone with an opened stopwatch application, 

that the participants are asked to activate as soon as the experiment leader is leaving the room. The 

participants are told that she will observe the whole interaction and activate the robot from a 

different room, so that they need to wait shortly until Max actively starts the dialogue himself. The 

conversation should last at least 15 minutes, but they should feel free to talk to Max as long as they 

would like. Whenever they feel that they know enough or do not feel comfortable anymore, they 

should simply let the robot know that the conversation is over.  

 

After receiving this information, eventual questions of the participants are answered. In case 

someone asked specifically if the experiment leader was controlling the robot, i.e. telling him what 

to say, they were told to receive an explanation on how the system works after the experiment is 

over. Before the leader leaves the demo room, she would ask if the participants agreed to being 

video recorded during the interaction for later-on evaluation, and would then start the Go-Pro 

camera if she obtained an affirmative answer.  

 

6.5. Explanation of Choices 

 

Early stage of Alzheimer’s Disease: When forming the character Max, a decision about the degree 

of severity of the disease had to be done. Simulating later stages of dementia would be more suitable 

for concrete situation training and putting advices, as are mentioned in the handbook from the 

speech pathology department (see section 2.3. Therapy Methods) into practice. In this case, it first 

needs to be evaluated how well participants actually accept the patient simulation, in contrast to 

only recognizing the robot. To recognize the potential, the user should not feel anxious or 

overwhelmed at first, but instead have a positive experience with Max.  

 

The Wizard of Oz setup: For the purpose of this experiment, the robot was not fully automated 

but externally controlled by a wizard. Aside from the time and scope factor of this thesis, there was 
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a significant reason for this decision. As already mentioned, the author understands her work as 

groundwork for using social robots for the communication training with AD patients. A first 

prototype was built to determine the reactions of the participants and if they would actually accept 

the patient simulation, in contrast to perceiving Furhat purely as a machine. Only if this recognition 

took place would it make sense to build an automated system and try out different scenarios as a 

next step. Nevertheless, the participants should be kept with the illusion of a fully automated robot 

for a better user experience. 

 

The task: The task of finding out details of the life of Max was chosen in order to see what people 

are actually interested in, how many sensitive questions they will ask on their own initiative and 

how well they estimate the capabilities of the robot. Therefore, participants were able to ask 

questions freely and were not restricted to a set of possible questions, such as with the USC Standard 

Patient. Max’s life is a relatively broad topic but still limits the conversation to some common 

themes, in order to avoid too many unexpected questions and a negative user experience as a 

consequence. Moreover, it aims to reflect the psychosocial intervention of Reminiscence Therapy 

(mentioned in section 2.3. Therapy Methods), to ideally make the interlocutor understand that a 

patient can still remember old memories quite well and enjoys talking about them.  

 

Nevertheless, there were many alternative tasks that were thought of before-hand. For instance, the 

participant could act as a detective or journalist with a set of questions written on a paper, that he 

has to fill out about the person Max. However, this was thought to take away the seriousness of the 

situation and the spontaneity for the participant. There were also many ideas arising about potential 

A/B testing scenarios, i.e.: 

• A: Furhat acting as an AD patient 

B: Furhat acting as the same person, unaffected by health issues 

• A: Furhat acting as an AD patient, with the participant knowing that he has the disease 

B: Furhat acting as an AD patient, without the participant knowing that he has the disease 

• A: Furhat acting as an AD patient  

B: Standardized patient actor 

• A: Furhat acting as an AD patient, with the TTS voice  

B: Furhat acting as an AD patient, with pre-recorded voice from an actor 
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• A: Furhat acting as an AD patient  

B: A virtual agent acting as an AD patient 

• A: Furhat acting as an AD patient   

B: Furhat, additionally adopting a state of superior conscience, giving his interlocutor      

feedback and explanations for his behavior 

Even though all these examples would be interesting to evaluate in a next step, they merely focus 

on specific aspects of the interaction and move away from the original target and research question 

that the author was most interested in. Not to mention that these scenarios would also require more 

participants to obtain valuable results.   

 

The timer: The timer function on the smartphone was specifically neglected and the stopwatch 

application was used instead. The phone would remain in the background, counting the minutes 

of the conversation and not actively beeping after 15 minutes. This could distract the participant 

and potentially let him decide to end the conversation at the point where the minimum time 

required had passed. The timer instead should serve merely as an indication to the participant a 

feeling of how long he is already talking and let him decide by himself when he is ready to end the 

conversation.  

 

The initial encounter with a different Furhat: This idea was put into practice as an attempt to 

reduce the novelty effect, that is associated with meeting a robot for the first time [60][61]. This 

means that people generally enjoy every kind of interaction with a new robot, especially if they have 

a strong interest in robotics. As this can be assumed for people willing to take part in this 

experiment, the bias should be removed by giving them the chance to meet a neutral Furhat before-

hand and accustom them to the feeling. The appearance and voice of the robot was altered in order 

not to influence the participant too much before the actual study. 

 

6.6. Evaluation 

 

The evaluation of the experiment is semi structured and customized in order to best answer the 

research questions. It is handled in two ways, through interviews and observations. The interview 

itself is split into three parts. Before the experiment and after a general introduction to the task, the 

first questions are asked shortly, to acquire some basic knowledge about the participants. Right 
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after the interaction with Max, the participants have to answer seven quantitative questions, rated 

on a 5-point Likert scale and used to assess their mental state. They will quickly make crosses with 

a pen on a paper with the printed questions. Three of these six questions have been inspired by the 

GodSpeed Test [62], investigating the robot’s animacy, likeability and the user’s perceived safety. 

As the focus of this study is of rather explorative nature, ten more qualitative questions were asked, 

or nine respectively in case the participant has never met an AD patient before. They mainly intend 

to let the users reflect on their actions, feelings and learnings, as well as to determine how well the 

they accepted the AD simulation. All the concrete interview questions are listed in the following. 

 

Before the experiment – general information 

• Demographics: age, gender, profession, nationality 

• Have you met someone with Alzheimer’s before? Who? 

• Have you met a robot before? 

• What are your expectations about the experiment? 

 

After the experiment – quantitative data (5-point Likert) 

• How did you feel while talking to the robot? 

o 1: Very sad à 5: Very happy 

o 1: Anxious à 5: Calm 

• How emotionally demanding was it to talk to the robot? 

o 1: Not demanding à 5: Very demanding 

• How much effort did you put in keeping the conversation alive? 

o 1: No effort à 5: A lot of effort 

• Which impressions of the robot did you have? 

o 1: Artificial à 5: Lifelike 

o 1: Unpleasant à 5: Pleasant 

 

After the experiment – qualitative data: open questions 

• What did you feel while talking to the robot? 

• Did the robot fulfil your expectations? 

• What did you enjoy while talking to the robot Max? 
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• Was there anything that you missed during the interaction? 

• Only if participant had contact with an AD patient before: How did it compare? 

• Which symptoms did Max show? 

• Did you try to help Max in any way? How? 

• What did you learn from this experience? 

• Do you think this experience will affect your future interactions with people with 

Alzheimer’s? How? 

• Would you recommend others to talk to Max? Who and why?  

 

In addition to the interview questions, the observation method from usability testing was applied, 

where a user is observed while trying to accomplish a task on a system [63]. This inspection was 

performed to get additional qualitative results on the conversation flow and the engagement of the 

user. It was made through analyzing the video feed after the interaction and can be grouped into 

general observations and situation-specific observations. Since those are done manually without the 

help of any face or speech recognition software, the author is aware that they are prone to 

subjectivity and careless mistakes.  

 

General observations: 

• How long does the interaction last (in min)? 

• How many questions does the participant ask? How many are about the disease? 

• How long does it take the participant until he asks about the disease? On which initiative? 

• How long does it take the participant to reach out for the cheat sheet? How often? 

 

Situation-specific observations: 

• What does the participant reveal about his/her life? 

• How often does the participant laugh or smile? 

• What does the body language of the participant reveal? 

• How does the behavior of the participant change over time? 

• How does the participant react in an undesired situation? 

• Does the participant try to correct the robot?
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7. Results & Discussion 
 

The experiment was conducted during the weeks 23 and 24 in 2017. Each whole session lasted for 

about an hour and consisted of welcoming the participant, explaining the procedure, holding the 

first interview, enabling a first encounter with a neutral Furhat (if possible), the experiment itself 

and conducting the second interview before answering final questions. As a short recap from section 

6.2. The Participants: Out of the 20 participants, seven had a medical background (studying 

medicine, biomedicine or psychology), ten had experience with an Alzheimer patient and four have 

met a robot before.  

 

7.1. First Impressions 

 

When asked about their expectations before the experiment, eight participants formed the majority 

that had none. Six subjects had a purely positive attitude (e.g. P.15: “I expect it to be exciting and 

that it will open up new things for me. I am curious about what I will feel.”), four had a negative 

attitude (e.g. P.3: “I expect to become frustrated in the conversation when he cannot really follow, that 

it’s going to be like talking to a wall.”), and two subjects stated to be both excited and scared at same 

time. Afterwards, eleven people thought that it went better than expected, mostly referring to the 

fluency in conversation and the various reactions of Max, and five people felt confirmed in that it 

was an interesting and instructive experience. General differences between subjects that have 

interacted with the robot before were not identified. 

 

It needs to be taken into account that the degree of severity of Max’s symptoms seemed to change 

for some participants, depending on which questions they asked, as well as in which order. This 

can be explained by the fact that the repetitive questions of Max are mostly integrated into his pre-

scripted answers. If a participant is therefore asking more unexpected questions, that need to be 

answered by the wizard on the spot, or just start telling about themselves before Max can even ask 

a question, there was less time to adopt repetitive behavior. Additionally, as the sudden questions 

of Max in case of a silent moment were played on random, it was possible that they were already 
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asked once, twice or not yet at all. The most extreme case was with participant 17, where Max 

asked five times where she was from, four times if she is studying here, two times if she had pets, 

and repeated three times that he is moving to Sweden and three times that he studied Literature. 

The counterexample was with participant 12, where Max appeared to be in a very early stage, as he 

only asked twice for his name, his hobbies and where he is from, as well as repeating twice that he 

is moving to Stockholm. In fact, four people thought that the symptoms were not that severe and 

could also reflect a healthy older person 

 
Figure 9: Box plots of quantitative interview results 

(A. Happiness, B. Calmness, C. Emotional demand, D. Conversation effort, E. Lifelikeness, F. Pleasantness)  

 

Directly after the experiment, a short questionnaire was handed out to the participants. The results 

were plotted into box plots to visualize the data spread and can be seen in figure 9. It can be noticed 

that, except for the emotional demand, all other parameters have at least half of their values 

distributed within the upper half. In particular, the impression of the robot was pleasant (plot F), 

and the participants felt rather calm than anxious while talking to it (plot B). In addition to the 

previous two plots, the means of A and E are also centered around the value 4, revealing that 

participants were happy during the conversation and thought the robot to be more lifelike than 

artificial. Concerning plot C, no participant thought that the encounter was emotionally very 

demanding. The mean is 3 which stands for a neutral attitude, but a significant amount felt the 

conversation to be little or not demanding. Finally, plot D demonstrates that the subjects were 
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mainly putting medium to high efforts in keeping the conversation alive. It can be concluded from 

the quantitative data that the great majority of participants had a positive experience while meeting 

Max, who conveyed a pleasant impression and demanded little emotional effort being talked to. 

The details supporting these arguments will be explained in the following section. 

 

7.2. Quantitative Observations 

 

As a factor for engagement, the duration of each human-robot interaction was measured. The 

average interaction time was 23:52 minutes. On a side note, only one participant needed to end 

the conversation directly after the minimum amount of 15 minutes, which forms the shortest 

interaction, as he needed to get back to work. All the other participants kept on talking and the 

longest conversation was closed after 42:30 minutes. Interestingly, all four medical students were 

part of the longer interaction sessions, lasting at least 26:45 min.  

 

In addition to that, the number of questions from the participants were counted. On average, a 

person asked 38,25 questions per interaction. Again, all four medical students are part of the group 

that asked more questions, with at least 40 per session. The most questions (84) were asked by the 

same person that had the longest conversation, indicating a correlating factor. The least questions 

(20) were asked by Participant 19. This low amount does however not mean that the subject was 

uninterested in the conversation. It rather implies that he was actively telling about his life, leaving 

less time for questions. More details will follow in section 7.3.2. Empathy. 

 

To get a sense of the degree of sensitivity of the participants, the amount of questions concerning 

his Alzheimer’s were counted. The subjects asked Max on average 4,5 questions about his disease. 

It is striking that the four people, who asked by far the most (9 and 10), were three medical students 

and one biomedical PhD student. It can be inferred that future doctors are less restrained from 

asking a patient directly due to their training, or because they are unconsciously doing an anamnesis 

out of habit. In the latter case, a possible explanation could be that he was just very curious, as he 

specializes in the chemical process in Alzheimer’s Disease but has actually never met a patient 

before. On the other side, merely two participants did not ask Max about his disease at all. Both 

knew someone affected from Alzheimer’s and were close to that person. Maybe they have had 

moving experiences in the past and wanted to avoid delving too deep into the topic. When asked 
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for the reasons, one of them said that it felt as if Max was trying to show him how sharp his mind 

still is, and therefore he did not want to discourage him by asking. He made proof of sensitivity: 

“It’s weird because he is a robot and still I didn’t feel like asking him about his disease. It seems like a 

bad thing to do.” In addition, he mentioned that in his country it is not common to ask someone 

about his illness, tracing back to the important role of cultural aspects.  

 

 
Figure 10: A medical student is inquiring about Max’s disease 

 

Nevertheless, there were no patterns to be found concerning the time it took the participants to ask 

about the disease. It was mostly brought up within the first half of the conversation (average: 09:24 

min), with the outliers of 02:30 min in the shortest and 33:32 min in the longest conversation. 

Out of the concerning 18 participants, exactly half of them initiated the topic on their own, and 

the other half waited until Max started mentioning his health. Interestingly, even though all 

subjects were told that they are going to talk to an Alzheimer robot, six of them pretended not to 

know in front of Max. To illustrate these two examples, P.12 for instance asked Max: “So, I heard 

that you have Alzheimer’s. Is that correct?” as a self-initiated question about his disease; P.18 however 

asked “How come you don’t remember anymore?” as a follow-up question after Max is struggling to 

find the names of Goethe’s works, disguising his own knowledge. These six aforementioned 
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subjects are part of all major categories: (bio)medical students, AD in family and completely 

unrelated. Therefore, no conclusions can be drawn from it. These situations were unexpected by 

the author but still proved a high degree of compassion from the participants, as it felt like they did 

not want to pressure Max and see if he wants to talk about it at all.  

 

As a behavioral measurement, two short situations were integrated into the scenario. When asked 

for siblings, Max would say: “That’s a tragic story… I had a sister, Jane, but she died very young.” 

When asked about his marital status, Max would respond: “I was married for… I think 35 or 37 

years. I know that is a long time! But in the end Dorothy and I didn’t last…” These open-ended stories 

are intentional, to evaluate if participants will follow up on it and ask what happened exactly, or if 

they prefer to avoid these delicate subjects. Although this situation did not appear with everyone, 

people asked further about the divorce slightly more often than about his sister (10 out of 13, in 

contrast to 9 out of 14). Generally, the fact that in both cases some specifically avoided digging 

deeper and switched topic immediately could mean that participants attributed anthropomorphic 

features to Max and assumed it would make him feel uncomfortable talking about these 

unfortunate life events. 

 

Concerning the cheat sheet, it took participants 8:52 min on average to reach for it. Five of those 

six people, that made use of it in under 2:30 min are the same ones that looked at it the most often 

(at least eight times), indicating a potentially correlating factor. Even though four had negative 

expectations and/or felt visibly uncomfortable during the experiment at first, three conversations 

out of those went deep quite quickly and engaged the participants that in turn revealed a lot about 

their life. It can therefore not be assumed that reaching for the cheat sheet fast and often is an 

indicator for displeasure of the interaction itself. One explanation could be that these participants 

are generally more introverted and enjoyed making use of the available support in this unusual 

situation. 

 

In general, participants still appreciated the conversation. When asked in the interview what they 

enjoyed, most of the participants answered with a good flow of conversation (P.2: “There seemed to 

be a lot to discover about his life and his emotional involvement in it”, P.7: “It was an actual 

conversation, not just separate questions”), followed by the robot’s gestures (P.7: “I liked that the robot 

is moving his head, it’s not just a static figure, and that he had those facial expressions. That makes it 
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feel more real!”). Others also mentioned that they enjoyed the experience of talking to a robot for 

the first time. Additionally, they liked Max’s sense of humor and positive attitude towards life. One 

participant also stated that Max made her realize how things were different in the past. 

Furthermore, the majority of participants shared great laughter during the conversation 

(approximately 27,5 laughs on average). Sometimes, they were laughing at his jokes, side comments 

and gestures, or simply because they thought his laughter was funny by itself. The concrete amount 

of laughs and smiles was however difficult to count at times, as some for example stayed in a 

constant smile while listening to Max.  

 

 
Figure 11: A participant is laughing at one of Max’s jokes 

 

7.3. General Findings 

 

7.3.1. Correcting Behavior 

Contrary to the first assumptions, even if Max showed symptoms, the participants generally 

remained patient and did not put pressure on him. For instance, never did any subject on their 

own initiative let Max feel that he is just repeating some details about his life that they already know 

about. Only if Max asked “Did I already mention that I studied Literature?” or “Did I already tell you 

that I would move here soon?”, the recurrent answer was a polite “Yes” or “Yes, you mentioned that”, 

sometimes accompanied by a smile. P.11 even told Max: “Yes, but that’s not a problem. You have 
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AD, so it’s one of the symptoms”. When Max told that he is really bad with dates lately, P.12 reassured 

him: “That’s okay, don’t worry!” and smiled. Even if Max asked a question for the second, third, 

fourth or fifth time, the subjects stayed calm and still repeated their answers. However, it could be 

noticed that many reformulated them and changed the amount of detail. To cite a concrete 

example, when P.16 was asked for her hobbies for the first time, she answered: “I like playing the 

piano, but it’s quite a big instrument, I can’t carry it with me, so I don’t do it right now. I like reading. 

I try to go running sometimes, to keep fit like you. And now I am trying to learn Spanish.” When asked 

for the second time, she merely replied: “I like playing the piano, running and reading…”.  

 

Additionally, when Max needed some time to think about his answer, the subjects were mostly 

either waiting patiently, repeating the question louder or clearer, or they were reformulating their 

answers for the robot to understand better. The exception are three participants who stayed polite 

but became a bit impatient in this case, maybe misunderstood Max’s intention and moved on to a 

different question quickly. When Max was struggling to come up with the right word, his 

interlocutors usually did not interrupt him, but waited patiently until he found it. Only two times, 

participants gave him the word Shoulder after he finished telling about his bird, and two other 

times, participants helped him remember the name of his favorite director, Woody Allen.   

 

 
Figure 12: A participant is giving Max the time to remember a certain word 
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When asked in the interview, the main reason was that it would not have helped Max in anyway. 

For example, P.2 said: “It is more important to let him make the effort, to maintain his autonomy. He 

should do whatever he can still do, even if it takes longer and if he’s repeating it.” P.4 thought that: 

“Real people would feel patronized if I corrected them, and the robot felt so lifelike. I also wanted to test 

myself and learn how to deal with AD patients.”. P.6 argued: “It would only make him feel bad, because 

he knows that he is forgetting, so he should not be reminded every time.”   

 

In general, the subjects did also not correct him on his mispronunciations; nine did not even 

recognize them as such. This became apparent during the interview afterwards. When asked which 

symptoms they noticed with Max, the repetition, forgetfulness and struggling for words were 

topping the list. Furthermore, five participants were not always sure if the symptoms were due to 

the disease or due to the robot. Some mentioned that they also tend to forget words or what 

someone just told them, even if they are mentally healthy. Additionally, as none of the participants 

was a native English speaker, they acknowledged their own language problems, and that they are 

used to hearing mispronunciations when surrounded by many internationals, and therefore did not 

question Max’s behavior in this regard further.  

 

7.3.2. Empathy 

Throughout the experiment, it became apparent that the participants were highly 

anthropomorphizing the robot and saw more than just the machine. There are three observation 

points that illustrate this argument. First, the way participants asked their questions was at times 

highly informal and conversational, e.g. “I wonder where you are from”, “Maybe first how old you 

are?” and “Are you a fan of any other sport, like basketball, baseball, something like that?”. Or they 

were stringing many questions together: “Why are you living alone now? Wouldn’t you prefer someone 

to help you with stuff? Don’t you forget some little things? Isn’t it hard just to live by yourself?” They are 

talking to Max like to a real person, and it shows that they are not really aware about the capabilities 

of a state-of-the-art robot or dialogue system. Even Apple’s Siri or Amazon’s Echo would have had 

trouble to answer these. Interesting was also the way that participants ended the conversation. 

While the majority (twelve subjects) said “It was really nice to meet you!”, many also thanked him 

for the conversation and four wished him a nice day or all the best. 
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Secondly, some participants showed a high degree of empathy and could relate with Max. In 

particular P.1, who had an AD case in the family, was very compassionate towards Max. From the 

way the robot was talking about his sister, he inferred “You two were very close, weren’t you?”. He 

often formulated his questions in a very caring and polite way, e.g. “I was wondering about your 

childhood. Do you want to tell me more about it?”, and when asking for the first time about his 

disease, P.1 added: “But we don’t have to talk about that if you don’t want to!”. After Max explained 

his Alzheimer’s, P.1 recognized: "That must have been difficult for you to start forgetting things”, and 

after the robot told about his feelings, he assured him: “I think that people would understand if they 

knew about your disease that you're not doing this on purpose and you do not have to feel bad about 

this!".		

 

Taking aside that this was the most concrete example, empathic side comments were found in 

almost every participant.	This could especially be seen by the way they reacted when Max told 

about his disease (“I am sorry to hear that!”) or mentioned his dead sister. In the latter case, most of 

them offered their condolences, e.g. “That’s tragic. I am so sorry!” or „I can imagine that, it’s a great 

loss!“ Some were equally unsure if Max wants to talk about his disease at all	(P.17: “How long have 

you been diagnosed with AD? if you don’t mind me asking…”). On the other side, also positive 

empathy was found among the participants. For instance, P.18, a medical student that was more 

concerned about his disease, said: “It’s a really good idea! I am very glad to hear that you’re still keeping 

up!”, after he heard that Max is going on daily walks to stay fit. Or P.15 seemed to enjoy Max’s 

stories a lot, as she repeatedly responded with “Wow!”, “That’s really cool!”, or “So good! I am happy 

for you!”. In the interview later-on, she revealed that she wanted to avoid talking about his disease 

and cheer him up instead. She also felt the need to become more kind towards the robot when he 

was repeating a question. All these details might be subtle but make proof of empathic behavior, 

that was not expected up to this extent by the author. 	

 

Thirdly, despite some subjects stating to feel a bit uncomfortable with the setting and the video 

recording, some opened up, delving into deep conversations and revealing lots of insights about 

their lives. Taking aside the situations when participants explained Max in detail what their studies 

are about or told him about their interests and plans for the future, some stories went very personal. 

For instance, one participant shared that she was suffering from a disease herself, another one 

mentioned a mental disease in his close family and two participants told that they are scared of not 
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succeeding in their career. One out of those also asked Max if he had an advice on life to give him. 

These points illustrate that at least those subjects established some kind of trust to him while 

overlooking the fact that he is a robot, which is equally reflected in the interview answers. When 

asked about what they felt during the interaction, P.2 for instance answered: “At first, it felt a bit 

artificial. But quickly I began to empathize. Towards the end, I felt some sort of attachment or bond, 

like in a human relationship.”. Or P7 said: “It was very weird, because you know it is a robot but you 

still keep on talking like to a real person!”. On the other side, four people stated that they were always 

aware that they are talking to a machine and two of them could not relate to it because of that. To 

give an example, P.10 told: “I did not expect to have no personal interest in understanding him. It felt 

staged.” 

 

7.3.3. Interesting Situations 

It appeared that some of the participants were testing the capabilities of the robot. Participant 1 

mentioned during the interview that he was trying to reach towards the conversation limits and 

was impressed that Max could enter so many discussion levels. For instance, after asking about his 

Literature studies, he wanted to know if he still knew some of Goethe’s pieces, then he mentioned 

The Sorrows of Young Werther and if he knew what it was about. On purpose, he was also asking 

the same question twice to see how the robot will react. Especially P.8, which had the longest 

conversation with Max, seemed to push the limits as well, to see how much Max can actually 

answer: He was asking 86 questions in total. The most interesting among them were “Do you know 

you are a robot?”, “Do you have Facebook?”, “What do you think about Brexit?” and “Do you like 

Scottish haggis?”. Participant 10 on the other hand was asking Max if he has met Furhat, the robot. 

Another example is P.12, who knew that one of his fellow medical students (P.4) has already met 

Max a few days before, was asking him if he remembered talking to her and described her 

appearance to help him. He also stated in the interview that he had the urge to try him, to see how 

well the robot is able to improvise. It also seemed that some participants were testing themselves. 

One especially stated to have a very impatient nature and even corrects healthy people often. That 

is why she wanted to take this experiment as an opportunity to train herself. She turned out to be 

surprised that she managed to stay calm and felt reassured for a future encounter with a real patient, 

but she could imagine it would be worse if she was Max’s caregiver or would spend more time with 

Max. 
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There were also many other entertaining situations, occurring spontaneously during the 

conversations. For instance, the afore-mentioned PhD student, who is doing research on AD, 

explained to Max in great detail the biomedical processes that take place in his brain when affected 

and told him that he is still trying to find the cause for his memory problems. Then, P.7 was talking 

to Max in Latvian shortly after the latter showed interest for her origin. She also took a picture of 

Max at the end of the conversation and asked him if he could tell a joke. Two participants wanted 

to please Max and told him that they liked his hat. Moreover, P.14 assured Max that she could 

teach him how to dance, forgetting that he does not have a body; and P.15 encouraged Max to try 

to sing in front of her, which would be difficult to achieve with the speech synthesis. Both 

participants are from an artistic background. Striking was also the following event. One participant 

indicated in the first part of the interview that she has not met an AD patient before, but when 

Max was telling her about his disease, she told him that she also knows people suffering from the 

same, but still seem to handle it quite well. In the follow-up interview, she said that she lied in that 

situation as she wanted to make him feel more comfortable. 

 

It was further interesting to see that the experiment evoked all kinds of emotions and new thoughts 

among certain participants. For instance, five subjects mentioned that they feel sorry for Max, 

because of his disease and the unfortunate events in his life. Furthermore, one subject said that it 

was a new experience for her but it made her wonder how it would be if she was Max’s daughter 

and what she would do if he was in a more severe stage of the disease, only knowing that it would 

be a hard time. Another participant stated that she has made this experience with Max, she 

remembered what her mother told her about her grandmother, who was equally affected from mild 

stage Alzheimer’s, and saw that the robot’s behavior fitted her mother’s description.  

 

7.4. Final Interview Results 

 

Out of the ten subjects that have met an AD patient before, five stated that the experience with 

Max was indeed similar. They mentioned the correspondence in repetition, telling about the past 

and compensating behavior. Four others could not compare both situations, as the affected people 

they knew were in more severe stage. The remaining participant has met a dementia case with 

different symptoms than Max was showing and could therefore also not compare the two. When 

participants were asked if this experience will affect their future interactions with dementia patients, 
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eight responded Yes. They believe to have acquired a larger understand of the symptoms and feel 

better prepared for a real encounter. Five responded No, and the remaining seven subjects were 

unsure about this inference. Some of the reasons were that people already have a lot of experience 

with AD patients, that they would have felt better supported with a combination of a theoretical 

part, or that it remains difficult to tell how they would react in a real situation.  

 

A promising feedback was that all the participants would recommend others to talk to Max and 

cited various examples, not only because of the mere thrill to talk to a robot for the first time. 

Prominent examples were medical, nursing and psychology students, as the robot could represent 

a valuable source of training and examination for them. One participant emphasized that it also 

conveys the emotional depth, that is missing in text books, and that one can get a feeling of the 

burden for the family. It is a possibility to learn through interaction, which is not yet there in 

education and should therefore be more implemented in all learning environments, was the opinion 

of another participant. Congruously, (school) children were mentioned several times as potential 

beneficiaries. For instance, Max could be placed as an addition in a biology class, to educate them 

what it means if an elderly suffers from dementia. Also a scientific purpose was thought to be 

suitable, to help make improvements in research. In addition to that, family caregivers were 

mentioned but participants were less sure about a positive outcome. Another use case in the mind 

of one subject was the theatre play, as talking to Max could represent a new way for actors to 

understand AD patients, in case they have to portray one themselves on stage one day. In general, 

it was further recommended as an experience for anyone who might be interested or does not know 

anything about the disease. As there are many elderly in Europe, this could also promote 

understanding, awareness and tolerance in our society.  
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8. Limitations & Future Work 
 

It needs to be reminded that the study was conducted with 20 participants. Even though this 

amount already allowed for some interesting qualitative results, it was too low to derive any 

statistically significant conclusions. Including ten people or more to the sample size could have 

contributed to a higher impact in this case. Moreover, the group of participants was rather young 

with an average age of 25,7. There was not a single participant aged 40 or older, which can be 

assumed to be a more suitable age for being a potential caregiver. Older adults that may have their 

own family and have been working for many years might also react differently, for instance be less 

patient with a robot and less open for an interaction with it. Furthermore, all participants belonged 

to the academic field, either currently studying or having completed a university degree. The author 

is aware that this is not necessarily representative of the general public. One aspect to keep in mind 

is that participants are prone to behave differently while being observed. Even though they were 

alone in the room with Max, the use of a recording camera was necessary to allow a better evaluation 

of the interaction afterwards, as the author also needed to adopt the role of the wizard. It cannot 

be guaranteed that the participants were mostly acting patient and friendly towards the robot 

because they knew that their behavior would be analyzed later on.  

 

As this study has only layed the groundwork for experimenting with robot patients, there are several 

more steps thinkable that would likely contribute to expanded knowledge in this unexplored area. 

For instance, it would be interesting to conduct a follow-up interview with those participants that 

are in contact with AD patients, to ask concretely about what they can still remember from their 

robotic encounter and if they have applied the same behavior with a real patient. Another possibility 

would be to repeat the experiment with the same participants after a certain amount of time. They 

could either talk to Max about a different topic or go through the same task again but with a 

different Alzheimer’s character. In both cases, the novelty effect would be reduced and the 

participants’ behavior and resilience could be further analyzed. Another point would be to conduct 

the study on a larger scale, with more variety amongst participants, including actual caregivers, 

older people and children, and to test an A/B setting to prove or disprove hypotheses. An interesting 
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aspect would also be to let the participants conduct a personality test before-hand, to match it 

against their actual behavior towards the demented robot. Or to evaluate the cultural differences 

within participants and their attitudes. Finally, the next step could be to create a persona in a later 

stage of Alzheimer’s, expressing more severe symptoms. This would let interlocutors face a more 

difficult situation, but could train them more effectively for specific situations, such as how to avoid 

aggressive behavior. To increase the accuracy of the patient simulation, it is thinkable to directly 

involve patients, doctors and caregivers in the scenario creation. 
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9. Ethics & Sustainability  
 

Despite the high ambitions and the positive outcome of this experiment, it raised some important 

ethical concerns. Mainly, participants were held in the illusion that the robot is non-controlled. 

They were tricked on an emotional level and established a bond to a machine, who pretended to 

have a cognitive impairment. However, this was false: Robots do not have feelings, neither do they 

suffer from a disease, nor do they have a sense of self-conscience or understanding on what the 

human user is talking about. One needs to consider therefore that users might feel deceived after 

realizing its limitations. Another reflection is that a convincing simulation of an illness will 

inevitably create a sense of empathy in the user because humans generally feel for the sick. Without 

asking them to, some shared intimate details about their family situation, maybe without even 

realizing it. One could imagine how that fake emotional bond to the user could be easily exploited 

in a manipulative way for information gathering. Therefore, we need to be especially careful not to 

cross the line at any moment, and be even more careful with data privacy. 

 

This Master thesis aims to support the United Nation’s Goals for Sustainable Development. If Max 

would be placed in a hospital, all medical professionals such as (future) doctors, nurses and 

psychologists could learn and train their empathic skills in a practical way and as a result provide a 

better service. The same applies to informal caregivers, such as the close family, that currently 

receives little training but could benefit from the program to know more about the disease and 

enable an easier care for the patient. In general, this work was conducted with the ambition to 

foster innovation and collaboration between the robotics and health care sector, as the benefits for 

all the involved parties are countless. Finally, by opening up the opportunity to talk to a robotic 

Alzheimer patient for everyone that is interested, a general raise in awareness about degenerative 

mental diseases could take place. In that way, stigmatization of these patients will ideally decrease 

and medical research could obtain a boost in scientific advancements, while trying to move one 

step closer towards finding the cure for this disease. This work is therefore specially in accordance 

with Goal 3 - Good health and well-being, Goal 4 - Quality education, Goal 9 - Industry, 

innovation and infrastructure and Goal 10 - Reduced inequalities, for sustainable development.  
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10. Conclusion 
 

After many pages to read, an executive summary is given to remind about all the chapters that 

formed the content of this thesis. After that, final remarks shall conclude the work.  

 

10.1. Executive Summary 

 

Chapter One offered an introduction to the topic. It stated the motivation that initiated the project 

as well as the ambition on what to achieve, before concluding with the two main research questions. 

In addition to that, it was made clear how this thesis work is aiming to bring additional value to 

the startup Furhat Robotics: It created a specific personality for their product in a key vertical of 

their platform strategy. 

 

Chapter Two provided the theoretical background underlying the research project. By defining 

Alzheimer’s Disease and giving an insight into the microbiological processes in the brain, it 

differentiated the former from dementia and listed the main symptoms in early and later stage. 

Moreover, it shed light upon the dimensions that the disease is taking on, such as an increasing 

number of patients, the involved costs and the burden of caregiving, but also on available therapy 

methods, such as the Validation and Reminiscence Therapy. 

 

Chapter Three formed the related work section. For the education of medical students, full-body 

patient simulators are used to train standard procedures and virtual agents aim to improve their 

anamnestic and communication skills. For dementia patients, pet-type and humanoid robots are a 

valuable tool for therapy and improving their quality of life. To raise the awareness about the 

disease, serious games and virtual reality experiences have been put in place for healthy individuals. 

 

Chapter Four disclosed the benefits of using a robot over other solutions for this project. It is easier 

to perceive and feels more natural to talk to than a virtual agent, while presenting a potential 

drawback of the uncanny valley. While being available 24/7, it can also portray many different 
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personalities easily and stay more neutral than a standardized patient. Finally, the section described 

the features of the social robot Furhat, an ideal candidate.  

 

Chapter Five explained how the project evolved over time.  This includes the gathering of potential 

end user groups, i.e. medical professionals, untrained personnel, caregivers and anyone interested, 

which would benefit from talking to an Alzheimer robot. It also listed the involved people that 

helped shaping the scope of the project, with a focus on the meetup with an Alzheimer patient. 

Furthermore, it presented the outcome Max, a robotic Alzheimer patient, his life story and how 

the character came to life. It also mentions the expert feedback of a psychologist and findings from 

the pilot study that were gathered to improve the study experience. 

 

Chapter Six was about the methodology of the study. It described the goal and the assumptions 

about the study and the diversity in background, robot and AD experience of the participating 

subjects. Then, the setup for both participants and the Wizard of Oz was revealed before the whole 

procedure’s step-by-step walkthrough. Moreover, explanations for specific experiment design 

choices and alternative scenarios were given, as well as the method of evaluating the experience 

through interviews and observations. 

 

Chapter Seven formed the results and discussion part. It could be seen that medical students were 

part of the group that spoke the longest and asked the most questions to Max, whereas people who 

had AD in their close environment were more careful. In general, participants overlooked the fact 

that their conversation partner was a robot and reacted very patient towards Max in spite of his 

repeating symptoms. Some even showed high degrees of empathy for both positive and negative 

moments and opened up their own lives. In addition, many entertaining situations appeared and 

all participants would recommend others to undergo the same experience. 

 

Chapter Eight listed the limitations concerning the study design and the participants, all coming 

from an academic background and around the same young age, without anyone being a caregiver. 

Further research steps could be to conduct follow-up interviews with the same participants or to 

create a second robotic persona in a more severe stage of Alzheimer’s, combined with a theoretical 

lesson, to train people specifically on how to overcome difficult situations.  
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Chapter Nine revealed the ethical considerations of the experiment, especially concerning the 

illusion of a non-controlled robot, and related the work to the UN Goals for Sustainable 

Development. 

 

10.2. Final Words 

 

This study was the first to impose a mental disease on a robot. In essence, it aimed to investigate: 

How to simulate an Alzheimer patient with a social robot and what are the effects on the 

conversation partners.  

 

After a thorough literature research and interviews with experts in the domain of VA, it became 

evident that there is currently no framework in place that maps a personality onto a virtual or 

physical character. This is why the persona had to be the result of the author’s own imagination, 

with pre-scripted dialogues to be prepared for many possible questions from the users, which is 

similar to the work of others. The inspiration for character traits and life story came from observing 

interactions with patients online, talking to psychologists and doctors, as well as through a 

memorable encounter with a real patient. The ambition for the experiment was to create a positive 

experience. Therefore, the robot was chosen to be in a mild stage of Alzheimer’s and have a pleasant 

personality.  

 

To answer the second research question, a focus was put on evaluating the qualitative results next 

to the quantitative data obtained during the experiment. The attempt of creating a positive 

interaction for the users turned out to be a success, as confirmed by the survey outcome, the long 

conversation times and the many enthusiastic answers in the interview. Differences between 

medical and non-medical students were indicating that the former were more used to address health 

issues, which is opposite to the people who knew an AD patient closely. Contrary to the initial 

assumption, participants remained calm and were very gentle to the robot, even if his symptoms 

became more apparent throughout the conversation. They did not correct him, merely helped at 

times, and developed a sense of empathy for Max. The way how they talked to him and cared for 

his feelings revealed that the subjects treated Max as a human being. This allowed many 

entertaining situations that occurred in the heat of the moment, as well as critical reflections about 

one’s own emotions in the later-on interview. It could also be seen that the conversation was not 
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only about Max. On the contrary, interacting users were revealing lots of intimate details about 

their own lives. Some even addressed personal struggles, that would usually not be shared on the 

first encounter with a stranger, even less with a machine.   

 

These results are highly promising as they prove that the robot simulation of a cognitive impaired 

patient was accurate and convincing the interacting users. They also show that people are indeed 

able to empathize with the robotic patient and look beyond the machine, if it is designed 

accordingly. This should be regarded as essential, if one attempts to train various parties involved 

in the healthcare system. This first step taken justified a great potential of using social robots in 

hospitals or training centers for the education of medical professionals, social workers and 

caregivers, as well as to raise the general awareness for the disease. It is an instructive and innovative 

way to try out the impacts of one’s actions on a patient in a safe environment. It conveys the 

difficulty of the situation, but also allows the user to recognize the positive responses. This research 

recognized the many efforts of scientists to help in the education of doctors and the therapy of 

patients, but wants to encourage them to acknowledge more the surrounding network. As informal 

caregivers and relatives take part in the journey, they deserve at least equal the attention, to be able 

to provide the best care possible from home. In this case, the author passed on the role of the patient 

to a robot, usually used to diagnose a disease or give therapy, but there are many other ways 

thinkable.  

 

Overall, it was a highly fulfilling project for the author in a number of ways. It provided the 

opportunity to talk to medical and research experts, who showed their enthusiasm and confirmed 

the demand for this solution, and to imagine the life story of an elderly suffering from a chronic 

mental disease and observing the reactions among the participants. It was moving to recognize the 

high degree of compassion, to see that young people behaved so patiently with an Alzheimer robot 

and them opening up their lives to her design. This indicator of success turned out to be a great 

reward for the author.
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Appendix 
 

The following section contains the script, meaning the precise words of what the robot was actually 

saying, along with the potential question from the participant. Any additional head movements 

and displayed emotions are not included. The dialogue is grouped into Beginning and end of 

conversation, Early life, Family, Small talk, Living with the disease and Other. This grouping is 

similar to what the Wizard of Oz was seeing when she controlled the robot. Each answer was 

incorporated into a button, that the wizard is clicking as soon as the participant is asking a matching 

or comparable question. The exception is the Other section, where multiple answers were comprised 

into one single button and played on random, to avoid same-sounding answers from the robot in 

a similar situation. Any spelling mistake in the answers was made on purpose and should reflect the 

symptom of mispronunciation of the character. 

 

1. Beginning and end of conversation  

- Hello, my name is Max Henderson. What was your name again? 

- Pleasure to meet you. So *clears throat*, what do you want to know about me? 

- Thank you for this lovely conversation. Have a nice day. Goodbye! 

 

2. Early life  

 

Where did you grow up? 

- I was born and raised in a British city called Bath. It is a town full with beautiful… Uhm! 

It has a special name. Uhm! Well with beautiful archaticture. If you have the chance to go 

there one day, I would highly recommend. I grew up in a small house however, since my 

family was not that rich. Where are you from actually? 
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Do you remember something from your childhood?  

- Mmh! I grew up in a small house in Bath in England. It was one of those red brick ones! I 

can still remember that I loved strolling around the old neighbourhood with my friends. 

How much fun we had! At home it was less funny however… My parents were quite strict, 

so it was me and my sister Jane against the world!  

 

Where did you go to school? 

- I went to the nearby public St. Claire’s high school in Bath. It was a small house and I don’t 

remember so much of it, but the teachers were very good and uhm… motivated. They are 

also partly responsible for my choice of becoming a… a teacher myself.  You know I studied 

literature and taught for over 40 years in a high school in Reading. I loved it to… uhm… 

sort of form the minds of young people that will become the next.. uhm! The next 

generetion.   

 

What did you do before you retired?  

- I studied Literature in London and went on to become a teacher. I think it was 40 years or 

so that I was teaching at a high school in Reading.  

 

What subject did you teach? 

- Well! I was teaching English. What are you studying? 

 

Did you like your work? 

- It was a great experience and I truly loved my job. *laughs* When you think about it, you 

are forming the minds of the next generation! But at some point, it was just a bit too much. 

I couldn’t handle all the noise and stress anymore, so I retired a bit earlier. Are you a student 

here? 

 

What did you study?  

- I moved to London to study literature at UCL. My biggest interests were the German 

classics. Ah, it was a great time! I was still so young and full of… um! Full of… you know… 

Energy! I also took on a small side job in a café, you know, to finance my studies in the big 

city. What are you studying? 
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Did you travel in your life? 

- During my study years, I went on two trips with my friends from college. We once went 

to uh.. Poland and once to France. Back in the days, we took a bus so it took us so long to 

get there. But it was a great adventure! We gathered so many new impressions and met a 

lot of nice people. Where are you from actually? 

 

3. Family 

 

Do you have family?  

- I do have two children, John and Catherine, and a cute little granddaughter, Josephine.  

 

How old are your children? 

- Er! I’m not quaite sure. My daughter Catherine must be around… 35 or so? Mm! I don’t 

know, something between 30 and 40 for sure. Same as my son John. How old are you? 

 

How is your relationship with your family? 

- I think we are getting along quite well. My son John is working hard, travelling the world, 

so you can imagine that I don’t see him too often unfuntunately. But I like to think that 

he is doing quite some important work. My daughter Catherine has become a teacher, just 

like me. She has a small daughter, Josephine. She is four years old. I think she just turned 

four a few months ago.  

 

Do you have grandchildren? 

- Yes, my daughter, Catherine is her name by the way, has a 4-year-old daughter, Josephine. 

She is a cheerful young lady and the joy of my life. Unfortuantely, they live so far away 

from me, so I cannot enjoy time with her as much as I would like to. So that’s why I am 

thinking of moving to Stockholm actually... And in this way I would not be so alone 

anymore. Who knows, if it gets worse with my disease...  

 

Are you married? 

- I was married for… I think 35 or 37 years. I know that is a long time! But in the end 

Dorothy and I didn’t last…  
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More details about divorce? 

- I guess we argued a bit too much in the last years. For a long time, we were quite a happy 

couple, raising our children and working in the same school… But it seems there was a 

tipping point where things stopped working out and we couldn’t get a hold of each other 

anymore… Which is sad of course, but you know! Since I received my Alzheimer diagnosis, 

we started getting in touch again… Maybe it all went wrong because of the disease, who 

knows… Now it’s anyway too late to save everything, but I am happy we are in good terms 

now.   

 

Did your father fight in the war? 

- Hm… As far as I know he did for a few years, but I am afraid I cannot tell you any more 

details. You know, my father and me never really went on well, so I did not dare to ask him 

about these delicate things. 

 

Is your family there to support you? 

- I’m glad to say that my family is very supportive. We don’t see each other as often as I 

would like to. Maybe… two or three times a year? I don’t really know. You know, because 

my son is traveling so much, and my daughter moved to Sweden to live together with her 

husband. But still, we get along really well, and I couldn’t say that our relationship has 

changed much since my diagnosis. I feel that they are always there when I need something.  

 

Do you have siblings? 

- That’s a tragic story… I had a sister, Jane, but she died very young. 

 

Follow up question on the sister 

- She died very young in a car accident, when I just moved out to study in London. We were 

very close and shed a room for many years. So you can imagine it was quite a diffie… Um! 

De…. difficult time, and I still miss her sometimes. 
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What about your parents? 

- My parents died many years ago. My father was always quite strict, so our relation was 

rather… Um! Distamt? Sometimes I visited them in the holidays… 

 

4. Small talk 

 

How old are you? 

- I am 71 years old, but I have come to learn that age is just a number *laughs*. How old are 

you? 

 

How are you today? 

- I am feeling quite well, thank you. Today is an exciting day, I am not used to meeting so 

many new people. What about you? 

 

Where do you live? 

- I am living in Reading since a long time now. Maybe… uhm… 45 years or so? It’s quite a 

small town in England but also quite cozy, if you ask me. And once a year there is a big 

music festival there, so maybe that would be something for you! I am a bit too old for this 

now… Where are you from? 

 

Do you have pets? 

- Ha! Yes! My daughter recently bought me a bird! It’s a yellow budgie. I named him Joey. 

He is a cheerful little chap. He loves flying around the room and sits on my… Er... next to 

my head, when I feed him.  

 

Do you use a computer?  

- I can do basic stuff, like writing emails or look something up on the internet. Nothing too 

fancy! But I can work my way around thinks, you see.  

 

What is your favorite colour? 

- It’s really hard for me to say what my favourite colour is… I think that I always liked, red 

and black? But honestly, I don’t think about that too often. 
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Do you like movies?  

- Good question! I like… Um! What was his name again… Woo! Woody… Um! Woody… 

Allen? Yes, that’s it! Woody Allen movies a lot. I couldn’t say which one is my favourite 

though… What about you? 

 

Do you listen to music?  

- I am a big fan of classical music! Opera, concerts, and these things. Maybe that’s not 

something for you too *laughs*! But I also like these old rock legends, like Elvis or the 

Beatles. 

 

What is your favourite book? 

- I admiral… Um! Well, I really like Goethe. Maybe you know him? I’m afraid, I don’t know 

the name of his works anymore, but I still remember that I was so.. Um! Amazed while 

reading them. 

 

Do you drive a car? 

- I used to drive a car, but someday I decided to sell it. In a small town like Reading, where 

I lived almost all my life, it’s just not wort keeping one.  

 

What do you think of Stockholm? 

- Stockholm truly is a beautiful city. Everything is so clean here and I love having so much 

water around. I am thinking of moving here, because my daughter Catherine is living here 

with her husband. You know, she became a teacher, just like me before. 

 

What do you think of Sweden? 

- Sweden, to me, means a lot of beautiful nature, but also long, dark and very cold winters! 

The people are friendly to each other here, and it doesn’t rain here as often as back home! 

I think overall it is a very calm country. That’s why it’s just right for me at this point of my 

life. Did I tell you that I would move here soon? Together with my daughter and her family? 
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What do you think of England? 

- Well! I could say that England has its pros and cons. I very much enjoy the countryside, 

the greenery with all those beautiful castles. And once in a while, I treat myself with a pint 

of John Smith’s and some fish and chips in a local pub. But on the other side, I have to 

admit that the weather is not really great mostly. it rains, like all the time! Are you from 

Sweden? 

 

Do you watch TV?  

- There is this funny British TV show, called Countdown *laughs*. I like to watch that 

sometimes, but I try not to watch television too often. Tt makes me feel rather unproductive 

and lazy. 

 

What do you do in your spare time? Hobbies? 

- When it’s sunny outside, I like doing some gardening work. Then, I also try to do a walk 

one time per day, to stretch those old muscles *laughs*. I also enjoy reading a good old 

book as if I was still a young boy. Did I already mention that I studied Literature? So the 

love for novels has always remained… Hm… what else? Oh, yes! I have discovered a new 

passion for cooking since I retired! Somehow, I also need to survive you know? *laughs* 

 

What do you look forward to? 

- Hmm... Currently, I look forward to moving to Sweden, so that I can be together with my 

daughter and my randdaughter Josephine. She is only four years old, but such a cheerful 

young girl!! It would be nice to surround myself with family. England is nice, but I have 

lived there for all my life. And it is never too late to experience something new. Are you 

Swedish yourself? 

 

Can you talk Swedish?  

- Unfortunately, my Swedish is very poor. I learned a few words from my uhh… my... the 

husband of my daughter, but I think I am too old to start learning a new language now. 

Luckily, they all speak English here, so I am safe *laughs*! I am actually looking forward to 

live here. Are you Swedish? 
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Do you speak any other foreign language? 

- Well, I can speak a bit of German, but it’s not brilliant. Let’s say I can read better than 

write. I was very much into the German classics, when I studied Literature in London. Aah! 

What a great time it was! I loved my studies and living in the big city for some years 

*laughs*.   

 

5. Living with the disease 

 

Do you live by yourself?  

- Yes yes, I do live by myself. Or at least it’s me and my bird Joe *laughs*. I have discovered 

a passion for cooking, so I can still survive pretty good without any help. My ex-wife comes 

by once in a while to give me some company. But I plan to move to Sweden soon, where 

my daughter is living now. Not that I really need it, but I enjoy so much spending time 

with my granddaughter Josi, and I don’t want to miss seeing her grow up. She is a charming 

little girl, only four years old! 

 

What makes you happy? 

- Hmm... I guess I enjoy it a lot, when my ex-wife Dorothy or my best friend Christian pay 

me a visit. I feel bless… Er! Or happy, that I have people around that I can rely on, and 

having company always makes me happy. Most of the time, we would drink a glass of wine, 

play a round of cards or reminiscence about the past. 

 

Do you go out a lot? 

- Definitely! I try to take a walk once per day, so I don’t get too uhm… too russy. Or is it 

rusty? Even though I like to reflect on many things, it helps me to clear my mind and it 

generally gives a… a rhythm to my daily life.   

 

When did you notice that something was wrong? 

- I don’t think, that I noticed it at all. Hmm... No, I think that when I was still working, my 

students told me that I gave them the same chapters to read over and over again. I think, a 

friend also noticed something, and then my daughter suggested me to go see a doctor. I 

think that was about… three years ago…  Hmm… Yes, two or three years ago. 
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How do you deal with your diagnosis? 

- Uhm! I have to admit that it was quite a shock at first. You don’t get to hear such things 

every day, you know… I didn’t really know how to go on with my life. I thought this might 

be the end of everything. But then, when you give it some time, actually things become a 

bit clearer. You can’t change it anyway, so you might better make the best out of what you 

have right now... Hmmm… But I cannot deny, that there are dark days as well… 

 

What do the dark days look like? 

- Um! I guess, sometimes I feel a bit alone in my own house. I get a bit… Er! I forgot the 

word! But it’s not so nice to stay in the house for too long. You know, then all those bad 

thoughts and worries are coming. 

 

What is your main struggle living with Alzheimer’s? 

- Er! I guess, sometimes I struggle finding the right words. And I feel that I… uhm… not 

really dizzive… but maybe upset people, when apparently I keep on.. uhm… saying the 

same things all over again. But it’s not, that that I am doing that on purpose of course! 

 

What do you do about it? 

- Well! I am trying to go for a walk every day. So I feel, these daily walks are keeping me fit, 

at least fisie… Er!.. At least, for my body. I am taking some pills that the doctor gave me. 

Otherwise, I don’t know too much what I could do about it.  

 

What are you afraid of? 

- I am not sure that I could say I am afraid of something...  Afraid is maybe not the right 

word... I have already experienced so much over the years, and there have been a lot of bad 

times. And I know that my disease is going to get worse in the next years. But at some 

point, you cannot do anything else than just accept that. No one lives forever, so I might 

better… Er! enjoy and make the most out of the time I have left. 
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Do you have any regrets in life? 

- Well, don’t you? Sometimes, I wish I would have fought harder for my marriage. We ended 

up divorcing after quite a rough time… After I got the diagnosis, everything just made 

more sense, and I think this was a big reason why we fought so much. But luckily, we are 

in good terms now. 

 

6. Other  

 

Backchannels while or after participant revealed a life story 

- Oh I see! 

- How interesting! 

- That sounds nice! 

- Okay! 

- I understand! 

- Aha! 

- Mmmh! 

- *clears throat* 

- Alright! 

- Oh! 

 

Inserted questions to avoid silence 

- What are you thinking?  

- Where are you from? 

- What was your name again? 

- Are you a student here? 

- Which.. Um! Languages do you speak?  

- Are you Swedish? 

- What do you think about England? 

- What do you like doing in your free time? 

- Do you like Sweden actually?  

- Please, tell me something about you! 

- Do you have any pets? 
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- What are you studying or working actually?  

 

When Max forgot something 

- Oh! Okay. Sorry! 

- So sorry, I must have forgotten. 

- Oooh, true! I forgot! 

- Is that so? Ha! 

- Whoops! Seems like my disease is taking over again. 

 

When Max interrupted the participant 

- Excuse me. You were saying? 

- Sorry. What did you say? 

- Whoops! Go on please. 

 

When Max asks the participant to repeat 

- What do you mean exactly? 

- Could you repeat that please? 

- Sorry, I’m not sure I understood. Could you repeat please? 

- Say again? 

- Could you explain what you mean? 

- What were you saying? 

- Sorry, I didn’t hear you. 

 

When an unexpected question arises 

- Er! Good question! Let me think a bit. 

- Ha! This is a tough one! Umm… 

- Well, let’s see what I can think of… Er! 

- Uhm! Give me a minute. I need to think. 

- What a funny question! Haven’t thought about this in a long time. Er! 

- Uhm! That is not an easy question *laughs*!  

 

 



 

 

 

82 

When Max asks the participant to refocus 

- I prefer not to answer that. Maybe you have another question about my life? 

- I think, this question differs a bit too much from the topic. Do you have another one 

instead? 

- I thought, this session was about finding out details of my life *laughs*. 

- Er! Not sure, if this question is not too far off the topic. 

- Don’t you want to know more about my life instead?  

- Um! How about, we talk about my childhood instead? 

- I guess, this question is drifting a bit too far away. 

- Maybe, it’s more interesting for you to ask me about my hobbies *laughs*. 
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