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Abstract

Demographic statistics show that the proportion of the western populations with people of 65 years
and older is growing and the group below age 65 is decreasing. The increasing number of elderly
people leads to an increased incidence of age-related illnesses, like dementia, which also translates
to a higher demand for care and caregivers. A solution to this divergence is a development of
socially assistive technology. A type of socially assistive technology, social robots, could be used
in non-pharmacological therapies, which are currently led by people, to physically, cognitively and
emotionally stimulate people with dementia. However, creating a social robot intelligent enough
so it is perceived as a replacement of a human or somewhat as a trustworthy social agent is very
difficult.

Thus, it is important to research the social robots features that have an impact on the accept-
ance of robots by the elderly. This thesis focused on personality. We aimed to investigate what are
users’ experiences while encountering robots that have similar or complementar personality and
have one of two different roles. It was done by executing a field study in a nursing house where the
elderly could interact and comment about robots that had both roles (service or entertainment-
oriented) and both personalities (extrovert-introvert). However, due to corona-virus crisis concerns
that occurred during the data collection phase, the experiment was suspended and a part of the
data was impossible to collect. This resulted in the impossibility of answering the main research
question of the thesis. Instead, we focused on effects of robot personality.

An analysis of available data showed an effect between the roles and personalities of the robot
on users’ preferences. More explicitly, elderly people preferred the extroverted personality over the
introverted personality of the robot when using the robot in the service-oriented role. A reverse
was found when the elderly were using the robot in its entertainment-oriented role. Reasons for
their preference were mostly related to perceived differences in robots’ verbal communication.
However, this conclusion should be taken with caution, as in more than half of the sessions, the
users had no preference.

The results of the current study partially supported the findings of earlier studies about de-
pendency between the type of preferred robot’s personality and other factors as the task or the
role of the robot. We hope that this work ultimately contributes to the endeavor of reducing the
high demand for caregivers by providing design suggestions for socially assistive technology.
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Chapter 1

Introduction

Demographic statistics show that the proportion of the western populations with people of 65 years
and older is growing and the group below age 65 is decreasing (Kulik, Ryan, Harper & George,
2014). The increasing number of elderly people leads to an increased incidence of age-related
illnesses (Jorm, Korten & Henderson, 1987; Ritchie & Kildea, 1995), mainly cognitive impair-
ments, for example, dementia, which also translates to increased demand for care and caregivers.
Worldwide, around 50 million people had dementia in 2019 (Jackson & Tolson, 2019), which is
only one of the instances of cognitive impairments. Cognitive impairments are sicknesses that
mostly gradually affect the brain and in case of dementia, there is no cure. The working meth-
ods, palliative medication and non-pharmacological therapy, can only reduce symptoms and slow
down its progression. However, the working methods are economically demanding. Additionally,
a decreasing number of people from the working group leads to a shortage of caregivers (Tapus,
Mataric & Scassellati, 2007). Thus, a challenge is how we as the human-technology interaction
(HTI) scientists, and more explicitly human-robot interaction scientists (HRI), could help to solve
or diminish the problem of increasing demand for elderly healthcare and decreasing the number
of resources, mainly caregivers.

We can help by creating innovative technology to assist the elderly and caregivers during their
daily activities and tasks execution. Developments in domains as artificial intelligence, robotics,
mobile computing mixed with possibilities of fast wireless networking and a better understanding
of human-computer interaction (HCI) and HRI provide a chance of reshaping healthcare. However,
recent reviews (Ienca et al., 2017; Van der Roest, Wenborn, Pastink, Dröes & Orrell, 2017) show
that assistive technology often does not execute clinical validation, has an insufficient focus on
patients’ needs and mostly lacks cognitive or social elements. All these factors are essential for the
creation of successful assistive technology. Moreover, cognitive and social elements are important
because they can be used for the cognitive and emotional stimulation of the patients. These and
physical stimulation are used in non-pharmacological therapies (Mart́ın et al., 2013) and were
confirmed as having a positive effect on the health state of the elderly. Particularly, studies have
confirmed that these stimulations can diminish the chance of dementia (Stern & Munn, 2010),
postpone age-related drop in health and lower an increase in a fatality (Unger, Johnson & Marks,
1997). Thus, there is a potential to provide a hand in non-pharmacological therapies if used
technology can cognitively, socially and physically triggers the users.

The cognitive, physical and especially social elements needed for the stimulation can be built-in
a socially assistive technology type called social robots. Social robots are robots that are employed
with social intelligence and skills which enable them to interact with users in a socially acceptable
way (Dautenhahn, 2007). A promising approach focuses on the idea that users perceive the robot
as a social actor and thus apply social rules to interact with it (Nass, Steuer & Tauber, 1994;
Reeves & Nass, 1996) or even attribute personalities to them (Dryer, 1999; Reeves & Nass, 1996).
The taxonomy defined by Fong, Nourbakhsh & Dautenhahn (2003) described the interaction
components of a socially interactive robot by the following properties: embodiment, emotion,
dialog, personality, human-oriented perception, user modeling, social situated learning and lastly
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CHAPTER 1. INTRODUCTION

intentionality. This thesis focus on the personality property of robots.
Brandon (2012) claimed that people attribute personality to a social robot even when a person-

ality has not been designed in the robot. Several scientists stated that studying personality traits
and defining their connection between human and robot personalities is crucial for HRI because it
can increase user satisfaction, enjoyment and robots acceptance (Breazeal, 2004; Lee, Peng, Jin &
Yan, 2006; Walters et al., 2005). Although some scientists stated that certain robot personalities
are normally more liked than others (Dryer, 1999) some researchers have argued that the type
of robot personality that is preferred might depend on the user’s personality and the task or the
role of the robot (Dryer, 1999; Hendriks, Meerbeek, Boess, Pauws & Sonneveld, 2011; Meerbeek,
Hoonhout, Bingley & Terken, 2006).

Scientists specialized in personality psychology defined two contradicting social rules for the
attractiveness between personalities. They are similarity and complementary attraction principles.
The similarity attraction principle states that people are attracted by personalities similar to
their personality (Byrne, 1969). On the other hand, the complementary attraction claims that
people are attracted by personalities opposite to their personality (Dryer, 1999; Nass & Yen,
2010). Studies found evidence that the attractiveness principle occurs during HRI and HCI. A few
studies confirmed that interaction with a robot or a computer with a similar personality positively
influences their usability assessment by the users (Aly & Tapus, 2013; Andrist, Mutlu & Tapus,
2015; Brandon, 2012; Braun, Mainz, Chadowitz, Pfleging & Alt, 2019; Nass & Lee, 2001; Richter
& Salvendy, 1995; Ruijten, 2020; Tapus, Tapus & Matarić, 2008; Walters, Syrdal, Dautenhahn,
Te Boekhorst & Koay, 2008). Nevertheless, few other studies have found a positive effect of a
complementary principle (Isbister & Nass, 2000; Lee et al., 2006).

Studies that confirmed the similarity attractiveness used robots, online agents and sometimes
pure voice for various purposes, for example teaching how to use software (Richter & Salvendy,
1995) and solve an issue (Andrist et al., 2015), providing reviews (Aly & Tapus, 2013; Nass, Moon,
Fogg, Reeves & Dryer, 1995), navigating a car driver (Braun et al., 2019). On the other side, the
complementarity attractiveness was confirmed when, for example, AIBO dog was used to play
with it (Lee et al., 2006) and the online agent had a discussion with a user about his or her choices
in a game (Isbister & Nass, 2000). What emerges, based on our analysis, is the role. All studies
confirming similarity used the technology for a specific service as teaching, coaching, informing
wherein the case for complementarity the technology was used for gaming, fun and could play a
role of a peer.

The next subsection, Aging Societies, elaborates on the trend and confirms the importance of
research aiming to diminish or solve related problems. Dementia subsection expands information
about elderly cognitive impairments and existing therapies. The Assistive Technology part details
about already existing assistive technology and provides a short analysis of their focus, elements,
and limitations. Subsection Social Robots elaborates on the specific sub-domain of the AT. And
finally, based on these studies and the mentioned reasoning, a research question and hypothesis
were created. They are introduced in a subsection called Personality. This subsection defines
personality in more detail and analyzes studies that researched the personality attractiveness
phenomenon.

1.1 Aging Societies

An older demographic trend is already occurring in most of the developed countries with Europe
ranked as the oldest region in the world. Statisticians estimated that globally the amount of older
society will more than double by 2050 (Figure 1.1), the amount will change from 703 million to
more than 1.5 billion people (United Nations, 2019). The relative size of this group gives even
better understanding of the predicted future. According to the United Nations (2019), the global
share of people 65 years and older will expand from 9.1% in 2019 to 11.7% in 2030. Additionally,
they predict that the proportion will reach 15.9% by 2050.

The aging of the world population is induced mainly by two factors. First, we are experiencing
an enormous increase in life expectancy. In the United Kingdom, there are 10 million people
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CHAPTER 1. INTRODUCTION

Figure 1.1. Graph visualising the global older demographic trend. It presents the estimated and
projected global population by age groups. As noted by authors, persons aged 65 years and over
are the fastest-growing age group. Graph from: United Nations, 2019.

with age over 65 years. Predictions of Cracknell (2010) estimate that this number will be almost
doubled by 2050. This is roughly 1 in 4 individuals. A similar trend is noticeable in the United
States. In 2013, there were more than 44 million people with age 65 years or older (standing for
14.1% of the population). By 2040, the prediction states that there will be more than 82 million of
them (21.7% of the population). Again, it shows that the number of people aged 65 years or older
will be almost doubled (Administration on Aging, 2014). In the case of the Netherlands, Garssen
(2011) reported that in 2040 there will be at least 1.7 times as many people 65 years or older
than in 2010. The reason for these changes relates to a reduction in deaths from infectious and
parasitic diseases (e.g., smallpox, polio, measles) and a general trend toward healthier lifestyles
(Kulik et al., 2014). Nevertheless, the number of people from the working population (people aged
between 20 and 65 years) will stay approximately the same. According to a worst-case scenario
by Daalhuizen, van Amsterdam & Huisman (2013), the working population in the Netherlands
will decrease by 14% between 2010 and 2040. The second factor inducing the aging of the world
population relates to a decline in fertility rates caused by more effective birth control and improved
education. The world’s total fertility rate has dropped from 5 children per woman in 1950-1955
to 2.5 children per woman in 2019. Moreover, predictions indicate that it will fall to 2.2 by 2050
(United Nations, 2019). Besides, “baby boom” generations, groups of now aging people born after
World War II, are likewise causing an increased percentage of older adults (Bloom, Boersch-Supan,
McGee & Seike, 2011).

1.2 Dementia

As the aging of the world population grows, the amount of individuals who are diagnosed with
cognitive impairments also grows (Jorm et al., 1987). This results in a group of people who need
assistance in executing daily living activities, for example, personal self-care (Louie, McColl & Ne-
jat, 2014). Sometimes their health condition is more severe which requires continuous supervision
by caregivers.

On of the most commonly focused cognitive impairments is dementia. Dementia is a sickness
that gradually affects the brain. As stated by World Health Organization (2019), the term demen-
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CHAPTER 1. INTRODUCTION

tia is used as a general term to identify a syndrome “usually of a chronic or progressive nature,
in which there is a disturbance of multiple higher cortical functions, including memory, thinking,
orientation, comprehension, calculation, learning capacity, language, and judgment” (chap. 4,
para 2). One of the most common symptoms of dementia is memory loss. Additionally, symptoms
of dementia are also related to difficulties of thinking well enough to perform normal activities of
daily life, for example, preparing food, getting dressed or maintaining personal hygiene. People
with this disorder usually lose their capability to solve problems and regulate their emotions. It is
common that with the progression of this disorder, their personality and typical behaviour change
(Mart́ın et al., 2013; Tapus, Tapus & Mataric, 2009). Moreover, dementia may even cause isola-
tion and depression (Bauer, Fitzgerald & Koch, 2011). Dementia occurs in the second half of life,
mostly at the age of 65 or more. The amount of people with dementia increases together with
age. In the age limit from 65 to 69 years old, there is 2% of the elderly diagnosed with dementia
disorder. However, there is more than 20% of the elderly with dementia in age 85-89 years old
(Tapus et al., 2009).

There is no cure for the disease. The working methods, palliative medication, and non-
pharmacological therapy can only reduce symptoms and slow down its progression. In the case of
the palliative medication, they are medication of type as anti-psychotic, antidepressant, pain relief
pills (North West Coast Strategic Clinical Network, 2018). The therapy focuses on maintaining
the functional capacity of the person by improving mental, physical and emotional aspects of their
activities. A unique approach is animal therapy. It has shown good results in the past (Mart́ın
et al., 2013). However, it is not always feasible. Sometimes health and safety reasons can disallow
for interaction with animals. Additionally, the cost of maintaining and effort of caring for the
animal might be not acceptable. Lastly, the therapeutic interaction at the cognitive level that is
needed for older people with dementia is not always achieved by animals (Anerdi, Greco, Odetti
& Rodriguez, 2008). Regular non-pharmacological therapy consists of a few meetings per week
with a therapist who monitors a class of patients. During these sessions, the therapist asks pa-
tients simple questions, talks to them, tells stories, hugs them, motivates and guides them through
physical exercises, offers games. All these activities stimulate the patients cognitively, emotionally
and physically (Mart́ın et al., 2013). Studies have confirmed the positive effects of regular non-
pharmacological therapies. They can improve episodic memory (Belleville et al., 2006), diminish
the chance of dementia (Stern & Munn, 2010), postpone age-related drop in health and delay
an increase in a fatality (Unger et al., 1997). Moreover, physical therapies that focus on motor
exercises help the elderly rehabilitate damaged muscles, joints or maintain their current motor
states to help them keep the level of autonomy as high as possible (Tapus et al., 2009). In this
manner, activities help individuals maintain their functional abilities and can enhance their qual-
ity of life. However, carrying out these types of therapies requires an extensive amount of people
and resources. Additionally, sustaining them for the long-term can be very time-consuming for
professional caregivers (Louie et al., 2014) and they often experience a heavy burden (Adelman,
Tmanova, Delgado, Dion & Lachs, 2014). Moreover, general activities under the umbrella of care-
taking can be exhausting and also quite stressful for all involved people (Chu, Khosla, Khaksar &
Nguyen, 2017).

After identifying the problems and seeing the potential in non-pharmacological therapies, the
question is how the life of involved parties could be improved. In general, we can use technology
that assists the elderly and caregivers during their daily activities. This type of technology is
called assistive technology (AT) and is introduced and explored in the next subsection.

1.3 Assistive Technology

Assistive technology (AT) is a term used to describe a wide spectrum of devices or systems which
allow to increase, maintain or improve functional capabilities of individuals with cognitive, physical
or communication disabilities (Marshall, 2000). The leading-edge type of AT, intelligent assistive
technology (IAT), describes systems with the capability of executing their own computation and
the ability to exchange information through, mainly, a wireless network (Ienca et al., 2017) that

4 The effect of a robot’s role on personality matching principles



CHAPTER 1. INTRODUCTION

supports individuals with a wide spectrum of disabilities. The IAT usually has a capacity to sense
the environment via sensors or other external devices and is able to adjust executing actions to
maximize its goal and thus users satisfaction. The IAT, as well as pure AT, has the potential to
incredibly change elderly care Ienca and colleagues (2017) stated that IAT, could delay or reduce
the need for institutional care, reduce stress and anxiety of caregivers, make up for the progressive
deficiency of caregivers at the same time improving and optimizing the quality of care, and lastly
improve quality of life of older adults. Although these points were written about IAT, they also
seem to apply to the general domain of AT as more simplistic technology has still the potential to
significantly change healthcare.

Current applications of AT include independent devices as tablets, wearables, robots, and
dispersed applications, for example, smart home systems. AT also includes software applications
that are mainly mobile or web-based apps. A schematic review of Ienca and colleagues (2017)
provides a good overview of current trends and limitations in the IAT. Most of the IAT systems
are developed as distributed systems. The second most-often occurring type of IAT device are
robots. In the third place of the most-often occurring types are mobility and rehabilitation aids
systems. Moreover, applications may have different primary goals within the domain of assistive
technology. The majority of IAT systems are created with the idea of helping users in activities of
daily life, monitoring users and their surroundings, or providing, physical and cognitive assistance.
Most applications have general-purpose, thus they are broadly applicable across psycho-physical
domains. Applications that are exclusively programmed for specic decits focus mainly on motor
function, impaired cognition, and only minor part consider mood and emotional disturbances
(Ienca et al., 2017). This does not cover all the needs that the elderly with cognitive impairments
as dementia may have. Although robots are one of the most often developed IAT devices and
taking into account the majority of goals that the IAT focused on, we observe that there is a
considerable lack of attention to social and cognitive elements of intelligent assistive technology.

The social and cognitive elements are key components of socially assistive technology (SAT)
which goes beyond physical and cognitive assistance offered by most of the intelligent assistive
technology (Ienca et al., 2017). For example, in the case of exercises, socially assistive technologies
can provide not only mobility improving exercises but also motivate and encourage users through
its social element (Matarić, Eriksson, Feil-Seifer & Winstein, 2007). In respect to the elderly and
their cognitive impairment, the social and cognitive elements of socially assistive technologies are
important because they can be used for the cognitive and emotional stimulation of the patients.
As stated in the Dementia subsection, physical, cognitive and social stimulation is used in non-
pharmacological therapies which were confirmed as having a positive effect on the health state
of the elderly. Robots with a social and cognitive element, thus social robots, could be built to
satisfy these deficits. Therefore, there is a potential to support non-pharmacological therapies, if
we build a technology that cognitively, socially and physically triggers the users. One technology
that has the potential for this is social robots.

1.4 Social Robots

Social robots are robots that are employed within social intelligence and skills which enable them
to interact with users in a socially acceptable way (Dautenhahn, 2007). This translates into robots
that are able to communicate with the user and perceived as a social entity because they have
an anthropomorphic (human-like) interaction style (Stafford, 2014). As stated by Duffy (2003),
anthropomorphism is people’s tendency to assign human characteristics to inanimate objects,
animals and others to help people rationalize their actions. Thus, anthropomorphism (or perceived
human-liveness) increases when the robot has a more human-like presence and interaction style.

As presented, there is a need for social robots that are capable of interacting with humans
and are perceived as attractive and persuasive so that they can provide emotional and cognitive
stimulation to the elderly. However, creating a social robot intelligent enough so it is perceived as
a replacement of a human or somewhat as a trustworthy social agent is very difficult (Mileounis,
2015). Additionally, even though robots could help in providing a solution for the growing differ-
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CHAPTER 1. INTRODUCTION

ence between demand and supply of elderly care, acceptance of robots by their potential users is a
crucial prerequisite (Brandon, 2012). Thus, it is important to research the social robot’s features
that have an impact on the acceptance of robots by the elderly. Fong et al. (2003) defined a
taxonomy that describes the crucial interaction components of a socially interactive robot. These
components are embodiment, emotion, dialog, personality, human-oriented perception, user mod-
eling, social situated learning and intentionality. This thesis focused on personality as it is a key
factor for creating social robots (Lee et al., 2006).

1.5 Personality

Personality was defined by Dryer (1999) as follows: ”personality is a collection of individual
differences, dispositions, and temperaments that are observed to have some consistency across
situations and time” (p. 274). Thus, as indicated by John, Robins and Pervin (2008), personality
”represents those characteristics of the person that account for consistent patterns of feeling,
thinking, and behaving” (p. 4). In other words, personalities allow us to order the enormous
amount of information we are collecting during interactions with others so that we are able to
anticipate their behaviour and participate in a smooth-spoken social interaction (Dryer, 1999;
Reeves & Nass, 1996). Even though every person behaves differently and the amount of possible
behaviours for one person in a certain situation is big, we are able to predict to some extent how
the person will behave in a certain situation. It is done based on our observed behaviours of that
person in historical situations or based on observed behaviours of others, that are to some level
comparable to that person, in a similar situation (Brandon, 2012).

From the moment when Nass and colleagues (1995) reported that people respond socially in
HCI and Isbister and Nass (2000) stated that people can recognize the robot’s personality, the
amount of conducted studies in the domain human-technology interaction (HTI) and personality
was increasing. Lee and colleagues (2006) mentioned that personality is perceived as a key factor
for creating social robots because the personality of a robot can provide users with better afford-
ance. The affordance is a property of an object which gives a cue on what can be done with it
(Jones, 2003). In other words, affordances are hints to users how they may interact with something
physical or digital. In the case of this thesis, better affordance makes the user’s understanding
of the robots behaviours more intuitive and natural (Hara & Kobayashi, 1995; Norman, 1990).
Moreover, Brandon (2012) claimed that people attribute personality to a social robot regardless
of whether a personality has been designed in the robot or not. As in human-human interaction,
the personality of a robot is inferred from a user perception of the robot’s appearance and beha-
viour (Dryer, 1999; Reeves & Nass, 1996). Next to the above-mentioned reasons indicating the
importance of personality in HTI, several scientists mentioned that studying personality traits and
determining their connection between human and robot personalities is crucial for HRI because
it can increase users’ satisfaction, enjoyment and robot’s acceptance (Breazeal, 2004; Lee et al.,
2006; Walters et al., 2005).

Although some scientists state that certain robot personalities are normally more liked than
others, (Heerink, Kröse, Evers & Wielinga, 2010; Verhaegh, 2004), others have argued that the
type of preferred robot’s personality might depend on the task or the role of the robot, (Hendriks
et al., 2011; Meerbeek et al., 2006). This may relate to the fact that certain personality matches
lead to more satisfying interactions than others (Dryer, 1999). Scientists specialised in personality
psychology defined two contradicting social rules for the attractiveness between personalities. They
are similarity and complementary attraction principles. The similarity attraction principle states
that people are attracted by personalities similar to their own personality (Dryer, 1999; Nass &
Yen, 2010). However, the complementary attraction principle claims that people are attracted by
personalities reciprocal to their own personality (Dryer, 1999; Nass & Yen, 2010). Studies that
examined these social rules, found evidence for their applicability in human-robot and human-
computer interaction. A few studies confirmed that interaction with a robot or a computer with a
similar personality positively influences their usability assessment by the users (Aly & Tapus, 2013;
Andrist et al., 2015; Brandon, 2012; Braun et al., 2019; Nass & Lee, 2001; Richter & Salvendy,
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1995; Ruijten, 2020; Tapus et al., 2008; Walters et al., 2008). Nevertheless, other studies have
found a positive effect of a complementary personality (Isbister & Nass, 2000; Lee et al., 2006).

Extra attention deserves studies of Nass and colleagues (Isbister & Nass, 2000; Nass & Lee,
2001). They provided evidence for both attractiveness principles. In one of their papers (Isbister &
Nass, 2000), they argued about the potential reason for contradictory findings. One of the potential
explanations is a suggestion that attractiveness principles might be related to the social presence
of a character. More explicitly, prior to the study of Isbister and Nass (2000), in the HCI context,
researchers used only textual manifestation of personality and they found support for the similarity
attraction principle. The study of Isbister and Nass (2000) used for the first time a character
and found evidence for the complementary attraction principle. Against this reasoning, modern
studies that confirmed the similarity attraction principle used a wide spectrum of technologies
and means of personality manifestation. Thus, the first explanation proposed by Isbister and
Nass (2000) does not seem to be valid. A second potential explanation for contradicting results
is the difference between scales used for manifesting the personality. The study of Isbister and
Nass (2000) manifested extroversion and introversion, while earlier studies manifested dominance
and submissiveness. As indicated by the authors, both scales are valid and quite related but they
do represent the taxonomies of two distinct subgroups of psychologist and their investigations.
Interpersonal studies tended to use dominance-submissiveness as an axis and they located the
extroversion-introversion trait at the diagonals of the space formed by two axes. The extroversion
as a friendly and dominant. The introversion as an unfriendly and submissive (Wiggins, 1979).
However, both interpersonal and trait psychologists suggested many similarities in the dimensions
(Trapnell & Wiggins, 1990). Therefore they proposed that the dimension can be wrap together
which may lead to greater parsimony and completeness in assessing traits. Similarly to the first
potential reason, modern studies showed that traits do not affect attractiveness principles. Studies
described in this section mostly focused on the extroversion-introversion trait and they provided
evidence for both personality matching principles.

Straightforward information that would explain these contradicting findings is not evident yet.
Therefore, this study aims to observe users’ experiences while interacting with a robot that has a
similar or complementary personality to their own to explore potential reasons for contradicting
findings. Additionally, the study research the potential effect of the role played by the robot in
human-robot interaction on the two principles of personality attractiveness. Thus, the research
question of the current research is:

What are users’ experiences while encountering similarity and complementarity of per-
sonality match and different roles of the robot?

The next subsections describe background literature about studies researching the social rules
for the attractiveness between personalities in the domain of human-technology interaction, hence
not only robots. Consecutive sections focus on methodology, result and discussion.

1.5.1 Similarity Attractiveness of Personality

The first study that researched the social rules of attractiveness between personalities was done
by Richter and Salvendy (1995). The authors examined the effects of implementing human per-
sonality characteristics into a computer interface. The computer interface was designed to teach
students how to use a program on a computer. Eighty university students had a chance to inter-
act with extroverted or introverted teaching computer interface while trying to complete tasks of
low and high strength. The results pointed out that students do perceive the computer software
as containing personality similar or dissimilar to those of humans but also showed a significant
interaction between interface personality and user personality. More explicitly, introverted users
were quicker on task completion with the introverted computer interface than with the extroverted
interfaces. However, there was no difference in the performance of extroverted users between the
two personality types of the interface.

Analogous results were found in experiments of Nass and Lee (2001). The study investigated
whether people show similarity-attraction towards computer-generated speech even when person-

The effect of a robot’s role on personality matching principles 7



CHAPTER 1. INTRODUCTION

ality seems to be not so relevant. The experiments were executed with the usage of a synthesized
voice on a book-buying website. The voice was created in a way to convey an extroverted or intro-
verted type of personality. The voice was used to provide a service of presenting books’ reviews.
The results confirmed the preference of similarity-attraction in users’ evaluation of the computer
voice, the book reviews and the reviewer.

The next study used a self-made robot build with a focus on the attention-seeking feature.
The task of the robots was service-oriented as it informed users that someone is standing at the
house’s door (Walters et al., 2008). The scientists created 3 different appearances of the robots,
mechanoid, basic and humanoid (Figure 1.2). One of the research questions researched in the
study asked whether personality attribution towards robots follow the pattern of human-human
personality attribution at zero acquaintance. Collected data indicated that mechanical appearance
was rated the least extrovert of the three robot appearances. Moreover, participants that had a
low score on extroversion and emotional stability more often preferred the mechanical appearance
than other participants. Indirectly, these findings support the similarity-attraction principle of
personality.

Figure 1.2. The self-made robots from Walters and colleagues (2008) presenting 3 different ap-
pearances: basic (a), mechanoid (b) and humanoid (c). Pictures from: Walters et al. (2008).

In the same year, other researchers studied the engagement of post-stroke users in rehabilitation
exercises while accompanied by a hands-off robot that was able to monitor, assist, encourage and
socially interact with them (Tapus et al., 2008). The robot is depicted in Figure 1.3. They
questioned the effect of the robot’s personality in the hands-off therapy process. The scientists
mainly focused on the relationship between the extroversion-introversion of the robot and the user.
In this context, the hands-off states for non-contact. The personalities were designed by using
two cues, activity (physical) level and sociability (proxemics, vocal features) level. Additionally,
an extrovert robot provided a challenge-based stimulation style (e.g., ”you can do it!”) and an
introvert robot provided a nurturing-based stimulation style (e.g., ”I know it’s hard, but remember
it’s for your own good”). The results indicated that introvert people did not have any specific
preferences between the two types of robots. However, extrovert people preferred extroverted
robots. Thus, extroverted people were more influenced by the similarity-attraction principle of
personality. Additionally, similarity matching of personality resulted in longer exercising time and
higher satisfaction and perceived value.

The next study that tackled the similarity-attraction and complementarity-attraction principles
was the master thesis of Brandon (2012). The study questioned whether user-robot similarity
attractiveness on extroversion may improve the acceptance of a domestic assistive social robot. She
used the Florence robot, presented in Figure 1.4, as a tool for reminding users about medications.
The personality of the robot was created by manipulating various characteristics: spoken text,
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Figure 1.3. The hands-off robot used in the study of Tapus and colleagues (2008). Picture from:
Tapus et al. (2008).

speech style, the magnitude of facial expressions, and proxemics (the distance the robot keeps
from the user while interacting). Based on the results, Brandon could not confirm the similarity-
attraction principle. However, based on her contingency table, there is evidence in favor of this
principle as 9 out of 10 introverted participants claimed that they prefer the introverted robot. In
the case of extroverted participants, they did not seem to be influenced by the similarity-attraction
principle of personality as 5 out of 11 extroverted participants preferred the extroverted robot and
the rest of them preferred the introverted robot.

Aly and Tapus (2013) used the NAO robot to provided various types of information as for
example reviews about restaurants in New York City, Figure 1.5. One of the objectives of the
study was to explore the human-robot personality matching principles while using combined robot
behaviour expressed through speech and gestures. The robot was designed to communicate also
an extroverted or introverted type of personality. Users interacting with the NAO robot indicated
preferences towards the robots with the same personality as them. More explicitly, introverted
users preferred interacting with the introverted robot more than with the extroverted robot. The
same tendency of personality matching was observed for the users with an extroverted personality.

A more recent study investigated the motivational aspect of personality matching principles
(Andrist et al., 2015). Andrist and colleagues (2015) used a Meka robot to supervise users in com-
pleting the Tower of Hanoi puzzle, Figure 1.6. The robot was providing all necessary instructions
on the rules and during progression through the various stages of the puzzle. The goal of this
puzzle is to move blocks of a different color from one location to another while following simple
and explicit rules. The personality (extroversion and introversion) of the robot was created by
differentiating only gaze expressions. As expected, the similarity attractiveness of personality was
confirmed. Thus, participants with either extroverted or introverted personalities exhibited greater
compliance with the personality matching robot with respect to the measure of total participation
time. However, in the case of measures of total puzzles solved and total disks moved, the similar-
ity attractiveness of personality was confirmed only for participants with an extroverted type of
personality. With respect to users perceiving a robot’s performance, the similarity attractiveness
of personality was only proved for introverted participants.

A research by Braun and colleagues (2019) investigated the effect of personalized voice char-
acters for in-car speech interfaces on the user. One of their inquiries focused on the correlation
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Figure 1.4. The Florence robot used in the study of Brandon (2012). Picture from: Brandon
(2012).

Figure 1.5. The NAO robot used in the study of Aly and Tapus (2013). Picture from: SoftBank
Robotics (2015).
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Figure 1.6. The Meka robot used in the study of Andrist and colleagues (2015). Picture from:
Andrist et al. (2015).

between a user’s extroversion and the estimation of extroversion of their preferred character. In
their approach, they created 5 different characters based on a lab study and semi-structured in-
terviews. Users could experience these assistants during a real-world driving study. Results of
the pairwise comparison confirmed the similarity attraction principle by showing that participants
who chose the Friend (the most extroverted) character scored significantly higher in extroversion
than all other pairs.

The most recent study of Ruijten (2020) questioned whether the similarity-attraction principle
can be applied to persuasive technology. Persuasion is defined as an attempt to change a persons
attitudes, beliefs, or behaviour while staying in line with that persons interests (Ruijten, 2020).
The research investigated potential effects of system communication style and user personality
on evaluation and persuasiveness of online interactive website recommending restaurants. Out
of five restaurants, participants were asked to rank their top three. After that, an automated
message that was designed to persuade them to flip the order of their top three restaurants was
presented. The message could have one out of two styles. It could have a dominant or submissive
style. The dominant message was displaying strong language with assertions and commands in
a bold, sans-serif typeface. The submissive message was created with weaker language using
questions and suggestions in an italicised, serif typeface. After reading the automated message,
participants could change their initial ranking of the restaurants. The study showed that people
evaluated the system more positively when there was a similarity personality match. Thus, the
dominant system was more positively evaluated by people with more dominant personalities and
the submissive system was more positively evaluated by people with more submissive personalities.
However, it did not have any effect on peoples actual behaviour.

1.5.2 Complementarity Attractiveness of Personality

One of the studies that confirmed the complementarity attractiveness principle of personality is
a study of Isbister and Nass (2000). These researchers examined whether people interpret and
respond to verbal and non-verbal cues of the personality of an on-screen interactive character
in the same way as they interpret human cues. In order to answer the research question, they
challenged participants to complete the Desert Survival Problem (DSP). The DSP asks participants
to rank a series of items according to their perception of the importance in a desert survival
situation. After completing the DSP, participants were introduced to an on-screen computer
character with which they could exchange information and opinions about each of the 12 desert
survival items in a friendly manner. Lastly, after the interaction, participants could change their
initial ranking. The character had a format similar to comic books. The personality of the
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figure was based on the extroversion trait. It was created by manipulating verbal and non-
verbal behaviour. Different combinations of the character behaviour were created, two of them
were extroverted in both verbal and non-verbal behaviour; introverted in both verbal and non-
verbal behaviour. The participants and the character could communicate verbally using text.
Additionally, the figure communicated non-verbally by using different body postures. The results
of the study provided evidence confirming complementarity attraction. When the personality of
the robot was complementary to the participant’s personality, the users perceived the robot as
more fun and more likable.

Figure 1.7. Sample of interface that presents on-screen interactive character form Isbister and
Nass (2000) study. Graphic from: Isbister & Nass (2000).

Another study confirming the complementarity attractiveness principle of personality focused
on researching whether and which personality-based social rules (complementarity or similarity
rule) people will apply to social robots (Lee et al., 2006). For that purpose, they used AIBO,
a social robot developed by Sony in the form of a small dog (Figure 1.8). Like other studies,
this study focused also on extroverted and introverted personalities. The personality of AIBO
was created by manipulating verbal and nonverbal cues of communication. Each participant
interacted with the robot for 25 min. During the interaction, they could play with the robot
by using 17 verbal commands, for example, ”stand up” and ”sit down.” The results showed that
complementarity attractiveness influences participants’ perception of the robot’s intelligence, social
attraction towards the robot, enjoyment of interaction with the AIBO and perception of its social
presence.

1.5.3 Research aims

Based on studies presented in Similarity Attractiveness of Personality and Complementarity At-
tractiveness of Personality subsections, it is evident that the personality attractiveness is not only
reserved for human-human interaction. Studies confirmed that the principle of similarity attract-
iveness occurs with screen agents (Richter & Salvendy, 1995), speech (Braun et al., 2019; Nass &
Lee, 2001), text (Ruijten, 2020) and robots (Aly & Tapus, 2013; Andrist et al., 2015; Brandon,
2012; Tapus et al., 2008; Walters et al., 2008). In these studies, technology had different functions.
The screen agent in the study of Richter and Salvendy (1995) was used as a coach to teach about
the usage of a program on a computer. The computer-generated speech in Nass and Lee’s (2001)
study was used to present books’ reviews and in the study of Braun and colleagues (2019), a voice
was used as an in-car speech interface. The messages in study of Ruijten (2020) were used as
recommendations about restaurants. Lastly, robots were used to inform about guests standing at
the front door (Walters et al., 2008), coach exercises, monitor, assist and encourage users in their
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Figure 1.8. The AIBO robot developed by Sony in the form of a small dog used in the study of
Lee and colleagues (2006). Picture from: Sony (2018).

rehabilitation process (Tapus et al., 2008), provide reminders (Brandon, 2012), provide review
information (Aly & Tapus, 2013) and instruct users in a task execution (Andrist et al., 2015). Al-
though these studies used technology for different purposes, they all have something in common,
used technology always had a service-oriented role. Thus, the technology was designed to assist
users in specific tasks of their life.

On the other hand, other studies confirmed that the principle of complementarity attractiveness
exists with screen agents (Isbister & Nass, 2000) and robots (Lee et al., 2006). In the first study,
technology was used as an agent to discuss decisions in a game (Isbister & Nass, 2000). In the
second study, the AIBO robot was used to play with (Lee et al., 2006). In the case of these studies,
technology was used for entertainment purposes.

In line with these arguments, it can be hypothesized that the role of the robot during the
human-robot interaction may affect users’ experience and preferences of different personality
matching principles. More explicitly, it can be conjectured that the attractiveness of similar-
ity personality matching occurs when people interact with a robot that has a service-oriented
purpose. Thus, the first hypothesis of this research states:

H1: The users express more positive experiences about the service-oriented robot in
case of similarity matching in comparison to complementarity matching of personality.

However, the attractiveness of complementarity personality matching occurs when people interact
with a robot that has an entertainment-oriented role. Thus, the second hypothesis declares:

H2: The users express more positive experiences about the entertainment-oriented robot
in case of complementarity matching in comparison to similarity matching of person-
ality.

These hypotheses will be tested in an experiment where people interact with both an introverted
and an extroverted robot as well as a service-oriented and an entertainment-oriented robot.
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Method

2.1 Experimental Design

The study had a 2 (robot personality: extroverted vs introverted) x 2 (robot role: service vs
entertainment) within subject design. Thus, participants interacted with robots that had both
roles and both personalities. This design allowed for a comparison of peoples experiences in a
small sample. The first factor encompassed the robot personalities. They were introversion and
extroversion created based on the expressiveness (extrovert-introvert) trait. The second factor
compromised the role of the robot. To create the two roles of the robot, the robot executed two
tasks. One was service-oriented, providing instructions about gymnastic exercises (coaching role).
The second task was entertainment-oriented, providing a game opportunity (companion role).

2.2 Participants

The experiment was conducted at a nursing house (Zorggroep Elde Maasduinen). Thus, the re-
search population is its residents. Fourteen participants took part in this experiment, 3 males
and 11 females. The participants are elderly with a wide spectrum of dementia or other cognitive
impairment levels. However, due to corona-virus crisis concerns that occurred during data col-
lection phase, the experiment was suspended and some data were impossible to collect. In this
relevance, it is the demographic data, participants’ level of cognitive impairment and participants’
personality. The experimental design and materials used in the experiment created a few excluding
criteria. Participants with considerable hearing or visual impairment or a substantial level of cog-
nitive impairment that does not allow for meaningful social interaction could not take part in the
study as these impairments affect the programmed way of interacting with the robot. The elderly
were approached at the nursing house and asked whether they want to participate in the study. At
that time introductory information about the study was provided to them. If they showed interest
more detailed information was provided. The interaction was in Dutch, as not all participants
could speak English and it was more natural for them to use their native language. Data from
all participants was used for the analysis. There were no significant technical difficulties during
the experiment. After inspecting descriptive statistics and scatter plots of existing variables no
outliers were identified. However, it is important to mention that the size of the sample size and
amount of collected data (21 sessions) do not allow legitimate outliers analysis. Few participants
have interacted with the SARA robot in the past. More explicitly, they took part in previous
study executed by Bright Cape. How many participants took part in the previous study, as well
as participants personality score are again not known due to the suspended experiment. The effect
of these circumstances is mentioned further in the report.
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2.3 Materials

Figure 2.1. Pictures of Sanbot Elf robot from: Qihan Technology (2016).

The hardware used in the experiment was a Sanbot Elf robot from a robotics and AI company
Qihan Technology Co. Ltd. Sanbot Elf is a humanoid robot that utilizes more than 60 sensors
and as stated by the manufacturer gives it better than human-like awareness. The robot has two
movable arms with one degree of freedom each and a head that moves in two degrees of freedom.
The robot is equipped in the set of 3 Omni wheels which allows it for smooth navigation through
the environment. Additionally, the head has an LED screen that continuously displays naturally
blinking eyes. The software supports 19 different eye expressions that can be manipulated by
software. Moreover, the robot has built-in 10.1 inches touch-screen tablet allowing for interaction
with the robot. Lastly, the robot has a number of atmosphere lamps, one on each side of the head,
one on each of the hands and one at the bottom of the chassis.

In order to execute the experiment, two features and two different personalities were created.
For the features, a set of exercises and a Dutch sayings game were researched, designed and created.
The interaction flow which defines the scheme that is explained in the Procedure section was also
designed and implemented.

2.3.1 Exercises

For the service-oriented robot, 18 exercises were chosen. The exercises were designed with atten-
tion to the abilities and disabilities of the elderly. The exercises were divided across 4 categories:
legs, arms, core and head. The user could choose which part of the body wants to train. Instruc-
tion for each of the exercise was written based on information found on the Internet. With the help
of an assistant, instructional videos that were played on the robot’s screen were recorded. Addi-
tionally, if applicable, the robot copied the movements of the assistant from the videos to provide
supplementary guidance to the user. In that case, movements of the robot were synchronised with
the movements of the assistant. The tempo of the instruction is adjusted to the capabilities of the
elderly.

2.3.2 Sayings Game

For the entertainment-oriented robot, the Dutch sayings game was designed and implemented in
a way that the robot introduced the first part of the saying and then asked the user to finish it.
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Initially, there was a set of 29 sayings. Next, three healthy and Dutch native speakers assessed
the popularity of the sayings. Three of the sayings were unfamiliar to all of them. They were
excluded from the list. In the end, there were 26 sayings in the game.

2.3.3 Desired Personality Perception

There are different taxonomies of personality. One of them is the Big Five Theory (Goldberg,
1992). It is the most frequently used personality taxonomy (Brandon, 2012) and it states that
five continuous dimensions could be used to describe someone’s personality (Meerbeek, Saerbeck
& Bartneck, 2009). These personality traits are openness (openness to internal and external
stimuli or closed-minded), conscientiousness (self-discipline and competency or lax), extroversion
(tendency to be sociable, outgoing or withdrawn), agreeableness (degree of trustfulness, modesty
and cooperative or competitive), and neuroticism (tendency toward experiencing psychological
distress and negative affect or being calm) (Dryer, 1999). In the current study, two personalities
of the robot were designed following the expressiveness (extrovert-introvert) trait and they were
based on previous studies. This study focused on extroversion trait as it has the highest agreement
among the observers (Kenny, Horner, Kashy & Chu, 1992) and it is the most accurately observed
personality trait (Kenny et al., 1992; Lee et al., 2006), as a consequence of the fact that it is also
one of the easier traits to rate (Kiesler & Goetz, 2002). Moreover, Dryer (1999) claimed that,
among these, all dimensions, extroversion along with agreeableness play important roles in our
interaction with non-human agents as they are associated with social abilities (Brandon, 2012).
Multiple characteristics of the robot were designed and implemented such that users perceived
the desired personality in the robot. The sound, behaviour and appearance were created based
on a set of characteristics found in studies that validated extroversion trait during human-robot
interaction and they are presented in Table 2.1. Some of them required adjustment. For example,
in the case of moving speed, a basic software from Bright Cape used to create the action of the
robot does not provide so detailed input. More explicitly, in the used software, for movement
speed, there were 8 levels (from 1 to 8). The greater the number the faster the movement of the
head or arms. In that specific case, levels from 1 to 4 were used for introvert personality and from
5 to 8 for extrovert personality.
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2.3.4 Software

The robot was controlled with an Android application. It was already existing app that provided
a content management system in the form of an excel sheet where the conversation tree was
implemented. The native Android app used a module that converted the excel sheet to the
operational format of the Android operation system. The excel sheet is depicted in Figure 2.2.
The sequence of displayed content was defined by nodes and edges. Each part of the content had a
unique node id. The node id was used in the ”target node id” column to refer to the next part of the
content that should be executed. The edges were used for choice options (buttons). For example,
in Figure 2.2, there is a node id ”as choose pres”. This node displayed on the screen text ”Kies een
persoonlijkheid” (Eng: chose a personality) and it provided two choices, introvert and extrovert.
If the introvert button was pressed, it would display the next content that is defined in the ”target
node id” column. In this case, content with a node id ”as int startButton”. Additionally, there
are 4 more important columns. First, the ”icon” column indicates which icon should be displayed
for a specific button. For example, in row 20, there is a button ”Spelletje” referring to the game
feature of the robot and it has an icon named ”game selectionscreen”. Second, column ”multi
media string” is used for pointing towards videos in HLS format. In the case of row 99, a video
named ”as int Hielenoptrekken” was played and it was localised in folder ”int” and sub-folder
”hls”. This is an example of playing videos in the feature exercise. Third, the ”srt string” column
defines paths to SRT files. SRT files were used to determine the behaviour of the robot and display
text in a more dynamic fashion. For instance, in row 4, an SRT file ”as int default” in folder ”int”
and sub-folder ”srt” was used. For creating the SRT files, Aegisub software that is depicted in
Figure 2.3 was used. The figure also presents the file ”as int default”. In this case, at the start
time, the robot should start executing a few actions. It would do the movement of both arms
to angle 175 with speed 8, change eyes expression to normal, light all groups of light to yellow
and move head horizontally to angle 90 with speed 8. Last, column ”multi media string’ specify
paths to media content as MP3. MP3 audio files were used for spoken sentences of the robot. For
example, in row 17, there was an MP3 audio file ”himynaamismarleen” which contained audio of
a sentence ”Hi, my name is Marleen” for the introverted robot.

Figure 2.3. Example of an SRT file and Aegisub software used for its creation.

2.4 Measurements

In this study, a few methods were used to collect all the necessary data. First of them was an
observation. Upfront the experiment, a behaviour coding scheme was prepared. It used two types
of behavioural coding systems: topographical (occurrence of behaviour) and dimensional (intens-
ity of behaviour). The coding unit of an event was used. This means that the occurrence of
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each behaviour of interest was counted and if possible the intensity of behaviour was assessed.
Additionally, it used a molar (“global“) coding system where summary ratings were made at the
end of the observation. When during an interaction a no code-able behaviour occurred, a Stop
code was entered. When an individual could not be fully heard or seen, an Out of View code was
given. During the interaction, the focus was on factors as (i) pleasure indicators: smiling, laughing,
clapping, anger, disgust, and sadness, (ii) character of experienced interaction: looking away from
the robot, responding to the robot questions, immediacy (touching the robot, physical distance,
referring to the robot, talking to the robot) and following exercise instructions or answering the
game questions, (iii) pressing buttons on the screen and lastly (iv) commenting the robot during
interaction to others present in the room. The list with a description of factors can be found in
Table 2.2. Part of the elements was observed and written down while observing the interaction
live. For that purpose, a paper form was created (it can be found in Appendix A.3) and then the
information was converted to a database with usage of a google form (Appendix A.4). The remain-
ing elements were coded when watching recorded videos of the sessions and stored via a google
form that can be seen in Appendix A.5. Based on the videos, the length of the interaction and
the amount of played rounds were also recorded. Observation of the entire interaction was divided
into three phases, pre-phase, main phase, and post-phase. However, due to numerous deviation
of the procedure in pre- and post-phase of the experiment resulting from participants’ behaviour,
experiment lead’s behaviour and environmental factors, only the main phase of the interaction
was taken into account during quantitative analysis. During the execution of the experiment, a
decision was made to disregard three factors. First, looking away from the robot was neglected
as this factor was sometimes affected by people entering the room in which the experiment was
executed. Additionally, the angle of the camera used to record the session sometimes did not allow
for proper data collection. Second, the established physical distance to the robot was scrapped
as participants always wanted to have the robot as close as possible to be able to see the visuals
presented on the robot’s screen. Third, the length of the interaction became incompetent as it
was affected by mainly two elements, participants’ time availability and form of asked questions
by experiment leaders at the end of each round. Sometimes the experiment lead asked ”Do you
want to do one more round?”, other times the question was ”If you want to play another round
you can do that but remember that there is also another robot to try.”

Moreover, after interacting with each personality and each feature of the robot a short semi-
structured interview was conducted where a set of questions were asked. These questions asked
what participants think about the interaction with the robot, whether they liked it and was
it relaxing or stressing for them. The questions can be found in the Appendix A.1. Next, the
participants were asked to fill in an adjusted version of the Self-Assessment Manikin scale (Bradley
& Lang, 1994). Its original form measures the perceived pleasure, arousal and dominance levels
in response to an object or event. For the purpose of this study, measuring these aspects with
respect to users’ perception of the robot were more pertinent. A version used by Tsalamlal, Martin,
Ammi, Tapus and Amormi (2015) was translated by a Dutch native speaker and it is presented
below, Figure 2.4. However, after a doubtful and often unsuccessful tries of filling in the form
by a few participants, the decision was made that the from should be removed from the study
protocol. Participants were often confused by the from and even after numerous explanation they
claimed that it is difficult and that they would like to skip it. At the end of the entire interaction
session, thus after experiencing both personalities, participants were directly asked which version
they preferred and why it is the case. They were also asked whether they noticed any differences
between the versions of the robot.

After participants had a chance to interact with the robot, caregivers were asked to fill in a per-
sonality assessment questionnaire and provide basic demographic information for the elderly that
they spent a lot of time with. The exact form can be found in the Appendix A.2. The participants
were not asked directly as their cognitive impairments may create difficulty to answer this type of
question. To asses the personality an adjusted and Dutch version of The Big Five Inventory (BFI)
was used. By measuring participants’ personality, the similarity and complementarity (personality
matching) principles could be investigated. As the main focus was only in the extroversion trait,
eight items from the original version of BFI (John, Donahue & Kentle, 1991) were used. That
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version was used by Brandon (2012) and it scored 0.646 on the Cronbach’s alpha level. When
the sixth item was removed, the Cronbach’s alpha level increased to 0.732. The Dutch version
was created and validated by Denissen, Geenen, Van Aken, Gosling & Potter (2008). The list of
items and its translation is listed in Table 2.3. As recommended by Brandon (2012), extra items
were placed in-between mentioned items to diminish the chance of guessing the purpose of the
survey. These extra items were not used in the analysis. However, due to the already mentioned
corona-virus crisis and undoubtedly priority of people’s health, the experiment was suspended and
the caregivers did not fill in the personality assessment questionnaire as well as basic demographic
information about the elderly.
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Figure 2.4. Adjusted and translated to the Dutch language version of the Self-Assessment Manikin
scale (Bradley & Lang, 1994).

Table 2.3

Eight items of Big Five Inventory used to asses the personality of a client in the original English
version (John et al., 1991) and Dutch translation (Denissen et al., 2008)

English Dutch
I see the client as a person that ... Ik zie de klant als iemand die ...

1 ... is talkative ... spraakzaam is
2 ... is reserved ... terughoudend is
3 ... is full of energy ... vol energie is
4 ... generates a lot of enthusiasm ... veel enthousiasme opwekt
5 ... tends to be quiet ... doorgaan stil is
6 ... has an assertive personality ... voor zichzelf opkomt
7 ... is sometimes shy, inhibited ... soms verlegen, geremd is
8 ... is outgoing, sociable ... hartelijk is, een gezelschapsmens is

2.5 Procedure

Each participant had at least two sessions to experience each role of the robot in separate ses-
sions on different days. The order in which participants experienced the roles of the robot was
randomized and counterbalanced. During every session, participants used two robots with two
different personalities one after the other. The order of the personalities was also randomised and
counterbalanced. Additionally, the order of the roles and personalities was also balanced based on
participants’ gender. At the beginning of the first session, the participant received a more detailed
explanation about the study. After that, the experiment leader and observer entered the private
room of the participant with two robots. The first robot was always the robot that the interaction
began with. While approaching the participant with the first robot, they kept asking whether they
can get closer. As soon as the person said that it is enough, the robot stopped. The second robot
remained further in the back. Next, both robots were introduced. Meantime the inform consent
form was read by the experiment leader and signed by the participant. After explaining, what
exactly is going to happen, the participant was ready to start the experiment. At the beginning
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of this part, the robot always introduced itself and explained that a person needs to chose which
feature of the robot wants to use. As the order was defined, the participant was explicitly asked to
chose exercises or the game accordingly. In both cases, first, the robot welcomed the participant
in the specific feature and introduced it verbally. Next, it presented an example and explained
what the participant needs to do.

To make sure that the participant understood the idea, the robot guided the participant
through the first round and this time left time for the participant to follow the instructions.
Then, without telling whether the participant was correct, the robot encouraged the participant.
After this, the robot communicated that the introduction part is completed and now the user is
ready to start the main part.

In the case of the game, the robot directly started the first round. Each round consisted of four
steps. First, the robot spoke and show on the screen the first part of the saying. Second, the robot
waited 16 seconds for the answer. Then, the correct answer was provided by the robot. Lastly,
in cases of the extroverted robot, an encouragement was spoken. In the case of the exercises,
the robot explained that the participant can choose which body part he or she wants to train by
clicking the corresponding button on the screen. When the decision was made, the video that
explains the movement and counts the repetitions was played. As with the game feature, the
extroverted robot encouraged the participant.

After each round, for both features, the robot asked the participant whether he or she wants
to continue. If the participant, agreed, another round started. If the participant wanted to end
the interaction, the robot expressed appreciation for doing the session and encouraged him or her
to come back whenever participants would like to play or do exercises again. Then the interaction
ended.

In case if this interaction was with the robot representing the first personality, the same proced-
ure was repeated with the robot that represented the second personality. However, before getting
closer to the participant with the second robot, the participant answered a set of questions related
to these experiences with the robot and filled in the Self-Assessment Manikin scale. Then, the
participant was asked whether he or she needs a break. After that, the experiment continued with
the second robot. After interacting with the second robot the same set of questions was inquired.
Lastly, the experiment leader asked explicit question about robot preference and potential reason.
The participant was also asked whether he or she perceived any differences between robots.

In the end, the second session was scheduled. During the second session, the same protocol
was followed but a different role of the robot was used. When both sessions were completed, the
participant was debriefed and the main purpose of the study was explained. The study protocol
can be found in Appendix A.1. At the end, the care-taking crew should provide information
about demographics, impairment category of their patients, other general information related to
technology exposure and personality indication.

2.6 Analyses

The statistical analysis of this study included mainly two different elements. A relation between
the robot’s personality and the role of the robot on users’ preference was tested by executing
the Chi-square test for independence. It compared these two variables in a contingency table to
validate if they are related. More explicitly, it verified whether the distribution of introversion and
extroversion preference choice differ between two different roles of the robot.

Moreover, the effect of observational factors on the relation between personality attractive-
ness and the role of the robot was inspected. Thus, in the first step, a graph representing a
score of observed factors in each category was created. The categories were: introversion-service,
introversion-entertainment, extroversion-service, extroversion-entertainment. This allowed detect-
ing factors that may create a foreseen effect. In the second step, an analysis of factors that had
greater contribution to the overall Chi-square value was executed. It was done by creating the
contingency table of the factors and, additionally, analysing the Pearson adjusted residuals. The
Pearson adjusted residual was used because the Chi-square analysis only tells whether there is a
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significant overall association between the row and column variables. Thus, it does not tell whether
the score in a particular cell of the table is different from what was expected in that cell. In the
case of this research, if there would be no effect, values in cell would distribute equally. Pearson
adjusted residuals provided more information about it and they are calculated in the following
way:

=
(O − E)√

E ∗ (1−RowMarginal/n) ∗ (1− ColumnMarginal/n))
(2.1)

The RowMarginal refers to the row marginal for the cell and the ColumnMarginal refers to the
column marginal for the cell. The row marginal is the sum of the scores from the row in which
the cell is placed. The column marginal the sum of the scores from the column in which the cell is
placed The n refers to the total number of cases across all cells. Where as in a standardised residual,
the denominator is the estimated standard deviation of the residual, in the case of the Pearson
adjusted residual the denominator is the estimated standard error. A positive residual means
that the observed values were higher than expected. A negative residual means that the observed
values were smaller than expected. The larger the residual score the greater the contribution of
the particular cell to the score of the resulting Chi-square value (Sharpe, 2015). As stated by
Agresti and Finlay (2007) ”a[n adjusted] standardized residual having absolute value that exceeds
about 2 when there are few cells or about 3 when there are many cells indicates lack of fit of null
hypothesis in that cell” (p. 38). Since our table had only a few cells, a value that exceeds +/-2
indicated significant difference.

Next to that, a thematic analysis (TA) was done to get a better understanding of the experi-
ences of the elderly during interacting with the robot. The TA was executed following guidelines of
Braun and Clarke (2006). It was used to analyse answers to questions asked after the interaction
and general comments stated during the sessions. Inductive TA focused on identifying themes
across a dataset and it was executed without trying to fit the data into a pre-existing coding
frame. It was used in a semantic way where coding and theme development reflect the explicit
content of the data.

2.7 Pilot

Prior to the main experiment, a short pilot to test the perceptual personality of the robots was
executed. With this, a validation checked whether designed personality was perceived as intended.
The study had a 2 level within-subject model design. Participants interacted with the two person-
alities of the robot one after another in one session. Five participants took part in the pilot, 1 male
and 4 females. Their age ranged from 20 to 26 (M = 22.6, SD = 2.19). The participants were
recruited at the Bright Cape office. The only excluding criteria was that they were not informed
upfront about the main research question and related detailed information of this study. Exactly
the same robot as the main study with the same characteristics and the software was used. In
order to validate the perceived personality of both versions, the entire Big Five Inventory (BFI)
(John et al., 1991), a 44-items questionnaire that measured perceived personality of the robot on
the big 5 traits was used. Additionally, after interacting with robots with both personalities and
answering the BFI, participants were explicitly asked to match the behaviours of the robot to
introverted-extroverted personalities and argue about their choices. The order of the personalities
was counterbalanced. The exact procedure of the pilot study and form used for data collection
can be found in Appendix B.1 and Appendix B.2 respectively.

The Cronbach’s alpha score for each personality trait of the Big Five Theory was calculated.
They are presented in Table 2.4. Each trait, except openness, had the Cronbach’s alpha of at least
0.90. Openness had .68 for the Cronbach’s alpha when all 10 items where used. When the item ”is
a genius/ a deep thinker” was removed the alpha increased to .76. This score is already acceptable
according to role of thumb from George and Mallery (2003). For some traits, the alpha score could
be higher by removing one or a few of the items. However, the change would be minor (maximum
change of 0.076 for openness). Additionally, the scores were already really high. By comparing the
mean scores of each personality between two versions of the robot, the pilot confirmed the design

The effect of a robot’s role on personality matching principles 25



CHAPTER 2. METHOD

of personalities. The scores are depicted in Figure 2.5. Based on the graph, it is evident that
Sara (the extroverted robot) was perceived as having a more extroverted personality compared to
Marleen (the introverted) robot which was the intention of the design. Moreover, the extroversion
trait had the highest amplitude of change between two robots indicating that the two versions
of the robot differed the most with respect to this personality trait. The results supported the
assumption that the elderly would perceive two versions of the robot in a corresponding way, thus
Sara as having an extroverted personality and Marleen as having an introverted personality. This
allowed creating similarity and complementarity match between the user and the robot during the
main study.

When asked to argue about their choice, almost all participants said that the Sara robot
sounded more happy to interact with and that it tried to engage you more in the interaction
process compared to Marleen by giving comments like ”you are doing good”. From the other
side, the Marleen robot was perceived as more calming compared to Sara and it sounded more ”I
have to do the task”. Moreover, participants were asked what differences in the behaviour of the
robot they perceived. All of them mentioned various aspects related to the voice as intonation,
tone, context, and encouragement. Two participants indicated a difference in movements (more
movements for the extroverted robot) and one participant also noticed a change in eyes and lights
(more eyes expression and more light modification in case of the extroverted robot).

Table 2.4

Cronbach’s alpha scores for each personality trait of BFI from pilot data
Extroversion Agreeableness Conscientiousness Neuroticism Openness

Cronbach’s α 0.9435 0.9039 0.9406 0.9225 0.7557
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Figure 2.5. Mean score and standard deviation of each personality trait per version of the robot
in the pilot study.
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Results

First, the descriptive statistics about the collected data are shown. After that, an analysis check-
ing whether behavioral variables are meaningfully related to one another is reported. Last, the
statistical analysis of quantitative data (Chi-square test, Pearson adjusted residuals) and thematic
analysis of qualitative data related to the research question and hypotheses are described. In the
case of statistical tests, an alpha level of .05 was used. However, due to the small sample size
which occurred because of the corona crisis, the lack of statistical significance for performed tests
was obvious. Therefore, not only statistically significant effects and interactions are reported and
commented on.

3.1 Descriptive Data

In total, 14 participants used the two versions of the robot for 42 times in 21 sessions. It was
21 times the extroverted personality of the robot and 21 times the introverted personality of the
robot. The robot was used 22 times in the service-oriented role and 20 times in the entertainment-
oriented role. Table 3.1 presents how the usage was divided across the type of personality and the
role of the robot.

Table 3.1

Number of robot’s usage per personality and role of the robot
Personality

Introverted Extroverted Total

Role
Service 11 11 22

Entertainment 10 10 20
Total 21 21 42

According to the experiment design, each participant should take part in two sessions, where
each session was dedicated to one role of the robot. In every individual session, participants
used two personalities of the robot one after another. Due to the cancellation of the experiment,
only 7 participants took part in two sessions and the remaining 7 participants completed only
the first session. The order in which participants experienced the roles of the robot and the
order of the personalities were randomized and counterbalanced. In total, there were 10 sessions
where participants first experienced extroverted and then introverted personality and 11 sessions
where the order was reversed thus participants first experienced introverted and then extroverted
personality (Table 3.2). Seven times the entertainment role of the robot was tested in the first
session and 7 times the service role of the robot was tested in the first (Table 3.3).

When using the robot, participants could decide how many rounds they want to go through.
After each round, the robot asked the user whether he or she wants to continue with the next
round. There was a maximum of 7 main rounds and 2 practice rounds to go through. After
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Table 3.2

Number of sessions per specific order of robot’s personality
Robot’s personality order

Extroverted −→ Introverted Introverted −→ Extroverted Total
10 11 21

Table 3.3

Number of sessions per specific order of robot’s role
Robot’s role order

Entertainment −→ Service Service −→ Entertainment Total
7 7 14

the 7th round, the robot did not ask the participant anymore whether he or she wants to play
another round but it thanked for participation in the study and finished the interaction. Thus,
the participant could use the robot from 2 to 9 rounds when taking into account 2 mandatory
practice rounds. On average, participants used the robot for 5 rounds including practice sessions
(M = 4.79, SD = 2.01). It is important to mention that the number of rounds affected the
potential value of other variables. For example, the number of responses to questions asked by the
robot depended on the number of rounds because in each round there was a predefined quantity
of questions asked by the robot. Thus, more rounds indicated a greater chance of having more
responses. This applies to all behavioural variables. Therefore, each behavioural variable was
divided by the number of rounds that a participant took while using the robot. In this way, each
normalized variable provides an occurrence ratio of a behaviour per round. Every analysis below
uses the normalized variables if not stated otherwise.

Positive behavioural variables as smiling, laughing, clapping and behavioural variables as anger,
disgust, sadness indicate the amount of experienced pleasure and displeasure while interacting with
the robot. The normalized mean value and standard deviation of these variables are presented in
Table 3.4. Positive variables, smiling (M = 0.21, SD = 0.21) and laughing (M = 0.15, SD = 0.23)
occurred on average more often per round than negative variables as disgust (M = 0.06, SD =
0.14) and sadness (M = 0.02, SD = 0.07) indicating that people seemed to enjoy their interactions
with the robots. The hand-clapping and angry face were not observed during usage of the robot,
therefore it is also not reported in further analysis.

Table 3.4

Descriptive statistics for normalized pleasure indicating variables
Variable Mean Std. Dev. Min Max
Smiling 0.21 0.21 0 1

Laughing 0.15 0.23 0 0.67
Clapping 0 0 0 0

Anger 0 0 0 0
Disgust 0.06 0.14 0 0.67
Sadness 0.02 0.07 0 0.34

Referencing, touching and talking to the robot are variables that relate to immediacy. The
immediacy is the degree of psychological closeness expressed in a person’s communication with
another (Andersen & Andersen, 2008). Besides the number of occurred behaviors, the type of
referencing (by name vs by gender), way of touch (light vs fearless) and talking (vocal warmth vs
cool) were observed. As presented in Table 3.5, the average amount of referencing per round (M =
0.16, SD = 0.25) was mostly created by referencing to the robot by gender (M = 0.16, SD = 0.25)
and only in minority by referencing to the robot by name (M = 0.01, SD = 0.04). Although
initially, it was expected that talking to the robot may have different styles (vocal warmth-cool),
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no vocal cool was observed. The talking to the robot with vocal warmth occurred on average
0.42 times per round (SD = 0.49) and was the most often occurring behaviour. Because touching
the robot, excluding pressing buttons on the screen, did not occur during any of the sessions, it
was omitted in further analysis. The remaining variables presented in this Table 3.5 and already
mentioned variables related to immediacy belong to a group of variables that describe the style of
experienced interaction. Participants’ responses to questions asked by the robot, excluding answers
to the main game question, did not occurred too often (M = 0.09, SD = 0.20). However, when
participants answered the questions, they mostly did it in verbal style (M = 0.08, SD = 0.20)
in comparison to nonverbal style (M = 0.01, SD = 0.05). The amount of followed exercise
instructions or answers given to the game questions (M = 0.91, SD = 0.10) indicates that the
participant almost always followed the instruction or answered the question.

Table 3.5

Descriptive statistics for normalized variables indicating character of experienced interaction (in-
cluding immediacy)

Variable Mean Std. Dev. Min Max
Referencing in total 0.16 0.25 0 1

Referencing by name 0.01 0.04 0 0.25
Referencing by gender 0.16 0.25 0 1

Touching 0 0 0 0
Talking (all warmth) 0.42 0.49 0 1.67

Response in total 0.09 0.20 0 1
Verbal response 0.08 0.20 0 1

Nonverbal response 0.01 0.05 0 0.25
Follow exercise instruction/

answer game question 0.91 0.10 0.75 1

Pressing buttons on the screen was another element that was observed during the participants’
interaction with the robot. Because of slightly different interaction designs, in each round of
exercises participants had to make one choice extra compared to a round of the game. The extra
choice resulted from the fact that participants had to chose which part of the body they want to
train. Therefore, the descriptive statistics about this variable were presented per role of the robot
(Table 3.6). In case of the exercises, the screen buttons were pressed on average 1.15 times per
round (SD = 0.40). In case of the game, it was on average 0.71 times per round (SD = 0.23).
The values indicate that the screen was not always pressed by the participants and that sometimes
the experiment lead needed to do so to keep the interaction going.

Table 3.6

Descriptive statistics for the normalized amount of pressing buttons on the robot’s screen
Variable Mean Std. Dev. Min Max

Button press during exercises 1.15 0.40 0 2
Button press during game 0.71 0.23 0 1.14

Amount of comments and their type were also considered as important variable during interact-
ing with the robot. As presented in Table 3.7, there were on average 0.16 (SD = 0.38) comments
per each round. The comments were on average more often negative (M = 0.10, SD = 0.31) than
positive (M = 0.06, SD = 0.14).
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Table 3.7

Descriptive statistics for the normalized amount of spoken comments
Variable Mean Std. Dev. Min Max

Comments in total 0.16 0.38 0 2
Positive comments 0.06 0.14 0 0.5

Negative comments 0.10 0.31 0 1.67

3.2 Correlation of Behavioural Variables

As presented in Section Descriptive Data, most of the behavioural variables were divided across
different factors. These factors are pleasure indicators and character of experienced interaction. It
was expected that the variables in each factor would correlate with one another. This section re-
ports the results of relevant tests needed to assess the relationship. However, before the correlation
tests, the assumptions needed for the correlation test were validated. First of all, used variables
are continuous, thus a Pearson correlation is allowed. Second of all, after analysing scatter plots,
no obvious outliers were detected. No other test was executed to check for outliers because the
small dataset makes it ineffective and difficult to interpret. Lastly, linearity and homoscedasticity
should be validated but again the small dataset made it impossible to accurately reflect about the
violation of these two assumptions. Although the assumptions could not be adequately verified,
the correlation tests were executed to check whether there were any signs of potential correlation
between expected behavioural variables.

The factor, pleasure indicator, consists of behavioural variables smiling, laughing, disgust and
sadness. The scatter plots with fitted line (Figure 3.1) showed that there might be a positive cor-
relation between the average number of smiles and laughs per round, negative interaction between
the average number of laughs and disgust faces per round, and positive correlation between the
average number of disgust faces and sad faces per round. Analysis of Pearson correlation tests
(Table 3.8) among the variables confirmed that the relationships between the variables were point-
ing towards the anticipated direction. Moreover, the test showed that the strength of relationships
varied from low to negligible correlation (Hinkle, Wiersma & Jurs, 2003). More explicitly, smiling
and laughing (r = 0.37, p = .01) and disgust and sadness (r = 0.44, p < .01) were positively
correlated and these correlations were statistically significant. However, the strength of these re-
lationships was low. The correlations between remaining pairs of variables were not statistically
significant and the strength of their relationships was negligible.

Table 3.8

The Pearson correlation tests among normalized behavioural variables related to a pleasure indic-
ation. The first number in the cell is the correlation coefficient, and the second number is the
significance level (p-value)

Smiling Laughing Disgust Sadness
Smiling 1

Laughing
0.37
.01

1

Disgust
-0.06
.71

-0.13
.41

1

Sadness
-0.05
.77

0.02
.92

0.44
<.01

1

The second factor, the character of experienced interaction, consists of responding to the
robot questions, immediacy and following exercise instructions or answering game questions. The
immediacy defines the set of other behavioural variables. They are touching the robot, referring
to the robot and talking to the robot. The scatter plots with a fitted line (Figure 3.2) showed
that there might be no correlation between immediacy variables. The scatter plots for variable
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Figure 3.1. Scatter plots with a fitted line for normalized behavioural variables related to a
pleasure indication.

indicating referencing by name is not included as there was only one participant who used the
robots’ name. Analysis of Pearson correlation tests (Table 3.9) confirmed that the relationships
between variables are negligible. The correlation between two different referencing type variables
and the total number of references was not analysed as the total number of references is a sum
of references by name and by gender. The scatter plots with a fitted line for the remaining pairs
of variables (Figure 3.3) showed that there might be a negative relationship between an average
number of following exercise instructions or answering game questions and an average amount of
total responses given per round. A similar negative relationship is noticeable between the average
number of following exercise instructions or answering game questions and an average amount of
verbal responses given per round. Analysis of Pearson correlation tests (Table 3.10) showed that
there is one pair of variables, the average number of followed exercise instruction or answered
game questions per round and the average number of verbal responses per round, that satisfy the
used alpha level (r = −0.30, p = .05) and their relationship has a low negative correlation. This
correlation suggests that the more often the participant followed exercise instruction or answered
game questions the less often he or she would give verbal responses to other questions asked by the
robot. The relationships between the remaining pairs of variables are negligible and statistically
non-significant.
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Figure 3.2. Scatter plots with a fitted line for normalized behavioural variables related to imme-
diacy.

Table 3.9

The Pearson correlation tests among normalized behavioural variables related to immediacy. The
first number in the cell is the correlation coefficient, and the second number is the significance level
(p-value)

Referencing
in total

Referencing
by name

Referencing
by gender

Talking

Referencing in total 1
Referencing by name 1

Referencing by gender
-0.10
.53

1

Talking
-0.07
.66

-0.14
.39

-0.05
.76

1
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Figure 3.3. Scatter plots with fitted line for normalized behavioural variables related to character
of experienced interaction.
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Table 3.10

The Pearson correlation tests among normalized behavioural variables related to character of ex-
perienced interaction. The first number in the cell is the correlation coefficient, and the second
number is the significance level (p-value)

Response
in total

Verbal
response

Nonverbal
response

Follow exercise instruction
answer game question

Referencing in total
0.01
.96

0.01
.93

-0.03
.86

0.15
.35

Referencing by name
-0.07
.67

-0.06
.70

-0.03
.83

0.13
.42

Referencing by gender
0.02
.91

0.02
.88

-0.02
.89

0.13
.42

Talking
0.25
.11

0.25
.11

0.00
.99

0.00
.99

Response in total 1
-0.26
.10

Verbal response 1
-0.08
.59

-0.30
.05

Nonverbal response 1
0.18
.25

3.3 Main analyses

3.3.1 Quantitative analysis

To test the hypotheses, the Chi-square test for independence should be executed. This approach al-
lowed for testing the relation between personality attractiveness and the role of the robot. The first
hypothesis stated that users would express more positive experiences about the service-oriented
(exercises) robot in case of similarity matching in comparison to complementarity matching of per-
sonality. The second hypothesis claimed that the users would express more positive experiences
about the entertainment-oriented (game) robot in case of complementarity matching in compar-
ison to similarity matching of personality. However, due to the suspension of the experiment,
the information about the participants’ personality was missing. Therefore, there was a lack of
information to define the personality attractiveness match. More explicitly, the available data did
not tell whether a participant preferred a similarity or a complementarity match because there
was no information to know whether the participant experienced a similarity or a complementarity
match. Taking into account the mentioned limitations, the Chi-square test for independence was
executed but it tested a different relation. It was the effect of the relation between the robot’s
personality and the role of the robot on the user’s preference.

Before the Chi-square test for independence, the pre-test assumption was examined. The
assumption states that each cell in the contingency table must have a value of at least five. The
available data did not satisfy the assumption. Therefore, instead of executing the Pearson Chi-
square test, Fisher’s exact test was performed and reported. The relation between these variables
was statistically non-significant, p = .49. Thus, the user’s preference did not differ between various
combinations of the robot’s personality and the role of the robot (Table 3.11). However, lack of
statistical significance was something to expect as the dataset is small. From all 21 sessions,
only in eight sessions participants expressed their preference. In the remaining 13 sessions, the
participants did not indicate their preference because they did not prefer one robot over the
other or they did not pay enough attention to this aspect. When considering only the amount
of expressed preferences without statistical tests, a pattern becomes evident. According to Table
3.11, three participants preferred the extroverted personality and only one participant preferred
the introverted personality in the service-oriented role. The opposite pattern is noticeable when
the entertainment-oriented robot was used. In this case, three participants preferred introverted
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personality and only one participant preferred the extroverted personality. Thus, when the robot
was used in the service-oriented role, the extroverted personality was better and, when the robot
was used in the entertainment-oriented role, the introverted personality was better.

Table 3.11

Contingency table for the effect of the relation between the robot’s personality and the role of the
robot on the user’s preference. The first number in the cell is the number of preferences, and the
second number is the adjusted residual

Personality
Introverted Extroverted Total

Role
Service

1
-1.41

3
1.41

4

Entertainment
3

1.41
1

-1.41
4

Total 4 4 8

The potential effect of behavioural variables on the relationship between the robot’s personality
and robot role with respect to the user’s preference was analyzed by inspecting bar graphs with a
score and confidence interval of behavioural variables for each cell in the contingency table (Table
3.11). Inspection of the graphs should allow for spotting variables that could contribute to the
creation of the found effect. No apparent behavioural variables were found that could contribute to
the analysis of the relationship and used for explaining the effect. Therefore, more detailed results
of analysis about the potential effect of behavioural variables on the mentioned relationship are
not reported. However, for complete picture, all graphs are depicted in Appendix A.6.

3.3.2 Qualitative analysis

This section reports about results of thematic analysis. The analysis was executed based on the
interviews that were carried out with the participants after the interaction with each robot and
based on general comments told during the sessions. All participants answered the questions
but only some of them provided more elaborate utterances. The analysis produced three highly
relevant themes and they were reported in separate subsections.

Personal reflection about interaction with the robot

The theme captured users’ reflection about their experience when interacting with the robot. In
general, the robot in both personalities and both roles was experienced positively. The interaction
with the robot in each combination of the personality and the role was liked by users. For example,
when asked after playing the game with the introverted robot: ”What did you think about the
interaction with Marleen?”, the participant 201 answered ”yes I like it ...”. Another common
expression, the interaction was nice, appeared across each combination of the personality and the
role of the robot. That expression did not appear only in the case of the introverted entertainment-
oriented robot. However, in the case of this personality and the role, the interaction was also
perceived as interesting. Apart from that, participant 206 when playing the game consistently
stated across two personalities ”I have to get used to it.”. Worth mentioning are also reflections
expressed while doing exercises with the extroverted robot. In this case, participants stated that
the interaction was fun, that it keeps you busy (Participant 214 ”It keeps you occupied and you
are busy with practicing”) and that you can feel engaged in doing exercises when using that robot
(Participant 202 ”It is a nice game. I am into it ...”). On the other hand, the interactions with
the extroverted service-oriented robot were the only interaction that made users speak negatively
about it. Participant 101 expressed ”I think it is childish.” and participant 204 stated ”No I don’t
like it at all. Not at all”.

Summarizing, the robot regardless of its personality and role was generally liked and enjoyed by
the users when they were asked after interaction with each robot. However, when participants were
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asked about their preference at the end of the entire session, eight participants communicated their
preference (as indicated in Table 3.4). This could suggest that the perceived differences between
robots that produce users’ preferences are not remarkably affecting the general attitude towards
the robot.

Emotional state when interacting with the robot

The theme encapsulated the emotional reflections and state of users when interacting with the
robot. In line with the previous theme, the expressed emotions that occurred when interacting
with each pair of the personality and the role of the robot were mostly positive or neutral. In
each group, some participants felt relaxed or neither stressed nor relaxed during and after the
interaction. As an example, When participant 202 was asked ”Did you find it relax or stressful?”,
the answer was ”No, I think it is relax.”. Additionally, almost in each case, expect the extroverted
entertainment-role robot, participants stated that they are not stressed due to the interaction. An
outstanding statement was expressed by participant 209. This participant asked the experiment
leader twice after experiencing the introverted personality in service and entertainment-oriented
role (once as the first robot in the order and once as the second robot in the order) whether she
would have to use it alone. More explicitly, she asked with worried voice: ”So this thing, you put
it in the room and we have to use it alone?”. There were also a few general statements related
to the emotional state of the users that were not assigned to a specific personality and role of
the robot. Participant 202 expressed willingness to cuddle both robots: ”I cannot cuddle them,
right?”. Participant 208, stated that she finds the interaction with the robots relaxing but she
also said: ”I get nervous, that I do something wrong”. Lastly, two participants claimed that they
have enough after playing the game with the extroverted robot (as the second robot in the order)
when asked what they think about the interaction.

In line with users’ reflections about their experience when interacting with the robot gathered
by the previous theme (Personal reflection about interaction with the robot), emotions developed
during interaction with the robot were mostly positive or neutral. Participants felt relaxed and
not stressed. Participants that expressed non-positive emotions or statements (participant 102,
209, 208, 212) did not have preferences regarding the robot’s personality. This would suggest that
participants’ emotional experiences seem to be not associated with the preferences regarding the
robot’s personality.

Perceived behavioural differences between two personalities of the robot

The theme captured behavioural differences between the two personalities of the robot that users
were able to notice. When participants were asked whether they experienced any differences
between the two personalities of the robot, the most often answer was that there is no difference.
The experiment leaders often followed by asking explicitly whether there are any differences in
robots’ voice or movements. According to a few participants, the only noticeable difference was
in the robots’ verbal communication and according to all participants, there were no differences
in the robots’ movements or appearance. In the case of differences in verbal communication, the
most prominent statement is that the introverted robot is mostly better understood because of its
clearer voice. This claim was stated in four different sessions by three participants. Participant
201 reported that the voice of introverted personality was more clear in the entertainment (”This
one [introverted] is far more clear”) and service-oriented robot (”She [introverted] is more clear
than that one [extroverted]”). The remaining two participants declared similarly but only when
interacting with the entertainment-oriented robot (participant 101 and 206). For example, par-
ticipant 101 argumented his preference towards the introverted entertainment-oriented robot by
saying: ”... because of the speed of talking and the voice, it is clearer”. In case of the extroverted
robot, two participants stated that this type of personality has a clearer voice, participant 101
(”I thought that one talks clearer [points to extroverted robot]”) in service-oriented robot and par-
ticipant 202 (”The voice is better ... clearer”) in the entertainment-oriented robot. Participants
also noticed other differences, for example, participant 208 claimed that: ”He [extroverted] has a
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high voice and that one [introverted] a lower” and that ”One [introverted] has a bit louder voice”.
Moreover, as reported by participant 202: ”This one [extroverted] is louder to understand” and
”The voice [of extroverted] is better, that one [introverted] is more dull”. One participant noticed
a difference on a more general level. Participant 212 stated: ”In my opinion this one [extroverted]
talks differently from the first one [introverted]. (E: Why?) it was a completely different sound”.

Summarizing, during most of the session participants did not notice any difference between
the robots. However, users that perceived differences only indicated variation in the verbal com-
munication of the robot. These differences were enough to create preferences. For almost every
participant that noticed diversity between the robot’s personality (seven out of eight participants),
the difference was the reason for their preference.

38 The effect of a robot’s role on personality matching principles



Chapter 4

Discussion

Socially interactive robots are build from many interaction component (Fong et al., 2003). This
thesis focused on the personality property of the robot and its effect on the interaction and
elderly preferences. More explicitly, the thesis aimed to study the effect of the robot’s role on
similarity and complementarity personality matching principle. The study was performed using
the SARA robot. The robot was developed to have two types of personalities by expressing
different behaviours and speaking with different voices. It was also equipped with two different
roles. One role was service-oriented and it was provided as giving exercise instructions. The other
was the entertainment-oriented role and it was implemented as a Dutch sayings game. Fourteen
residents of the nursing house took part in the experiment by using two personalities of the robot,
straight one after the other, in two separate sessions where they could try the two roles of the robot.
The necessary data was collected through observations and semi-structured interviews. However,
due to a crisis caused by the pandemic of coronavirus (COVID-19) the experiment was suspended
for an undefined time. That led to a limitation in available data, impossibility to check stated
hypotheses and provide an answer to the research question. There was enough data to execute
exploratory analysis but previously stated research question needed to be adjusted. Instead of
analysing the effect of a robot’s role on personality matching principles, the analysis checked the
interaction effect between the robot’s personality and the role of the robot on the user’s preference.
The results of the qualitative and quantitative analyses will be discussed in the following section.

4.1 Main findings

The results of the quantitative analysis showed that potentially there is an interaction effect
between the robot’s personality and the role of the robot on the user’s preference. The results
provided an indication that elderly people might prefer the extroverted personality over the in-
troverted personality of the robot when using the robot in the service-oriented role. A reverse
pattern can be expected when the elderly are using the robot in its entertainment-oriented role.
Under these circumstances, elderly people might prefer interaction with the introverted personal-
ity over the extroverted personality of the robot. However, this conclusion should be taken with
caution, as in more than half of the sessions, the users had no preference. The results of the theme
perceived behavioural differences between the two personalities of the robot were relatively close
to the results of the quantitative analysis. As stated in the theme, most of the elderly people did
not notice any behavioural differences between the two personalities of the robot. That relates to
13 sessions, mentioned in the quantitative analysis, in which the user did not express their pref-
erences. However, participants in remaining sessions noticed differences in verbal communication.
The most often mentioned distinction was the cleanliness of the voice. In seven out of eight cases
these differences were the reasons for participants’ preferences.

Even though users in eight sessions expressed their preference towards a particular personality
of the robot, the results of the thematic analysis showed that in general people perceived interaction
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with both types of personality and role of the robot as a positive experience. There were only two
users that expressed negative emotions towards the robots. The rest of them were positive about
every combination of the robot’s personality and role. In respect to emotions, the same was found.
Users mostly experienced positive or neutral emotions like relaxation and no stress. There were
only three users that show signs of negative emotions although they were not explicitly stated.

4.2 Relation with previous research

Lack of data about the users’ personality did not allow to check whether participant experienced
the similarity or complementarity matching principle. Nevertheless, as mentioned in the same
section, there are studies that claim that certain robot personalities are normally more liked than
others (Heerink et al., 2010; Meerbeek et al., 2008; Verhaegh, 2004). For instance, the result of
one of Heerink and colleagues (2010) experiments proved that elderly people prefer to use more
a socially expressive robot compared to a neutral robot. The socially expressive robot differed
from the neutral robot in its verbal and non-verbal behaviour. In detail, the socially expressive
robot used a participants name during communication, kept eye-contact with the participant and
apologized for its mistakes. The neutral robot did not express these behaviours. Although the
researcher did not refer to these behavioural changes as changes in the robot’s personality, they
can be perceived as such. Usage of participant’s name during communication, keeping eye-contact
with the participant and apologizing for its mistakes can be seen as behaviour assigned to a more
extroverted personality because it makes the communication more formal, polite and it gives the
robot a possibility to be more outgoing and speak more (Brandon, 2012). The conclusion of
Heerink and colleagues (2010) can be generalized to the usage of the robot for the service-oriented
purposes because it was used to set an alarm, give the weather forecast or give directions to
the nearest supermarket. Therefore, it is in line with the findings of this thesis because both
studies confirmed that under the condition of the service-oriented role of the robot, the robot with
extroverted behaviour is preferred over a robot expressing more introverted behaviour.

The study of Meerbeek and colleagues (2008) studied users’ personality and a level of control
preferences when using iCat (Figure 4.1) as a TV program adviser robot. The authors wanted
to know what level of control users prefer for the robot in the TV-assistant application and
whether a particular level of control would match a specific personality. They designed and
implemented an extroverted agreeable personality and an introverted formal personality. In the
situation of low user control, the application could not be operated with user-initiated commands.
The robot took the initiative to start a conversation. The user could interact with the robot by
answering its questions. In the case of high user control, the user could initiate a conversation
and the TV-assistant responded by performing an action or asking a question. The results showed
that participants preferred the extroverted agreeable robot. Their participants stated that the
recommendations of the extroverted robot were more appreciated. They also expressed more
willingness to use the extroverted robot in the future. The purpose of the robot used in the study
of Meerbeek and colleagues (2008) was service-oriented. Therefore, their results are in line with
the findings of this thesis. Similar to the argument stated in the previous paragraph, both studies
confirmed that when a robot has a service-oriented role, the extroverted personality is preferred.

In the study of Verhaegh (2004), where children played a game with an iCat companion, results
indicated that most children preferred the extroverted robot game companion. In the experiment,
each child experienced three types of the robot: Katy, an extrovert and agreeable iCat, Phoebe,
an iCat with a normalized personality, and Felice, a static image on a computer screen of the iCat.
According to the results, children did seem to recognize the design personalities for the iCat.
However, the differences between the perceived personalities were statistically non-significant.
The finding is not in line with the results of this thesis because recommendations of Verhaegh
(2004) favor the extroverted robot in the entertainment-oriented role. This thesis found that the
introverted robot is preferred when a robot is used for a game. The difference can be related to
the fact that in almost all of the cases in this thesis the preference was related to the understand-
ability and clearness of the voice. The differences in personality were never mentioned. In the
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study of Verhaegh (2004) the children did seem to recognize the design personalities of the robot.
Therefore, the found effect across the elderly might be not related to the difference in personality
but just in the communication style. The robot with introverted personality spooked slower with
simple and direct sentences, which as recommended by Eggenberger, Heimerl and Bennett (2013)
is a more comprehensible communication style for people with cognitive impairments as dementia.
But then the question is why the effect of the personality is not general. More explicitly why
the introverted personality of the robot is not always preferred by the elderly. The potential
explanation might be related to the level of cognitive impairment.

Figure 4.1. Picture of iCat from: Bartneck (2009).

Another study that researched similar concepts was the study of Hendriks and colleagues (2011)
where researchers asked potential end-users of a robotic vacuum cleaner to characterize the type of
personality that they would like it to have. They found that most participants wanted a vacuum
cleaning robot with an introverted and withdrawn personality. These results are not in line with
the findings of this thesis because in their study the robotic vacuum cleaner has a service-oriented
role and according to this thesis in that role, the extroverted personality of the robot is preferred.
The difference could be potentially explained by the fact the robotic vacuum cleaner is perceived as
a device or a machine and not as a social robot. People may prefer a more introverted personality
for the device with so basic functionality. In the case of this thesis, the users may have different
preferences because they are experiencing the robot in a more socially interactive manner. This
reasoning is in line with findings of Walters, colleagues (2008) and Brandon (2012). They found
that users assign a more introverted personality to robots with a more machine-like appearance,
function or role (machine or companion). On the other hand, a more extroverted personality is
assigned to a robot with an anthropomorphic appearance. However, against this line of reasoning,
the thesis found that in the entertainment-oriented role the introverted personality of the robot
was preferred. These differences can relate to a user’s perception about the function or the role
of the robot as the appearance was the same in both roles and the difference between roles could
be not notable by the elderly.

4.3 Limitations and future work

The current section reflects about potential limitations of this study and, if possible, suggest a
way to avoid them in future studies. First, the internal validity of the study is considered. Then,
the external validity of the experiment is discussed.

Internal validity defines the extent to which a study creates a trustworthy relationship between
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dependent and independent variables. Additionally, it determines whether the study makes it
possible to eliminate alternative explanations for a finding (Prochaska, 2017). In this thesis, the
experiment was conducted in the field. The elderly were using the robot in their room in casual,
daily circumstances. When the elderly were using the robot, caretakers, relatives, and others were
sometimes present in their room. Their presence and behaviour could affect the participant’s
interaction with the robot and given answers to questions inducing potential disruption for the
findings. This is known as the third-party-present effect (Bernard, 2013).

The field study required the researchers to set up the environment (place the camera, ask the
participant to find a comfortable chair, move furniture to reach the user with the robot, etc.)
when entering into the private space of the elderly. During that moment the elderly were already
commenting and in some way experiencing the robot. This information was not collected but
it could be a valuable source of first impression information that could potentially provide an
additional explanation for the finding. This could be avoided by executing lab research. However,
then the ecological validity of the study would be low because the settings would be far away from
the real-life.

Based on the thematic analysis, the elderly mostly did not perceive any differences between the
robots. The only noticeable difference was the voice and its clearness. Although the difference in
verbal communication is the result of a different personality, it is not the only factor that creates
the personality. Taking this into account, can the findings reflect on the interaction effect of the
personality and the role of the robot on the users’ preference or is it more the interaction effect of
the style of voice and the role of the robot? It is important to keep in mind the results of the pilot
that was executed prior to the main study. It showed big differences in users’ perception between
robots. Thus, in order to avoid this limitation in case of studies with older people, the design and
implementation of more extreme behaviour within personalities would be suggested so that the
elderly could perceive other differences and therefore experience different personalities.

Further, the robot was equipped in two features the Dutch sayings game and exercises which
should reflects two roles of the robot, the entertainment-oriented and the service-oriented respect-
ively. However, the study did not validate whether this two roles were experienced and perceived as
such. If these roles were not perceived accordingly or the differences between them were too small
to detect an effect, the effect found in this thesis would be caused by another factor that is not
taken here into consideration. The suggestion for improvement would be to add a measurement
that can verify this factor.

Lastly, even though participants experienced both personalities one after the other, a few par-
ticipants still showed signs of not remembering that he or she used both robots. More participants
could experience the same without showing any sign. If the elderly did not remember using two
robots, then how trustworthy were their answers? Knowledge about the healthy state of the par-
ticipants as the memory and dementia level could provide a possibility to control for their effect
in the findings.

The external validity defines the extent to which a study can be expected to apply to other
settings (Prochaska, 2017). Overall, the findings of this study are ungeneralizable because the
results might be the user group and time specific. First, the study was executed with the unique
user group and the robot intentionally was designed for this target group. Second, for most of
the participants, it was the first time that they interacted with the robot. Because they had
only one or two sessions to use the robots, the findings would be more likely to be applicable
only in ’first contact’ scenarios. Users’ perception and preference could change over time as they
habituate to the robot. Changes like this were found in long-term studies of, for example, Koay,
Syrdal, Walters and Dautenhahn (2007). Besides the mentioned ungeneralizability, this thesis was
executed with high ecological validity so the findings should be easily generalized to real-world
settings. Moreover, the findings should apply to other situations with different features of the
robot.
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4.4 Contribution to the field

The study did not contribute to the initially stated issue. This thesis aimed to observe users’
experiences while interacting with a robot that has a similar or complementary personality to
their own to explore potential reasons for the contradicting findings. It also aimed to research the
potential effect of the role played by the robot in human-robot interaction on the two personality
matching principles. However, the study contributed to the debate between researchers stating
that generally certain robot’s personalities are more liked than others and researchers claiming
that the type of preferred robot’s personality might depend on other factors as the task or the
role of the robot. This thesis confirmed that the robot’s preferred personality depends on the
role of the robot in that specific context. The thesis did not find a considerable difference in
observed behavioural factors that could potentially explain the preference. Nevertheless, based
on the subjective reflection of the users, the voice of the robot, and more explicitly its clearness,
seems to be the only substantial factor affecting the elderly preference about the robot personality.

The strong point of this thesis is the fact that the experiment was executed in the field with the
target group for who the robot was built. This only has been done a few times in previous research
related to social robot and personality preferences. The collected information and experience are
vital to get the full picture of the interaction between the elderly and the robot. Doing a field
study with the target group is valuable for multiple reasons.

First, it showed how complex the interaction with the robot is and how many other factors are
present when the interaction occurs. One of them is the environment in which users experience
the robot. The environment is dynamic and often different from session to session. There are third
party people entering or being present in the room or TV playing in the background. Another
one is a prejudice that people may have towards technology. Some elderly were excited from the
beginning of the interaction, others needed to be approached many times and convinced to just
try out the robot. In the end, both types took part in the experiment. On the other hand, in a
laboratory study, you can doubt who exactly would respond to the invite and come to take part
in the experiment.

Second, people in their natural environment feel more comfortable and are themselves which
leads to more realistic interaction and experience. Related to that, the field study prompted the
elderly to think about their life with a robot. They shared freely their experiences and sometimes
told what they think about the possibility of introducing the robot in their daily lives. Moreover,
the field study showed how various the elderly and their disabilities are. This gives scientists an
enormous amount of suggestions on how the robot should be designed and implemented to enable
an equal experience of the interaction across a wider scope of users. That would be impossible
within laboratory study as candidates mostly should be able to live independently in order to
come and take part in an experiment. Additionally, the elderly in places as nursing house are
talking to each other and share their experiences. Recommendation from acquaintances and other
similar factors may create a much bigger effect and make the smaller once irrelevant.

Together, these aspects show how complex the real-life context is and how far we as the scientist
are from understanding every detail of human-robot interaction. However, it is important to keep
in mind that the field studies show the trueness of the interaction and provide a realistic estimate
of the effect.

4.5 Conclusion

Given the increasing proportion of elderly people in the population (Kulik et al., 2014) and the
increasing demand for healthcare due to an increasing amount of age-related illnesses (Ritchie
& Kildea, 1995), assistive technological solutions such as social robots is an important area of
research.

One of the essential elements that are often missed during the creation and implementation of
assistive technology is its lack of cognitive and social elements (Ienca et al., 2017; Van der Roest
et al., 2017). These elements can be used for the physical, cognitive and emotional stimulation of
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elderly in the non-pharmacological therapies (Mart́ın et al., 2013) which were proved to diminish
the chance of dementia (Stern & Munn, 2010), postpone age-related drop in health and reduce
the increase in the fatality (Unger et al., 1997). These elements can be built in social robots
and induce a socially acceptable way of interaction (Dautenhahn, 2007). From numerous crucial
interaction components of a socially interactive robot that affect users’ acceptance, this thesis
focused on the personality of the robot. The aim of this study was to get a better understanding
of users’ preferences and the effect of a robot’s role on personality matching principles. Suspension
of the experiment due to the crisis caused by the pandemic of coronavirus (COVID-19) did not
allow to learn about the effect. Nevertheless, the experiment provided information about users’
preferences for a robot’s personality when using it for different purposes. Findings showed that the
elderly prefer extroverted robots when they utilize its service being receiving exercise instruction.
On the other hand, they prefer introverted robots when they utilize its entertainment-oriented
function as playing Dutch sayings game. The results of the current study partially supported
the findings of earlier studies about dependency between the type of preferred robot’s personality
and other factors as the task or the role of the robot. To make a stronger statement about why
certain personality is more preferred in a particular task or role of the robot, more research is
recommended.

We hope that this work ultimately contributes to the endeavor of reducing the high demand
for caregivers by providing design suggestions for socially assistive technology like social robots.
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Appendix A

Main Study Appendices

A.1 Study protocol for the main experiment

Once before the first participant of the day

• Turn on the robot.

• Test whether both roles and personalities are working.

• Check whether capturing video is working by recording a short video.

• Check whether the video is saved in a camera.

Before visiting the participant

• Assign participant the ID

With participant

• Welcome participant

• Chose the personality appropriate for this part of the interaction (see the table). Leave on
Druk om te starten screen.

• Ask whether it is okay to enter the room/get closer to the client with the robots.

– We came to you with Sara and Saras friend, Marleen. Is it okay to enter the room/get
closer to you?

• Enter first with one and then with the second robot. For defining which one should go
first, check the table on the previous page. The Sara robot is extroverted, and the Marleen
robot is introverted. As an example, check the first participant. That participant should
experience exercises feature of the robot in the first interaction session. In that session,
first should be the extroverted robot (thus the Marleen robot should enter first) and then
the introverted robot (thus the Sara robot should enter second). In the second interaction
session, the participant should experience the game feature of the robot. In that session,
first should be the extroverted robot (thus the Marleen robot should enter first) and then
the introverted robot (thus the Sara robot should enter second).

• When the first robot is getting closer, keep approaching and asking whether the distance is
enough or whether it is okay to get even closer. *leave enough space for exercises if need
and come close enough so that the participant can interact with the screen.
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Table A.1

Order of experience for the main study

Participants ID
Order for the feature Order for personality - exercises Order for personality - game

Gender X
Exercises Game Introverted Extroverted Introverted Extroverted

101 1 2 2 1 2 1 Male
201 1 2 2 1 2 1 Female
102 2 1 1 2 1 2 Male
202 2 1 1 2 1 2 Female
103 1 2 1 2 2 1 Male
203 1 2 1 2 2 1 Female
104 2 1 2 1 1 2 Male
204 2 1 2 1 1 2 Female
105 2 1 2 1 2 1 Male
205 2 1 2 1 2 1 Female
106 1 2 1 2 2 1 Male
206 1 2 1 2 2 1 Female
107 2 1 1 2 2 1 Male
207 2 1 1 2 2 1 Female
108 1 2 2 1 1 2 Male
208 1 2 2 1 1 2 Female
109 2 1 1 2 2 1 Male
209 2 1 1 2 2 1 Female
110 1 2 2 1 1 2 Male
210 1 2 2 1 1 2 Female
111 2 1 2 1 2 1 Male
211 2 1 2 1 2 1 Female
112 1 2 1 2 1 2 Male
212 1 2 1 2 1 2 Female
113 2 1 1 2 1 2 Male
213 2 1 1 2 1 2 Female
114 1 2 2 1 1 2 Male
214 1 2 2 1 1 2 Female

• Introduce Sara and Marleen robots.

– You probably already know SARA, right? We also brought today another robot. Her
name is Marleen. It is a friend of SARA. You will have a chance to use her today as
well.

• Explain the informed consent form and ask for signing

– Before we start, we need to sign one paper where we state that you will be interacting
with robots and that we will observe you and collect some information. We will ask
you some question and we would like to record your answers. That is why we would
like to use a camera. As stated in this paper, all information will be used only by us
and we will keep them anonymous and protected. Thus, nobody outside our research
group will be able to identify you or your answers. What is also written there is that
your participation is voluntary and that you can refuse participation and that you can
stop at any time during this session.

• Provide instructions for the participant

– You are going to use two robots. We prepared for you two different versions of the
robot and we want you to tell us what you think about them after using them.

– You will have a chance to play a game about Dutch sayings / do exercises today. Try
to follow the instruction given by the robot.

– If you have any questions, feel free to ask.

– Is everything clear? Good luck!

– Press start to continue.
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when main menu displayed Chose the game/exercise option once again and follow the in-
struction of the robot.

When a participant finished interaction with the first robot

• Provide instructions for the participant

– Now it is time to answer a few simple questions.

– What do you think about interacting with Sara/Marleen robot?

– Did you like the interaction with Sara/Marleen robot? Why -/not?

– Did you find interacting with Sara/Marleen robot relaxing? Why -/not?

– Did interaction with Sara/Marleen robot change your mood? Why -/not?

– Did you find interacting with Sara/Marleen robot stressing? Why -/not?

– Thank you for your answers. We have the last question. [Show the participant poster
with the Manikin form] Each row contains a pair of words that you will use to rate your
feelings about the robot and its/her behavior. Some of the pairs may seem unusual,
but youll probably feel more one way about the robot than another. So, for each pair,
place a finger close to the adjective which you believe describes your reaction to the
robot better. The more appropriate the word seems, the closer you should put your
finger to it.

• Drive away with the first robot.

• When a participant is done with the Manikin, ask whether participant wants a short break.

– Before we will introduce you second robot, would you like to have a short break or have
a glass of water?

• Then, inform the participant:

– Now is the time to play the game/do exercises once again but this time with the second
robot.

• Chose the personality appropriate for this part of the interaction (see the table). Leave on
Druk om te starten screen.

• After that start getting closer with the second robot. Keep approaching and asking whether
the distance is enough or whether it is okay to get even closer. *leave enough space for
exercises if need and come close enough so that the participant can interact with the screen.

• Provide instructions for the participant

– Press start to continue.

when main menu displayed Chose the game/exercise option once again and follow the in-
struction of the robot.

When a participant finished interaction with the second robot

• Provide instructions for the participant

– What do you think about interacting with Sara/Marleen robot?

– Did you like the interaction with Sara/Marleen robot? Why -/not?

– Did you find interacting with Sara/Marleen robot relaxing? Why -/not?

– Did interaction with Sara/Marleen robot change your mood? Why -/not?

– Did you find interacting with Sara/Marleen robot stressing? Why -/not?
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– Thank you for your answers. We have the last question. [Show the participant poster
with the Manikin form] Each row contains a pair of words that you will use to rate your
feelings about the robot and its/her behavior. Some of the pairs may seem unusual,
but youll probably feel more one way about the robot than another. So, for each pair,
place a finger close to the adjective which you believe describes your reaction to the
robot better. The more appropriate the word seems, the closer you should put your
finger to it.

• Ask explicit questions:

– You have interacted with two robots. Can you tell us which robot do you prefer?

– Why do you prefer the Sara/Marleen robot?

– Did you notice any differences between them?

– Did they behave, talked and moved differently?

• Stop the recording

• Check whether the file is saved

• Debrief the participant (*only if it is the section session)

• Thank for the participation

At the end of the day

• Copy all the videos to a hard drive

• Rename files with the id of the participant and the date: ID DDMMYYYY

• Copy all answers from the paper sheets (Manikin and observation) to the google form
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1.

Algemene Informatie
Paragrafen beneden vragen informatie over de algemene demografische informatie van de gebruiker. 

2.

Mark only one oval.

Other:

Vrouw

Mijnheer

3.

4.

Mark only one oval.

Other:

Basisschool

Leerweg ondersteunend onderwijs

VMBO, MAVO of MAVO onderbouw

HAVO of vergelijkbaar

VWO, gymnasium of vergelijkbaar

MBO, MTS

HBO, HTS

WO BSc

WO MSc

Ph. D

Voorkeur om het privé te houden

Document om basis informatie over de gebruikers te
verzamelen
Voordat een gebruiker geïntroduceerd wordt aan de robot willen wij graag wat meer basis informatie verzamelen over hem of haar. Vul 
daarom alstublieft de informatie die hieronder is gespecificeerd in en druk op "Next" om verder te gaan.  
*Required

Vul de id in van de gebruiker *
Elke gebruiker heeft een id dat aan hem of haar is toegewezen. Dit houdt de vertrouwelijke data anoniem.

Aub vul het geslacht in van de gebruiker *

Wat is de leeftijd van de gebruiker? *

Wat is de hoogst behaalde opleiding van de gebruiker? *
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A.2 Demographics, robot usage and BFT 16-items survey
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5.

Mark only one oval.

Ja

Nee

Misschien

Voorkeur om het privé te houden

6.

7.

8.

Tick all that apply.

computer of laptop?

tablet?

smartphone?

niks

9.

Tick all that apply.

Dagelijks

Wekelijks

Maandelijks

Nooit

10.

Gebruikers
gedrag

Hieronder vindt u 16 statements gerelateerd aan mens-mens interactie. Aub, kies het niveau van eens of oneens voor elk statement 
hieronder met de gebruiker in gedachten.  

Heeft de gebruiker ooit eerder interactie met robots gehad? *

Indien ja, hoe vaak heeft de gebruiker interacties met een robot gehad?
*Deze vraag is alleen van toepassing als de gebruiker eerder interacties met een robot heeft gehad.

Wat waren de omstandigheden waaronder de gebruiker interacties met robots heeft gehad?
*Deze vraag is alleen van toepassing als de gebruiker eerder interacties met een robot heeft gehad.

Gebruikt de gebruiker een: *

Hoe vaak gebruikt de gebruiker een van de bovengenoemde apparaten? *

Verstandelijke beperkings score *
Schrijf hier de verstandelijke beperkings score (dementie niveau) van de gebruiker.
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11.

Mark only one oval per row.

This content is neither created nor endorsed by Google.

Ik zie de klant als iemand die ... *

Totaal oneens Oneens Neutraal Eens Totaal mee eens

... spraakzaam is

... geneigd is kritiek te hebben op anderen

... terughoudend is

... mensen over het algemeen vertrouwen

... vol energie is

... gemakkelijk zenuwachtig wordt

... veel enthousiasme opwekt

... ontspannen is en goed met stress kan
omgaan

... doorgaans stil is

... weinig interesse voor kunst heeft

... voor zichzelf opkomt

... een levendige fantasie heeft

... soms verlegen of geremd is

... geneigd is lui of laks te zijn

... hartelijk is, een gezelschapsmens is

... grondig te werk gaat

... spraakzaam is

... geneigd is kritiek te hebben op anderen

... terughoudend is

... mensen over het algemeen vertrouwen

... vol energie is

... gemakkelijk zenuwachtig wordt

... veel enthousiasme opwekt

... ontspannen is en goed met stress kan
omgaan

... doorgaans stil is

... weinig interesse voor kunst heeft

... voor zichzelf opkomt

... een levendige fantasie heeft

... soms verlegen of geremd is

... geneigd is lui of laks te zijn

... hartelijk is, een gezelschapsmens is

... grondig te werk gaat

 Forms
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Interaction with Sara 

Pre-phase 

The distance of the participant from the robot:  

 

 

Introducing the second robot: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Explaining the inform consent form: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Providing instruction: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Hallo, mijn naam is Sara. Leuk u te zien. Ik voel me goed vandaag. Hoe gaat het met u? Laten we een activiteit doen! 

Ik kan niet wachten om u te helpen. 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Short / Long 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Participant ID: ……. 

Date:  ……. - …….. - ………… 

Start time ……. : ……. 

Form for interaction observation (Sara → Marleen) 

Game 

 

Exercises 
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A.3 Observation form in the order - first Sara then Marleen
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Om een activiteit te kiezen, moet u op een van de knoppen op het scherm drukken. 

- Referring: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking: YES / NO 
o Style: Warm / Cold 
o ………… 
 

- Touching: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

- Indicating choices on the screen: 
YES / NO 
o Style: Light | Unsecured 

/ Fearless | Brave 
o ………… 

Main phase 

Welkom bij het Nederlandse gezegden spel. […] Best simpel toch? / Welkom bij gymnastic. […] Dat valt mee! 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Following robot’s instruction: YES 

/ NO 
Style: …………………… 

U kan het! […] Wat is dan het einde? / U kan het! […] Succes! 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Following robot’s instruction: YES 

/ NO 
Style: …………………… 

 

Ik denk dat […] We gaan er voor! / Ik weet dat […] Druk op de knop! 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

- Indicating choices on the screen: 
YES / NO 
o Style: Light | Unsecured 

/ Fearless | Brave 
o ………… 
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Ben u klaar? Het eerste gedeelte van het gezegde is …. [Wait for the answer] / Ben jij er klaar voor? De oefening is … 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o …………  

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Following robot’s instruction: YES 

/ NO 
Style: …………………… 

 

Het juiste antwoord is …. / Not applicable 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
 

U doet het goed! Geef niet op.  

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
 

 

Vind u het leuk? [pauze] Laten we doorgaan naar de volgende ronde. / Vind jij het leuk? Laten wij de volgende ronde 

proberen. 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 

question: YES / NO 

o Style: Nodding | Eye blinking 

o ………… 

 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Indicating choices on the screen: 

YES / NO 
o Style: Light | Unsecured 

/ Fearless | Brave 
o …………………… 
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Post-phase 
Dit is het voor nu. […] keer met u. / Dit is het voor nu. […] met plezier begeleiden. 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Short / Long 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

 

Few simple questions: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Manikin form: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

 End time ……. : ……. 
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Interaction with Marleen 

Pre-phase 

The distance of the participant from the robot:  

 

 

Hallo mijn naam is Marleen. Ben je klaar om een activiteit te starten? 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Short / Long 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Om een activiteit te kiezen, drukt u op een van de knoppen op het scherm. 

- Referring: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking: YES / NO 
o Style: Warm / Cold 
o ………… 
 

- Touching: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Indicating choices on the screen: 

YES / NO 
o Style: Light | Unsecured 

/ Fearless | Brave 
o ………… 

Main phase 

Welkom bij het Nederlandse gezegden spel. […] Dat is 'uit de mouw'. / Welkom bij de gymnastiek. […] en nu moet jij 

de beweging herhalen [video]. 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

 
 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Following robot’s instruction: YES 

/ NO 
Style: …………………… 

Start time ……. : ……. 
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We kunnen het oefenen. […] Wat is dan het einde? / Wij kunnen het nog een keer oefenen. […] Nu moet jij de 

beweging na doen. [video] 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Following robot’s instruction: YES 

/ NO 
Style: …………………… 
 

 

Ik denk dat […] ben jij klaar voor het spel. / Jij doet het goed. […] Druk op een knop om jouw keuze door te geven. 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Indicating choices on the screen: 

YES / NO 
o Style: Light | Unsecured 

/ Fearless | Brave 
o ………… 

 
Het eerste gedeelte van het gezegde is …. [Wait for the answer] / De oefening is alsvolgt 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Correct / Incorrect 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
- Following robot’s instruction: YES 

/ NO 
Style: …………………… 

 

Ik denk dat … het juiste antwoord is. / Not applicable 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 
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Misschien kunnen wij door naar de volgende ronde. / Misschien kunnen wij de volgende oefening doen. 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

- Indicating choices on the screen: 
YES / NO 
o Style: Light | Unsecured 

/ Fearless | Brave 
o …………………… 

Post-phase 
Dit is het einde van het spel. […] als jij dat leuk zou vinden.  

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Non-verbal responds to the robot 
question: YES / NO 
o Style: Nodding | Eye blinking 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 
- Verbal responds to the robot 

question: YES / NO 
o Style: Short / Long 
o ………… 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

 

Explicit question: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Few simple questions: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 

Manikin form: 

- Referring to the robot: YES / NO 
o Style: Name / She | It | Robot 
o ………… 

- Talking to the robot: YES / NO 
o Style: Warm / Cold 
o ………… 

- Touching the robot: YES / NO 
- Style: 

o Light | Unsecured 
/ Fearless | Brave 

o ………… 
 

- Commenting the robot to others: 
YES / NO 
o Style: Positive 

/ Negative 
o ………… 

 
End time ……. : ……. 

APPENDIX A. MAIN STUDY APPENDICES

64 The effect of a robot’s role on personality matching principles



1.

2.

Mark only one oval.

Sara

Marleen

3.

Mark only one oval.

Game with dutch sayings

Exercise training

General information
The section below is used for providing information related to the entire interaction

4.

Example: 4.03.32 (4 hours, 3 minutes, 32 seconds)

5.

Example: 4.03.32 (4 hours, 3 minutes, 32 seconds)

Form for information about the client-robot interaction
This is a form that should be filled in after a session of the client-robot interaction.
*Required

Type in the id of the client *
Each client has an id that is assigned to her or him. That keeps the confidential data anonymous.

What was the name of the robot that the participant interacted with?

What feature of the robot did experience the participant?

The start time of the interaction *
For seconds type: 00

The end time of the interaction *
For seconds type: 00
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6.

Mark only one oval.

Other:

The client mostly used name of the robot

The client mostly used a gender reference towards the robots (she, it, robot)

The client did not refer to the robot during the entire interaction

7.

Mark only one oval.

Other:

The client mostly used vocal warmth

The client mostly used vocal cold

The client did not talk to the robot during the entire interaction

Pre-
phase

The questions below relate only to the pre-phase of the interaction which is from the moment of entering a room with the robot through 
robot introduction to the choice of the interaction.

8.

9.

10.

11.

Mark only one oval.

Other:

The client mostly touched the robot in an unsecured and light way.

The client mostly touched the robot fearlessly and bravely.

If the client referred to the robot, how was it done?
What style of referencing towards the robot was used by the client?

If the client talked to the robot, what was the tone of voice?

Did the client respond non-verbally to questions asked by the robot during this phase of the interaction? *
If yes, write down how many times the client responded non-verbally to questions asked by the robot. If no, fill in "0". Examples of non-verbal answers are
nodding and eye blinking.

Did the client respond verbally to questions asked by the robot during this phase of the interaction? *
If yes, write down how many times the client responded verbally to questions asked by the robot. If no, fill in "0". Verbal responses are responses that use
sentences, words, etc.

Did the client touch the robot during this phase of the interaction? *
If yes, write down how many times the client touches the robot. If no, fill in "0".

*If yes, what type of touches they were?
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12.

13.

14.

15.

16.

Mark only one oval.

Other:

The client commented on the robot mostly in a positive way.

The client commented on the robot mostly in a negative way.

The main
phase

The questions below relate only to the main phase of the interaction which is from the moment of introducing the feature to 
finishing a game or an exercise round.

17.

18.

19.

How many times did the client refer to the robot during this phase of the interaction? *

Write down how many times the client referred to the robot. If the person did not refer to the robot in this phase, fill in "0".

How many times did the client talk to the robot during this phase of the interaction? *
Write down how many times the client talked to the robot. If the person did not talk to the robot in this phase, fill in "0".

Did the client indicate choices on the screen of the robot by him/her self during this phase of the interaction? *
If yes, write down how many times it happened during this phase of the interaction. If no, fill in "0".

Did the client comment about the robot to others present in the room during this phase of the interaction? *
If yes, write down how many times it happened during this phase of the interaction. If no, fill in "0".

*If yes, what type of comments they were?

Did the client respond non-verbally to questions asked by the robot during this phase of the interaction? *
If yes, write down how many times the client responded non-verbally to questions asked by the robot. If no, fill in "0". Examples of non-verbal answers are
nodding and eye blinking.

Did the client respond verbally to questions asked by the robot during this phase of the interaction? *
If yes, write down how many times the client responded verbally to questions asked by the robot. If no, fill in "0". Verbal responses are responses that
use sentences, words, etc.

Did the client touch the robot during this phase of the interaction? *
If yes, write down how many times the client touches the robot. If no, fill in "0".
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20.

Mark only one oval.

Other:

The client mostly touched the robot in an unsecured and light way.

The client mostly touched the robot fearlessly and bravely.

21.

22.

23.

24.

25.

26.

Mark only one oval.

Other:

The client commented on the robot mostly in a positive way.

The client commented on the robot mostly in a negative way.

Post-
phase

The questions below relate only to the post-phase of the interaction which is from the moment of thanking for participation to the 
moment of asking after interaction questions.

*If yes, what type of touches they were?

How many times did the client refer to the robot during this phase of the interaction? *
Write down how many times the client referred to the robot. If the person did not refer to the robot in this phase, fill in "0".

How many times did the client talk to the robot during this phase of the interaction? *
Write down how many times the client talked to the robot. If the person did not talk to the robot in this phase, fill in "0".

Did the client follow the instructions of the robot during this phase of the interaction? *
If yes, write down how many times the client followed the instructions of the robot during this phase of the interaction. If no, fill in "0".

Did the client indicate choices on the screen of the robot by him/her self during this phase of the interaction? *
If yes, write down how many times it happened during this phase of the interaction. If no, fill in "0".

Did the client comment about the robot to others present in the room during this phase of the interaction? *
If yes, write down how many times it happened during this phase of the interaction. If no, fill in "0".

*If yes, what type of comments they were?
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27.

28.

29.

30.

Mark only one oval.

Other:

The client mostly touched the robot in an unsecured and light way.

The client mostly touched the robot fearlessly and bravely.

31.

32.

33.

34.

Mark only one oval.

Other:

The client commented on the robot mostly in a positive way.

The client commented on the robot mostly in a negative way.

Did the client respond non-verbally to questions asked by the robot during this phase of the interaction? *
If yes, write down how many times the client responded non-verbally to questions asked by the robot. If no, fill in "0". Examples of non-verbal answers are
nodding and eye blinking.

Did the client respond verbally to questions asked by the robot during this phase of the interaction? *
If yes, write down how many times the client responded verbally to questions asked by the robot. If no, fill in "0". Verbal responses are responses that
use sentences, words, etc.

Did the client touch the robot during this phase of the interaction? *
If yes, write down how many times the client touches the robot. If no, fill in "0".

*If yes, what type of touch they were?

How many times did the client refer to the robot during this phase of the interaction? *
Write down how many times the client referred to the robot. If the person did not refer to the robot in this phase, fill in "0".

How many times did the client talk to the robot during this phase of the interaction? *
Write down how many times the client talked to the robot. If the person did not talk to the robot in this phase, fill in "0".

Did the client comment about the robot to others present in the room during this phase of the interaction? *
If yes, write down how many times it happened during this phase of the interaction. If no, fill in "0".

*If yes, what type of comments they were?
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General experience
This section relates to the questions asked just after interaction with one of the two robots.

35.

36.

Mark only one oval.

Other:

Yes

No

37.

Mark only one oval.

Other:

Yes

No

38.

Mark only one oval.

Other:

Yes

No

Skip to question 42

The robot assessment with
Manikin

The questions below relate to the moment when the participant was providing answers bu placing the finger 
on the poster.

39.

Mark only one oval.

Very negative

1 2 3 4 5

Very positive

What do you think about interacting with the robot? *

Did you like the interaction with the robot? *

Did you find interacting with the robot relaxing? *

Did you find interacting with the robot stressing? *

Indicate where the client placed the finger.
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40.

Mark only one oval.

Not activated

1 2 3 4 5

Very activated

41.

Mark only one oval.

Very dominant

1 2 3 4 5

Not dominant

Explicit
questions
about
preference

The questions below relate to the moment when we asked the participant about the preference of the robots and his or her 
reasoning. *If you are filling in the form for the second time for the same participant, you can skip this section. 

42.

Mark only one oval.

Other:

Sara

Marleen

43.

44.

Indicate where the client placed the finger.

Indicate where the client placed the finger.

Which robot was preferred?

What was the reason for the preference?

Did the client notice any differences between them?
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1.

2.

Mark only one oval.

Sara

Marleen

3.

Mark only one oval.

Game with dutch sayings

Exercise training

Pre-
phase

The questions below relate only to the pre-phase of the interaction which is from the moment of entering a room with the robot through 
robot introduction to the choice of the interaction.

4.

5.

6.

7.

Form for information about the client-robot interaction
This is a form that should be filled in during behavior coding from a session of the client-robot interaction.
*Required

Type in the id of the client *
Each client has an id that is assigned to her or him. That keeps the confidential data anonymous.

What was the name of the robot that the participant interacted with? *

What feature of the robot did experience the participant? *

How many times the participant was smiling during the pre-phase of the interaction? *

How many times the participant was laughing during the pre-phase of the interaction? *

How many times the participant was clapping during the pre-phase of the interaction? *

How many times the participant was angry during the pre-phase of the interaction? *
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A.5 Form used for data collection from recorded video
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8.

9.

10.

11.

12.

The main
phase

The questions below relate only to the main phase of the interaction which is from the moment of introducing the feature to 
finishing a game or an exercise round.

13.

14.

How many times the participant was disgust during the pre-phase of the interaction? *

How many times the participant was sad during the pre-phase of the interaction? *

How many times did the participant look away from the robot during the pre-phase of the interaction? *

How many seconds did the participant look away from the robot during the pre-phase of the interaction? *
Convert time to seconds and fill it in below.

Are there any other behaviors of the participant that occurred in the pre-phase of the interaction and are worth
mentioning considering the main purpose of the study? If so, what?

How many times the participant was smiling during the main phase of the interaction? *

How many times the participant was laughing during the main phase of the interaction? *
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15.

16.

17.

18.

19.

20.

21.

How many times the participant was clapping during the main phase of the interaction? *

How many times the participant was angry during the main phase of the interaction? *

How many times the participant was disgust during the main phase of the interaction? *

How many times the participant was sad during the main phase of the interaction? *

How many times did the participant look away from the robot during the main phase of the interaction? *

How many seconds did the participant look away from the robot during the main phase of the interaction? *
Convert time to seconds and fill it in below.

Are there any other behaviors of the participant that occurred in the main phase of the interaction and are worth
mentioning considering the main purpose of the study? If so, what?
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Post
phase

The questions below relate only to the post-phase of the interaction which is from the moment of thanking for participation to the 
moment of asking after interaction questions.

22.

23.

24.

25.

26.

27.

28.

How many times the participant was smiling during the post phase of the interaction? *

How many times the participant was laughing during the post phase of the interaction? *

How many times the participant was clapping during the post phase of the interaction? *

How many times the participant was angry during the post phase of the interaction? *

How many times the participant was disgust during the post phase of the interaction? *

How many times the participant was sad during the post phase of the interaction? *

How many times did the participant look away from the robot during the post phase of the interaction? *
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29.

30.

31.

This content is neither created nor endorsed by Google.

How many seconds did the participant look away from the robot during the post phase of the interaction? *
Convert time to seconds and fill it in below.

Are there any other behaviors of the participant that occurred in the post phase of the interaction and are worth
mentioning considering the main purpose of the study? If so, what?

If there was a break between interacting with two robots, how long was it?

 Forms
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APPENDIX A. MAIN STUDY APPENDICES

A.6 Graphs representing a score of observed variables in
each category

Figure A.1. Bar charts representing normalized distribution of behavioral variables across four
categories (from left: extroverted-exercises, introverted-exercises, extroverted-game, introverted-
game).
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Figure A.2. Bar charts representing normalized distribution of behavioral variables across four
categories (from left: extroverted-exercises, introverted-exercises, extroverted-game, introverted-
game).
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Appendix B

Pilot Appendices

B.1 Study protocol for the pilot experiment

Once before first participant of the day

• Turn on the robot.

• Test whether both roles and personalities are working.

• Check whether capturing video is working by recording a short video.

• Check whether the video is saved in a camera.

• Start survey - https://forms.gle/D4pUMcTX9Mv6NQBE9

Before participant comes

• Assign participant the ID.

• Run the first personality and the role (leave on screen Druk om te starten

Table B.1

Order of experience for the pilot experiment
Participant ID

starts with
Extroversion Agreeableness

01 1 (game-exercise) 2 (exercise-game)
02 2 (game-exercise) 1 (game-exercise)
03 1 (exercise-game) 2 (exercise-game)
04 2 (game-exercise) 1 (exercise-game)
05 2 (exercise-game) 1 (game-exercise)
06 1 (exercise-game) 2 (game-exercise)

With participant

• Welcome participant

• Hand out informed consent form

• Provide instructions for the participant

– You are going to interact with a robot. I prepared for you two different version of the
robot and your task will be to asses them by answering few questions later on.
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– You will have a chance to play a game about Dutch sayings and do few physical exercises.
Try to follow instruction given by the robot.

– If you have any questions, feel free to ask.

– Is everything clear? Good luck!

When participant finished one interaction (x 2)

• Ask questions:

– What do you think about interacting with the robot?

– Did you like the interaction with the robot? Why -/not?

– Did you find interacting with the robot relaxing? Why -/not?

– Did interacting with the robot the changed your mood? Why -/not?

– Did you find interacting with the robot stressing? Why -/not?

• Provide instructions for the participant with respect to the survey

– Please fill in the survey now. Provide the demographic information only once. - ht-
tps://forms.gle/D4pUMcTX9Mv6NQBE9

• In the meantime, prepare the next personality and the role. Check the order in the table on
the previous page.

• Provide instructions for the participant

– Please continue with the interaction.

When participant 2 interactions

• Ask explicit question:

– Now as you interacted with all versions of the robot, I would like to ask you which
interaction you preferred and why it is the case?

– Did you notice any differences between them? Did they behave, talked or moved dif-
ferently?

– You have interacted with two robots while using two different features, game and ex-
ercises. These two different robots differ by their personality. Which of the robot is
introverted and which one is extroverted? When you make your choice, can you tell
why you think so?

• Stop the recording

• Check whether the file is saved

• Debrief the participant if wanted

• Thank for the participation

At the end of the day

• Copy all the videos to a hard drive

• Rename files with the id of the participant and the date: ID DDMMYYYY
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1.

2.

Mark only one oval.

Yes Skip to question 3

No Skip to question 9

General information
Section below ask you about general demographic information.

3.

Mark only one oval.

Other:

Female

Male

Prefer not to say

4.

5.

Mark only one oval.

Other:

Pre-school (Basisonderwijs)

Vocational high school (VMBO, MAVO of MAVO onderbouw)

Applied science high school (HAVO of vergelijkbaar)

High school (VWO, gymnasium of vergelijkbaar)

Labor school (MBO, MTS)

University of applied science (HBO, HTS)

University BSc (WO BSc)

University MSc (WO MSc)

Ph. D

Prefer not to say

Robot pilot assessment
*Required

Type in your participation ID *

Are you filling in this assessment for the first time? *

Please indicate your gender *

What is your age? *

What is the highest degree or level of school you have completed? *
If currently enrolled, highest degree received.

APPENDIX B. PILOT APPENDICES

B.2 Demographics, robot usage and BFT 44-items survey
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6.

Mark only one oval.

Yes

No

Maybe

Prefer not to say

7.

8.

Interaction with the
robot

You just had a chance to interact with one of our robots. Please answer short questions below related to the robot 
and press "Next"

9.

Mark only one oval.

Sara

Marleen

10.

Mark only one oval.

Other:

Game with dutch sayings (sayings are popular proverbs)

Exercise training

Robot's
behavior

Below you can find a number of characteristics that may or may not apply to the robot. For example, do you agree that the robot is 
someone who likes to spend time with others? Please choose a number for each statement to indicate the extent to which you 
agree or disagree with that statement.

Did you interact with robots before? *

If you did, how many times you did interact with robots?
*This question apply only if you interacted with robots before.

In what circumstances did you have a chance to interact with robots?
*This question apply only if you interacted with robots before.

What was the name of the robot? *

What feature of the robot did you just experience? *
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11.

Mark only one oval per row.

I see the robot as a robot that ... *

Disagree
strongly

Disagree a
little

Neither agree nor
disagree

Agree a
little

Agree
strongly

... is talkative

... tends to find fault with others

... does a thorough job

... is depressed, blue

... is original, comes up with new ideas

... is reserved

... is helpful and unselfish with others

... can be somewhat careless

... is relaxed, handles stress well

... is curious about many different
things

... is full of energy

... starts quarrels (arguments) with
others

... is a reliable worker

... can be tense

... is ingenious, a deep thinker

... generates a lot of enthusiasm

... has a forgiving nature

... tends to be disorganized

... worries a lot

... has an active imagination

... tends to be quiet

... is generally trusting

... tends to be lazy

... is emotionally stable, not easily
upset

... is inventive

... has an assertive personality

... can be cold and aloof (not friendly
or forthcoming)

... perseveres until the task is finished

... can be moody (unpredictable

... is talkative

... tends to find fault with others

... does a thorough job

... is depressed, blue

... is original, comes up with new ideas

... is reserved

... is helpful and unselfish with others

... can be somewhat careless

... is relaxed, handles stress well

... is curious about many different
things

... is full of energy

... starts quarrels (arguments) with
others

... is a reliable worker

... can be tense

... is ingenious, a deep thinker

... generates a lot of enthusiasm

... has a forgiving nature

... tends to be disorganized

... worries a lot

... has an active imagination

... tends to be quiet

... is generally trusting

... tends to be lazy

... is emotionally stable, not easily
upset

... is inventive

... has an assertive personality

... can be cold and aloof (not friendly
or forthcoming)

... perseveres until the task is finished

... can be moody (unpredictable
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This content is neither created nor endorsed by Google.

changes of mood)

... values artistic, aesthetic
experiences

... is sometimes shy, inhibited

... is considerate and kind to almost
everyone

... does things efficiently

... remains calm in tense situations

... prefers work that is routine

... is outgoing, sociable

... is sometimes rude to others

... makes plans and follows through
with them

... get nervous easily

... likes to reflect, play with ideas

... has few artistic interests

... likes to cooperate with others

... is easily distracted

... is sophisticated in art, music, or
literature

changes of mood)

... values artistic, aesthetic
experiences

... is sometimes shy, inhibited

... is considerate and kind to almost
everyone

... does things efficiently

... remains calm in tense situations

... prefers work that is routine

... is outgoing, sociable

... is sometimes rude to others

... makes plans and follows through
with them

... get nervous easily

... likes to reflect, play with ideas

... has few artistic interests

... likes to cooperate with others

... is easily distracted

... is sophisticated in art, music, or
literature

 Forms
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