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“We are fascinated with robots  

because they are reflections of ourselves” 
Ken Goldberg 
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ZUSAMMENFASSUNG 

Die Technologie von artifiziellen Entitäten entwickelt sich zurzeit rasant weiter, was zur Folge 

hat, dass diese vermehrt in den verschiedensten privaten sowie öffentlichen Bereichen zum 

Einsatz kommen. Da artifizielle Entitäten technologischer Natur sind, dennoch aber 

Lebendigkeit durch ihr Aussehen und Verhalten suggerieren, ist es schwierig, sie eindeutig zu 

klassifizieren. Dies wiederum hat verschiedene Auswirkungen auf ihre menschlichen 

Interaktionspartner und löst verschiedene Reaktionen aus, welche noch nicht vollständig 

erforscht wurden. Um erfolgreiche sowie angenehme zukünftige Interaktionen mit artifiziellen 

Entitäten zu gestalten, ist es wichtig genauer zu untersuchen, welche Faktoren die 

Wahrnehmung beeinflussen und wie diese Faktoren miteinander interagieren. Dies wird durch 

die Studien des vorliegenden Kumulus thematisiert, welche Folgendes untersuchen: 

a) Erwartungen zusammen mit technologischer Expertise als Wahrnehmungsfilter der Realität, 

b) Attributionsprozesse in Interaktionen mit künstlichen Entitäten und c) die Wirkung des 

Verhaltens von artifiziellen Entitäten auf die Gesamtwahrnehmung. 

Im ersten Schritt lag der Schwerpunkt von Studie I und II (Forschungsarbeit I) darin, die 

Erwartungen der Menschen bezüglich künstlicher Entitäten und die Entstehung dieser 

Erwartungen zu erforschen. Dazu wurden persönliche Erfahrungen, Medienrezeption und 

technologische Expertise als Einflussfaktoren betrachtet. Insbesondere eine erhöhte 

Medienrezeption, welche auch die Rezeption von Science-Fiction-Formaten umfasste, führte 

zu hohen Erwartungen bezüglich der Fähigkeiten sowie des generellen zukünftigen Einsatzes 

künstlicher Entitäten. Technologische Expertise scheint zudem Ängste im Zusammenhang mit 

künstlichen Entitäten zu reduzieren, während die Kenntnis von "bösartigen" artifiziellen 

Science-Fiction-Charakteren negative Erwartungen verstärkt.  

Auf Basis der beiden in den Massenmedien prominentesten Ansichten bezüglich artifizieller 

Entitäten, untersuchte Studie III (Forschungsarbeit II) wie ein sozialer Roboter wahrgenommen 

wird, welcher entweder mit der Absicht ein hilfreicher Assistent oder ein bedrohlicher 

Konkurrent zu werden dargestellt wird. Zudem präsentierte der Roboter entweder dürftige oder 

hochentwickelte Interaktionsfähigkeiten. Der Assistenz-Roboter wurde als sozial umgänglicher 

empfunden im Vergleich zu dem Konkurrenz-Roboter. Das Niveau der Interaktionsfähigkeiten 

hatte jedoch mit Abstand den stärksten Einfluss auf die Gesamtwahrnehmung des Roboters. 

Studie IV (Forschungsarbeit III) untersuchte, wie die Wahrnehmung eines Roboters, welcher 

entweder positives oder negatives Feedback gibt, dadurch beeinflusst wird, ob sein Handeln als 

autonom oder streng vorprogrammiert dargestellt wird. Mehr Agency, Verantwortlichkeit und 
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Kompetenz wurden dem autonom agierenden Roboter zugeschrieben, während die Valenz des 

Feedbacks den größten Einfluss auf die Gesamtwahrnehmung des Roboters hatte. 

In Studie V (Forschungsarbeit IV) wurde darüber hinaus untersucht, wie negatives Verhalten 

einer artifiziellen Entität wahrgenommen wird, wenn sie entweder von einer Person, einem 

Computer oder einer Mischung aus Person und Computer gesteuert wird und zudem entweder 

über hohe oder geringe Expertise verfügt. Die Ergebnisse zeigten nur geringe Unterschiede, die 

darauf hindeuten, dass Agency aber auch Schuldvorwurf und negativer Affekt bei der 

Steuerung durch eine Person am höchsten waren und am niedrigsten, wenn ein 

Computerprogramm die Handlungen bestimmte, während sich die Mischform irgendwo 

dazwischen bewegte. 

Zusammenfassend wurden anhand der fünf Studien die individuellen sowie kombinierten 

Einflüsse von Erwartungen, Attributionsprozessen und Verhaltensweisen auf die 

Wahrnehmung künstlicher Entitäten eingehend untersucht. Erwartungen sowie die 

technologische Expertise der Menschen bildeten einen Rahmen für die Wahrnehmung. 

Insbesondere die am häufigsten in den Medien vertretenen Erwartungen – Assistenz versus 

Konkurrenz – beeinflussten die wahrgenommene soziale Umgänglichkeit artifizieller Entitäten. 

Was den Einfluss von Attributionen betrifft, so verstärkte die Darstellung einer artifiziellen 

Entität als autonom agierend ihre wahrgenommene Agency, Verantwortlichkeit und 

Kompetenz. Abgesehen von diesen Faktoren, die sich auf die Wahrnehmung bestimmter 

Merkmale einer artifiziellen Entität beschränken, stellt das Verhalten von artifiziellen Entitäten 

den größten Einflussfaktor auf die Gesamtwahrnehmung dar. Genauer gesagt führt als 

angenehm empfundenes Verhalten dazu, dass die artifizielle Entität in einem positiven Licht 

wahrgenommen wird, während abstoßend empfundenes Verhalten zu einer negativen 

Wahrnehmung führt. Um erfolgreiche und erstrebenswerte Interaktionen mit artifiziellen 

Entitäten zu gestalten, sollten auf Basis der vorliegenden Ergebnisse die folgenden Aspekte 

beachtet werden: a) wünschenswerte Erwartungen und eine hohe technologische Expertise 

können Ängste abbauen und die wahrgenommene soziale Umgänglichkeit verbessern, b) 

wahrgenommene Autonomie fördert die Zuschreibung von Agency, Kompetenz und 

Verantwortlichkeit und c) eine sorgfältige Gestaltung von positiv empfundenen Verhalten führt 

zu einer positiven Gesamtbewertung der artifiziellen Entität und der Interaktion mit dieser. 
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ABSTRACT 

The technology behind artificial entities is rapidly advancing which entails that artificial entities 

are progressively used in various areas ranging from people’s homes to public institutions. 

Since artificial entities are technological in nature but suggest liveliness via their appearance 

and behavior, it is challenging to classify them without ambiguity. This in turn has various 

effects on and elicits different reactions of people interacting with them, which are not fully 

explored yet. In order to design successful and pleasant future interactions with artificial 

entities, it is crucial to examine more thoroughly which factors have what kind of influence on 

how they are perceived and how these factors interact with each other. This is addressed by the 

studies of the cumulus which particularly investigate a) expectations alongside with 

technological expertise as perceptual filters of the reality, b) attribution processes in interactions 

with artificial entities, and c) the effects of artificial entities’ behaviors on overall perceptions.  

As a first step, the focus of study I and II (research paper I) was to explore people’s expectations 

regarding artificial entities and how they develop by considering personal experiences, 

reception of mass media, and technological expertise as influencing factors. Particularly mass 

media reception including science fiction formats led to enhanced expectations regarding the 

skills and general future role of artificial entities. Technological expertise appeared to have a 

diminishing effect on fears related to artificial entities, while recalling “bad” artificial science 

fiction characters enhanced negative expectancies.  

Drawing on the two views on artificial entities which are most prominently represented in mass 

media, study III (research paper II) examined the effect of portraying a social robot as aiming 

to become a helpful assistant or threatening competitor in combination with having the robot 

display either poor or elaborated interaction skills. The assistant-expectation caused people to 

perceive the robot as more sociable than the competitor-expectation, however, the level of 

interaction skills was able to determine the overall perception with large effect sizes. 

Study IV (research paper III) looked at how portraying a social robot as acting autonomously 

or being strictly pre-programmed influences how it is perceived in combination with having the 

robot provide either positive or negative feedback. More agency, responsibility, and 

competence were attributed to the autonomously acting robot, while the valence of the feedback 

had the greatest impact on the overall perception.  

In study V (research paper IV) it was further examined how having a person, computer, or a 

mix form of the two control an agent’s behavior combined with high or low expertise influences 

how its offensive behavior is perceived. Only minor differences could be found which indicate 



 

XII 
 

that agency, blame, and negative affect were highest with a person and lowest with a computer 

program controlling the agent’s action, while the mix form settles somewhere between. 

Summing up, by means of these five studies, the individual and combined influences of 

expectations, attributions, and behaviors on the perception of artificial entities were explored in 

depth. Expectations and people’s technological expertise were found to form a perceptual 

frame. Particularly, expectations regarding the two most common views on artificial entities in 

mass media – assistant versus competitor – have an effect on the perceived sociability of 

artificial entities. Regarding the influence of attributions, presenting an artificial entity as acting 

autonomously enhances its perceived agency, responsibility, and competence. Besides these 

factors having confined effects on the perception of certain characteristics of an artificial entity, 

its behavior constitutes the greatest factor influencing the overall perception. More specifically, 

pleasant behavior leads to perceiving the artificial entity in a rather favorable light, while 

repulsive behavior leads to a negative perception. To foster successful and desirable interactions 

with artificial entities, based on the present results the following should be kept in mind: 

a) desirable expectations and high technological expertise reduce fears and enhance the 

perceived sociability, b) autonomy promotes the attribution of agency, competence, and 

responsibility, and c) a careful design of positively perceived behavior leads to a positive overall 

evaluation of the artificial entity and the interaction with it.  
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1. INTRODUCTION 

Artificial entities, whether referring to robots with real-world physical embodiments or virtual 

agents presented on a screen, fascinate all kinds of people across the world and inspired the 

works of many science fiction authors over the years (Asimov, 1947, 1950; Clarke, 1968; Dick, 

1968). As a consequence, most people grew up with the beloved R2-D2 from Star Wars as well 

as with the threatening Terminator. However, what long appeared in science fiction only, now 

begins to conquer the real world. With the rapid advancement of the technology behind artificial 

social interaction partners, people are now confronted with the prospect of encountering these 

artificial entities on a daily basis in their private as well as work-related environments. This 

could be interacting with a chat bot when contacting a company’s customer service, using a 

speech assistant like Amazon’s Alexa to play music or command smart home devices, or 

collaborating with a social robot when taking care of elderlies or children. Since artificial 

entities are clearly technological in nature but create the impression to be alive (Kahn et al., 

2011), questions concerning people’s perception of these entities arise. It is particularly pivotal 

to examine factors and mechanisms influencing people’s perceptions of artificial entities in 

depth since they will ultimately determine the acceptance, usage intentions, as well as actual 

usage of these kinds of technologies (Davis, 1989, 1993). Beyond that, learning how people 

form perceptions regarding artificial entities will teach us more about how humans feel, think, 

and behave when interacting with non-human interaction partners. Ultimately, this will also 

extend our knowledge regarding human perception mechanisms in general. By means of social 

interactions with artificial entities, we are able to systematically examine social mechanisms 

and to extract specific perceptional and behavioral responses to certain factors while controlling 

for others. This is particularly feasible by employing artificial compared to human interaction 

partners, since artificial entities are more controllable and able to systematically simulate 

certain expressions. Against this background, the aim of this thesis is to examine expectations, 

attributions, as well as behaviors and how they influence people’s perception of their interaction 

partners, particularly in the context of interactions with artificial entities.  

For a start, expectations are believed to function as perceptual filters of the reality (Burgoon, 

1993; Burgoon & Le Poire, 1993) and thus may shape how artificial entities are perceived 

considerably. Expectations can be formed based on a) categories associated with typical 

behaviors, attitudes, and emotional reactions, b) personal experiences as direct observations of 

behavior, and c) reputation based on reports of experiences by others (Andersen & Klatzky, 

1987; Darley & Fazio, 1980). Regarding the assignment of a category, artificial entities pose a 
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great and novel challenge. As mentioned before, artificial entities are clearly of non-human and 

technological nature, however, they possess characteristics of a living being and several studies 

show that people generally tend to react to artificial entities as if they were interacting with 

human interaction partners (Nass & Moon, 2000; Reeves & Nass, 1996). These circumstances 

make it hard for people to assign a clear category to them (Kahn et al., 2011; Severson & 

Carlson, 2010), which is described as uncertainty at category boundaries (Ramey, 2006). Since 

most people also lack personal experiences with sophisticated artificial entities, they likely rely 

for most parts on information by third party sources (Banks, 2020). Because mass media are 

wide-spread and easily accessible by a great audience (Nisbet et al., 2002), they are believed to 

be important means by which people form their expectations (Banks, 2020). These expectations 

in turn are often inflated and may not reflect actual state-of-the-art technology, which leads to 

a gap between people’s expectations and the reality of artificial entities and causes biased 

perceptions (Komatsu & Yamada, 2011; Kwon et al., 2016). Thus, this work takes into account 

people’s expectations as important aspect influencing the perception of artificial entities. 

Additionally, since artificial entities are technological devices or applications, people’s 

technological expertise may play a considerable role for the perception of these entities. Here, 

people’s attitude towards technologies as well as their locus of control when handling 

technological devices should have an impact. Technical affinity, which reflects the extent 

people are attracted to technologies, should have a consistently positive influence on people’s 

perception of artificial entities since they represent a particularly fascinating new technology 

(Karrer et al., 2009; Morahan-Martin & Schumacher, 2007). Individuals with a high locus of 

control when handling technology, however, may be able to evaluate artificial entities and their 

abilities more realistically (Beier, 1999). 

The next influencing factor for the perception of artificial entities considered in this thesis is 

the attribution of the causality of and intentionality behind an artificial entity’s behavior. As the 

attribution theory by Kelley (1973) suggests, people always seek to identify whether a behavior 

is caused by internal or external factors. This is extended by more recent research which 

emphasizes the importance of the motives which are believed to have guided a person’s 

behavior for how this person is perceived and evaluated (Malle et al., 2001; Reeder et al., 2002). 

In order to ascribe causality as well as intentionality to an artificial entity, agency is considered 

as prerequisite. Agency can be described as the capability to perform actions (Himma, 2009), 

independently and free of choice (Barker, 2005) and is one of the most discussed aspects in the 

field of interactive devices. Since one of the main purpose of artificial entities is to interact with 
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humans and to take over traditionally human tasks, the attribution of moral agency in particular 

moves into the center of attention (Banks, 2019; Sullins, 2006). Moral agency comprises 

morality and agency and is described as “intrinsic potential for enacting moral functions” 

(Banks, 2019; p. 363). Potential prerequisites for the perception of moral agency in artificial 

entities are autonomy, intentionality, and responsibility (Sullins, 2006). Artificial entities may 

not be able to fulfill these qualifications by definition due to a lack of human characteristics 

such as personal emotions, intentions, beliefs, and desires. However, since people appear to 

perceive artificial entities as somehow alive as reaction to certain social cues (Reeves & Nass, 

1996), the focus should be put on the perception of agency while neglecting the question 

whether artificial entities are able to possess agency from a logical point of view. Based on 

previous research, how actors are perceived depends on whether their actions are attributed 

internally to the actor’s disposition or externally to situational or other external forces (Kelley, 

1973; Kelley & Michela, 1980). Furthermore, whether the actions are perceived to be executed 

deliberately and which motives are perceived to have guided those actions will also have an 

impact on the perception of the actor (Malle et al., 2001; Reeder et al., 2002). These processes 

of attributing causality as well as intentionality should be affected by the extent to which 

artificial entities are perceived to be acting autonomously, intentionally, and with full 

responsibility (Kelley, 1973; Malle et al., 2001; Reeder et al., 2002; Sullins, 2006). In turn, this 

should influence how the entity’s actions are interpreted and consequently how it is perceived 

in general.  

As last substantial aspect considered for this cumulus, the behavior of artificial entities is 

believed to have a substantial impact on how they are perceived. Behavior includes several 

components such as gaze, body movements, gestures, postures, facial expressions, and voice, 

which may be used to express emotions, adhere to social conversation norms, send natural cues 

and for sophisticated dialogue management (Cassell & Thórisson, 1999; Häring et al., 2011; 

Looije et al., 2010). These behaviors in their diverse forms can have various effects on people’s 

perception, individually and in combination with each other. For instance, after a robot behaved 

in a rude manner, people reported dislike and increased their physiological as well 

psychological distance to it as reaction to direct gaze by their non-human interaction partner, 

which did not happen when it behaved in a polite, likeable way before (Mumm & Mutlu, 2011). 

In a different study, after behaving in a functional, machine-like way people hesitated longer to 

switch off an emotionally protesting robot, which was less the case with a socially behaving 

robot (Horstmann et al., 2018). In general, behavior has not an inherently positive or negative 

influence on the perception of artificial entities, the valence depends on the content of the 
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behavior (Rickenberg & Reeves, 2000). Essentially, behavior increases the social presence of 

artificial entities, which results in interpreting their behavior within a social context. As a 

consequence, an artificial entity’s behavior determines or at least heavily influences how it is 

perceived during an interaction as well as evaluated after (Rickenberg & Reeves, 2000).  

Accordingly, behavior in addition to people’s expectations and technological expertise as well 

as attributions of causality and intentionality need to be taken into account as important 

influencing factors for the perception of artificial entities. The individual as well as combined 

influences of these factors are the central research objects of this cumulus. The findings of the 

studies, which form the centerpiece of this thesis, shall contribute to a deepened understanding 

of the perception of artificial entities, particularly how these perceptions emerge and how they 

may shape future interactions between humans and artificial entities.  

The present work begins with a collection of central theories from social and media psychology 

to draw conclusions and transfer insights from human-human to human-machine interaction as 

well as to derive the research objectives for this thesis. This is accompanied by relevant 

empirical studies investigating the formation of perceptions in general and regarding artificial 

entities in particular, with focus on expectations and technological expertise as well as 

attribution processes and behavior. This is followed by a summary of the five studies included 

in the cumulus, which tackle the questions regarding the influences of different factors on the 

perception of artificial entities from distinct perspectives employing a selection of different 

methodological approaches. This work is completed by a thorough discussion of the outcomes 

of the studies, including limitations and prospects for future research as well as concrete 

theoretical and practical implications based on the presented findings. 

2. THEORETICAL BACKGROUND 

2.1. Artificial Entities – A Brief Overview 

The term artificial entity describes non-human interaction partners and comprises several 

technologies such as domestic, service, industrial, and social robots, virtual computer agents, 

chat bots, voice assistants, and automated phone call or negotiation systems. An artificial entity 

is defined as man-made and with real existence in this world (Sugiyama, 2019), which means 

it was created by humans to exist in and interact with the real world. With the rapid 

advancement of these technologies, they become increasingly omnipresent in people’s 

everyday lives. There are several kinds of artificial entities with which many people already 

interact with on a daily basis. For instance, a survey showed that the majority has used a voice 
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assistant, such as Alexa or Siri, before and more than half reported to use this technology on a 

daily basis (PwC, 2018). With regard to virtual assistants and chatbots, a majority of business 

leaders already use them or plan on using them in the next couple of years (Oracle, 2016). 

Likewise, the area of personal service robots has a high expected growth rate (Visti, 2018). This 

may be enhanced by the fact that various forms of social robots are being prepared to be 

employed in several relevant contexts such as healthcare (Breazeal, 2011), elderly care 

(Broekens et al., 2009), support for autistic people (E. S. Kim et al., 2013) as well as in the 

service and entertainment sector for example as receptionists (Gockley et al., 2005), museum 

tour guides (Burgard et al., 1999), or sexual partners (Szczuka & Krämer, 2017).  

For the present work, social robots as well as virtual agents are used in the studies and 

summarized under the term artificial entities. Virtual agents are defined as “virtual - often 

anthropomorphic - representations of computer interfaces that a user can socially identify with” 

( Burgoon et al., 2016; p. 24). A social robot is described by Bartneck and Forlizzi (2004) as 

“an autonomous or semi-autonomous robot that interacts and communicates with humans by 

following the behavioral norms expected by the people with whom the robot is intended to 

interact” (p. 592). Both usually have a human-like or animal-like appearance and are able to 

display social means of expression (Nuñez & Rosenthal-von der Pütten, 2018). Despite slight 

preferences for social robots (depending on the task and environment), virtual agents and robots 

essentially elicit similar reactions in humans (Fridin & Belokopytov, 2014; Holz et al., 2009; 

Krämer et al., 2012; J. Li et al., 2016; Rosenthal-von der Pütten et al., 2016). Although virtual 

agents might be more limited in their physical expressiveness due to their confinement to a 

screen (Holz et al., 2009), they clearly meet the standards for eliciting social reactions by 

Reeves and Nass (1996): interactivity, natural language, and filling of a traditionally human 

role. Moreover, virtual agents are usually also embodied and able to use this body for 

expressiveness in a similar way robots are able to (Holz et al., 2009). Based on these 

deliberations, social robots as well as virtual agents are included as research objects in this 

thesis and referred to as artificial entities. 

Concerning the appearance of artificial entities, how their exterior is designed is highly relevant 

for people, for instance, because abilities and functionalities are derived from the presence of 

certain appearance characteristics (Goetz et al., 2003; Rosenthal-von der Pütten & Krämer, 

2015). Artificial entities are not necessary designed to be life-like, realistic replications of 

humans, partly because too realistic representations were observed to elicit negative reactions 

such as eeriness and revulsion (described as uncanny valley phenomenon; Mori, 1970; 
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Rosenthal-von der Pütten & Krämer, 2015; Seyama & Nagayama, 2007). However, due to their 

fields of application, multi-facet social interactions often constitute a pivotal component 

(Young et al., 2011). Consequently, artificial entities are usually equipped with some humanlike 

features in their appearance and/or behavior to make those interactions more natural and thus 

intuitive for the users (Fong et al., 2003; Huber et al., 2008; for an overview of different types 

of social robots see Leite et al., 2013). For instance, the robot Kismet was designed to express 

four types of social responses (affective, exploratory, protective, and regulatory) in order to 

convey intentionality and facilitate social interactions (Breazeal & Scassellati, 1999). When an 

artificial entity is able to convey internal states, this allows their human interaction partner to 

predict their behavior, respond to social approaches, and engage in natural communication with 

them (Breazeal & Scassellati, 1999). Since behavior is believed to have a greater influence than 

appearance alone (Rickenberg & Reeves, 2000), this work focuses on the influence of 

behavioral aspects. As reaction to the usage of particularly social behavior cues, people often 

treat interactive devices as if they were real persons, which is why an extensive body of research 

focused on comparing people’s perceptions and reactions in interactions with humans to 

interactions with artificial entities (Nass & Moon, 2000; Reeves & Nass, 1996).  

2.2. Perceptions of Humans as Research Basis 

Since people often treat artificial entities similar to how they treat other people (Reeves & Nass, 

1996), it makes sense to first look at in which regards perceptions of humans resemble and also 

how they differ from perceptions of artificial entities. Previous social psychological research 

focused on human experience and behavior in context of social interactions that only took place 

between humans. Now that artificial entities appear on the scene, social interactions also take 

place with artificial entities and insights from human-human interactions potentially also apply 

in these contexts. Some of the most relevant findings regarding factors influencing the human 

perception of other humans are presented in the following. At the end of this section, it is further 

outlined how these findings can be transferred to interactions with artificial entities based on 

previous research in this field. 

2.2.1. Expectations Influencing the Perception of Humans 

As described by the uncertainty reduction theory (Berger & Calabrese, 1975), during an initial 

encounter with an unfamiliar interaction partner, one of people’s primary concern is to reduce 

the uncertainty which derives from lacking information about the other. For this purpose, people 

attempt to gather enough information to be able to predict and explain the other’s behavior 
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(Berger & Calabrese, 1975). In doing so, first impressions are formed automatically, i.e., fast 

and without much effort (Asch, 1946). These impressions are often affected by the assignment 

of a social category which are based on trait concepts or social stereotypes (Andersen & 

Klatzky, 1987). Social categories help to form impressions because they are believed to have 

predictive power over their members’ typical behaviors, emotional reactions, personality traits, 

attitudes, and values (Andersen & Klatzky, 1987). Accordingly, due to people’s need to reduce 

uncertainty (Berger & Calabrese, 1975), expectations are formed based on general social norms, 

the ascription of a social category, and/or personal knowledge about the other (Burgoon & Hale, 

1988; Darley & Fazio, 1980). Expectations in turn shape and filter people’s perceptions by 

ascribing different meanings to the same kind of behavior (Burgoon, 1993; Burgoon & Le Poire, 

1993). For instance, increased proximity during a conversation may be perceived as pleasant 

with a friend, but as unpleasant with a stranger (Burgoon & Jones, 1976). With friends, 

proximity as sign of affiliation and familiarity is expected, which is not the case with strangers 

(Burgoon & Jones, 1976; Burgoon & Walther, 1990). Thus, it can be concluded that 

expectations can influence how a person and their behavior are perceived. Another aspect that 

also appeared to have a great impact on how people are perceived are attribution processes 

which in the end lead to perceiving a person responsible for its actions or not. 

2.2.2. Attribution Processes Influencing the Perception of Humans 

Calling back to mind the uncertainty reduction theory, we learned that there is a fundamental 

need to reduce uncertainty in social interactions by gathering information to understand and 

predict the other’s behavior (Berger & Calabrese, 1975). Extending this, the attribution theory 

describes how people always attempt to figure out which factors cause or contribute to other 

persons’ behaviors, likewise with the aim to understand and predict future behaviors (Kelley, 

1973; Kelley & Michela, 1980; Ross, 1977). In general, causes are divided into internal and 

external causes. In case of the first, behavior is attributed to a person’s disposition and in case 

of the latter, behavior is attributed to situational or contextual factors (Kelley, 1973).  

Following Kelley’s covariation model, there are mainly three factors which determine whether 

an action should be attributed to an internal or an external cause (Kelley, 1973). The first factor 

is called consensus and describes that a person’s response reflects other persons’ responses to 

the same stimulus. The second factor, consistency, is high if the person of interest repeatedly 

responds in a similar way to a specific stimulus, over time as well as in different contexts. The 

third factor was named distinctiveness and describes whether the person exclusively responds 

this way to this one stimulus or to other stimuli as well (Kelley, 1973). The person is held 
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responsible for their behavior when consensus and distinctiveness are low and consistency high 

(Hewstone & Jaspars, 1987). The stimulus is seen as causing a person’s reactions when 

consensus, consistency, and distinctiveness are high and situational factors are seen as primary 

source of cause when consensus is high, but distinctiveness and consistency are low (Hewstone 

& Jaspars, 1987).  

An extensive body of researchers further suggests to extend the assumptions of the attribution 

theory, which focuses on the determination of causality, by considering the (perceived) motives 

eliciting an action and thus taking into account the intentionality behind a person’s behavior 

(Malle et al., 2001; Malle & Hodges, 2007; Reeder et al., 2002; Reeder, 2009). According to 

them, different attributed motives can further affect how an act and the respective actor are 

perceived. For instance, in a study by Reeder et al. (2002), people perceived aggressive behavior 

to be selfishly motivated when there was a situational reward while aggression in response to 

situational provocation was perceived to be motivated by revenge and self-defense. The 

behavior perceived to be selfishly motivated was evaluated more negatively than the behavior 

perceived to be driven by revenge. Although there are external, situational factors present in 

both cases (either a reward or a provocation), the attributed motives eventually appeared to 

determine how the behavior was perceived. Accordingly, the authors conclude that “perceived 

motives play an important role in dispositional inference and pose a problem for models that 

focus primarily on perceived causality” (p. 789). Thus, in addition to determining the causality, 

these researchers further argue that it is pivotal to include the perception of motives for a certain 

behavior to understand how people make judgements about others’ dispositions. To evaluate 

actions and those who executed those actions, people make attributions by considering the cause 

of and also the intentionality behind those actions (Malle et al., 2001).  

All these attribution processes should be influenced by the degree to which a person is perceived 

to possess agency in the situation. There is no clear definition for agency, however, it may be 

described as the capacity to perform actions independently and voluntarily (Barker, 2005; 

Himma, 2009). Moral agency takes this one step further by determining whether an agent is 

able to act based on moral judgements, i.e., a notion of right or wrong (Bandura, 2002; Banks, 

2019). As prerequisites for moral agency autonomy, intentionality, and responsibility are 

named (Sullins, 2006). In the end, the extent to which these aspects are perceived to be present 

will determine whether a person or external factors are held accountable for this person’s 

actions (Kelley, 1973).  
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Let us take a closer look at these prerequisites. First, a person needs to be perceived to be acting 

with autonomy, i.e., on its own and not coerced by external forces (Kelley, 1973). As Winner 

(1977) phrases it: “to be autonomous is to be self-governing, independent, not ruled by an 

external law of force” (p. 16). This independence may be cognitive such as making one's own 

decisions and/or physical such as performing one's own actions (Banks, 2019). In the end, 

agency is only attributed to a person who is perceived to be acting autonomously, regardless of 

whether this is actually the case or not. Second, the extent a person is perceived to act 

intentionally will further decide whether the person is perceived to possess agency and to be 

accountable for their actions (Sullins, 2006). Intention stands for the planning of, commitment 

to, and control of behaviors or actions to satisfy certain needs (Fishbein & Ajzen, 2010; Kiss, 

1992). Thus, intentionality describes whether an action was carried out by accident or with the 

purpose to achieve a certain goal. Since attributed motives may ultimately determine how an 

action and the respective actor are perceived, a closer look should be taken at the attribution of 

intentionality behind a certain behavior (Malle et al., 2001; Reeder et al., 2002). According to 

Jones and Davis (1965) “the attribution of intentions is that actions are informative to the extent 

that they have emerged out of a context of choice and reflect a selection of one among plural 

alternatives” (p. 219). Thus, a person’s actions and subsequent consequences are rather 

attributed to the person and influence how this person is perceived when they are believed to 

be deliberate and calculated (Sullins, 2006). Third, responsibility results from a person acting 

autonomously and intentionally. According to Sullins (2006), responsibility may result from 

contextual or role specific factors. For instance, teachers are responsible in their classrooms and 

nurses while taking care of their patients. These roles make people responsible to act morally.  

Whether a person is perceived to be acting autonomously and with intentions will influence the 

extent to which the person is perceived to possess agency. This, in turn, will determine whether 

the cause of the person’s behavior is attributed to the person or situational factors (Kelley, 1973; 

Kelley & Michela, 1980; Sullins, 2006) as well as which motives are attributed to the person, 

which will then ultimately affect how this person is perceived in general (Malle et al., 2001; 

Reeder et al., 2002). This attribution of causality accompanied by other factors such as motives 

and the person’s role will determine whether the person is perceived responsible (Shaver, 1985; 

Sullins, 2006). As Shaver (1985) argues, the determination of causality is dichotomous and 

involves human agency, while responsibility is variable and a judgement based on several 

different dimensions.  
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Coming to a conclusion, many attribution processes take place in interpersonal settings because 

people strive to understand others’ behaviors to reduce uncertainty and enhance predictability 

(Berger & Calabrese, 1975; Kelley, 1973). Here, actions that are perceived to be performed 

autonomously and intentionally convey a strong sense of agency and are attributed to the 

performer, which will then determine in addition with other factors how responsible this person 

is perceived (Kelley, 1973; Shaver, 1985; Sullins, 2006). The extent to which behaviors and 

their consequences are attributed internally to a person and their motives should ultimately have 

a great impact on how this person and their behaviors are perceived, which leads us to the role 

of the behavior itself. The perception of behavior may be affected by expectations as well as 

attribution processes as outlined before, however, the behavior and its meaning need to be 

looked at and considered individually as well. 

2.2.3. Behavior Influencing the Perception of Humans 

Previous research underlines the powerful and overarching effect of people’s interactional 

behavior on how their actions are interpreted as well as how these people are perceived in 

general (Burgoon, 1993; Burgoon & Le Poire, 1993). Particularly when common interactional 

norms are violated, previous expectations are neglected and the action itself comes to the fore 

by having the strongest effects on communication outcomes (Burgoon & Le Poire, 1993). 

Likewise, the attribution of causality does not always appear to be executed as rational as 

described by Kelley’s covariation model (Kelley, 1973). On the contrary, external factors are 

often neglected, while internal factors are overestimated (Ross, 1977). In other words, the focus 

lays on the influence of a person’s disposition, while underestimating external forces such as 

the situational context, which was labelled as fundamental attribution error or overattribution 

effect (Jones & Nisbett, 1972; Nisbett & Ross, 1983; Ross, 1977). For instance, a study by 

Jones and Harris (1967) delivered evidence for this phenomenon with regard to chance-directed 

behaviors. A coin toss determined the attitude of an essay people were asked to write (pro or 

contra). Despite receiving information about how the attitude was assigned by chance, readers 

of the essays were still found to attribute the imposed attitude to the writers (Jones & Harris, 

1967). Thus, the behavior was interpreted directly, without considering external factors 

contributing to it. 

This appears to be further evidence for the overshadowing and direct influence of a person’s 

behavior, particularly if it has a clear meaning, on people’s perception and evaluation of this 

person. A behavior with a clear, unequivocal meaning is for example the display of an insulting 

gesture, while other behaviors such as proximity and distance hold multiple interpretation 
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alternatives depending on contextual, personal, and relational aspects (Burgoon & Hale, 1988). 

In case of ambiguity, expectations and attributions seem to play a greater role in the 

interpretation and evaluation of behavior, which then affects how the person displaying the 

behavior is perceived (Burgoon, 1993; Kelley, 1973). Against this background, the question 

arises how these insights from human-human interactions can be used to receive a deepened 

understanding of the processes in human-machine interactions, particularly whether 

perceptions of artificial entities emerge and are influenced in a similar way as perceptions of 

other humans. 

2.3. Transferring Insights from Perceptions of Humans to Perceptions of Artificial 
Entities 

Interactions with artificial entities such as virtual agents or robots are increasingly designed to 

facilitate elaborate social interactions, for instance, by means of speech output and personable 

characters (Parise et al., 1999). Consequently, users’ perceptions need to be understood and 

assessed by considering a social interaction framework rather than a restricted machine 

interaction framework (Parise et al., 1999). As a result, social psychological knowledge and 

methods are increasingly incorporated in human-machine research and differences as well as 

similarities between interactions with a human or artificial interaction partner are explored with 

a rising effort (Krämer et al., 2012).  

According to Reeves and Nass (1996), “individuals' interactions with computers, television, 

and new media are fundamentally social and natural, just like interactions in real life” (p. 5). In 

other words, when people interact with media which fulfill certain criteria – a few fundamental 

social cues, like interactivity, natural speech, and filling a traditionally human role – they tend 

to behave as if they were interacting with another person. As a result, common social rules and 

norms are applied automatically and unconsciously (Nass & Moon, 2000; Reeves & Nass, 

1996). This phenomenon is described by the media equation theory, which stands for “media 

equals real life” (Reeves & Nass, 1996; p. 5). More specifically, the social cues described above 

draw people’s attention away from contradicting information – such as that the artificial 

interaction partner is neither alive, nor able to have own feelings, thoughts, or intentions – and 

instead trigger social scripts, expectations, and labels (Nass & Moon, 2000). The founders of 

the media equation theory explain these reactions by the pronounced social nature of 

humankind, which leads people to rather treat something falsely as human than treating 

something falsely as non-human (Reeves & Nass, 1996). So far humans lived in a world where 
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only other humans exhibited rich social behavior, which caused our brain to learn to 

automatically react to social cues in a certain way (Nass & Moon, 2000). 

Empirical evidence for this theory shows that people react politely (Nass et al., 1999), apply 

gender-based stereotypes (Nass et al., 1997), and respond to flattery (Fogg & Nass, 1997b) 

when interacting with a computer just as if they were interacting with another person. Extending 

these first findings regarding interactive computers, the media equation phenomenon was also 

examined with smartphones (Carolus et al., 2019), virtual agents (Hoffmann et al., 2009; Kang 

et al., 2008), and robots (Eyssel & Hegel, 2012; Horstmann et al., 2018; K. M. Lee et al., 2006; 

Mumm & Mutlu, 2011; Schermerhorn et al., 2008; Woods et al., 2005). For instance, Hoffmann 

et al. (2009) found that people also show polite behavior when giving direct feedback to a virtual 

agent regarding its performance and Eyssel and Hegel (2012) found that people apply gender 

stereotypes to robots. In another study by K. M. Lee et al. (2006), participants attributed 

personality to a robot and preferred interacting with a robot which was perceived to resemble 

their own personality.  

However, there is also empirical evidence for differences regarding the way people react to 

human and artificial entities which suggests that artificial entities are perceived differently in 

some regards. Results of a meta-analysis by Fox et al. (2015) indicate that person-controlled 

avatars are more influential than computer-controlled agents in social situations. For instance, 

people perform worse on a novel task in the presence of other people’s avatars than alone, which 

was not the case with computer agents (Blascovich et al., 2002). In a virtual Blackjack game, 

how high people placed their bets differed when their opponent was supposedly a human or a 

computer program (Blascovich et al., 2002). In a negotiation situation, computer programs are 

evaluated more cooperative and punished less than human opponents (Gratch et al., 2016) and 

with a computer-controlled clinical interviewer people report lower fear of self-disclosure, 

display emotions more intensely, and appear more willing to disclose compared to when it was 

controlled by a human (Lucas et al., 2014).  

Summing up, research provided much evidence for astonishing similarities regarding the 

perception of artificial and human entities. Although there appear to be some differences as 

well, theories from social psychology should work as valuable framework when examining 

interactions with artificial entities, as suggested by Krämer et al. (2012). Therefore, 

expectations alongside with technological expertise, attribution of causality and intentionality, 

as well as interactional behavior are considered as influencing factors for the perception of 

artificial entities within this thesis.  
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2.4. Influencing Factors for the Perception of Artificial Entities 

In the following it is outlined how factors which were found to influence perceptions of other 

humans may also play a substantial role in interactions with artificial entities. First of all, 

expectations are able to shape perceptions of the reality (Burgoon, 1993; Burgoon & Le Poire, 

1993), i.e., the real world may be perceived differently depending on the prevalence and 

salience of respective expectations. From today’s perspective, personal contacts with artificial 

entities are still scarce (Banks, 2020). However, the sector of artificial interaction partners has 

a high expected growth rate (Visti, 2018), which against the background of lacking personal 

experiences highlights the necessity to examine what expectations people have regarding 

artificial interaction partners and how these are formed and influenced. Second, the user’s 

technological expertise is considered as factor influencing the formation of expectations 

regarding artificial entities and consequently how they are perceived. Furthermore, since 

artificial entities are usually situated in real-world environments which they influence with their 

actions, it is crucial to consider attribution processes regarding the causality and intentionality 

of their behavior (Kelley, 1973; Malle et al., 2001). Attribution of agency is considered as 

prerequisite for these attributions and related to the perceived autonomy, intentionality, and 

responsibility of artificial entities (Sullins, 2006). These aspects should ultimately have a great 

impact on how artificial entities are perceived during and after an interaction (Kelley, 1973; 

Sullins, 2006). Apart from that, behavior in general was found to have a striking effect on 

people’s evaluations of artificial entities (Rickenberg & Reeves, 2000) and is therefore 

considered as further influencing factor for the perception of artificial entities. An overview of 

all the determinants and underlying concepts – as presented in the subsequent theory sections – 

is shown in Figure 1. 
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Figure 1. Theoretical overview of the influencing factors and underlying concepts for the 
perception of artificial entities 

 

2.4.1. Expectations Influencing the Perception of Artificial Entities 

In general, expectations determine how an interaction partner (Burgoon & Hale, 1988) as well 

as technology (Davis, 1989; Sundar et al., 2016) is perceived. Since an artificial entity is a 

technology functioning as interaction partner, it represents both of these concepts and 

expectations should certainly affect its perception. To examine this is crucial because how the 

artificial entity is perceived will ultimately affect whether this technology will be accepted and 

used in the future (Davis, 1989, 1993). Furthermore, we will learn more about how expectations 

form human perceptions in general and when interacting with artificial entities in particular. 

2.4.1.1. Types of Expectations 

As described before, expectations emerge from people’s need to reduce uncertainty by 

gathering available information (Berger & Calabrese, 1975) and forming first impressions 

(Asch, 1946). For the purpose of explaining as well as developing reliable predictions about 

others’ behaviors, social categories are used (Andersen & Klatzky, 1987). Since previous 

research has repeatedly shown that similar processes take place in interactions with artificial 

entities as with humans (Eyssel & Hegel, 2012; Hoffmann et al., 2009; Horstmann et al., 2018; 

Reeves & Nass, 1996), there is reason to presume that people also strive to reduce uncertainty, 

gather information, receive a first impression, and assign a (social) category when interacting 

with artificial entities. However, the last step might be particularly challenging since artificial 
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entities are clearly of technological nature but, in contrast to other technological devices, are 

often perceived as being alive (Kahn et al., 2011; Rosenthal-von der Pütten & Krämer, 2015; 

Severson & Carlson, 2010). Therefore, since no clear category can be assigned and personal 

experiences are rare, forming expectations about artificial entities should create difficulties. In 

line with these assumptions, a study showed that people expect higher levels of uncertainty 

when anticipating an interaction with a robot compared to a human (Spence et al., 2014). 

Nevertheless, due to people’s need to reduce uncertainty and increase predictability, 

expectations will still be formed using sources of information that are available such as 

contextual information as well as mass media reports and science fiction formats.  

In line with that, previous research showed that the appearance and behavior of an artificial 

entity is generally expected to be appropriate for the task context (e.g., playful for entertainment 

tasks, authoritative for serious tasks; Goetz et al., 2003). Here, expectations appear to be formed 

based on the context. Regarding characteristics of artificial entities, people predominantly name 

performance-oriented traits, such as efficient, reliable, and precise, in contrast to socially 

oriented traits, such as feeling, compassionate, and social (Ezer et al., 2009). A large-scale 

survey extends these findings by showing that robots are expected to be rather precise, reliable, 

rational, and perfectionist and rather not alive, human, and able to feel (Arras & Cerqui, 2005). 

Thus, artificial entities are generally not expected to possess too many human-like personality 

or character traits (Dautenhahn et al., 2005). With regard to their areas of application, social 

robots are expected to do simple, impersonal, noncreative, and repetitive household tasks such 

as cleaning or moving things, rather than tasks involving social aspects such as child or pet care 

(Khan, 1998; Ray et al., 2008).  

In general, there mainly appear to be two prominent prospects for artificial entities 

(Bruckenberger et al., 2013; Scopelliti et al., 2005). On the one hand, there is this negative view 

on artificial entities becoming competitors to humans (Scopelliti et al., 2005). People are 

worried about too much autonomy and loss of control, which is often accompanied by a fear 

that humans will be either replaced or dominated by artificial entities (known as “Frankenstein 

Syndrome”; Asimov, 1947; Ray et al., 2008; Rosenthal-von der Pütten & Krämer, 2015; Weiss 

et al., 2011). Mass media and particularly science fiction has a great influence on people’s 

image of social robots and promotes the idea of robots developing their own agenda and 

revolting against humans (Khan, 1998). An artificial entity which is expected to learn from 

humans to become better and more efficient than them in order to possibly replace them one 

day, for instance, at work, should be perceived as threatening or at least undesirable. On the 
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other hand, there is this positive image of social robots functioning as assistants (Scopelliti et 

al., 2005), in domestic, public, or work environments (Khan, 1998; Ray et al., 2008). The idea 

of having an electronic help, which makes life easier by carrying out tasks that are unpleasant 

or strenuous, is very appealing to most persons (Oestreicher & Eklundh, 2006; Ray et al., 2008). 

Consequently, an artificial entity which is expected to assist humans with various tasks should 

be perceived very positively and desirably. 

Besides the studies presented above, not much research explicitly examined expectations 

regarding artificial entities. A first, relevant step is to examine how people form their 

expectations regarding artificial entities in order to receive a better understanding about the 

content of their expectations. For this purpose, it is crucial to explore where and how people 

have been in contact with artificial entities, particularly whether this were personal encounters 

or receptions of media portrayals. 

2.4.1.2. Sources of Expectations  

One source for expectations regarding artificial entities are personal encounters, for instance, 

at people’s workplaces, at exhibitions, or as part of an experimental study. These kinds of 

encounters, however, are not very common yet and many people have not personally interacted 

with a social robot or virtual agent so far (Banks, 2020; Bruckenberger et al., 2013). 

Consequently, other sources than personal experiences need to be used to reduce uncertainty 

and develop expectations, whereby mass media bear a great potential (Banks, 2020). 

Mass media are likely a popular source since they are widely accessible and reach a great 

audience (Nisbet et al., 2002). As previous research by Gerbner and Gross (1976) showed, 

media content is generally able to influence how people perceive the real world. Their studies 

revealed, for instance, that people who are heavy TV viewers overestimate the proportion of 

people employed in law enforcement and are generally more careful in trusting people 

compared to light TV viewers. Particularly, media were found to affect perceptions of 

technologies (Nisbet et al., 2002) and to be important means by which people can seek 

information about a technology with which they had no personal contact yet (Kriz et al., 2010; 

Sundar et al., 2016). With regard to artificial entities, mass media portrayals should be divided 

into reports/documentaries about real existing technologies and science fiction movies or series 

presenting fictional robot characters.  

Although reports and documentaries may depict actual existing artificial entities, they still often 

fail to portray uncertainties, unsolved technological problems, and setbacks adequately, while 
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enhancing successes and progresses of a technology (Weiss et al., 2011). In other words, the 

advanced site of artificial entities is presented to the general public, while shortcomings and 

deficiencies are neglected (Weiss et al., 2011). Thus, reports about existing artificial entities 

appear to be biased in a way that leads to an overestimation of their skills.  

In case of science fiction formats this bias is even more pronounced (Bruckenberger et al., 2013; 

Sandoval et al., 2014). Artificial entities often play a central role in science fiction (e.g., 

Asimov, 1947, 1950; Clarke, 1968; Dick, 1968), which is believed to have a remarkable effect 

on people’s expectations (Khan, 1998; Weiss et al., 2011). What people expect, in turn, will 

affect how they perceive these technologies at present. For instance, the well-known science 

fiction author Isaac Asimov (1950) presented the Three Laws of Robotics: minimizing harm to 

humans, self-preservation, and obeying orders. These laws address what people often fear the 

most with regard to robots in the future (McCauley, 2007). Particularly, people with no personal 

experiences with artificial entities often use science fiction as reference (Kriz et al., 2010; Ray 

et al., 2008; Scopelliti et al., 2005) and emphasize how much their knowledge of and attitude 

towards artificial entities are affected by science fiction portrayals (Bruckenberger et al., 2013; 

Weiss et al., 2011). In science fiction, robots are usually equipped with advanced humanlike 

cognitive skills, which were found to positively correlate with people’s expectations regarding 

the cognitive capabilities of real-world robots (Kriz et al., 2010). Despite the fact that the 

physical and cognitive abilities of actually existing artificial entities are far behind those 

portrayed in science fiction (Murphy, 2018), people’s expectations, particularly regarding skills 

and abilities, but also regarding the general scope of application for artificial entities, appear to 

be greatly affected by their portrayals in mass media. As a result, heightened expectations 

emerge which may be violated as soon as an interaction with an actual artificial entity occurs 

which does not possess the skills portrayed in mass media. 

2.4.1.3. Expectancy Violations  

Expectations describe possible, feasible, appropriate, and typical behaviors for a certain 

composition of factors related to the situation, the interaction partner, and their relationship 

(Burgoon & Hale, 1988). People always try to make reliable predictions about their interaction 

partners. However, the partner’s behavior still may deviate from expectations, which results in 

so-called expectancy violations (Burgoon & Hale, 1988). As outlined by the expectancy 

violations theory (Burgoon & Hale, 1988; Burgoon & Jones, 1976), behavior can deviate by 

being worse than expected, resulting in a negative expectancy violation, or by being better than 

expected, resulting in a positive expectancy violation. Negative violations are usually followed 
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by detrimental consequences, while positive violations appear to be accompanied by favorable 

ones, which exceed positive reactions to confirmed expectations (Burgoon & Hale, 1988). 

In its original form, the expectancy violation theory was developed to explain why changes in 

conversational distance during a social interaction were found to have different outcomes 

depending on the interaction partners and expectations related to them (Burgoon & Hale, 1988). 

Since then, the model has been revised and extended to be applied to other behaviors, situations, 

and communication outcomes (Burgoon & Hale, 1988). Recently, the theory was even applied 

to interactions with virtual agents, where results showed that a positive expectancy violation 

can result in higher task attractiveness ratings compared to a negative violation or an expectancy 

confirmation (Burgoon et al., 2016).  

Since previous research generally encourages the appliance of social psychological theories to 

interactions with artificial entities (Reeves & Nass, 1996), the expectancy violations theory may 

provide a useful lens for explaining and predicting human perception and behavior when 

interacting with artificial entities (Burgoon et al., 2016). As mentioned before, people expect 

sophisticated abilities, efficiency, and precision from artificial entities (Arras & Cerqui, 2005; 

Ezer et al., 2009). Due to a lack of personal experiences, these expectations are predominantly 

based on representations in mass media (Banks, 2020), which likely results in rather high 

expectations regarding the skills of artificial entities and their future role in people’s daily lives 

(Bruckenberger et al., 2013; Kriz et al., 2010; Weiss et al., 2011). Consequently, the occurrence 

of expectancy violations is highly probable. 

Previous research already addressed the problem of unmet or violated expectations in human-

robot interaction, which are described as gaps between people’s expectations and their actual 

perception of a robot’s function (adaption gap: Komatsu & Yamada, 2011; expectations gap: 

Kwon et al., 2016). Similar to the principles of the expectancy violations theory, Komatsu and 

Yamada (2011) argue that the difference between a user’s preexisting expectations regarding 

the functions of a robot and how the functions are then perceived during an interaction will 

significantly affect the user’s behavior toward and acceptance of the robot. Moreover, the 

authors also distinguish between positive and negative adaption gaps, depending on whether a 

perceived function exceeds or falls behind an expected function. It is further assumed that a 

negative gap leads to disappointment and a reduction of trust in the robot, while a positive gap 

has opposite effects. According to Kwon et al. (2016), people tend to generalize social 

capabilities for humanoid robots, which results in unrealistically high expectations of social 

robots and may consequently lead to disappointment, mistrust, and rejection. 
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2.4.2. Technological Expertise Influencing the Perception of Artificial Entities 

Expectations regarding artificial entities may be predominantly formed by personal experiences 

or mass media, however, people’s general expertise regarding technology may also have an 

influence. Since artificial entities are of technological nature, people’s general enthusiasm about 

new technologies and how confident they feel when handling technologies should have an 

impact on the expectations people develop. Ultimately, this should also have an effect on how 

people perceive artificial entities as technologies. Thus, in the following, technical affinity as 

well technical locus of control are looked at more closely. 

2.4.2.1. Technical affinity 

Enthusiasm towards technology is described by the term technical affinity or technophilia 

(Karrer et al., 2009). Technical affinity represents how much a person is attracted or positively 

inclined to particularly new technologies. People with a high technical affinity usually enjoy to 

explore different types of applications and eagerly try new and even complex technologies 

(Morahan-Martin & Schumacher, 2007). Technical affinity should impact how artificial entities 

are perceived since they pose an exciting, innovative as well as complex technology. Due to 

their overwhelming enthusiasm, people with a high technical affinity potentially perceive 

artificial entities more positively while tending to overestimate how capable they are at the 

present and will be in the future.  

2.4.2.2. Technical locus of control 

How competent a person feels when using technologies is described by their technical locus of 

control (Beier, 1999). When a person feels capable of reaching a certain goal by using 

technology, this person’s perceived locus of control regarding the usage of technology is high. 

When a person however feels helpless and overwhelmed when handling technological devices, 

their perceived locus of control in this regard is low (Gaul et al., 2010). Whether a person feels 

confident or helpless regarding the usage of technology is assumed to be affected by their actual 

technological competence and knowledge (Beier, 1999). As a consequence, people with a high 

locus of control when using technologies may have a more realistic view on the capabilities of 

artificial entities. This should on the one hand affect what they expect with regard to artificial 

entities and on the other hand how they will perceive those technologies as interaction partners. 
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2.4.3. Attribution Processes Influencing the Perception of Artificial Entities 

As outlined before, attribution processes take place in interpersonal settings to determine 

whether the cause for an action can be found within the acting person and/or their environment 

(Kelley, 1973). Attributing behavior to a person’s disposition is referred to as internal cause 

and attributing behavior to situational or contextual factors as external cause (Kelley, 1973). 

Furthermore, the attribution of intentionality needs to be taken into account as well, since 

behavior that is considered intentional is also evaluated based on the motives that are perceived 

to have guided that behavior (Malle et al., 2001; Reeder et al., 2002). Considering these findings 

from interactions between humans, the question arises whether the behavior of artificial entities 

is rather attributed to internal or external causes as well as whether and what kind of motives 

are assumed to form the basis for their behavior. Looking at it from a logical point of view, the 

behavior of artificial entities is caused by external factors since they are technology-based, 

restricted to their programming, and not able to have a personal disposition, at least not shaped 

by own intentions, emotions, needs, and attitudes (Bigman & Gray, 2018; Malle & Knobe, 

1997). In short, the behavior of artificial entities should be perceived to be caused externally by 

its programming and not be driven by own intentions. However, perceptions of artificial entities 

do not necessary follow logical deliberation (Reeves & Nass, 1996). Therefore, research 

looking at the perception of factors which determine whether an artificial entity’s behavior is 

attributed to the entity and its intentions or surrounding circumstances is of great relevance.  

2.4.3.1. Agency 

A prerequisite for being perceived accountable is the capability to perform self-directed actions 

called agency (Himma, 2009), a term that is extensively discussed in human-machine 

interaction. There are various definitions for agency focusing on different aspects, contexts, and 

relations (Banks, 2019; Emirbayer & Mische, 1998). For this work, agency is understood as the 

capacity to act independently and free of choice (Barker, 2005), i.e., as a form of self-motivated 

governance (Banks, 2019). In addition to free will (Allen et al., 2006), self-motivation 

(Emirbayer & Mische, 1998), and animacy (Brown & Walker, 2008), consciousness is named 

as precondition. All of these prerequisites would make agency clearly ascribable to natural 

agents such as humans in contrast to artificial entities such as robots and virtual agents (Himma, 

2009). In line with that, results of a meta-analysis conducted by Fox et al. (2015) show that 

more agency is reported with human-controlled than computer-controlled entities.  
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However, people are often observed to react to artificial entities on an unconscious level as if 

they were alive (Reeves & Nass, 1996), which is why it might be more pivotal to focus on 

whether people perceive an artificial entity to possess agency while neglecting whether it is 

able to possess it by definition. Particularly since artificial entities are becoming progressively 

interactive and take over human roles, perceived moral agency needs to be reflected upon as 

well (Banks, 2019; Sullins, 2006). Moral agency combines the terms morality and agency 

(Banks, 2019) and thus results in the question whether an artificial agent is perceived to be able 

to act (im-)moral. In the following necessary prerequisites for the perception of moral agency 

are illuminated which are, according to Sullins (2006), autonomy, intentionality, and 

responsibility. These factors should play an important role for the internal or external attribution 

of an artificial entity’s behavior, as well as for the attribution of motives, which should affect 

how this behavior and consequently the entity are perceived. 

2.4.3.2. Autonomy 

Autonomy is related to an internal locus of causality, which means that the variables which 

cause an action are to be found within the acting entity (de Charms, 1983; Deci & Ryan, 1987). 

In other words, the perceived origin or force of the artificial entity’s actions is shifted from the 

human controller to the artificial entity itself (Gunkel, 2014). In general, autonomy results from 

the independence of control by any other agent, such as programmers, manufacturers, or owners 

(Banks, 2019; Sullins, 2006).  

Full independence is hard to achieve, not only for artificial entities but also for living beings 

since there are always factors which influence one’s actions (Sullins, 2006). For artificial 

entities these factors may be forces exerted by the technology, the system, developers, or social 

interaction partners (Sullins, 2006). However, as argued before with agency, the focus should 

be put on the effects of perceived autonomy rather than actual autonomy. Whether an artificial 

entity is perceived as acting autonomously on its own or being controlled by an external force, 

should impact how its actions are perceived. For instance, during an experiment by T. Kim and 

Hinds (2006), people attributed more blame to a robot whose behavior suggested high 

autonomy than to themselves or other participants compared to when the robot’s behavior 

indicated low autonomy. 

Looking at the term ‘autonomy’ from an engineering point of view, it can be defined as being 

under no direct control of another agent or user, while not excluding being influenced by 

another agent or user (Sullins, 2006). In this vein, Bartneck and Forlizzi (2004) explain that the 
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autonomy of a social robot describes its technological capability to act without direct input from 

a human. Consequently, an avatar which is defined as “virtual representation of a human” (von 

der Pütten et al., 2010, p. 1641) and fully controlled by a person in real-time, should not be 

perceived as acting autonomously. Besides direct input by a human, a program may also exert 

direct control over or just influence the behavior of an artificial entity, which could determine 

whether it is perceived as acting autonomously or not. For instance, the interactional behavior 

of an artificial entity could be fix-programmed in advance (if interaction partner says X, then 

answer Y). During the interaction, the entity’s behavior would be fully controlled by this 

program, which would leave no room for autonomous actions. However, an artificial entity that 

was trained to generate an appropriate answer by itself, based on what an interaction partner 

says, is influenced but not controlled by its programming. In a sense, this artificial entity would 

act with more freedom and may consequently be perceived as more autonomous.  

Summing up, an important component of agency is autonomy, i.e., the ability to act 

independently of forces exerted by another agent, which could be a person or computer 

program. When another entity is controlling the behavior of the artificial entity, the agency may 

be shifted away from the artificial entity to the person or program which exerts the control. This 

should ultimately affect where the behavior is attributed to.  

2.4.3.3. Intentionality 

Another important aspect for agency is intentionality, i.e., whether the agent is following its 

own, someone else’s or no one’s intentions while acting. According to Breazeal and Scassellati 

(1999), artificial entities need to convey intentionality in order to interact socially with humans. 

Intentionality is described as the ability to act with volition resulting in deliberate actions 

(Banks, 2019). As described by Banks (2019) “an intentional entity means to do what it does, 

independent of rote programming or conditioning” (p. 364). Intentionality is usually the basis 

for intrinsically or extrinsically motivated behavior, i.e., behavior to attain a certain outcome 

which is either the behavior itself or separate from the behavior (Deci & Ryan, 1987). The 

distinguishing feature of intentions is that they comprise an action content while desires, for 

instance, may have any content such as one’s own as well as someone else’s behavior or a 

certain event or outcome (Malle et al., 2001). The degree to which intentions determine an 

agent’s actions is affected by the amount of control an agent has over their actions (Fishbein & 

Ajzen, 2010). A lack of internal resources such as knowledge, skills, and abilities as well as 

external impediments may hinder agents to carry out their intentions (Fishbein & Ajzen, 2010).  
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After defining what intentions are and how they determine an agent’s actions, the question 

remains how they emerge. In general, intentions are perceived to be the immediate precursors 

of a person’s behavior (Lillard, 1998).When people are asked to define intentionality, mainly 

four components are mentioned: desire (for a certain outcome), belief or knowledge (about the 

action to attain that desired outcome), intention (to perform the action), and awareness (of 

performing the action; Malle & Knobe, 1997). Thus, intentions appear to be generally born 

from desires, which may stem from certain intrinsic needs and motivations (Banks, 2019).  

From a logical point of view, artificial entities are not able to have intrinsic needs, motivations, 

or desires and thus are not capable to possess own intentions. Instead, their actions are either 

determined by a person or a program. Nevertheless, based on the insights of the media equation 

theory (Reeves & Nass, 1996), people may perceive the actions of artificial entities to stem 

from own intentions based on personal desires, needs, and motivations. For instance, a study 

by Krämer et al. (2017) showed that a human and a computer interaction partner are both 

evaluated negatively after providing participants with negative feedback. This indicates that 

negative feedback is perceived to be intentional and attributed to the feedback giver regardless 

whether it is a person or a computer. Studies further show that even abstract geometrical shapes 

that move around on a computer screen can be perceived as acting with intentions, particularly 

if they seem to deliberately interact with each other and their environment (Blythe et al., 1999; 

Heider & Simmel, 1944; Scholl & Tremoulet, 2000). In line with that, Bartneck and Forlizzi 

(2004) pointed out that an autonomously acting social robot could be perceived as acting on its 

own intentions, although it does not have volition like humans do. When the behavior itself 

suggests that it is planned and executed with a goal, people are quick to assume and attribute 

intentionality. Malle et al. (2001) may deliver an explanation for that by pointing out that the 

attribution of intention allows people to detect structure in the behavior of others, which could 

reduce uncertainty. Thus, in order to be able to explain and predict an artificial entity’s behavior, 

people may be inclined to ascribe intentionality (Berger & Calabrese, 1975). 

However, there are also circumstances under which computers are perceived to be acting with 

less intentionality than people. This was shown to be the case with the ultimatum game, where 

a fixed amount of money needs to be divided between two players by accepting or rejecting a 

splitting proposal. In case of a rejection, none of the parties receive any money (Blount, 1995). 

When a person proposes how to split the money, people appear to expect fair offers. An unfair 

distribution is perceived to be intentional and usually rejected as a form of punishment 

accompanied by anger and disgust as answer to the perceived violation of social norms (Blount, 
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1995; Chapman et al., 2009). When a computer however is suggesting how to split the money, 

more uneven distributions, i.e., lower amounts of money, are accepted (Blount, 1995). This 

suggests that the computer is perceived to be less intentional when proposing those unfair splits 

which appears to result in less judgements and a lower perceived need to punish the computer 

by not accepting the offer. Nevertheless, people still do not accept all offers which they should 

if they would perceive the computer as acting with no intention at all. Thus, an attribution of 

intentionality to an artificial entity still appears to take place, although to a lesser extent than 

with a human interaction partner. 

In general, the degree to which autonomy and intentionality are perceived to be present when 

interacting with an artificial entity should affect how much responsibility is ascribed to the 

artificial entity for the way it behaves. As a study showed, people reported to feel less 

responsible when collaborating with a humanlike than a machine-like robot (Hinds et al., 2004). 

An explanation could be that the human-like robot was perceived as more autonomous as well 

as intentional and thus more capable of carrying responsibility than a machine-like robot (Hinds 

et al., 2004). Perceived autonomy and intentionality appear to be determinants for the 

perception of agency. Together with perceived responsibility, agency should decide over the 

degree an artificial entity’s behavior is attributed to the entity itself or external factors, which 

should then be decisive for the overall perception of the artificial entity. 

2.4.3.4. Responsibility 

As outlined before, responsibility results from situational and role-related factors such as a 

teacher being in charge in a classroom or a captain being in charge on a boat. Artificial entities 

are able to take over those kind of roles (Nass & Moon, 2000) and accordingly should be 

perceived responsible when doing so (Sullins, 2006). For instance, a social robot taking over 

the role of a care giver for elderlies should be perceived responsible for executing important 

tasks reliably such as reminding patients to take their medicine. If the robot fails to remind its 

patients to take their medicine, the robot will be blamed for this failure, but only if the robot 

was perceived to be acting autonomously as well as intentionally and was perceived to be 

responsible. Thus, perceived autonomy and intentionality appear to be prerequisites for 

perceiving this entity to act with agency. Behaviors and their consequences are then attributed 

to an artificial entity if it is perceived to possess agency and to be responsible. After discussing 

all these prerequisites, let us take a look at the circumstances influencing whether and to which 

degree behaviors and their consequences are be attributed to an artificial entity.  



Theoretical Background 

25 
 

2.4.3.5. Attribution Processes in Interactions with Artificial Entities 

Since the technologies behind artificial entities are advancing to become increasingly reliable, 

more and more tasks are delegated to them to be performed autonomously (Gogoll & Uhl, 2018; 

Hancock, 2017). This raises the question how actions performed by these increasingly 

autonomous artificial entities are perceived, particularly whether they are attributed to the entity 

or other external forces such as programmers, developers, or manufacturers. Artificial entities 

may never act fully autonomously and intentionally or be able to carry full responsibility, 

however, they might be perceived to meet those criteria. Accordingly, the focus should be laid 

on the perception of agency and responsibility in order to evaluate whether behaviors and 

subsequent consequences are attributed to the artificial entity displaying them. 

In case of an avatar or a robot that is controlled in real-time and immediately transfers the 

person’s intentions, the behavior should be clearly attributed to this person. The avatar or robot 

would just be a computer-graphical or technological representation of that person and one 

would interact with the person through the representation. This would rather fall into the 

category of computer-mediated communication than human-computer interaction (Fox et al., 

2015; Morkes et al., 1999) and is thus not further reflected upon here. 

A virtual agent or a robot that is acting based on a program, though, is also not acting completely 

autonomously or intentionally since it was programmed by a person or a group of persons at 

some point to act this way. However, research showed that programmers do not play a particular 

role in people’s perception of and reactions to artificial entities (Nass & Moon, 2000; Sundar 

& Nass, 2000). Thus, when interacting with such an artificial entity, people neglect that it was 

programmed to act this way and rather attribute its behavior to be caused by itself. As discussed 

before, people tend to react to artificial entities not in a logical but in a social way (Reeves & 

Nass, 1996). Thus, behaviors may generally be attributed to factors located inside of the 

artificial entity, despite the fact that artificial entities have no free will over their actions the 

way humans do. Although people may state to be aware that artificial entities are not able to 

possess human-like traits such as own intentions, emotions, and attitudes when asked directly, 

they still may react to these entities during an interaction as if they would possess those traits 

(Nass & Moon, 2000).  

A new hybrid form of artificial interaction partner called agent-representative poses a special 

case since it mixes and blurs computer- and person-controlled agency. Agent representatives 

are artificial entities, which are supposed to represent a specific person and their interests in a 

certain situation (de Melo et al., 2016). These agents are acting autonomously in the situation 
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but receive specific instructions on how to act by the person they are supposed to represent, so 

that they may act in accordance with the person’s intentions, motivations, beliefs, and attitudes. 

Examples for agent representatives which are already in use today are automated phone call 

systems such as Google Duplex (Leviathan & Matias, 2018) or bidding systems as known from 

the Internet auction platform eBay as well as automated negotiators and self-driving cars (de 

Melo et al., 2018). Since agent representatives only act upon a person’s intentions, the 

instructing person should be held responsible for the behavior of the agent representative. 

However, to whom the cause of the agent representative’s behavior needs to be attributed to 

might not be clear and blame for the negative behavior may be deflected (Bivins, 2006; 

Royzman & Baron, 2002) or even attributed to the agent representative itself.  

In general, the life-like behavior of artificial entities combined with a lack of transparency 

regarding what causes their behavior may lead people to perceive artificial entities as acting 

upon own intentions and following an own agenda (Bartneck et al., 2009; Bartneck, Kanda, et 

al., 2007). The perception of animacy or life-likeness in artificial entities is enhanced, for 

instance, by their physical behavior (Bartneck et al., 2009; Bartneck, Kanda, et al., 2007; 

Bartneck, van der Hoek, et al., 2007), their communication and social skills (Dautenhahn, 1999; 

Ishiguro et al., 2001), their human-like appearance (Riek et al., 2009), as well as by assigning 

personal names, stories and experience (Darling et al., 2015). However, in general not many 

cues are necessary to make humans react to artificial entities as if they were alive.  

As mentioned before, people generally tend to overestimate internal factors regarding a 

person’s disposition, while underestimating external, situational factors – a phenomenon known 

as fundamental attribution error (Jones & Nisbett, 1972; Nisbett & Ross, 1983; Ross, 1977). 

Calling back to mind the study by Jones and Harris (1967), where people perceived a position 

that was assigned to people via coin toss to reflect their actual attitude, it needs to be considered 

that similar processes may take place in human-machine interaction as well. In this vein, 

external constraints of an artificial entity such as a fix programming or strict instructions by a 

person may be neglected. This would lead to perceiving the artificial entity itself as fully 

responsible, which would have a great impact on the perception of the artificial entity.  

Summing up, attribution processes are linked to the extent to which an artificial entity is 

perceived to possess agency – based on perceptions of autonomy and intentionality – as well as 

to be responsible – based on situational and role-related aspects (Sullins, 2006). Examining 

against this background whether an artificial entity’s behaviors and subsequent consequences 

are attributed internally to the artificial entity itself or externally in consideration of constraining 
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factors such as a fix programming or instructions should have a great impact on the perception 

of these behaviors (Kelley, 1973; Kelley & Michela, 1980). How the behavior of an artificial 

entity is perceived should consequently determine the overall perception of the artificial entity. 

During an interaction, the behavior of an artificial entity may pose the most influential factor 

for people’s perception of the artificial entity (Rickenberg & Reeves, 2000), which is reflected 

in the subsequent section. 

2.4.4. Behavior Influencing the Perception of Artificial Entities 

According to Reeves et al. (2020), artificial entities are “programmed to behave in variety of 

social or helpful ways, enough so that the people who use them could interact via familiar and 

pleasurable and even emotional connections” (p. 1). Animated artificial entities are considered 

to make social interactions more pleasing, productive, and easy (Rickenberg & Reeves, 2000). 

This was found to bear several benefits, for instance, when using artificial entities as 

pedagogical agents (Lester et al., 2000; Paiva & Machado, 1998) or as support for elderlies 

(Heerink et al., 2009; Looije et al., 2010; Tanaka et al., 2017). Behavior is a wide-ranging term 

which includes but is not limited to body movements, gaze directions, facial expressions, voice 

and intonation, postures, gestures, and other verbal as well as non-verbal expressions. An 

overview over the various behaviors of artificial entities is given in the following. 

2.4.4.1.  rtif icial  nti ties’ Behavior Variations  

In general, an artificial entity’s behavior can be designed to show high or low amounts of 

expressivity and sociability (Heerink et al., 2009). For this purpose several behavioral aspects 

such as gaze, response to errors, expressions of emotions such as smiling and cheerfulness, 

recall of personal details such as the user’s name, nodding, blinking, turn-taking, and politeness 

can be means to manipulate people’s perception of an artificial entity (Breazeal, 2003; Cassell 

& Thórisson, 1999; Heerink et al., 2009; Looije et al., 2010). Against this background, Looije 

et al. (2010) distinguish between four behavior types, which are outlined in detail below: high-

level dialogues, showing natural cues, expressing emotions, and social conversation norms. 

With regard to dialogue, an artificial entity may use strong language containing many confident 

statements or weak language including questions and suggestions (Isbister & Nass, 2000). An 

artificial entity can be rude, selfish, and bossy as well as kind, pleasant, and empathetic (Heerink 

et al., 2009; Mumm & Mutlu, 2011). According to Dautenhahn (2007), the reliability and 

robustness of interaction skills may vary, which should result in different levels of dialogue 

quality. Concerning voice and intonation, the volume, speech rate, frequency as well as 
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frequency range may be adapted (S. Lee et al., 2005; Nass & Lee, 2001). Moreover, the artificial 

entity can be equipped with a rather machine-like or rather human-like voice (Baylor et al., 

2003), which further can be female or male (Eyssel et al., 2012).  

Concerning natural cues, the gaze direction of an artificial entity may be directed to or averted 

away from a human interaction partner and/or a shared target (Bruce et al., 2002; Cassell & 

Thórisson, 1999; Heerink et al., 2009; Kozima et al., 2003; Mumm & Mutlu, 2011). With regard 

to body movements, an artificial entity may display proxemic behavior, i.e., approach or keep 

distance to a person (Isbister & Nass, 2000; Satake et al., 2009). Furthermore, different forms 

of gesticulation can be implemented such as wide and free or narrow and restricted (Isbister & 

Nass, 2000).  

Emotions can potentially be expressed by artificial entities via body movements such as 

gestures and postures (Embgen et al., 2012; Häring et al., 2011; Pelachaud, 2009b; Tan & 

Nareyek, 2009), sounds (Häring et al., 2011), eye colors (e.g., red for anger or negative valence; 

Häring et al., 2011; Rosenthal-von der Pütten et al., 2018), verbal expressions (Horstmann et 

al., 2018), as well as facial expressions (Breazeal, 2002; Bruce et al., 2002; Kühnlenz et al., 

2010; Pelachaud, 2009a; Tan & Nareyek, 2009). For instance, Bittermann et al. (2007) used a 

robotic head which is able to express six basic emotions and Ochs et al. (2010) examined the 

effects of different types of smiles by a virtual agent.  

Regarding social conversation norms, turn-taking is an important aspect which many 

researchers recognized and chose as research object (e.g., Breazeal, 2003; Cassell & Thórisson, 

1999; Looije et al., 2010; Skantze et al., 2014). Other social conversation norms may be 

politeness (Carolus et al., 2019; Nass et al., 1999), synchrony and reciprocity (Lorenz et al., 

2016), as well as nonverbal behaviors to give feedback during an interaction, such as nods and 

glances (Cassell & Thórisson, 1999). 

All of the above are behavior examples to show how complex and multi-faceted behaviors of 

artificial entities can be. Consequently, effects of different behavior variations on their human 

interaction partners are similarly complex. Many researchers made attempts to examine those 

effects, however, extensive research is still needed. Since it is not even fully researched yet how 

people respond to behaviors by other people (a goal which may never be reached due to its 

complexity), it is only logical that there are also still big gaps with regard to interactions with 

artificial entities. In the following, some of the findings regarding the effects of behavior on the 

perception of artificial entities are presented. 



Theoretical Background 

29 
 

2.4.4.2. Effects of  rtificial  nt ities’ Behaviors 

Along with the many possibilities to display different behaviors, there is an extensive body of 

research examining how people perceive, evaluate, and react to these behavioral variations 

when interacting with artificial entities. In general, an interaction with artificial entities 

accompanied by behaviors such as gaze, manual beat gesture, and head movements is preferred 

over an interaction missing those behaviors (Cassell & Thórisson, 1999). There are several 

behaviors which can be perceived as socially interactive such as avoidance of collisions and 

interruptions via anticipatory measures, showing interest, moving the head or eyes 

meaningfully towards a person or a shared object of interest, turn-taking, and active 

participation (Dautenhahn, 2007). However, certain behaviors which indicate that the artificial 

entity is taking no interest in what the human interaction partner is doing or saying can be 

perceived as socially ignorant (Dautenhahn, 2007). Particularly, this could be collisions with 

people, interruptions, being passive during a group task, and not moving the head or eyes to the 

human or a shared object, all of which are found to be disliked and cause discomfort 

(Dautenhahn, 2007). Altogether, behavior needs to be considered as having a great impact for 

interactions with artificial entities as further outlined below.  

First of all, the media equation theory itself postulates that the behavior of an artificial entity is 

central for eliciting social responses (Reeves & Nass, 1996). As key factors, interactivity, 

natural language, and the filling of a traditionally human role are named (Nass & Moon, 2000; 

Reeves & Nass, 1996), which are all behavioral aspects. In this vein, the behavior of computers 

was shown to have an effect on people’s perceptions, e.g., in form of a better evaluation after 

flattering feedback (Fogg & Nass, 1997b), by responding politely in case a computer personally 

asks for feedback (Nass et al., 1999), as well as by applying gender stereotypes based on the 

voice of the computer (Nass et al., 1997).  

Verbal as well as non-verbal behaviors were found to prompt people to perceive an artificial 

entity to possess certain personality characteristics (Isbister & Nass, 2000; K. M. Lee et al., 

2006; Nass & Lee, 2001). A male or female voice can further influence how the gender of an 

artificial entity is perceived (Eyssel et al., 2012) and an agent with a human voice is perceived 

more human-like (Baylor et al., 2003; Eyssel et al., 2012). Altogether, the perceived similarity 

between the artificial entity and oneself appears to play a central role in the perception of these 

technologies (Eyssel et al., 2012; Horstmann et al., 2018). Directed gaze behavior of artificial 

entities is further perceived to convey attention, which elicits social behavior (Kozima et al., 

2003) and makes it more compelling for people to interact with them (Bruce et al., 2002). It 
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further depends on the artificial entity’s previous behavior how people perceive and react to 

direct gaze by it. For example, with a rudely behaving robot, people react with an increase in 

distance and a decrease of self-disclosure to direct gaze by this robot (Mumm & Mutlu, 2011). 

In general, facial expressivity was found to make it more attractive to interact with an artificial 

entity (Bruce et al., 2002).  

An artificial entity displaying social behavior such as turn-taking and expression of emotions 

is perceived as more empathic as well as trustworthy and elicits more positive responses than a 

text-based interface (Looije et al., 2010). For conversations with artificial entities, emotional 

feedback such as smiling is even topped by envelope feedback which comprises gaze and head 

movements (Cassell & Thórisson, 1999). With regard to movements, the mobility of an 

artificial entity affects how competent and warm it is perceived (Reeves et al., 2020). Further, 

different emotional states of an artificial entity were successfully displayed via body 

movements, for instance, joy via dance moves and fear via cowering (Häring et al., 2011).  

Generally, it was shown that any type of non-verbal behavior, whether it is human-like or 

technology-specific, significantly increases the perceived animacy of the artificial entity as well 

as experienced positive affect and display of self-disclosure (Rosenthal-von der Pütten et al., 

2018). Furthermore, employing several behavioral systems such as a combination of facial 

expressions, gestures, and body postures has a stronger effect than using only one of the systems 

(Tan & Nareyek, 2009). Summing up, it is of central importance to consider the strong impact 

of an artificial entity’s behavior when examining which factors influence the perception of this 

entity. The behavior’s influence may be positive, negative, or both depending on the content of 

the behavior and how it is interpreted (Rickenberg & Reeves, 2000). As Rickenberg and Reeves 

(2000) explain, “an animated character turns up the volume on social presence, which means 

that it can accentuate the effects of everything presented” (p. 55). Behavior therefore needs to 

be considered as important influencing factor for the perception of artificial entities, 

individually as well as in correspondence with expectations and attributions which often shape 

how behavior is perceived and interpreted.  

2.5. Conclusion and Research Objectives 

Based on the presented theoretical background, I am coming to the conclusion that expectations, 

attributions, as well as behavior need to be considered as influencing factors for the perception 

of artificial entities – individually as well as in interaction with each other. As outlined before, 

there is much research dealing with the effects of different behavior variations on the perception 
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of artificial entities (see chapter 2.4.4.2). However, not much if any research considered 

expectations and attribution processes as further influencing factors, although they were found 

to have recognizable effects in human-human interactions (see chapter 2.2.1 and 2.2.1). Since 

many processes that were examined within interpersonal contexts were also observed to play a 

role in interactions with machines (Nass & Moon, 2000; Reeves & Nass, 1996), the mechanisms 

of expectations and attributions should be considered here as well. This is where the studies of 

this thesis are filling a research gap in order to understand how perceptions of artificial entities 

emerge and are further shaped. 

 Against this background, the research objectives of this thesis are to examine a) individuals’ 

expectations regarding artificial entities alongside with their technological expertise, b) the 

circumstances under which an artificial entity’s behavior is attributed internally or externally, 

c) artificial entities’ behaviors in general, and d) how all of these factors influence the 

perception of artificial entities. Not only the individual main effects of those influencing factors 

are of interest, but particularly how they interact with each other in order to receive an in-depth 

understanding on how people form impressions of artificial entities. The studies which are 

contained in this cumulus and summarized in the following present different theoretical as well 

as methodical approaches to attend to this matter with the overarching goal to shed further light 

on the mechanisms influencing the human perception in general and within interactions with 

artificial entities in particular.  
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3. SUMMARY OF THE RESEARCH PAPERS CONTAINED IN THE CUMULUS 

In this chapter, brief descriptions of the five studies which were conducted within the 

framework of the present dissertation are presented. The studies focus on different factors 

influencing the perception of artificial entities as portrayed in Figure 2. The pressing questions 

that were examined by means of these studies is how people’s expectations and attributions as 

well as artificial entities’ behaviors influence how they are perceived. The individual effects of 

these different factors are considered but also, with even more interest, how they interact with 

each other.  

Figure 2. Overview of the considered influencing factors for the perception of artificial 
entities and the respective research papers of the cumulus 

 

In the first two studies (research paper I), people’s expectations regarding artificial entities, 

particularly sources of expectations such as experiences in real life and in the media as well as 

people’s technological expertise, are examined. The third study (research paper II) employs an 

experimental setting to examine the influence of people’s technological expertise, their 

expectations regarding an artificial entity’s future role, and the level of the artificial entity’s 

interaction skills on how it is perceived after an actual interaction took place. The fourth study 

(research paper III) investigates by means of another experimental setting the influence of an 

artificial entity’s behavior (positive or negative feedback) and whether this behavior was 
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portrayed as being autonomous or pre-programmed. Additionally, the influence of people’s 

technological expertise and the artificial entity’s expected future role were measured. The last 

study (study V, research paper IV) focuses on the role of different types of agency (computer-

controlled, person-controlled or hybrid) and levels of expertise of an artificial entity on people’s 

perception of it. Please note that all studies included in the cumulus were approved prior to the 

conduction by the ethics committee of the University of Duisburg-Essen. 

3.1. Research Paper 1: Great Expectations? Relation of Previous Experiences with 
Social Robots in Real Life or in the Media and Expectancies Based on 
Qualitative and Quantitative Assessment (Horstmann & Krämer, 2019) 

The research objectives of the first research paper were to explore people’s expectations 

regarding artificial entities via qualitative interviews and to systematically examine 

mechanisms influencing the formation of those expectations, such as personal experiences, 

reception of media portrayals, and technological expertise, via a quantitative online study. 

During a first encounter, people experience a lot of uncertainty regarding their interaction 

partner and the pronounced need to reduce this uncertainty by seeking information about the 

other (Berger & Calabrese, 1975). Against this background, the question arises how people 

reduce uncertainty when interacting with artificial entities such as social robots. Since processes 

that take place in interpersonal settings have also been observed in interactions with artificial 

entities (Reeves & Nass, 1996), people will likely attempt to reduce their uncertainty by forming 

expectations based on available sources of information. These sources of information may be 

personal experiences, realistic or fictional portrayals in mass media, or general technological 

expertise (Bruckenberger et al., 2013). To explore these expectations and how they are formed 

is pivotal since they may affect people’s perception (Burgoon, 1993) and consequently their 

acceptance of artificial interaction partners (Venkatesh & Davis, 2000). Thus, a mixed method 

approach was applied to achieve a more comprehensive picture in depth as well as breadth 

regarding people’s expectations regarding social robots and how they are formed and shaped. 

In a first step, thirteen semi-structured interviews were conducted to learn about people’s 

expectations, particularly regarding applications, functions, as well as own emotions and 

intentions (study I). Robots are foremost expected to assist with household and work-related 

tasks, but not to overtake social tasks and not to have own emotions and intentions. 

Furthermore, fears of social robots developing an own consciousness and trying to compete 

with humans were mentioned frequently, which represents common science fiction scenarios 

and leads to the second study of this paper. 
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In the next step, mechanisms influencing the development of these expectancies were explored 

via a quantitative online study with 433 participants (study II). Focus was laid on sources of 

information, particularly experiences with real robots, reception of reports about real robots, 

and knowledge of fictional robots in science fiction movies or series. Science fiction in 

particular was assumed to be a central influencing factor since social robots, in contrast to 

science fiction formats, are currently not wide-spread and real contact is scarce (Bartneck, 2004; 

Bruckenberger et al., 2013; Sandoval et al., 2014). Moreover, the influence of people’s 

technological expertise was considered as well.  

With the data attained via the online study, a structural equation model was constructed which 

shows that experiences with robots, particularly through mass media such as science fiction 

formats cause people to increasingly expect robots to have elaborated skills. To expect 

elaborated skills, in turn, leads people to generally expect social robots more strongly to become 

part of the society as well as their personal lives. Additionally, the more negatively perceived 

fictional robots people recalled, the more negative expectancies of robots becoming a threat to 

humans did they report. People’s technical affinity and locus of control, however, appeared to 

diminish those fears. 

3.2. Research Paper 2: Expectations vs. Actual Behavior of a Social Robot: An 
Experimental Investigation of the Effects of a   cial      t’s  nteracti n   ill  
Level and Its Expected Future Role on  e  le ’s   al ati  ns (Horstmann & 
Krämer, 2020) 

To further examine what affects people’s perceptions and evaluations of social robots, this study 

focuses on three potential influences: 1) the robot’s behavior in form of a high or low level of 

interaction skills, 2) the robot’s expected future role as helpful assistant or threatening 

competitor, and 3) people’s individual backgrounds regarding robots and technology in general. 

When interacting with artificial entities, the behavior appears to be of substantial importance 

and to exert great influence (Rickenberg & Reeves, 2000). Consequently, a social robot’s level 

of interaction skills should affect people’s evaluations tremendously, in particular since 

interaction skills are essential for a social robot to serve its purpose (Dautenhahn, 2007; Davis, 

1993). With regard to expectations, the preceding study (study II, research paper I) confirmed 

that most people have not personally interacted with a social robot yet and thus have to acquire 

information from other sources, which are often mass media. However, fictional robots are 

portrayed as both, “good” as well as “bad” characters, which leads recipients to experience 

double-minded feelings (Bruckenberger et al., 2013). Since expectations work as perceptual 

filters of the reality (Burgoon, 1993; Burgoon & Le Poire, 1993), expecting a social robot to 
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either become a helpful assistant or a threatening competitor should affect people’s perception 

of this robot, particularly in combination with low or high interaction skills. As the previous 

studies (study I and II, research paper I) indicated, the individual background of the person 

interacting with an artificial entity needs be considered as well when examining human-robot 

interaction processes. Therefore, this study further includes people’s technological expertise, 

their previous experiences with real or fictional robots, and their negative expectancies 

regarding robots in the analyses. 

Against this background, an experimental lab study with a 2x2 between-subjects design and 

162 participants was conducted. Before people interacted with the social robot Nao, they were 

told about the motivation for having the robot interact with different humans. Respectively one 

half of the participants were told that the robot interacts with people to become a better, more 

helpful assistant, which will be able to relieve humans from onerous and exhausting tasks one 

day. The other half was told that the robot’s goal is to learn from humans in order to become 

better, e.g., more efficient than them and to take over tasks one day which are currently executed 

by humans. During the subsequent interaction with Nao (see Figure 3), the robot presented 

either high or low interaction skills. High interaction skills comprised a natural dialogue (via 

wizard of oz design; see Dahlbäck et al., 1993), while low interactions skills included 

misunderstandings, mispronunciations, and restricted answering options. Participants’ 

individual backgrounds as well as their evaluations of the robot and the interaction with it were 

assessed via questionnaires. 

Figure 3. Experimental setting of study III: interaction with the social robot Nao 

 

A structural equation model was built to get a comprehensive picture of the different influences 

of and relationships between the robot’s behavior, the user’s expectation, and the user’s 

individual background. Based on the results, the robot’s interaction skill level, i.e., the robot’s 

behavior, had the strongest effect on people’s evaluations. More specifically, poor interaction 

skills elicited a more negative evaluation than high interaction skills. Regarding the robot’s 
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expected future role, the robot was evaluated as less sociable when it was described to become 

a competitor compared to an assistant. People’s individual background appears to have no 

substantial influence on how they perceived and evaluated the robot. In conclusion, people’s 

perception of an artificial interaction partner is foremost affected by its behavior and to a lesser 

extent by people’s expectations, while individual backgrounds appear to play a negligible role. 

3.3. Research Paper 3: The Fundamental Attribution Error in Human-Robot 
Interaction: An Experimental Investigation on Attributing Responsibility to a 
Social Robot for Its Pre-Programmed Behavior 

To consider attribution processes as further influencing factor for the perception of artificial 

entities, this study’s aim is to explore how autonomous in contrast to pre-programmed behavior 

of an artificial entity is perceived which furthermore has an either positive or negative valence. 

Since human-robot interactions are becoming increasingly socially situated and multi-faceted 

(Young et al., 2011), the question arises whether and to what extent people perceive a social 

robot to be responsible for its actions and subsequent consequences. The well-known attribution 

theory describes how people constantly try to comprehend causes and implications of others’ 

behaviors (Kelley, 1973; Ross, 1977). In this process, however, people appear to overestimate 

the influence of dispositional factors while underestimating situational ones (Ross, 1977). 

Transferring this to human-robot interaction, the question arises how people evaluate internal 

and external causes when interacting with a social robot, particularly when it unexpectedly 

gives unpleasant, negative feedback. This study examined whether presenting external 

justifications affect the perception of an artificial entity, more specifically whether a robot is 

evaluated more negatively when it is believed to generate impolite feedback autonomously by 

itself compared to when the feedback is believed to be fix-programmed in advance.  

Furthermore, expectations are considered as well since study III (research paper II) indicated 

that the evaluation of a social robot is partly affected by previously describing the robot either 

as threatening competitor or as helpful assistant. These future roles are common portrayals in 

mass media (Bruckenberger et al., 2013; Scopelliti et al., 2005) and further reflect wide-spread 

expectations (Ray et al., 2008; Weiss et al., 2011). Summing up, this study’s aim was to 

examine whether and how attribution processes occur during interactions with social robots. 

For this purpose, it was analyzed how a social robot’s feedback is perceived when it is either 

described to be generated autonomously or pre-programmed while considering the valence of 

the feedback and the robot’s expected future role. 
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An experimental online study with a 2x2x2 between-subjects design was conducted with a final 

sample of 394 participants. First, a vignette was presented in which the social robot Pepper was 

either described as assistant or competitor and its feedback to be generated autonomously by 

the robot or to be pre-programmed by programmers. After watching a tutorial video, 

participants took a quiz executed by Pepper during which the robot provided either constantly 

positive or negative feedback regarding the participants’ answers (see Figure 4).  

Figure 4. Experimental setting of study IV: interaction with the social robot Pepper 

 

Based on the results, a social robot is perceived to possess more agency, to be more responsible 

for the feedback content, and to be more competent when it is believed to give feedback 

autonomously compared to when the feedback is believed to be pre-programmed. Furthermore, 

the more agency a robot is perceived to have, the better it is evaluated, particularly its sociability 

and the interaction with it. However, the robot’s autonomy merely had an indirect effect via 

perceived agency on the evaluation of the robot. The valence of the feedback alone affected the 

evaluation directly and without any influence by how the feedback was generated. These results 

indicate that people neglected external causes for the robot’s behavior, i.e., its programming, 

which points to the occurrence of the fundamental attribution error (Ross, 1977). 

3.4. Research Paper 4: I Just Wanna Blame Somebody, Not Something! Reactions to 
a Computer Agent Giving Negative Feedback Based on the Instructions of a 
Person 

To extend the insights regarding attribution processes in interactions with artificial entities, this 

study further examines how different types of agency (human-controlled vs. computer-

controlled vs. mix of human- and computer-controlled) and different levels of expertise (expert 

tutor vs. peer study partner) influence the perception of an interaction partner who provides 

exclusively negative feedback. Previous research primarily focused on interaction partners 
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which are clearly controlled either by a person or a computer program (avatar vs. virtual agent; 

e.g., Blascovich et al., 2002; Krämer et al., 2017; von der Pütten et al., 2010). Since interaction 

technologies are becoming increasingly reliable, more tasks are delegated to autonomous 

machines (Gogoll & Uhl, 2018; Mosier et al., 1997). Against this background, a mixture of 

human- and computer-controlled agent is emerging: a computer agent that represents persons 

in certain situations by acting on their instructions called agent representative (de Melo et al., 

2018). Accordingly, since the borders between the categories person and computer increasingly 

blur, this study examines to whom or what responsibility for an artificial entity’s behavior is 

attributed to. When interacting with an agent representative, the agent’s behavior may be 

attributed “externally” to the person who instructed it or “internally” to the computer program 

itself (cf. attribution theory; Kelley, 1973), or in parts to both. To investigate the attribution 

processes in interactions with artificial entities, this study examines whether there are 

differences in people’s reactions to negative feedback when they believe to be either interacting 

with a person’s avatar, a computer-controlled agent, or an agent representative constituting a 

hybrid form of the former two. Additionally, the expertise of the interaction partner is 

considered since it should also affect how people react to feedback (Bannister, 1986). A peer 

study partner with similar expertise should be perceived as ally (Nass et al., 1996; Wilson et 

al., 1965), while expert tutors are generally expected to be authoritarian as well as credible 

(Berlo et al., 1969; Hovland et al., 1953).  

In an experimental lab study with a 2x3 between-subjects design, 195 people were told to either 

study together with a person-controlled avatar, a computer-controlled virtual agent, or a 

computer-controlled and person-instructed agent representative (see Figure 5). To manipulate 

the expertise of the interaction partner, participants were further told to either interact with an 

expert tutor or a non-expert peer study partner. During the joint study time, the interaction 

partner would always give negative feedback regarding the participant’s performance. 

Afterwards, people reported on their current affect and evaluated their interaction partner as 

well as the interaction with it. 
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Figure 5. Experimental setting of study V: interaction with the virtual agent Brad (left: study 
partner with low level of expertise, right: tutor with high level of expertise) 

 

Although the negative feedback apparently led people to evaluate their interaction partner 

poorly in all conditions, there were still some small, interesting differences regarding the type 

of agency. Perceived agency was highest for the person-controlled avatar and similarly low for 

the agent representative and the virtual agent. Attribution of blame to the person(s) behind the 

software and negative affect was highest for the avatar and lowest for the virtual agent. No 

significant difference regarding negative affect and attribution of blame was found between 

agent representative and avatar as well as between agent representative and virtual agent. 

Descriptive values further indicate that the agent representative’s evaluations lay between the 

evaluations of the avatar and the virtual agent with no significant difference to either one of 

them. Level of expertise had no significant effect and other evaluation measures were not 

affected.



Discussion 

40 
 

4. DISCUSSION 

The focus of the five studies presented in this cumulus was to examine which factors have 

which influence on the perception of artificial entities, individually and in interaction with each 

other. How people perceive artificial entities is highly relevant since it may affect how they are 

evaluated and treated, how people react to them, and whether they are accepted and used in the 

long run (Dautenhahn, 2007; Davis, 1989, 1993). Furthermore, learning about how artificial 

entities are perceived in comparison to how other persons are perceived will provide us with a 

more in-depth understanding of human perception in general. Perception particularly plays a 

role for artificial entities in comparison to other technologies, since they are non-living, 

electronic devices or computer programs but appear to be somehow alive due to their social and 

life-like behavior (Bartneck, Kanda, et al., 2007; Dautenhahn, 2007; Reeves & Nass, 1996; von 

der Pütten et al., 2010). Thus, by examining how perceptions are formed in interactions with 

artificial entities we are able to make better predictions for how people will feel and behave in 

future scenarios where these technologies are used more extensively. In the following, the 

results of the five studies of the cumulus are discussed with regard to the overarching question 

which factors influence the perception of artificial entities to which extent and how do these 

factors function in relation to each other. This is followed by a derivation of theoretical as well 

as practical implications for the field of human-computer interaction and an overall conclusion 

at the end. 

4.1. Influencing Factors for the Perception of Artificial Entities 

To examine how individuals perceive artificial entities, various factors need to be considered 

individually as well as in interaction with each other. First, a closer look was taken at people’s 

expectations regarding artificial entities, whereby mass media particularly science fiction 

representations appeared to play a major role (study I and II, research paper I). Specifically, 

two contradicting but similarly prominent views on the future role of artificial entities were 

considered throughout the studies: artificial entities either becoming competitors or assistants 

to humans (study III, research paper II; study IV, research paper III). Another aspect which was 

included in the studies as well is people’s technological expertise, more specifically technical 

affinity and locus of control, which also can have an effect on the formation of expectations 

(study II; study III). Moreover, attribution processes were taken into account in order to 

determine whether an artificial entity’s actions are perceived to be caused internally or 

externally and whether this affects how the entity is perceived (study IV; study V, research 
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paper IV). The last influencing factor included was the artificial entity’s behavior, which was 

considered in different forms (level of interaction skills in study III; valence of feedback in 

study IV). The results regarding these influencing factors are outlined and discussed below. 

4.1.1. Expectations  

There were two predominant reasons for exploring the influencing power of people’s 

expectations on their perception of artificial entities. First, expectations often work as 

perceptual filters (Burgoon, 1993; Burgoon & Le Poire, 1993) and thus may alter how we 

perceive an artificial entity during an actual encounter. Second, due to a lack of personal 

experiences with artificial entities, expectations concerning them appear to be heavily 

influenced by mass media portrayals, which suggest that artificial entities are far more advanced 

than it is actually the case (Banks, 2020; Bruckenberger et al., 2013; Sandoval et al., 2014). 

These inflated expectations may lead to expectancy violations when confronted with reality 

(Komatsu & Yamada, 2011; Kwon et al., 2016), which should have a negative effect on 

people’s perception of artificial entities (Burgoon & Hale, 1988). Moreover, two contradicting 

views on social entities are prevalently promoted in the media – one predicting artificial entities 

to be desirable, helpful assistants and the other drawing on people’s fear to compete with and 

possibly be replaced by machines (Bruckenberger et al., 2013; Ray et al., 2008; Scopelliti et al., 

2005; Weiss et al., 2011). These contradicting views could respectively have an impact on 

people’s mindset when encountering artificial entities and may persistently influence people’s 

perception of them. In the following, the influence of science fiction portrayals and the two 

most prominent but contradicting views on artificial entities are discussed in detail. 

4.1.1.1. Science Fiction as Source of Expectations 

In general, it has been observed that media have an effect on people’s perception of the reality 

as described extensively by the cultivation theory (Gerbner & Gross, 1976). Particularly, media 

are able to shape perceptions of technologies (Nisbet et al., 2002), which is why it is pivotal to 

consider prominent media representations of artificial entities when examining what influences 

how they are perceived. There is a large number of science fiction characters which represent 

artificial entities of various forms. Most of them are robots such as the Terminator, WALL-E, 

or R2-D2. However, there are also other forms such as the Machines from the Matrix movies, 

the board computer HAL 9000, or the omnipresent artificial intelligence J.A.R.V.I.S. known 

from the Marvel Universe. As the first two studies (study I and II, research paper I) confirm, 

those science fiction characters are wide-spread and well-known. As it was the case in studies 
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conducted by Ray et al. (2008) and Scopelliti et al. (2005), the interviewees of study I also 

frequently referred to science fiction when describing their preferences and expectations. Here, 

social robots are expected and preferred to have no own emotions or an own will and not to 

take over tasks which involve a social aspect such as child or elderly care. Instead, robots are 

predominantly expected and desired to function as assistants for household- or work-related 

tasks. Extending these insights, study II showed that people’s expectations are greatly 

influenced by their experiences with robots, which appear to be mainly encounters via mass 

media in general and science fiction in particular. Taking a closer look, these experiences appear 

to cause people to have rather high expectations regarding the actual abilities of social robots. 

Indirectly, these experiences also lead people to rather expect social robots to play significant 

roles in their personal future lives as well as in society in general. All these heightened 

expectations may be the consequence resulting from accordingly biased media representations 

(Bruckenberger et al., 2013; Sandoval et al., 2014).  

The second study (study II) further reflected upon the influence of 25 specific fictional robot 

characters, which mostly could be classified as either positively (e.g., WALL-E) or negatively 

(e.g., the Terminator) perceived characters, on people’s fears and negative expectations. Results 

showed, the more negatively perceived fictional robot characters people recalled, the more 

negative expectancies regarding social robots they reported. Those negative expectancies 

reflected common science fiction scenarios of humans being outraced and battled by their 

inventions (Khan, 1998; Ray et al., 2008; Weiss et al., 2011). With these findings regarding the 

influence of mass media representations on people’s expectations in mind, it became clear that 

the influence of the two views which are promoted the most in media and portray artificial 

entities either in a positive, pleasant or negative, repelling way (Scopelliti et al., 2005) need to 

be looked at more closely. 

4.1.1.2. Expected Future Role: Competitor Versus Assistant 

Previous research already described how there are two prevalent views on artificial entities, 

particularly social robots, which are on opposite ends (Bruckenberger et al., 2013; Scopelliti et 

al., 2005). As Scopelliti et al. (2005) put it: “Science fiction doubtless influences people’s 

visualization of humanlike robots: it gives a twofold image of robots: (1) as helping assistants 

and (2) as more frightening potential competitors or, even worse, overwhelming entities.” 

(p. 148). Against this background, it makes sense that participants of study I (research paper I) 

reported that they would rather have robots take over assistive tasks, mostly related to 

household chores, but would feel uncomfortable with them becoming too human-like and 
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playing a part in their social lives. Moreover, one of the main realizations of the first research 

paper was that mass media representations, particularly science fiction as well as fictional 

characters based on artificial entities, have a considerable impact on people’s expectations, 

which should also ultimately affect their general perception of artificial entities. As a 

consequence, the influence of these two contradicting views were considered in the subsequent 

two studies.  

In study III (research paper II) as well as in study IV (research paper III), people interacted with 

a social robot (Nao or Pepper) and were either told beforehand that the robot strives to become 

a helpful assistant or to take away jobs from and compete with humans. The first outlook was 

supposed to stress the positive assistant-expectation while the other was supposed to emphasize 

the negative competitor-expectation. In study III, the robot expected to become a helpful 

assistant was evaluated more positively with regard to its sociability compared to the robot 

expected to become a threatening competitor. This indicates that expectations are able to 

influence the perception of an artificial entity. However, no effect of this expectation 

manipulation was found in study IV.  

One reason may be that people’s expectations are formed by several aspects such as different 

sources of information, personal experiences, and people’s technological expertise. The one-

time manipulations via a short vignette may not have been sufficient to elicit extensive 

influences on people’s perception. However, expectations should still be considered as relevant 

influencing factor as previous research (Komatsu & Yamada, 2011; Kriz et al., 2010; Kwon et 

al., 2016; Sandoval et al., 2014; Scopelliti et al., 2005) as well as the results of the first three 

studies (study I; study II; study III) indicate. In general, expectations should be viewed as one 

gear wheel in the machine that is responsible for creating people’s perception of artificial 

entities. Another one of those gear wheels appears to be the technological expertise of the user 

as outlined in the next paragraph.  

4.1.2. Technological Expertise of the User 

How people perceive and behave around technological devices and applications depends on the 

design of the technology, but also on characteristics on side of the user (Lane & Lyle, 2011; 

MacDorman & Entezari, 2015; Rosenthal-von der Pütten & Weiss, 2015). Here, Lane and Lyle 

(2011) emphasize the importance of recognizing the range of technological expertise that exists 

among users and how this can pose actual or perceived barriers and consequently impact the 

adoption of new technologies. People’s technological expertise may cover several facets, of 
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which technical affinity and locus of control where considered for the studies presented in this 

cumulus. Technical affinity rather describes how much enthusiasm and joy a person 

experiences when encountering technology, particularly new, complex and exciting 

technology, and how this results in pronounced openness to try these technologies (Franke et 

al., 2019; Karrer et al., 2009; Morahan-Martin & Schumacher, 2007). Locus of control on the 

other hand rather reflects a person’s actual competence handling electronic devices which 

appears to result in a more realistic view on technology (Beier, 1999; Gaul et al., 2010).  

In the second study (study II, research paper I), both forms were included as potential factors 

for influencing people’s expectations regarding artificial entities. And indeed, people with a 

high technical affinity had greater expectations regarding the skills of robots as well as their 

future role in society and their personal lives. People’s enthusiasm about technological novelties 

appeared to have positively biased their perception of the technology. This bias apparently 

causes them to expect sophisticated abilities and functions, likely because this would make the 

technology more interesting and exciting. Moreover, people with a pronounced technical 

affinity also reported less fears related to robots in comparison to people with low technical 

affinity. Accordingly, technical affinity appears to impact people’s perception of artificial 

entities by means of higher expectations as well as less anxiety.  

Looking at another facet of technological expertise, people with a high locus of control using 

technology appeared to have a more realistic view on artificial entities regarding their skills as 

well as their future role. This can be derived from the insights of study II which show that a 

high locus of control was related to less pronounced expectations regarding the skills as well as 

future role of social robots. Moreover, locus of control also reduced the extent to which people 

reported fears regarding robots (on a marginally significant level), which may also be a product 

of the more realistic view on artificial entities. Overall, high locus of control when handling 

technology appears to be accompanied by a general understanding of technological devices 

(Beier, 1999; Gaul et al., 2010). This may enable people to make a more realistic assessment of 

artificial entities’ capabilities, which also appears to reduce their general fears regarding non-

human interaction partners.  

The mitigating effects of people’s technological expertise, which comprises technical affinity 

as well as locus of control, on people’s negative expectancies regarding artificial entities were 

also apparent in study III (research paper II). Here, technological expertise also enhanced 

people’s tendency to generally evaluate the interaction with an artificial entity better (on a 

marginally significant level), which may be a side product of generally reduced fears. In the 
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subsequent studies (study IV, research paper III; study V, research paper IV), however, 

technological expertise appeared to play no particularly relevant role. Coming to a conclusion 

here, people’s technological expertise can affect how people perceive artificial entities by 

influencing the formation of expectations and by reducing people’s fears. However, those 

effects are not too pronounced and not persistent in all contexts. Thus, technological expertise 

should be considered as a potential influencing factor, but not as the most central one. As further 

factor influencing people’s perceptions of artificial entities, attribution processes need to be 

considered, i.e., whether agency and responsibility for a behavior are ascribed to the artificial 

entity or whether external factors are considered to be the decisive cause. 

4.1.3. Attribution Processes 

As outlined in the theory section, there is a fundamental human need to reduce uncertainty 

(Berger & Calabrese, 1975), which is why people always make an effort to figure out who or 

what caused a person’s behavior. This results in attributing an opponent’s behavior either 

internally to the opponent’s disposition or externally to situational, relational, or other 

contextual factors (Kelley, 1973). In case of behavior that is believed to be intentional, 

perceived motives are also considered to interpret and evaluate the behavior. In order to 

attribute the cause of behavior internally to an entity, it needs to be perceived to possess agency 

first. Agency can be defined in several ways, but basically describes the capacity to act 

independently and free of choice (Banks, 2019; Barker, 2005).  

For the perception of agency, the focus in this work was laid on perceived autonomy and 

intentionality as prerequisites, which together with responsibility based on situational and role-

related aspects is believed to determine the internal attribution of behaviors and subsequent 

consequences to an artificial entity (Kelley, 1973; Shaver, 1985; Sullins, 2006). Autonomy in 

particular was the focus of study IV (research paper III), where the effect of autonomous 

compared to pre-programmed feedback on people’s perception of a social robot’s actions were 

examined in an experimental setting. Study V (research paper IV) addressed the question 

whether responsibility for the behavior of an artificial entity is attributed differently when it is 

controlled by a computer, a person, or a mix of the former two. The perception of agency was 

the focus of both studies by varying the extent to which the artificial entity could be assumed 

to act with autonomy and intentionality. Ultimately, it was examined in both studies whether 

varied circumstances may affect attribution processes, whereby common machine-related 

circumstances where emphasized (fix programming in study IV and control exerted by a 

program, person, or both in study V). The findings regarding the influence of agency, 
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particularly autonomy and intentionality, as well as responsibility on attribution processes in 

human-machine interaction are discussed in the following alongside with resulting effects for 

the perception of artificial entities. 

4.1.3.1. Autonomous Versus Pre-Programmed Behavior 

Autonomy was described by Deci and Ryan (1987) as “an inner endorsement of one's actions, 

the sense that they emanate from oneself and are one's own” (p. 1025). In other words, 

autonomous behavior is self-governed, voluntary, and not executed on behalf of someone else 

(Banks, 2019). However, it might be influenced by external factors such as social, 

technological, and systemic forces (Rose & Truex, 2000; Sullins, 2006). The extent to which 

an artificial entity’s behavior can be classified as autonomous is debatable, however, the 

impression of acting autonomously might be decisive for how it is perceived. Against this 

background, study IV (research paper III) showed how autonomous behavior by an artificial 

entity leads people to perceive the entity to possess more agency compared to when the artificial 

entity is believed to only execute previously programmed actions. Along with the increased 

perception of agency, people were also observed to attribute more responsibility and more 

competence to the artificial entity. Furthermore, an increase in perceived agency also leads to a 

more positive evaluation of the artificial entity’s sociability as well as the interaction with it. 

These results suggest that telling people whether an artificial entity’s actions are autonomously 

generated or determined by a strict program is enough to influence their perception of this entity 

with regard to agency, responsibility, and competence. Considering the insights of the 

attribution theory (Kelley, 1973; Kelley & Michela, 1980), an explanation for these findings 

may be that in case of autonomous behavior causes were evaluated to be internal, i.e., the robot 

itself is seen as responsible for its behavior. In case of the pre-programmed behavior, the cause 

then may be evaluated as external, i.e., the program or programmer is held responsible.  

However, an important finding of study IV is that the manipulated autonomy neither had a 

direct effect, nor an interaction effect with the valence of the feedback on the evaluation of the 

robot’s sociability and the general interaction. Since a strict program which determines an 

artificial entity’s actions should pose a clearly external cause, the evaluation of the artificial 

entity was assumed to be affected less by the valence of the feedback it gives in case of pre-

programmed feedback. When an artificial entity is beliefed to be able to generate feedback 

autonomously, the valence of this feedback was assumed to have a greater effect on how the 

entity is perceived. However, this was not the case, which can have several reasons. Looking at 

known processes from social psychology, as recommended by various researchers (Burgoon et 
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al., 2016; Krämer et al., 2012; Nass & Moon, 2000; Reeves & Nass, 1996), the results 

potentially point to the occurrence of the fundamental attribution error (Ross, 1977). The 

fundamental attribution error describes how despite logical explanations pointing to external 

factors determining a person’s behavior, the person’s disposition is considered as more decisive 

(Jones & Harris, 1967; Ross, 1977). In other words, internal factors are overestimated, while 

external factors are neglected (Ross, 1977). Transferring this to the setting of this study, the 

artificial entity itself might have been perceived to be responsible for the feedback because the 

program was neglected as external cause.  

Another explanation could be that artificial entities are generally perceived as not able to act 

completely autonomously, at least not based on own intentions. Considering the results of the 

first study (study I, research paper I), people do not expect artificial entities to possess own 

intentions, which might lead them to perceive artificial entities’ general scope of actions to be 

limited (Bigman & Gray, 2018; Malle & Knobe, 1997). Furthermore, artificial entities might 

be perceived to underlie general technological restrictions, which are not present with human 

interaction partners (Sullins, 2006). However, if the robot would not have been hold 

accountable for its actions in general, the valence of the feedback should not have had any effect 

on the evaluation of the robot, which was not the case. Also, the results regarding perceived 

agency, competence, and responsibility for the feedback further contradict this explanation. 

As the results of the media equation studies point out, people react automatically and mindlessly 

to artificial entities (Nass & Moon, 2000). Logic explanations for an artificial entity’s behavior 

appear to be neglected here as well, otherwise people would not respond positively to flattery 

by a computer (Fogg & Nass, 1997b) or reciprocally help a computer that helped them before 

(Fogg & Nass, 1997a). Research was conducted specifically to examine whether people think 

of the programmer when interacting with a computer, which appeared not to be the case (Nass 

& Moon, 2000; Sundar & Nass, 2000). Coming to a conclusion, the absence of an interaction 

effect between the robot’s autonomy and the valence of its behavior indicate that external 

factors controlling an artificial entity’s behavior are neglected. The meaning of the behavior 

alone appears to be decisive for subsequent overall evaluations of an artificial entity. This 

finding can be explained as some form of attribution error (Ross, 1977) and as disregard of the 

program’s and/or programmer’s influence (Nass & Moon, 2000). Both explanations basically 

amount to the same thing: an overestimation of factors related to the artificial entity and an 

underestimation of external factors controlling, determining, or limiting the artificial entity’s 

actions.  
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Summing up, an artificial entity’s autonomy has an impact on the perception of some of its 

features such as agency, responsibility, and competence, its general evaluation however appears 

to be determined predominantly by its behavior. But do attribution processes differ if the 

behavior by an artificial entity is described to be controlled by a computer program, a person, 

or a mix of the two? To address this question in depth, study V (research paper IV) compares 

three different forms of agency, which may exert control over an artificial entity’s behavior: a 

person-controlled avatar, a computer-controlled virtual agent, and a hybrid of the former two.  

4.1.3.2. Person Versus Computer Versus Hybrid Agency 

Since the recent evolvement of interactive technologies makes it progressively feasible to use 

artificial entities as convincing and reliable representatives (e.g., Google duplex; Leviathan & 

Matias, 2018), the question emerges how the actions of these technological representatives are 

perceived and to whom responsibility for the actions is attributed to. Three different forms of 

agency were compared, an avatar controlled by a person in real-time, a virtual agent controlled 

by an autonomous computer program, and a hybrid agent representative, which is an 

autonomous computer program that acts upon specific instructions given by a person to 

represent this person in a certain situation. 

Confirming previous assumptions (Blascovich, 2002), people reported to perceive more agency 

when interacting with a person’s avatar compared to the virtual agent and the agent 

representative. Both agent forms were evaluated to possess an equally low amount of agency, 

which can be explained by the fact that both were restricted in their freedom to act, by a program 

and/or a person’s instructions. The avatar on the other side was described to the participants as 

only being the graphic representation of a person and that they would interact live with this 

person only via the avatar. Thus, the avatar was probably equated with the person behind, which 

would explain the high amount of perceived agency in those conditions. 

Since all forms of interaction partner displayed rude, mean behavior directed towards the 

participants, attribution of blame and the influence on people’s mood were of particular interest. 

Results showed that person(s) behind the software were blamed the most in case of an avatar 

and the least in case of the virtual agent (marginally significant difference). This further 

confirms that in case of an avatar, people were aware of interacting with a person, which was 

not the case with a virtual agent. Interestingly, with the agent representative, which represents 

a mixture form, the amount of blame attributed to the person(s) behind the software was lower 

than with an avatar, but higher than with a virtual agent (with no significant difference to either 
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one of the other forms). In a similar vein, the most negative affect was reported after people 

interacted with a rude avatar and the least after interacting with a virtual agent. This may be 

explained by people’s need to belong which is accompanied by a strong aversion to rejection 

by other people (Baumeister & Leary, 1995). Interacting with an avatar, the rejection must have 

been perceived to come more directly form a person resulting in more negative affect compared 

to a virtual agent or an agent representative. Looking at the agent representative specifically, 

values for negative affect were located again between the two other forms (with a marginally 

significant difference to the avatar and no significant difference to the virtual agent).  

Altogether, the results indicate that an agent representative, in a subtle way, is perceived to be 

a mix of a computer-controlled and person-instructed entity, which elicits reactions that are 

somehow similar to both types as if it forms a mean of the two. Furthermore, with an agent 

representative, attribution of responsibility appears to be challenged and blame for rude 

behavior to be deflected (Bivins, 2006; Royzman & Baron, 2002). Of course, these results have 

to be interpreted with caution given the small, partly not significant differences. However, the 

observed tendencies suggest slight but conclusive differences in the perception of artificial 

entities regarding their type of agency, i.e., whether they are controlled by a person, a computer 

program, or a mix of the former two.  

Summing up, attribution processes, which are influenced by the perception of agency, 

particularly autonomy and intentionality, as well as responsibility, are an important mechanism 

to be considered as influencing factor for the perception of artificial entities. The extent to which 

an artificial entity’s behavior is perceived to be programmed or generated autonomously and 

the extent to which an artificial entity is perceived to be controlled by a person, a computer, or 

a mixture of the two may particularly affect the perception of agency, although just in a subtle 

way. Pervading all studies, the behavior appeared to be attributed internally to the artificial 

entity which may be explained by the fundamental attribution error (Ross, 1977) and underlines 

the relevance of the actual behavior during an interaction (Rickenberg & Reeves, 2000). In 

general, expectations and attributions appear to have effects which are limited to certain aspects 

or characteristics of an artificial entity. Behavior, particularly with a clearly positive or negative 

valence, though appears to have an overarching influence on people’s perception with strong 

and pervasive effects, which is elaborated in the following. 
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4.1.4. Behavior 

According to Rickenberg and Reeves (2000), an artificial entity’s behavior has a major impact 

on how it is evaluated subsequently: “the ultimate evaluation is similar to those for real people 

- it depends on what the character does, what it says, and how it presents itself” (p. 55). As 

outlined at length before, behavior can have many forms and covers many aspects of 

interactions with artificial entities. Along with the variety of possibilities to alter behavioral 

facets of artificial entities, there is an extensive body of research studying how these alterations 

affect people’s perception, evaluation, and acceptance of as well as their reaction to non-human 

interaction partners (cf. Bergmann et al., 2012; Eyssel et al., 2012; Häring et al., 2011; 

Horstmann et al., 2018; Mumm & Mutlu, 2011). In the studies presented in this cumulus, the 

focus was laid on actual interactions with artificial entities, whereby the role of behavior clearly 

came to the fore. More specifically, how low versus high interaction skills as well as negative 

versus positive feedback influences perceptions and evaluations were explored during those 

interactions. The respective results are discussed in the following. 

4.1.4.1. Level of Skills 

Particularly interaction skills are essential for artificial entities since their fields of application 

usually involve social encounters with humans, for instance, as household and health care 

assistant, entertainment, and information guide (Dautenhahn, 2007). According to Dautenhahn 

(2007), the ability to communicate with high-level dialogue or at least to give the impression to 

do so, resembles the core definition of a social robot. Against this background, in study III 

(research paper II) people interacted with a robot displaying either sophisticated 

communication skills allowing a natural interaction or restricted, poor communication skills 

including limited answer options, misunderstandings, and false grammar. Confirming previous 

assumptions, a robot in possession of highly developed interaction skills was evaluated better 

with regard to its sociability as well as competence than a poorly skilled robot. Likewise, the 

interaction in general was also evaluated better in case of a highly skilled robot, which is 

probably because the interaction was more natural, took less effort, and was thus more pleasant. 

Furthermore, artificial entities might be expected to possess high interaction skills in order to 

fulfill their tasks which particularly involve interacting socially with people (Dautenhahn, 

2007). With poor interaction skills, the usefulness of these technologies was possibly perceived 

to be very low and low perceived usefulness of technologies has generally been observed to 

elicit negative attitudes as well as low usage intentions (Davis, 1989, 1993). Moreover, a social 

robot displaying poor interaction skills may also have caused a negative expectancy violation. 
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Since expectancy violations were found to be related to detrimental communication outcomes 

(Burgoon & Hale, 1988), this might also be an explanation for the negative evaluation of the 

robot displaying low interactions skills. How the robot’s behavior was perceived was neither 

affected by people’s technological expertise, nor by their experiences with robots, nor by 

previously describing the robot’s future application to be an assistant or a competitor. Thus, the 

behavioral influence appears to be so strong that it affects all evaluation measures significantly 

and is not affected by other influencing factors.  

4.1.4.2. Valence of Behavior 

Most artificial entities fill out the role of a service provider, for instance, when interacting with 

customers, clients, or patients. Because of that role and their general human-likeness, artificial 

entities are expected to behave in accordance with social norms, particular with regard to 

politeness (Sayin & Krishna, 2019). Thus, one of the research objects of study IV (research 

paper III) was to examine how negatively or positively valenced feedback behavior affects 

people’s perception of a social robot. As it was presumed, negative, impolite feedback led to a 

substantially more negative evaluation of the robot’s sociability as well as the interaction in 

general compared to positive, benign feedback. Besides these rather predictable results, it 

became also apparent that the effect of the behavior is not affected by a manipulation of its 

cause. In other words, whether people were told that the feedback was generated autonomously 

by the robot itself or fix-programmed in advance did not alter how the either benign or offensive 

behavior influenced the evaluation of the robot and the interaction. Likewise, in the last study 

(study V, research paper IV), the virtual agent was also evaluated very poorly after presenting 

negative feedback which was neither affected by information regarding the type of agency 

controlling the virtual agent (computer program, person, or hybrid of the former two), nor by 

its level of expertise. Thus, again the effect of the behavior appears to be so strong that other 

influences seem to subordinate, which is illuminated in more detail in the following. 

4.2. Relations Between Influencing Factors 

After reflecting upon the main effects of the different influencing factors on the perception of 

artificial entities, we are going to take a closer look at the relationships between those factors. 

Here, it is evaluated how the identified factors influence and function in interaction with each 

other. Particularly, the following section reflects upon a) expectations and technological 

expertise functioning as filters for the perception of artificial entities, b) the programming of 

artificial entities as external cause as well as determining force for their behavior, and 
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c) artificial entities’ behavior as strong, pervasive, and overarching influence on people’s 

perception of artificial entities. 

4.2.1. Expectations and Technical Affinity as Perceptual Filters 

According to Goffman (1974), people’s experience and understanding of the real world is 

influenced by their primary framework, which gives meaning to otherwise meaningless aspects 

of a situation. More specifically, framing influences how people interpret and process 

information (Goffman, 1974) and expectations may work as framing devices for these processes 

(Burgoon, 1993), as well as people’s previous experiences and general knowledge. As Burgoon 

(1993) explains, expectancies may “serve as perceptual filters, significantly influencing how 

social information is processed” (p. 32). This was shown in a series of experiments where 

positive or negative expectations regarding an interaction partner were induced before an 

encounter. In contrast to negative induced expectations, positive induced expectations led to a 

more positive evaluation of the interactions partner and the partner’s communication behavior 

(Burgoon & Le Poire, 1993; Honeycutt, 1991; Ickes et al., 1982). The authors explain that 

expectations “persevere and influence subsequent information processing, behavior, and 

perceptions” (Burgoon & Le Poire, 1993; p. 68).  

Based on the media equation theory (Reeves & Nass, 1996) as well as the overview of 

differences and similarities between human-human and human-machine interaction presented 

by Krämer et al. (2012), these processes should also take place in human-machine interactions. 

Thus, expectations regarding artificial entities should generally also shape how they are 

perceived subsequently. This was found to be the case for some characteristics of the artificial 

entity in the presented studies, particularly with regard to the perception of sociability, 

competence, responsibility, and agency. Expecting an artificial entity to pursuit the role of a 

helpful assistant enhanced its perceived sociability (study III, research paper II), expecting it to 

act autonomously intensified how competent and responsible it was perceived (study IV, 

research paper III), and expecting the behavior to be restricted by external forces reduced the 

amount of perceived agency (study IV, research paper III; study V, research paper IV).  

The sources and mechanisms for developing and adapting expectations for artificial entities are 

manifold. Besides experiences, personal or through mass media, people’s expertise regarding 

technology in general has a considerable impact (study II, research paper I). An increase in 

technological expertise changes people’s attitudes towards a technology, for instance, regarding 

possible barriers and concerns (Berge et al., 2002). People who feel intimidated by technology 
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may experience a loss of control and feel uncomfortable when using technology (Parisot, 1997), 

which should ultimately lead to a more negative perceptions of technologies, particularly new, 

unfamiliar ones. Higher skills and knowledge regarding technologies on the other hand 

enhances people’s ability to cope with new technologies, i.e., whether they are actively 

approached or rather avoided (Franke et al., 2019).  

Technological expertise has many facets of which two were looked at more closely: people’s 

enthusiasm described as technical affinity (Karrer et al., 2009) and their locus of control based 

on actual competence, knowledge, and skills (Beier, 1999). Both aspects are highly connected, 

however, there are some small changes regarding their exact effects. Results of study II 

(research paper I) show that technical affinity leads to inflated expectations, while locus of 

control predicts lower, more realistic expectations. Both facets of technological expertise 

appear to result in less fears and negative expectations regarding artificial entities (study II) and 

a more positive evaluation of the interaction with it (marginally significant effect; study III, 

research paper II). Thus, technological expertise appears to shape people’s expectations 

regarding artificial entities in an either realistic or enhanced way, which than may has an effect 

on people’s general perception of them. Furthermore, people’s technological expertise reduces 

their fears regarding artificial entities, which should ultimately also affect people’s perception 

to a great extent (Nomura et al., 2008; Nomura et al., 2012). 

Summing up, technological expertise appears to have an impact on the formation of 

expectations, particularly negative ones, which then may function as perceptual filters when 

interacting with artificial entities. Technological expertise as well es expectations were found 

to affect the perception of artificial entities with regard to certain characteristics. However, 

these effects were rather minor and non-pervasive, particularly when looked at in combination 

with other more prevalent factors such as behavior. Whether an artificial entity is perceived to 

be responsible for its behavior or whether the behavior is perceived to be determined by external 

factors such as programming or a person’s instructions should affect how it is perceived after 

an interaction, which is illuminated in the following. 

4.2.2. Programming as External Cause of Actions 

As we learned from the attribution theory, there are internal or external causes for an agent’s 

behavior (Kelley, 1973). Identifying the decisive factor(s) for causing a certain behavior already 

poses a challenge in human-human interactions, which often results in attribution errors 

(Nisbett & Ross, 1983; Ross, 1977). With artificial entities, however, this poses an even greater 
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challenge since it is hard to determine how their behavior is generated, who or what is 

controlling it with what intentions, and who or what is ultimately responsible (Sullins, 2006). 

Against this background an extensive body of research deals with the topic of moral agency of 

artificial entities (e.g., Banks, 2019; Bigman & Gray, 2018; Gogoll & Uhl, 2018; Himma, 2009; 

Sullins, 2006). According to Sullins (2006), prerequisites for possessing moral agency are 

autonomy, intentionality, and responsibility. All these characteristics are by definition hard to 

ascribe to artificial entities, for instance, since they are usually dependent on some sort of 

programming and not able to develop intentions based on personal needs or motives (Sullins, 

2006). However, since human traits were found to be attributed to artificial entities (e.g., Eyssel 

& Hegel, 2012; Horstmann et al., 2018; K. M. Lee et al., 2006), an effect of behavior that is 

perceived to be performed autonomously by an artificial entity must be considered. 

Study IV (research paper III) showed that when emphasizing an artificial entity’s dependence 

by describing its behavior as being rigidly pre-programmed, this affects how certain aspects of 

the entity are perceived. Particularly its agency, competence, and responsibility for the behavior 

are rated lower compared to an artificial entity described to act autonomously. Likewise, in 

study V (research paper IV), emphasizing that a computer program was controlling an agent’s 

behavior led people to perceive less agency. Thus, on a conscious, cognitive level people appear 

to be aware that the program is an external force controlling the artificial entity’s behavior. 

 Nonetheless, explicitly negative behavior was observed in both studies (study IV and V) to 

elicit intense (emotional) reactions, which reflected in strong negative evaluations of the 

artificial entity exhibiting this behavior. Therefore, on a non-cognitive, rather automatic, 

behavioral level, people seem to neglect the programming as external cause for an artificial 

entity’s behavior and rather ascribe the behavior to the artificial entity itself. This goes in line 

with quite a few studies which showed that people overlook the artificial nature of machines, 

while perceiving them to possess autonomy as well as intentions and ascribing responsibility to 

them (Asher et al., 2012; Horstmann et al., 2018; T. Kim & Hinds, 2006; Nass & Moon, 2000). 

Here, the life-like behavior is seen as eliciting those reactions (Bartneck et al., 2009; Bartneck, 

Kanda, et al., 2007; Bartneck, van der Hoek, et al., 2007), which appears to override the 

cognitive evaluation of the artificial entity’s programming as external cause for its behavior. 

Instead, the cause appears to be perceived to be located inside of the artificial entity, which goes 

in line with the fundamental attribution error (Ross, 1977) and leads to the necessity to consider 

the actual behavior as primary factor for influencing people’s perceptions, as further outlined 

below. 
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4.2.3. Behavior as Overarching Influence 

Reflecting upon all the studies summarized in this cumulus, an artificial entity’s behavior 

proves to be the most pivotal factor influencing how it is perceived. Furthermore, it is 

remarkable that this influence seems to be unaffected by any circumstantial variations such as 

negative versus positive expectations or autonomy versus fixed programming. It seems like 

people’s attention is shifted away from any surrounding information and shifted towards the 

behavior and what it means or rather how it makes people feel when interacting with an artificial 

entity. A similar explanation was also used for the effects described by the media equation 

theory: “cues trigger various scripts, labels, and expectations, which in turn focus attention on 

certain information while diverting attention away from other information.” (Nass & Moon, 

2000; p. 83). However, it needs to be noted that the behavior examined in the current studies 

always had a very clear meaning, which was either positive (high interaction skills and benign 

feedback) or negative (low interaction skills and offensive feedback). Particularly, the effect of 

expectations are believed to be higher in case of ambiguous behavior that has no clear meaning 

(Burgoon & Hale, 1988), which may also apply to attribution processes. Thus, the insights here 

are only based on easily interpretable behavior with a clearly negative or positive valence. 

Summing up, based on the results of the studies of the cumulus and in line with previous 

research in this area (Dautenhahn, 2007; Fogg & Nass, 1997a; Nass & Moon, 2000; Rickenberg 

& Reeves, 2000), particularly unambiguous behavior of an artificial entity needs to be 

considered as most pivotal influence on its perception, as well as evaluation and acceptance. In 

the following chapter, theoretical implications will be discussed in terms of how the main 

findings of the five studies contained in this cumulus, particularly with regard to the overarching 

influence of the artificial entity’s behavior, align with and further extend previous research. 

4.3. Theoretical Implications 

The insights gained from the five studies presented in this cumulus confirm and extend previous 

research regarding the perception processes of humans in general and for interactions with 

artificial entities in particular. The media equation theory describes how social cues, which are 

often behavioral cues, cause people to react to artificial entities as if they were alive while 

neglecting that they do not need to be treated this way due to their non-human, technological 

nature (Nass & Moon, 2000; Reeves & Nass, 1996). Research showed that people do not think 

of the programmer when reacting this way (Nass & Moon, 2000; Sundar & Nass, 2000) and do 

not recall treating an artificial entity consciously like a human interaction partner (Nass et al., 
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1999; Nass & Moon, 2000). Similar processes seem to occur with regard to influencing factors 

for the perception of artificial entities. On a cognitive level, people apparently evaluate certain 

aspects of an artificial entity by considering the information given to them beforehand, for 

instance, regarding the entity’s future role or how its behavior is generated. However, overall 

evaluations, particularly with regard to how positive the interaction and how sociable the 

artificial entity are perceived, are primarily affected by its behavior. Negatively valenced 

behavior, for instance, in form of poor interaction skills or harsh criticism, appears to elicit 

particularly strong emotional reactions, which are rather mindless and, as described in the 

previous chapter, draw attention away from other influencing factors. In general, it can be 

concluded that well-tried social psychological theories may be used as valuable frameworks to 

understand the dynamics in interactions with artificial interaction partners as suggested by other 

researchers before (Burgoon et al., 2016; Krämer et al., 2012; Reeves & Nass, 1996). In the 

following, the theories that were considered for this thesis are summarized and it is explained 

how the results of the current studies deliver further theoretical insights against the background 

of these well-established theories. 

4.3.1. Expectations 

Let us begin with the theoretical implications regarding the influence of expectations. As 

described by the uncertainty reduction theory (Berger & Calabrese, 1975), there is a 

fundamental human need to diminish uncertainty regarding an unfamiliar interaction partner by 

gathering and inferring information about the other. The goal here is to be able to explain and 

predict the interaction partner’s behavior, which explains the emergence of expectations. The 

researchers Darley and Fazio (1980) name observation of behavior (how the target acts), class 

affiliation (what class or category the target is assumed to belong to), and reputation (what 

others expect or feel about a target) as determinants for the development of expectations. In 

other words, expectations may stem from personal experiences, reports from others, and/or by 

assigning a certain category. In human-machine interaction, personal experiences are still 

lacking (Banks, 2020) and people have trouble assigning a clear category since artificial entities 

are technological devices that nonetheless appear to be somehow alive (Kahn et al., 2011). 

Consequently, reports by others should play a considerate role in the formation of expectations 

regarding artificial entities. Particularly, mass media, which are wide-spread and easily 

accessible, are able to fill that gap with information and to reduce people’s uncertainty. Thus, 

the impact of expectations inspired by mass media portrayals on the perception of artificial 

entities needs to be looked at with great care (Banks, 2020; Nisbet et al., 2002).  
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The two most prevalent views on artificial entities promoted by mass media, particularly 

science fiction formats, are that of an useful assistant and that of an undesired competitor 

(Scopelliti et al., 2005). Previous research presumed a substantial influence of these two 

prominent views, but never systematically investigated their impact during an actual interaction 

with an artificial entity (Bruckenberger et al., 2013; Scopelliti et al., 2005). This was tackled by 

study III (research paper II), which showed that expecting an artificial entity to take over the 

role of an assistant apparently leads to perceive this entity to be more sociable than when it is 

expected to become a competitor. Based on the results it can be said that emphasizing either 

one of those two views – assistant versus competitor – in a previous description influences how 

sociable an artificial entity is perceived.  

However, it needs to be noted that the overall evaluation of the interaction as well as other 

characteristics of the artificial entity were not affected by the previously presented description. 

This indicates that the perception of an artificial entity is multi-facetted and assembled based 

on various pieces of information. Personal experiences also determine the formation of 

expectations (Darley & Fazio, 1980) and while interacting with the robot, people were able to 

form or adapt what they think of artificial entities in general and of this robot in particular. 

Moreover, in the presented study only a simplified, binary version of expectations were used, 

while expectations in reality are rather found on a continuum and within a complex network of 

various norm-related and person-related expectations concerning different facets of another 

person (Burgoon & Hale, 1988). However, in general the results lead us to the conclusion that 

people’s perceptions of artificial entities regarding certain characteristics are affected by their 

expectations, which can be manipulated or at least reinforced by means of a brief description.  

4.3.2. Technological Expertise 

Unlike in human-human interactions, technology-related characteristics on the user-side need 

to be taken into account as factors influencing the formation of expectations and ultimately the 

perception of artificial entities. According to Lane and Lyle (2011), “a person’s use of and 

motivation to adopt technologies are to some extent idiosyncratic processes” (p. 40). This is 

underlined by researchers in the field of human-robot interaction, who argue that personality 

traits have an important impact on the perception of and interaction with robots (MacDorman 

& Entezari, 2015; Rosenthal-von der Pütten & Weiss, 2015). A study looking at the impact of 

user characteristics such as age, gender, and technological expertise on the use of technologies 

revealed a striking influence of technological expertise on perceived barriers (Lane & Lyle, 

2011). Furthermore, technological expertise may reduce the amount of uncertainty which 
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people may experience when encountering novel technologies such as artificial entities. Less 

uncertainty should then enable people to explain and predict the behavior of artificial entities 

better, which should result in less discomfort or anxiety regarding these technological 

interaction partners (Berger & Calabrese, 1975). 

Technological expertise is a wide term and covers different aspects, which are related, but may 

slightly differ in their effects on people’s perception of artificial entities. This work looked at 

technological affinity (Karrer et al., 2009) as well as locus of control (Beier, 1999). Both 

constructs correlated strongly and had similar effects, however two interesting observations 

could be made during the studies of this cumulus. First, technological affinity appeared to 

enhance expectations regarding robots’ skills and their future role, while locus of control 

appeared to have a diminishing effect (study II, research paper I). Technological affinity 

represents enthusiasm about particularly novel technologies (Karrer et al., 2009), which 

apparently causes tendencies to overestimate abilities and potential functions of artificial 

entities in the future. Locus of control, in contrast, may be more based on actual experience and 

competence handling technologies (Beier, 1999), which appears to result in a more grounded, 

realistic assessment. Second, a tendency for stronger effects coming from technological affinity 

than locus of control could be observed. This further underlines the slight difference between 

those two constructs, since all artificial entities used in the studies were at that point novel 

technologies which are not encountered often in daily lives (Banks, 2020). Thus, it makes sense 

that enthusiasm about new technologies plays a bigger role than locus of control which is based 

on actual competence and experience with the still uncommon technology.  

Both technology-related character traits, technological affinity as well as locus of control, were 

found to have a reducing effect on people’s negative expectations and fears in study II. This 

confirms the assumption that technological expertise diminishes uncertainty regarding artificial 

entities. As we already know from uncertainty reduction theory (Berger & Calabrese, 1975), 

people experience a high need to reduce uncertainty. Fears might particularly stem from a high 

amount of uncertainty due to few or no personal encounters accompanied by threatening media 

portrayals and a lack of technological expertise to relativize those portrayals (Bruckenberger et 

al., 2013; Weiss et al., 2011). Against the results of the current studies, it can be strongly argued 

that technological expertise needs to be taken into account as important influence on the 

formation of expectations and ultimately the perception of artificial entities.  
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4.3.3. Attribution Processes 

Third, attribution processes were considered as influences on the perception of artificial entities. 

The attribution theory describes how behavior is either attributed to internal or external causes, 

i.e., a person’s disposition or situational factors (Kelley, 1973). In addition, in case of behavior 

that is perceived to be caused by intentions, motives for this behavior are attributed (Malle et 

al., 2001; Reeder et al., 2002). Both, the attribution of causality as well as intentionality 

ultimately determine how an act is interpreted and how the actor is perceived, particularly if the 

action is believed to be caused by the person and to be based on the person’s personal motives. 

As prerequisites for these attribution processes research names agency, particularly autonomy 

and intentionality, as well as responsibility (Kelley, 1973; Malle et al., 2001; Sullins, 2006). 

Autonomy and the attribution of agency were particularly considered in the studies of this 

cumulus since previous research showed that the more control a person is perceived to have 

over a situation, the more responsibility is assigned to that person (Sosis, 1974). 

The results of study IV (research paper III) indicate that portraying an artificial entity to be 

acting autonomously results in perceiving the artificial entity as being in control of its behavior, 

competent as well as responsible for its actions. Likewise, the results of study V (research 

paper IV) suggest that describing an artificial entity to be controlled by a person, computer 

program, or a mix of the two affects its perceived agency accordingly. Consequently, it can be 

ascertained that the evaluation of certain characteristics of an artificial entity is affected by the 

extent it is described to be acting autonomously. Furthermore, it was emphasized that the 

autonomously acting robot would decide on its own how to respond to the participants, which 

may have led participants to perceive the behavior to be intentionally as well. With a view to 

human perception in general, we learned that an interaction partner is evaluated differently, for 

instance, more responsible, when framed to be acting autonomously and intentionally.  

However, it needs to be noted that pervading study IV as well as study V, the overall 

evaluations of the artificial entities’ sociability as well as of the interactions were not directly 

affected by framing them with or without autonomy or by being controlled by a person, 

computer program, or a mix of the two. Only the valence of the artificial entities’ behavior 

appeared to play a decisive role here. These results may speak for the overshadowing impact of 

the actual behavior as outlined below, but may also be a sign for the occurrence of the 

fundamental attribution error (Ross, 1977). During the interaction, the interaction partner and 

their behavior move into the focus of attention, while other factors delivering external reasons 

for the partners behavior are pushed into the background. Why else would a robot presenting 
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impolite feedback be evaluated more negatively than one presenting benign feedback although 

it was explicitly outlined that the robot’s behavior was planned in a fix way by a programmer 

and that the robot is not able to influence it? This phenomenon was extensively observed in 

human-human interactions (Jones & Harris, 1967; Jones & Nisbett, 1972; Nisbett & Ross, 1983; 

Ross, 1977) and now the results particularly of study IV and partly also of study V suggest that 

people also tend to overestimate the influence of an artificial entity’s disposition while 

neglecting external factors causing, controlling, or influencing the entity’s behavior.  

Summing up, the cognitive evaluation of certain characteristics that were directly related to the 

description regarding the artificial entity’s autonomy were affected by this description. Thus, 

the human perception of certain characteristics of an interaction partner can be influenced by a 

description suggesting an internal or external attribution as well as the potential presence of 

intentions. Overall perceptions, however, appear to be rather affected by behaviors which have 

an unambiguous and inherent meaning such as clearly negative feedback (Burgoon & Le Poire, 

1993). Potentially, this behavior by itself suggests autonomy and intentionality and thus is then 

more relevant for the overall perception of an interaction partner than a previously given 

description, which is discussed in the following. 

4.3.4. Behavior 

Among the first, Rickenberg and Reeves (2000) pointed to the high relevance of the behavior 

of an artificial entity for its evaluation. In this vein, other research delivered evidence that an 

artificial entity is evaluated better after people interacted with it (Mirnig et al., 2012), which is 

interpreted by Rosenthal-von der Pütten and Weiss (2015) as that the artificial entity’s behavior 

is more important than, for instance, the appearance. This further goes in line with insights of 

the expectancy violation theory (Burgoon & Hale, 1988) and parallels to the media equation 

theory can be drawn as well (Reeves & Nass, 1996) as outlined below. 

Studies examining the effects of expectancy violations often employed behavioral 

manipulations which elicited strong reactions (Burgoon, 1993). In one study, negative or 

positive expectations regarding an interaction partner were induced beforehand, who then 

behaved either negatively or positively (thus in accordance or contrast to the previously given 

descriptions; Burgoon & Le Poire, 1993). Here, the actual communication behavior produced 

the strongest effects accounting for 47 to 60 % of the variance. As the authors sum up, 

“otherwise powerful expectancies still failed to negate the effects of actual interaction 

behavior.” (Burgoon & Le Poire, 1993; p. 89). Thus, behavior generally is a powerful factor for 
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influencing a person’s emotions, thoughts, and behavioral reactions, particularly in case of 

behavior with a clearly negative valence which violates societal interaction norms (Burgoon & 

Le Poire, 1993).  

The media equation theory describes how social cues cause people to neglect the fact that they 

are interacting with a technological device or application and shift their attention to norms 

regarding how to treat social interaction partners (Nass & Moon, 2000; Reeves & Nass, 1996). 

These social cues are predominantly behavioral cues such as interactivity and natural use of 

language (Reeves & Nass, 1996). Thus, what is observed here is basically that the behavior of 

the artificial entity has such a strong effect on people that it overshadows cognitions for instance 

regarding the artificial entity’s technological nature. 

This overshadowing effect of the behavior and its meaning in social interactions was also 

observed in the studies of this cumulus whenever an actual interaction took place (study III, 

research paper II; study IV, research paper III; study V, research paper IV). Altogether, 

expectations, technological expertise, as well as attribution of agency and responsibility appear 

to have limited effects on the perception of specific areas, while the overall perception of 

artificial entities appears to be mostly unaffected by these previously given information and 

character traits. The only factor which appeared to have an overall effect, with great effect sizes 

and not interacting with any of the other considered factors, was the artificial entity’s behavior. 

In other words, regardless of whether a) the artificial entity’s is expected to take over a pleasant 

or threatening role, b) the behavior is pre-programmed or autonomous, or c) a person, computer 

program, or a mix of the two is controlling the behavior, the valence or meaning of the behavior 

alone has the greatest impact on various perception measures such as sociability, competence, 

and interaction evaluation. Considering these findings, the question arises how they can be used 

in a practical manner to design interactions with artificial entities more successful and pleasant, 

which is discussed in the following chapter. 

4.4. Practical Implications 

Artificial entities are used in contexts in which interactions and/or collaborations with humans 

or other agents are often necessary (Dautenhahn, 2007) – for instance, for elderly care 

(Broekens et al., 2009; Tanaka et al., 2017), as support for autistic children (E. S. Kim et al., 

2013), for education (Atkinson, 2002; Baylor et al., 2003; Paiva & Machado, 1998), as well as 

to provide services and information (Burgard et al., 1999; Gockley et al., 2005). As a 

consequence, social and interactive skills are increasingly required for artificial entities to fulfill 



Discussion 

62 
 

their tasks in a satisfactory way (Dautenhahn, 2007). For this purpose, Dautenhahn (2007) 

describes how an artificial entity that takes over the role of an assistant needs to “identify and 

respond to the human’s needs, … to ensure the human is satisfied and happy (with its 

behaviour), which implies showing behaviours towards the human that are comfortable and 

socially acceptable” (p. 700). Thus, designing an artificial entity and its behavior, it is crucial 

to consider its future human interaction partners, particularly how they will perceive and then 

respond to the artificial entity.  

Based on the results of the studies presented in this cumulus, there are several factors to which 

attention should be paid to. First of all, expectations can influence the perception of an artificial 

entity in a certain direction. As study I and II (research paper I) showed, people already hold 

various expectations of artificial entities, mostly based on personal experiences, reception of 

mass media portrayals, and their technological expertise. In general, artificial entities are 

usually expected to either become a helpful assistant or threatening competitor (Scopelliti et al., 

2005). Emphasizing the positive image of an assistive artificial entity prompts people to 

evaluate it as more socially attractive (study III, research paper II). Furthermore, a generally 

high technical affinity as well as locus of control reduce fears regarding artificial entities 

(study II; study III), resulting in a more positive evaluation of an interaction with an artificial 

entity (study III). Thus, creating or enhancing positive expectations regarding artificial entities 

as well as fostering technological expertise helps to evoke a positive perception, which 

ultimately should facilitate the acceptance and usage of this technology (Davis, 1989, 1993). 

Another option to influence the perception of certain characteristics of an artificial entity is to 

present it as acting autonomously or as being pre-programmed/pre-instructed (study IV, 

research paper III; study V, research paper IV). An artificial entity believed to be acting 

autonomously is perceived to possess more agency, competence, and responsibility for its 

behavior (study IV). On the other hand, enhancing that an artificial entity’s behavior is 

determined by previous programing or instructions leads to a reduction in perceived agency 

(study IV; study V). However, it has to be noted that even when an artificial entity is perceived 

to possess low agency, i.e., low autonomy, intentionality, and responsibility (Sullins, 2006), 

this only affects the cognitive evaluation of certain aspects such as competence. It appears to 

have no substantial effect on the overall perception of the artificial entity and its behavior 

(study IV; study V). Thus, enhancing the perception of agency only affects certain perceptional 

aspects on a rather cognitive level and has not enough efficacy to alter how an artificial entity 

is perceived in general. 
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Dautenhahn (2007) indicated in her statement that behavior is the most central influencing 

factor and thus should be treated with great care, which goes along with the insights of many 

other researchers (Burgoon & Le Poire, 1993; Reeves & Nass, 1996; Rickenberg & Reeves, 

2000). This also is reflected in the presented studies, which employed an actual interaction with 

an artificial entity (study III; study IV; study V). In detail, the results show that low interaction 

skills (study III) as well as harsh, offensive feedback (study IV; study V) elicit a rather negative 

overall evaluation of the artificial entity and the interaction with it. High interaction skills 

(study III) as well as benign, positive feedback (study IV), on the other hand, result in rather 

positive evaluations. Thus, equipping an artificial entity with sophisticated interaction skills 

which allow for natural and intuitive interactions with humans should evoke or foster a positive 

perception of the interaction as well as the artificial entity (study IV). In a similar vein should 

an artificial entity be designed to adhere to politeness norms, for instance, when providing 

feedback (study IV). However, participants of study IV also mentioned that they did not 

appreciate when they were praised by the robot although they knew that they gave an incorrect 

or no answer at all. Thus, politeness but also accuracy is requested and both aspects should be 

considered when designing artificial entities, particularly their behavior. Coming to a 

conclusion, behavioral aspects such as elaborated interaction skills, politeness, and accuracy 

should facilitate higher acceptance rates (Davis, 1989, 1993) and lead to more successful 

interactions and collaborations between humans and artificial entities (Dautenhahn, 2007).  

Summing up, based on the presented results, the focus of designers should generally be laid on 

the behavior of artificial entities, which promises to deliver the strongest effects on people’s 

perceptions. Since expectations appear to have an impact as well, prevalent expectations such 

as common replacement fears should be considered in order to avoid designing an artificial 

entity’s appearance or behavior in a way that activates or enhances these fears. However, since 

expectations are overridden by interactional behavior to a great extent (cf. Burgoon & Le Poire, 

1993), the design of an artificial entity’s behavior should receive the greatest amount of 

attention, which also should be easier to accomplish than changing people’s possibly deep-

routed expectations. Particularly, the behavior should be designed to be easily and clearly 

interpretable, since ambiguity leaves room for multiple interpretations which are a lot more 

difficult to influence or control (Burgoon & Hale, 1988). Altogether, as the studies’ results 

demonstrate, artificial entities should be able to communicate as natural and error-free as 

possible (study III) and the adherence of social norms such as politeness should be ensured by 

all means (study IV; study V).  
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4.5. Limitations and Future Research 

The studies presented in this cumulus contain some limitations, which are outlined in the 

following. First, it needs to be noted that all studies referred to or worked with novel 

technologies which are not available or not able to function to the displayed extent yet. This 

may have caused increased effort and attention as described by the novelty effect, which often 

wears off over time, particularly when the technology becomes more familiar (Clark, 1983). 

Thus, due to the novelty effect, the perception of the technologies used in the studies may have 

been confounded.  

Furthermore, due to the generally cross-sectional nature of the studies, causal relationships 

remain unclear. Thus, longitudinal studies would be a useful extension of the current results. 

Long-term studies would further help to understand how people’s perceptions of artificial 

entities are influenced in the long run and/or when interacting with an artificial entity on several 

occasions. Previous research already showed that contact may be able to reduce negative 

attitudes towards artificial entities (Wullenkord et al., 2016), which would be interesting to 

study over a longer period of time. Likewise, moving the experiments in the field, for instance, 

to people’s private homes or workplaces, would deliver further insights about how artificial 

entities are perceived outside the lab. 

Regarding the sample, the majority of participants were recruited through Internet-based 

technologies (Facebook, eBay Classifieds, Craigslist, Instagram, and WhatsApp), which could 

lead to a bias regarding technological expertise. Participants were also predominantly young, 

highly educated, and had a similar cultural background, which could impair the generalizability 

of the results. Particularly, cultural imprinting may lead to different expectations regarding 

artificial entities (e.g., Bartneck et al., 2006; Kaplan, 2004; D. Li et al., 2010), which could 

ultimately also impact people’s perceptions and should therefore be considered as further 

potential influencing factor in future research. It should be mentioned though that the last study 

(study V, research paper IV) contained a half American, half German sample, which showed 

that effects may be similar in different countries with a similar cultural background and points 

to the need to draw comparisons between countries with a different cultural background 

(Hofstede, 2001). 

Most results were based on self-reports which reflects people’s cognitive reactions on a more 

conscious level and may be constrained or biased, for instance, with regard to social desirability 

(Grimm, 2010). For this reason, study IV (research paper III) included a test measuring the 

automatic activation of attitudes to extend self-reported measures by a behavioral component, 
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however, no conclusive information could be obtained here. More research employing further 

behavioral measurements would extend the findings of the studies included in the cumulus. 

Nevertheless, I would like to emphasize that in three of the five presented studies a realistic 

interaction with a robot or virtual agent took place, which extends previous insights of survey-

only studies and enabled the examination of the perception of artificial entities in realistic 

settings. 

With regards to potential influencing factors for the perception of artificial entities, the studies 

presented here examine a selection of factors which were assumed to have substantial effects. 

However, there are several other factors, on side of the user (e.g., gender, social influences, and 

socioeconomic status; Grint & Gill, 1995; van Dijk, 2006; Venkatesh & Davis, 2000) as well 

as on side of the artificial entity (e.g., appearance, voice, and facial expressions; Eyssel et al., 

2012; Rosenthal-von der Pütten et al., 2018; Syrdal et al., 2007) which should be explored in 

more depth in future studies. Particularly since the artificial entity’s behavior proved to be the 

strongest influencing factor, further behavioral variations and their effects should be studied. 

Of particular interest would be to examine whether expectation and attribution processes play 

a stronger role when an artificial entity’s behavior is ambiguous and thus allows for several 

interpretations. Moreover, influencing factors could also be considered separately for social 

robots and virtual agents in future studies since there are some differences, for instance, 

regarding the physical expressiveness (Holz et al., 2009). However, both forms of artificial 

entity were found to generally evoke similar human reactions in previous research (Fridin & 

Belokopytov, 2014; Holz et al., 2009; J. Li et al., 2016) and these tendencies could also be 

observed when comparing study IV and study V. 

4.6. Conclusion 

Against the background of the rapid development of artificial entities and their various effects 

on their human interaction partners, the overarching aim of the studies presented in this cumulus 

was to examine different factors with regard to their influence on the perception of these 

artificial entities. Overall, some factors were identified that influence the perception of certain 

aspects, while one factor was found to have an overall effect on the perception. In general, 

expectations appear to form a perceptual frame, which is further influenced by people’s 

technological expertise. Expectations reflecting the two most popular and simultaneously 

conflicting views on artificial entities – that of a helpful assistant versus an intimidating 

competitor – influence how sociable people perceive an artificial entity. Furthermore, the extent 
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to which an artificial entity is portrayed as acting autonomously influences its perceived agency, 

responsibility, and competence as well as the degree to which it elicits affectional responses.  

However, the factor with the greatest effect sizes influencing all kinds of evaluation measures 

was the artificial entity’s behavior. Particularly, behavior which can be clearly classified as 

desirable or repulsive has a great impact on perceiving the artificial entity in a positive or 

negative light. These findings confirm and extend previous research where the actual behavior 

of a person (Burgoon & Le Poire, 1993), a computer (Nass & Moon, 2000), or a virtual agent 

(Rickenberg & Reeves, 2000) was shown to have a substantial effect on people’s perception, 

by demonstrating its relevance within a framework of other influencing factors such as 

expectations, technological expertise, and attribution processes. Altogether, an artificial entity’s 

actual behavior was found to exceed, sometimes even overshadow, those other influences and 

also appeared to be unaffected by them.  

In order to successfully design pleasant artificial entities and desirable interactions with them, 

factors influencing the perception of artificial entities should be kept in mind. Particularly, 

technological expertise and positive expectations should be fostered while avoiding to evoke or 

enhance negative expectations or even fears. To enhance the perception of agency and 

competence, the autonomy of the artificial entity should be emphasized. Eventually, most 

consideration should be spent on the careful construction and design of an artificial entity’s 

behavior depending on which perception should be elicited, whereby impolite behavior as well 

as poor interaction skills should be generally avoided.  

Furthermore, this work helps to expand our general knowledge regarding the human perception 

of an interaction partner. Particularly by examining how artificial entities are perceived we 

receive a deepened understanding of the human mind since it teaches us which specific factors 

are decisive for what kinds of perceptions. By examining those factor variations within 

interactions with machines, we are able to consider and subsequently single out their specific 

influence while systematically adding or removing the influence of other factors. Thus, 

altogether we learned that expectations and attributions affect the perception of certain 

characteristics of an interaction partner on a rather conscious, cognitive level, while behavior 

with a clear, unambiguous meaning has the greatest effect on the overall perception, without 

being affected by assumptions based on expectations or attributions. 
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