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Abstract 
 
The purpose of this qualitative case study is to evaluate an early stage survey skill developed 
for the social robot Furhat, and look into how the user experience (UX) and voice user 
interface (VUI) of that skill can be improved. Several qualitative methods have been used: 
expert evaluations using heuristics for human-robot interaction (HRI), user evaluations 
including observations and interviews, as well as a quantitative questionnaire (RoSAS – 
Robot Social Attribution Scale). The empirical findings have been classified into the USUS 
Evaluation Framework for Human-Robot Interaction. The user evaluations were performed in 
two modes, one group of informants talked and interacted with Furhat with the support of a 
graphical user interface (GUI), and the other group without the GUI. A positive user 
experience was identified in both modes, showing that the informants found interacting with 
Furhat a fun, engaging and interesting experience. The mode with the supportive GUI could 
be suitable in noisy environments, and for longer surveys with many response alternatives to 
choose from, whereas the other mode could work better for less noisy environments and for 
shorter surveys. General improvements that can contribute to a better user experience in both 
modes were found; such as having the robot adopt a more human-like character when it 
comes to the dialogue and the facial expressions and movements, along with addressing a 
number of technical and usability issues.  
 
Key words: human-robot interaction, HRI, user experience, UX, user experience evaluation, 
aural survey, voice user interface, VUI, conversational user interface, CUI, social robot, 
qualitative case study 
  



   
 

 
   
 

 
Sammanfattning 
 
Syftet med den här kvalitativa fallstudien är att utvärdera en enkätskill för den sociala roboten 
Furhat. Förutom utvärderingen av denna skill, som är i ett tidigt skede av utvecklingen, är 
syftet även att undersöka hur användarupplevelsen (UX) och röstgränssnittet (VUI) kan 
förbättras. Olika kvalitativa metoder har använts: expertutvärderingar med heuristik för MRI 
(människa-robot-interaktion), användarutvärderingar bestående av observationer och 
intervjuer, samt ett kvantitativt frågeformulär (RoSAS – Robot Social Attribution Scale). 
Resultaten från dessa har placerats in i ramverket USUS Evaluation Framework for Human-
Robot Interaction. Användarutvärderingarna utfördes i två olika grupper: en grupp pratade 
och interagerade med Furhat med stöd av ett grafiskt användargränssnitt (GUI), den andra 
hade inget GUI. En positiv användarupplevelse konstaterades i båda grupperna: 
informanterna tyckte att det var roligt, engagerande och intressant att interagera med Furhat. 
Att ha ett GUI som stöd kan passa bättre för bullriga miljöer och för längre enkäter med 
många svarsalternativ att välja bland, medan ett GUI inte behövs för lugnare miljöer och 
kortare enkäter. Generella förbättringar som kan bidra till att höja användarupplevelsen 
hittades i båda grupperna; till exempel att roboten bör agera mer människolikt när det kommer 
till dialogen och ansiktsuttryck och rörelser, samt att åtgärda ett antal tekniska problem och 
användbarhetsproblem.  
 
Nyckelord: människa-robot interaktion, MRI, användarupplevelse, UX, användarutvärdering, 
muntlig enkät, röstgränssnitt, VUI, konversationsgränssnitt, CUI, social robot, kvalitativ 
fallstudie 
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1 Introduction  
Spoken language is a natural way of human communication and interaction. Human 
communication is happening unconsciously every day. We do not have to reflect upon how to 
actually engage in a conversation (McTear, Callejas & Griol 2016). When people engage in a 
conversation they bring different kinds of expectations, conventions and assumptions with 
them (Cohen, Giangola & Balogh 2004). Many of the expectations, conventions and 
assumptions concern spoken communication and are shared by humans. Some concern 
spoken communication universally and some only a specific language. The expectations, 
conventions and assumptions address many aspects in conversations; for example; meaning, 
pronunciation, use of words, and turn-taking. Some of these expectations are conscious 
whereas others are subconscious. The shared expectations serve a key role in effective 
communication. To design a successful language interface it is necessary to understand the 
shared expectations, conventions and assumptions (Cohen, Giangola & Balogh 2004). 
 

Today a lot of communication is written. People send messages via email, SMS and they 
communicate with each other on social media via text input. It is possible to choose between 
text input via typing or by speech in many cases. Sometimes a direct voice input is also 
possible. The Facebook messenger app and WhatsApp are good examples of applications 
where the user can send voice messages and input text via voice or by writing. With a voice 
user interface (VUI) humans can interact with and control a system through speech. A 
conversational user interface (CUI) can have input and output either in text or speech, and it is 
more conversational in its nature, simulating human written or spoken dialogue (Pearl 2016). 
For example, Google allows the user to use its search engine with speech and Apple’s Siri 
interface allows direct questions from the user. Another example is Alexa from Amazon 
working as a personal assistant for the user at home. The Google Duplex technology was 
demonstrated at the Google I/O 18 conference, where a digital assistant called to make an 
appointment for a haircut seemingly passing for a human (Leviathan & Matias 2018).  
 

VUIs can also be used as an interface for social robots. Social robots, or socially interactive 
robots, are usually designed to be assistants or companions to humans (Fong, Nourbakhsh & 
Dautenhahn 2003), in areas such as education, service, therapy and entertainment (Fong, 
Nourbakhsh & Dautenhahn 2002), and could either be machine-like or human-like, as well as 
animal-like (Sandry 2015a). The interaction between human and robot (human-robot 
interaction, HRI) is defined as the exchange of information or activities that take place in-
between humans and robots through some kind of user interface (International 
Standardization Organization 2012). The core interest within HRI is to understand and design 
the interaction between human and robot (Goodrich & Schultz 2007). According to 
Alenljung, Lindblom, Andreasson and Ziemke (2017), the user experience (UX) in HRI has 
been neglected in favor of focusing on the technology.  
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1.1 Case study 
Furhat Robotics is a Swedish Conversational AI and Social Robotics startup, claiming to be 
building the world’s first social robotics and conversational system platform. With a belief 
that social robotics will be as disruptive as the smart phone or the PC, Furhat Robotics’ vision 
is to build a computer interface that enables people to interact with machines the same way 
people interact with each other (Furhat Robotics 2018a). The main product of Furhat Robotics 
is Furhat, a socially intelligent robot. Furhat has a human-like interface that can easily change 
according to its purpose and the situation. For example, it can look like a man or a woman, 
and have different facial characteristics. The face is animated and projected onto a 3D-printed 
mask that is attached to the “brain” of the robot that also consists of different sensors. The 
Furhat OS and SDK (software development kit) support different sensors and AI APIs 
(application programming interfaces), such as speech recognition and speech synthesis for 
multiple languages, as well as body and face tracking. With these tools, it is possible to build 
social interactions by developing different skills (Furhat Robotics 2018b). One such skill that 
Furhat Robotics is currently developing is a survey skill. Instead of typing answers of a 
survey, the person responding to the survey interacts with Furhat via a VUI. The questions in 
the form or survey will be typed into Google Forms or similar, and then transformed into a 
spoken interface, with or without an accompanying web GUI. The task was to evaluate the 
survey skill and identify how the user experience can improve.    

1.2 Purpose statement and research question  
The HRI area is advancing (Campa 2016). Many robots that exist today are robot-like 
(industrial robots, robotic lawn-mowers and vacuum cleaners etcetera), but there are also 
robots that are more human-like. The Furhat robot consists of a human-like head with a 
backprojected animated face and a speaker to transmit audio. Furhat can thus use more than 
voice to communicate with the user such as facial expressions to emphasize words or phrases. 
Furhat can also move its head and, for example, nod and look in different directions to gaze at 
different people in its interaction space. The purpose of this study was to find out what is 
considered a good user experience when it comes to taking an aural survey via a robot and 
what factors can contribute to improve the user experience. This research was limited to the 
use of the robot in a specific context, namely taking surveys. The research question was:  
 

How can the user experience of taking aural surveys via a social robot improve  
when it comes to the VUI and facial expressions? 

1.3 Scope and limitations 
The study investigated how the user experience of taking aural surveys via a social robot can 
be improved. The study was limited to surveys taken via the Furhat robot. The study was 
based on an early version of the survey skill without any specific target group and therefore it 
was very hard to define a specific target group. The goal is that most people should be able to 
take the survey. Some limitations regarding the target group in the project were set. The study 
was limited to people speaking English. 
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2 Literature review 
A user interface is defined as “all components of an interactive system (software or hardware) 
that provide information and controls for the user to accomplish specific tasks with the 
interactive system” (International Standardization Organization 2006). Graphical user 
interfaces (GUIs), voice user interfaces (VUIs) and conversational user interfaces (CUIs) are 
examples of user interfaces.  

2.1 Conversational User Interfaces – CUIs 
The term conversational user interfaces (CUI) refers to interfaces that are more conversational 
in their nature, as opposed to other more traditional UIs, and their purpose is to support 
conversational interaction between humans and machines (McTear, Callejas & Griol 2016). 
They can be both written or spoken (a VUI, a voice user interface), such as chatbots and 
virtual assistants (Pearl 2016). According to Shevat (2017), chatbots are a new type of 
interface that in its most common form will serve as a conversational interface to the users of 
some brand or service. The chatbot is often added to a messaging app such as Slack or 
Messenger, and lets the users interact with for example a company or service through a 
conversation. The term conversation normally refers to informal spoken interaction between 
people with the purpose of communicating and socializing, whereas a dialogue could be more 
formal and mostly with some purpose (McTear, Callejas & Griol 2016). A conversational 
system supports more complex natural language input, instead of just single words and short 
phrases (ibid).  
 
For an interface to be truly conversational, Pearl (2016) claims that certain criteria need to be 
met. The interface needs to remember the past, for example past conversations and what was 
said in the current conversation; and there has to be more than one turn back and forth – not 
just one-way questions and answers. The interface also needs to have contextual awareness, 
and an appropriate dialogue that sticks to customary conversational principles.  
 
To create conversations with flow that are natural and intuitive for the users and that do not 
feel awkward, the guidelines for designing conversations for the assistant available in Google 
Home (Google 2018a) propose a set of principles when designing a conversation that coincide 
with the suggestions from Pearl (2016). Firstly, it is advisable to follow the Cooperative 
Principle, which has to do with how humans cooperate when having a conversation (see more 
about this in section 2.1.1 below). Users provide, for example, more information than 
expected when asked a question, for example if they are asked for what color shoes they like 
in a shoe store, they might include that color in the answer, but maybe also the shoe size. So 
as to not annoy the user, the system should not expect and register only information about 
what color or kind of shoes a user is interested in, but also expect to handle that they mention 
what size of shoes they are looking for. There should also be some error handling to get the 
dialogue back on track. If the system expected one type of answer, for example numerical, 
and the user input something else, then the system could reprompt with the question 
formulated in another way. That is, instead of saying that the answer was not understood, and 
asking the same question again, adding instructions on how to answer (“Sorry, I didn’t 
understand. Please speak the number…”), the question could be rephrased (“Sorry, how many 
people are coming?”). The conversation should also be moved forward, instead of ending the 



   
 4  

conversation if some problem is encountered, and be relevant by not including a lot of 
information that is not relevant to the conversation. Other things to think about is that the 
system needs to be able to handle phrases like “that’s it”, “I’ve got it” etcetera and to design 
for users making mistakes. The second principle mentioned is Context, the system needs to 
understand the context that the user is in, and keep track of it during the conversation to be 
able to know what or who a user is referring to and to be able to ask follow-up questions. For 
example, it could mean keeping track of what “he” and “that” and similar discourse markers 
refer to, and to know what was talked about in previous turns. Also, it could mean being able 
to refer to items shown on the screen if the system has an interface. For example if a set of 
alternatives are shown on the screen, it should be possible to answer “the first alternative” or 
“the second one” etcetera. Variation is the third principle suggested by Google (2018a) to 
keep the interaction more human-like. The suggestion is to randomize the prompts shown or 
spoken to the user as to not tire out the user with a specific phrase. For example, since there 
are different ways of answering what the time is, the answers should vary (“It’s six o’clock”, 
“It’s 6 PM” etcetera). Turn-taking is an important principle to let the user know when it is 
their turn to interact. This could be made clear by for example asking a question, and not to 
present all the options in a single question, but to split them up in turns. Apart from these 
principles, it is also advisable to give the system a personality (Giangola 2017, Google 2018b) 
to give it consistency in language and make it familiar to the user. For example a brand could 
create a persona that would behave as the ideal employee, and decide what this employee is 
like, how he or she sounds and behaves. Giangola (2017) claims that it is also important to 
focus the user’s attention through word order and stress, for example by adhering to the End-
Focus Principle, meaning that new information is presented towards the end of an utterance, 
and the old information at the beginning, and that the new information is stressed. This is 
extra important in conversational VUIs. 

2.1.1 The Cooperative Principle 
The Cooperative Principle is about cooperation with one another while speaking (Grice 
1975). When two humans are talking to each other they both assume the other part wants to 
cooperate. Grice (1975) presents four maxims: quantity, quality, relation and manner. 
Quantity means that in a conversation, you should contribute information in an economic 
way, that is, to only provide relevant information for the current purpose of the conversation. 
You should also not say more than is necessary. Quality means that you should tell the truth 
and that you should not say something for which you lack proof of. Relation means that you 
should provide relevant information. The maxims quantity, quality and manner all relate to 
what is actually said, while the last maxim manner relates to how you tell what you actually 
want to say. You should be perspicuous and give information in a clear way without 
confusing your conversation partner (ibid.). 

2.2 Voice User Interfaces – VUIs 
VUI is the acronym for Voice User Interface, and could be a type of CUI, depending on its 
nature. A VUI is an interface that a person can interact with through speech, whereas a CUI 
could also be text only. A conversational VUI lets a user interact with the system in a natural 
way imitating a conversation between humans (McTear, Callejas & Griol 2016).  
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According to McTear, Callejas and Griol (2016), a conversational VUI system consists of 
several parts: speech recognition that converts the input audio to words, spoken language 
understanding that converts the spoken words into meaning, dialogue management that 
determines what the system should do next, response generation that converts meaning to 
words, and finally text-to-speech synthesis that converts the words to audio. Furthermore, a 
conversational interface could use additional inputs such as facial expressions and gestures 
from the user.  
 
Prompts, grammars and dialogue logic (call flow) are parts of a VUI. The prompts are 
recordings or synthesized speech played to the user. Grammars define what the user can say 
in response to each prompt. Only words, sentences or phrases included in the grammar can be 
comprehended by the system. The actions taken by the system is the dialogue logic, the most 
common is probably answering the user (Cohen, Giangola & Balogh 2004).  
A VUI dialogue is according to Cohen, Giangola and Balogh (2004) a type of conversation. 
They recommend that the VUI prompts and the recordings or synthesized speech played to 
the user be designed after conversational language. People are most familiar with everyday 
conversation and this is also what the user will expect from a VUI. In a human-to-human 
conversation, both parties expect a use of a common language and each expects the other to 
be cooperative. Both parties also expect the other to also possess basic cognitive faculties like 
an attention span, short-term memory and intelligence. Therefore a naturally spoken language 
should be used in speech applications.  
 
Cohen, Giangola and Balogh (2004) bring up seven topics that can be applied when designing 
a VUI: conversation as discourse; cohesion; information structure; spoken and written 
language; register and consistency; jargon; and the Cooperative Principle. Discourse, in the 
first topic Conversation as discourse, is the meaning of a particular context in a conversation. 
All naturally occurring language in a human spoken conversation has a meaning beyond 
words and phrases, which is usually explained as a discourse. Fairy tales, lectures and news 
reports are examples of discourse genres within spoken language. Each discourse genre has 
different expectations on form and content. Discourse in natural spoken language is 
‘principled’ (all languages have rules of how to combine words into sentences and how to put 
sound together to make words), ‘universal’ (sophisticated discourse patterns all languages 
have in common), ‘conventionalized’ (spoken languages have their own convention 
discourse) and ‘unconscious’ (people do not consciously think about what particular words 
they are using, but the meaning they want to convey). These are all relevant to take into 
account when designing prompts. Cohesion keeps the discourse together and reinforces an 
understanding of the whole. Pronouns, discourse markers, and special pointer words like 
“this” and “that” are examples of cohesion elements relevant to prompt design. Information 
structure refers to how old versus new information are placed in a conversation. How 
information should be placed depends on the context. There is a difference between spoken 
and written language. Written language is static and permanent while spoken language is 
dynamic and transitional. Written language lasts as long as the medium it is written on, and 
therefore it is normally more formal compared to spoken language where the words are gone 
forever after they have been pronounced. Register addresses the level of formality in a 
conversation. The level of formality should be used consistently throughout a conversation 
(consistency). Jargon refers to “technical or specialized language of a certain trade, 
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profession, or similar group” (Cohen, Giangola & Balogh 2004, p. 164). In a conversation, 
listeners make natural interpretations from what they hear in a certain context. The 
Cooperative Principle explains how and why humans make these interpretations. 
 
SUN Microsystems (1998) mention some challenges when it comes to designing an 
interaction for audio input and output only. First of all, speech is invisible: Since speech is not 
visible for the user, it is difficult to demonstrate a system’s boundaries for what is possible to 
do and what the user has to say to execute the action. Speech is transient: once something has 
been spoken out loud to the user it is gone, whereas a visual interface can show the 
information continuously. Due to the limitations of short-term memory, only small amounts 
of data can be delivered and processed at the time. Speech is one-dimensional: the ear is 
passive and has to wait for the information to be delivered. After it has been delivered the 
information is not there anymore. The eye on the other hand is active. The eye can scan a 
screen and maintain information in another way since the information is available as long it is 
displayed on the screen. Speech is asymmetric: humans speak faster than they can type, but 
listen slower then they can read. A VUI must therefore handle this asymmetry. The speech 
synthesis quality is still not completely natural, although improvements have been made in 
this area since the referred article (SUN Microsystems 1998) was published. To achieve a 
natural conversation, recorded speech can be used, but only when the text spoken is known in 
advance. Synthesized speech should be used when the text is not known in advance and the 
VUI should be able to adapt to the users actions. Speech recognition performance: the speech 
recognition is never 100 percent accurate in VUIs. Not even humans can recognize speech 
that good. Flexibility vs Accuracy: the VUI should allow the user to say things in many 
different ways without having to encounter errors. Since humans can say things in many 
different ways, the system should be designed to be as flexible and accurate as possible.   
 
According to Schnelle and Lyardet (2006), VUIs are hard to develop because of their 
invisible and transient nature. Human factors like auditive and orientation capabilities, 
attention, clarity, diction, speed and ambient noise all have a big impact on the interaction 
with a VUI. Schnelle and Lyardet (2006) present a set of design patterns for VUIs. When 
designing a VUI, for example, a dialogue strategy needs to be developed. Dialogues should 
be efficient, short, clear and structured. The dialogue should guide novice users, whereas an 
experienced user should be allowed to move faster. Form filling, menu hierarchy and mixed 
initiative are all important factors in dialogue design. Sometimes information needs to be 
gathered from the user. A common way of doing this is filling out a form. When collecting 
information via speech the users do not have an overview over what they just entered since 
speech is invisible. The VUI needs to provide feedback on what the user input and handle 
errors so that it is possible for the user to change the answers. The VUI should also provide a 
summary of the data where the user can confirm or make changes if necessary. With a good 
menu hierarchy, it is possible to guide the user to the information of interest, but it is very 
difficult to present a menu in a VUI since speech is invisible and transient (ibid.). A tree 
structure with similar options grouped in categories could be one solution on how to guide the 
user (Norman 1991). A sequence of the items in the tree structure based on a natural order of 
the items or based on user feedback should be applied (Shneiderman 1986). The prompts used 
as the options should be named appropriately to help the user (Yankelovich 1996). To 
evaluate the structure before you go ahead and build it, it is advisable to conduct a Wizard of 
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Oz experiment (Schnelle & Lyardet 2006), that is when the researcher simulates the answers 
provided, but to the participant the answers appears to be stemming from the interface 
(Hanington & Martin 2012). Mixed initiative is about collecting information from the user in 
a natural way.  The conversation should start with an open-ended prompt and make it possible 
to input more information if necessary. Suitable follow-up prompts should be provided. 
Barge-in should also be possible to use so the user can interrupt system prompts. Overall the 
dialogue should be natural and the user should have the possibility to take control over the 
conversation (Schnelle & Lyardet 2006).   
 
Apart from the design principles mentioned in section 2.1, on how to create a good 
conversational experience with a natural flow, for a VUI it is also important to set user 
expectations (Pearl 2016). For example, that you do not ask a question for which you will not 
be able to interpret the answer. It could be better to provide an example when asking users for 
information, for example a date of birth, so that the user has a model to copy. Discoverability 
is also important, to let the user know when they are able to speak, that is to make it apparent 
that the VUI is listening, and what is possible to say.  
 
Revilla, Couper and Ochoa (2018) examined the use of voice input for mobile web surveys.  
The study showed that a little more than half of the participants (54.1 percent) use or are 
willing to use voice input (when it is an option) on a mobile device, despite that a little bit less 
than half of the participants (49.1 percent) never used voice to input. The willingness to use 
voice input on open-ended questions seemed to depend on how good Internet connection the 
participants had and how voice input already was used in daily life. With a better Internet 
connection and a higher use of voice input the participants seemed to be more willing than 
participants with a bad Internet connection and without much experience of using voice input. 
How difficult the participants perceived it was to answer the survey also affect the willingness 
to answer open-ended question with voice input. If the survey was perceived as hard, the 
willingness seemed to be lower; on the contrary the willingness seemed higher if the survey 
was perceived as easier (Revilla, Couper & Ochoa 2018).   

2.3 Social robots / Human-Robot Interaction 
According to the English Oxford Dictionaries (2018), the definition of the word ‘robot’ is 
“(especially in science fiction) a machine resembling a human being and able to replicate 
certain human movements and functions automatically” and “A machine capable of carrying 
out a complex series of actions automatically, especially one programmable by a computer.” 
Sandry (2015b) claims that robots have some kind of agency and that they seemingly sense 
and respond to the environment they are in. Furthermore, for a robot to be communicative, not 
much communication skills are required for it to pass as being conversational (Sandry 2015b).  
 
Social robots interact with humans and potentially also with other robots, and are intelligent 
in some way, often containing support for natural language processing and machine learning. 
It could be remotely controlled or autonomous (What Is 2018). Social robots exist in physical 
space, and interact with humans following social behaviors (Affective Lab 2018). Other 
important factors are for instance gestures and recognition of interaction partners, as well as 
emotions and social learning (Fong, Nourbakhsh & Dautenhahn 2003). Breazeal (2003) 
describes four classes of social robots: socially evocative (robots to which humans attribute 
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human characteristics and emotions, but where the robots cannot really respond), social 
interface (robots that show human-like cues to assist human communication, for example a 
robot that is a physical “stand-in” for a person that is at a different location), socially 
receptive (robots that respond to and learn from humans if approached by them, but they do 
not actively seek contact) and sociable (robots that actively interact with humans, and have 
their own motivations and goals). Fong, Nourbakhsh and Dautenhahn (2003) add another 
three classes to these four classes: socially situated (robots that see and respond to other social 
robots and objects in the environment they are in), socially embedded (robots that interact 
with humans and other social robots, connected to their environment, showing some kind of 
awareness), and socially intelligent (robots that show human-like social intelligence). A 
“socially interactive robot”, is a robot where human-robot interaction (HRI) is important 
(Fong, Nourbakhsh & Dautenhahn 2003). These robots show a set of characteristics: they can 
show and perceive emotions, communicate with dialogue that seems like natural language, 
learn from others, be social, use natural cues, have a personality, as well as learn social skills.  
 
Social robots or socially interactive robots are usually designed to be assistants or companions 
(Fong, Nourbakhsh & Dautenhahn 2003), in areas such as education, service, therapy and 
entertainment (Fong, Nourbakhsh & Dautenhahn 2002), and could either be machine-like or 
human-like, as well as animal-like (Sandry 2015a). Kismet (Breazeal 2004) is a robot that 
looks like a machine, but has the possibility to show facial expressions and to move. 
According to Breazeal’s (2003) classification, Kismet is a sociable social robot. Leonardo 
(Breazeal, Buchsbaum, Gray, Gatenby & Blumberg 2005), on the other hand, looks like an 
unspecified animal. An example of a human-like social robot is the humanoid Sophia (Hanson 
Robotics 2018) that even applied for and gained citizenship of Saudi Arabia. An even more 
human-like robot is Erica developed at Osaka University in Japan (Glas, Minato, Ishi, 
Kawahara & Ishiguro 2016). When a robot is extremely human-like, but still show signs of it 
not being a human, it can introduce an eerie sensation in humans. This phenomenon is called 
the uncanny valley (Mori, MacDorman & Kageki 2012).  
 
When designing and building socially interactive robots, Fong, Nourbakhsh amd Dautenhahn 
(2002) claim that there are two approaches: the biologically inspired and the functionally 
designed. The first approach uses theories from, for example, natural and social sciences to 
design a robot that internally simulates the behavior and intelligence found in humans or 
animals. With the other approach, the intention is instead to appear to be acting like a human 
or animal. But with this approach there is no need to understand how, for example, the human 
brain works, in order to provide an experience for the user. The robot only needs to be 
socially competent on the surface with limited social expression, its embodiment could be 
limited, and even if the robot has an artificial design, it could still provide an experience. 
Furthermore, when designing robots, Fong, Nourbakhsh and Dautenhahn (2002) mention that 
there are some common design problems that need to be solved: cognition, perception, action, 
human-robot interaction, and architecture. For socially interactive robots, a few other design 
problems must be considered: human-oriented perception, natural human-robot interaction, 
readable social cues, and real-time performance. This means that the robot should be able to 
for example recognize gestures, and know about human intentions and social cues. It should 
also exhibit a behavior that is according to social conventions and norms, as well as show the 
human which state it is in and enable a smooth interaction between the human and the robot. 
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Furthermore, it should be able to function at the same pace as a human, in handling social 
interaction. 

2.4 Furhat 
The socially intelligent robot Furhat from Furhat Robotics has a human-like interface that can 
easily change according to its purpose and the situation. For example, it can look like a man 
or a woman, and have different facial characteristics. The face is animated and projected to a 
3D-printed mask that is attached to the “brain” of the robot that also consists of different 
sensors. The Furhat OS and SDK support different sensors and AI APIs, such as speech 
recognition and speech synthesis for multiple languages, as well as body and face tracking. 
With these tools, developers can build social interactions by developing different skills 
(Furhat Robotics 2018b).  
 
According to Al Moubayed (2012), the ultimate goal with Furhat is to build a human-like 
interface that can interact with humans under human terms. Furhat is supposed to be used in a 
physical setting where the robot and one or more humans are in the same room, participating 
in a multimodal spoken dialogue. The findings of Al Moubayed (2012) show that the use of 
visual-prosody, facial signals or gestures that are synchronized with speech and intonation 
(for example raising the eyebrows while emphasizing a word in a sentence), make animated 
faces more expressive and human-like. Furthermore, if the robot and the human share the 
same physical space, gaze and head movements are important for the interaction. The fact that 
Furhat has a mask that is shaped like a face and not flat, makes the gaze less “Mona Lisa-
like”, and makes it easier to see who Furhat is looking at (Al Moubayed 2012). The Mona 
Lisa effect has to do with that the eyes of a flat portrait seem to follow the person looking at 
the portrait, even if there are more humans present (Rogers, Lunsford, Strother & Kubovy 
2003). 
 
Furhat has been used in a number of research projects and areas. One such project is 
CORALL (COllaborative Robot-Assisted Language Learning) at the Speech, Music and 
Hearing department at the Royal Institute of Technology in Stockholm, where Furhat is used 
as a social tutor robot in a Swedish for Immigrants learning setting (CORALL 2018). At 
Durham University “Robbie the robot” was developed in a pilot project to help autistic 
children overcome anxiety (Durham University 2018). The latest use of the Furhat robot is at 
Frankfurt Airport where the multilingual robot Franny answers questions from the airport 
guests (Furhat Robotics 2018c). 

2.5 UX and HRI 
UX is the acronym for user experience. The definition of UX is a “person’s perceptions and 
responses resulting from the use and/or anticipated use of a product, system or service” 
(International Standardization Organization 2010). All emotions, beliefs, perceptions, 
preferences, physical and psychological responses, behaviors and accomplishments that occur 
before, during and after use are included in UX. The user experience is shaped and affected 
by a number of factors: brand image, presentation, functionality, system performance, 
interactive behavior, assistive capabilities of the interactive system, the user’s internal and 
physical state resulting from prior experiences, attitude, skills and personality, and the context 
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of use (International Standardization Organization 2010). The term usability is, on the other 
hand, the “extent to which a system, product or service can be used by specified users to 
achieve specific goal with effectiveness, efficiency and satisfaction in specified context of 
use“ (International Standardization Organization 2018). 
 
Designing for the user and evaluating the user experience is common within HCI (human 
computer interaction). With the rise of HRI, the user experience has been pushed to the side 
and the technology has come into focus (Alenljung et al. 2017). Even if there is an increasing 
awareness of the importance of a positive UX for socially interactive robots in research, a gap 
has been identified in the use of UX evaluation within HRI. Alenljung et al. (2017) identified 
four trends about UX in HRI: 1) there is an importance of UX; 2) when applying UX within 
HRI research, deeper aspects of UX are seldom addressed; 3) UX evaluation is used but only 
as final evaluation; and 4) studying robot-related aspects are often prior to UX. For that 
reason, Alenljung et al. (2017) are suggesting that UX evaluation should be a part of the 
whole design process and not only evaluated at the end.  
 
Lindblom and Andreasson (2016) identify three challenges when incorporating UX methods 
and techniques in HRI: 1) the need to adopt an iterative UX design process; 2) to incorporate 
UX goals to ensure positive UX; and 3) to acquire an understanding of how to apply UX 
evaluation principles in theory and practise. If the challenges are addressed it is possible to 
successfully apply UX to HRI. When applying UX evaluation of HRI, validity and reliability 
of the used methods or techniques need to be ensured. Commonly used methods and 
techniques for evaluating UX in HRI are interviews, focus groups, expert evaluations, Wizard 
of Oz experiments, physiological measurements, questionnaires and scenario-based 
evaluations. Most of them come from the HCI field and have been adjusted to meet the 
pragmatic (system usefulness and usability) and hedonic (users motivation, stimulation and 
challenge) requirements. To successfully evaluate UX in HRI, the evaluator must understand 
and have knowledge about the method and the intended use of it. Also the participants must 
understand the criteria they are evaluating (Lindblom & Andreasson 2016). 
 
Lindblom and Andreasson (2016) mention the USUS Evaluation Framework for Human-
Robot Interaction (Weiss, Bernhaupt, Lankes & Tscheligi 2009a) as a promising 
methodological framework for evaluating UX in HRI. Compared to other frameworks, the 
USUS Evaluation Framework provides instructions for which methods and techniques could 
be used for evaluating single aspects of HRI. The ease of use for everyone and the ease to 
include other relevant techniques and methods make the USUS a possible framework for 
evaluating UX and usability in HRI. One disadvantage could be that it is too time consuming 
to apply all four factors and all of the indicators mentioned in the framework (Lindblom & 
Andreasson 2016).  

2.6 Theoretical framework: The USUS Evaluation Framework for Human-
Robot Interaction 
The USUS evaluation framework for HRI (Weiss et al. 2009a) is an extensive framework that 
consists of a theoretical model as well as a methodological part; with the goal of improving 
the way humanoid or social robots interact and collaborate with humans. The framework was 
mainly developed for use in work situations where humans and robots coexist and work 
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together. The theoretical framework has four evaluation factors: Usability, Social Acceptance, 
User Experience, and Societal Impact. Each evaluation factor is further divided into several 
indicators (See Table 2.1).  
 
Table 2.1 Factor, indicators and suggested methods of the USUS Evaluation Framework for Human-

robot Interaction. Adapted from Weiss, Bernhaupt and Tscheligi (2011, p. 98)   
 

Theoretical model Methodological part 
Factor Indicator Methods suggested 

 Usability 

 Effectiveness 

Expert evaluations, User Studies 

 Efficiency 

 Learnability 

 Flexibility 

 Robustness 

 Utility Questionnaires, Interviews 

 Social Acceptance 

 Performance Expectancy 

Questionnaires, Focus groups, Interviews 

 Effort Expectancy 

 Attitude Toward Using Technology 

 Self Efficacy 

 Forms of Grouping 

 Attachment 

 Reciprocity 

 User Experience 

 Embodiment Questionnaires, Focus groups, Interviews 

 Emotion 
Questionnaires, Physio Measures, Focus Groups, 

Interviews 

 Human-Oriented Perception Questionnaires, Focus groups 

 Feeling of Security Questionnaires, Physio Measures, Focus groups 

 Co-experience with robots Questionnaires, Focus groups 

 Societal Impact 

 Quality of Life 

 
Questionnaires, Focus Groups, Interviews 

 Working Conditions 

 Education 

 Cultural Context 

 
The indicators for Usability are effectiveness (how well a robot and a human can accomplish 
a task successfully, with as few errors as possible), efficiency (how fast a robot can assist a 
human in an accurate and successful way), learnability (how easy it is to learn to interact with 
the robot), flexibility (how many possible ways there are to communicate with the robot), 
robustness (how stable the robot system is, does it provide error handling etcetera), and utility 
(what tasks the robot can be used for).  
 
Weiss et al. (2009a) define Social Acceptance when it comes to social robots as “an 
individual’s willingness based on interaction experiences to integrate a robot into an everyday 
social environment” (p. 13). The indicators for this factor are: performance expectancy (to 
what extent a human believes the robot will be able to help improve performance), effort 
expectancy (how easy the system will be to use), attitude toward using technology (positive 
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and negative feelings regarding working with a robot), self efficacy (a human’s belief in his or 
her own abilities, the mindset), forms of grouping (how humans and robots could work as a 
group), attachment (how the human attaches to the robot, for example by an emotional bond), 
and reciprocity (the “give and take” in a relationship).  
 
The User Experience indicators are: embodiment (how the robot is situated in the 
environment and its appearance), emotion (the satisfaction and joy experienced when 
interacting with the robot), human-oriented perception (how good the robot is at simulating 
human perception, for example recognizing human faces and expressions, and understanding 
speech), feeling of security (how safe the robot is perceived), and co-experience with robots 
(communication between the human and the robot).  
 
Finally, for Societal Impact, which has to do with the effect the social robot has on the social 
life in the community in which it co-exists, the indicators are: quality of life, health and 
security (regarding human needs such as freedom, relationships, health system, and privacy); 
working conditions and employment (how the human is affected by robots in their working 
life); education (how education about robots is provided); and cultural context (how customs 
and practices of the environment affect the human-robot relation). 
 
The methodological part of the framework (see Table 2.1) provides a matrix over possible 
methods that can be used to evaluate the different factors and indicators of the theoretical part 
of the framework. For the Usability factor, expert evaluations and user studies are 
recommended. For Social Acceptance questionnaires and focus groups, for User Experience 
questionnaires and focus groups, and for Societal Impact questionnaires, focus groups and 
interviews.  

2.6.1 Validation of the USUS evaluation framework 
As mentioned in section 2.5, the USUS evaluation framework for HRI (Weiss et al. 2009a) is 
a promising methodological framework for evaluating UX in HRI (Lindblom & Andreasson 
2016). Weiss, Bernhaupt and Tscheligi (2011) published a revised version of the USUS 
evaluation framework for HRI in 2011 with a validation and application process of the 
framework. In this article, the most suitable evaluation methods for each indicator are 
suggested (see Table 2.1), for which most of them have been validated in studies. For 
instance, a heuristic evaluation adapted for HRI was tested by applying it on video-based HRI 
scenarios (Weiss et al. 2010). A feedback questionnaire on heuristic evaluation itself showed 
the method being valuable for identifying usability problems. Clarkson and Arkin’s (2007) 
eight heuristics for HRI were applied (also applied in this study, see section 3.4). In another 
study; Weiss, Bernhaupt, Tscheligi and Yoshida (2009b) explore evaluation methods for user 
experience and measurements for societal impact in human-humanoid studies. Novice users’ 
experiences were evaluated when performing collaborative tasks with a humanoid robot. The 
users interacted with the robot through speech in order to move objects from one location to 
another. Retrospective ‘think aloud’ techniques were used during the interaction, and 
questionnaires and interviews were used afterwards. The result of the study shows for 
instance that it is recommended to combine qualitative and quantitative methods to get a more 
holistic view of UX (ibid.). 
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3 Research methodology 
3.1 Scientific approach 
A qualitative study has been conducted trying to answer the research question: How can the 
user experience of taking aural surveys via a social robot improve when it comes to the VUI 
and facial expressions? The study has an inductive approach, that is, an approach where 
empirical data is examined to find patterns without having a hypothesis to start with, as is the 
case in a deductive approach (Johansson 2011). This approach was chosen because of the 
qualitative nature of the study and in part because of the scarce availability of previous 
research on this topic. Empirical data have been collected through expert evaluations, video 
observations and user evaluations. The latter also included some quantitative data collection 
in the form of a questionnaire. Additionally, a literature study has been conducted, which 
served to give a broad overview of CUIs, VUIs, HRI and social robots, and what is 
considered good interaction when it comes to these fields.  

3.2 Data collection 
This study included three phases in the iterative design process: research, design and 
development, and evaluation. Important to note is that, it is not the final product that has been 
evaluated, tested and improved in this paper; rather an early version of the survey. The design 
process can be compared to the design process suggested by Arvola (2014), including three 
phases: the concept phase, the process phase and the detail phase. In the concept phase you 
get insights about the usage situation. You find out what to do and why. You create concept 
ideas and value them. In the process phase content, functions and features are created. Often 
the phase ends with the development and evaluation of a prototype. In the detail phase 
improvements are made and a final evaluation is conducted before handing the product over 
for further development. The iterative work often continues (Arvola 2014). Since the survey 
skill already existed in a very early form, the study began with an evaluation of the current 
system. Research data have been collected in an iterative work process. The first phase 
consisted of a literature study, expert evaluations and video observations with human-to-
human surveys. During the design and development phase, improvements of the current 
system were made. In the evaluation phase the system was tested and evaluated through user 
studies including observing the informants taking the survey via the robot (robot-to-human 
surveys), a questionnaire and semi-structured interviews.  

3.3 Selection 
The informants in this study were all voluntary participants. For the video observations with 
the human-to-human surveys, people were randomly asked on the street if they wanted to 
participate. The only selection made was striving for the same number of women as men. 
Since the location for the study was around the KTH (Royal Institute of Technology) area in 
Stockholm, this is where the search for participants took place. This is also the reason for the 
topic of the survey. The questions in the survey were general and consisted of questions about 
Stockholm and KTH in English, enabling a wide range of possible participants. Since the goal 
was to investigate the users actual experience when taking an aural survey and how it can 
improve, the topic itself of the survey did not have much importance. For the user studies 
including, for example, the robot-to-human surveys, anyone could sign up. No special 
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selection was made. However, the invitation to participate was distributed in printed form 
around the KTH area since the user tests would take place at the Furhat Robotics office. The 
invitation was also distributed digitally via different Facebook groups and pages.  

3.4 Implementation 

3.4.1 The Research Phase 
In the research phase, a literature study was conducted. Secondly, an expert evaluation of the 
current system was performed. Finally, video observations were conducted.  
 
The literature study gave a broad overview of CUIs, VUIs, HRI and social robots, and what is 
considered good interaction when it comes to these fields. Also how to design a voice user 
interface and factors behind a good dialogue were researched. Since the Furhat robot consists 
of a human-looking face; gaze, facial expressions and head movements were also included in 
the research.  
 
An expert evaluation based on heuristics was performed on the current system. In the HCI 
field, an expert evaluation is used to find usability problems in a system. Weiss et al. (2009a) 
mention two types of expert evaluations that can be useful for evaluating the interaction in-
between humans and a social robot: heuristic evaluations (HE) and cognitive walkthroughs. 
Heuristic evaluations are based on a set of principles, or heuristics, where the problematic 
issues found are ranked by their severity. The most well known heuristics in HCI are the 
heuristics developed by Nielsen (1994). Cognitive walkthroughs, on the other hand, assess a 
system based on predefined tasks that the users might want to perform (Weiss et al. 2009a).  
 
Clarkson and Arkin’s (2007) eight heuristics for HRI were used in this study (see Table 3.1). 
The heuristic evaluation for HRI was developed based on Nielsen’s well recognized list 
(Nielsen 1994), HRI guidelines (Scholtz 2002), groupware heuristics (Baker, Greenberg & 
Gutwin 2002), and heuristics for ambient displays (Mankoff et al. 2003). According to 
Clarkson and Arkin (2007), evaluators that have little experience in robots can use the 
heuristics, and they argue that using the heuristics is a low-cost formative method for 
discovering issues early in the design and development process. 
 

Table 3.1: Heuristics for HRI (Clarkson & Arkin 2007)  
 

               Heuristics for HRI (Clarkson & Arkin 2007) 

        1. Sufficient information design 
        2. Visibility of system status 
        3. Appropriate information presentation 
        4. Use natural cues 
        5. Synthesis of system and interface 
        6. Help users recognize, diagnose and recover from errors 
        7. Flexibility of interaction architecture 
        8. Aesthetic and minimalist design 
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The current system; consisting of the Furhat robot head, its VUI and a supporting GUI; was 
evaluated by two evaluators (the researchers). The initial survey skill had four question types:  
 

- Likert scale questions, for example with a choice from 1 to 6 
- Multiple-choice questions, with the possibility to choose one of the answers 
- Open-ended questions, where any answer was possible 
- Binary questions that require a ‘yes’ or ‘no’-like response 
 

Two different modes of taking the survey via Furhat were evaluated: one with only using 
speech (VUI only) and one with speech and the additional support of a graphical user 
interface (VUI + GUI). Both evaluators tried both versions multiple times. Usability problems 
and errors violating the heuristics were noted individually and sorted. During the evaluation, 
three factors were taken into account concerning usability issues: frequency - if it is a 
common or rare problem, impact – if it will be easy or rather hard to overcome the problem, 
and persistence – if it is something the user repeatedly will encounter or just a one time 
problem (Nielsen 1995). Several usability issues were discovered. To prioritize the need of 
fixing them, each usability problem was rated on a severity scale ranging from 0 to 4; zero 
meaning ‘I do not agree that this is a usability problem at all’ and four meaning ‘Usability 
catastrophe: imperative to fix this before product can be released’ (Nielsen 1995). Each 
evaluator voted and then an average value for each issue was calculated. From this, a list with 
usability issues was created. The issues were prioritized and sorted with the most urgent 
problems on top (see appendix A).  
 
To get a better understanding of how humans communicate and act with each other when 
taking surveys or filling out forms by only using speech, video observations were then 
conducted. Observations of what people are doing are a very easy way and promising method 
for design research. An observation includes observing people doing certain things or while 
they perform some activity (Saffer 2010). A survey with ten questions supporting all of the 
four question types was created (see appendix B). The topic of the survey consisted of general 
questions about KTH and Stockholm. The result of the survey itself did not matter rather the 
way people answered and reacted to the questions. Six people, three women and three men, 
were observed when taking the survey in a human-to-human interaction. The participants 
were all randomly picked around the KTH campus area and asked to participate. An informed 
consent form (see appendix C) was given to each of the participants. The informed consent 
consisted of information about the background to the problem, the purpose with the 
observation, the outcomes, use of the data, the participants’ rights and information about the 
participation being completely voluntary. Everyone but one of the informants agreed to have 
their face and body in the video, the person declining to this agreed to video recording as long 
she was not in the picture (only the survey administrator was visible). A survey administrator 
was asking the ten questions and the participants answered the questions. The videos were 
later analyzed by two experts (the researchers). Factors taken into account were both 
concerning dialogues and gestures. Discourse markers/Conversational markers, fillers, barge-
in, intonation, and language belong to dialogue and movements; and gaze and facial gestures 
belong to gestures. The findings from the six observations were compared and patterns were 
found (see section 4.3.1). 
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The video observations provided valuable information about how humans behave, act and 
speak; both when taking a survey and when administering an aural survey. The analysis of the 
survey takers behavior helped to understand what scenarios that needed to be designed for and 
what possible interactions should be expected from the user. The analysis of the survey 
administrator helped to understand how a human would interact and behave when 
administering an aural survey. The observations were also valuable in figuring out for what 
kind of scenarios that the survey skill could be designed. A list of potential scenarios for the 
survey skill was created (see Appendix D). For each scenario, an example dialogue was 
created. The example dialogues were not only based on the video observation, but also on the 
literature study and the result of the heuristic evaluation.  
 

3.4.2 The Design and Development phase:  
In the second phase, the design and development phase an updated version of the survey skill 
was designed based on the literature study, the result of the expert evaluation and the video 
observations. The dialogue management in the VUI and interface of the robot was updated 
and a new design of the graphical user interface was implemented.  
 
Changes to the VUI of the survey skill were made based on the results from the literature 
studies, the expert evaluation and the video observations. A new survey was created 
containing the same questions that were used during the human-to-human video observations. 
Only a few changes were made regarding the questions in the survey.  
 
The expert evaluation resulted in a prioritized list of usability issues. A few changes were 
applied to the survey skill. One of the issues was that the robot does not give any feedback or 
mark that shows that it understood the answers from the user. Ex: “Ah”, “Ok”, “Great”, 
“Thank you”. Therefore a few discourse markers where added to the survey skill. When a 
user answers a question, the robot outputs one of the discourse markers randomly. The 
random function is necessary for a varied language. Another problem discovered during the 
expert evaluation was that the robot did not accept synonyms or similar words. For example, 
the first question “Would you like to take a survey” only worked when the user answered 
‘yes’ (or ‘no’), and not when the user answered ‘yeah’, ‘sure’, ‘of course’, ‘I'd like to’ 
etcetera. A few similar phrases were added to some of the answers. Still a lot more work 
needs to be done here since there are many more ways a user might answer. Another issue 
was that the robot went in to idle mode after a user says ‘no’ to taking a survey. That means 
that the robot is not active and you cannot interact with it anymore. So to run the survey skill 
again a restart of the whole system was necessary. This issue was fixed. Another big technical 
problem was that the robot did not recognize or accept answers on most of the questions. The 
robot also did not save the correct answer. This bug was also fixed.  
 
There were many other issues from the expert evaluation (see appendix A for details) that 
needed to be fixed but because of lack of technical assistance, it was not possible. A big 
problem was that the robot did not listen long enough in the open-ended questions, which in 
return did not give the user enough time to answer the question before the robot interrupted 
and moved on to the next question. Another issue was the speed of the conversation. There 
were only very short breaks between the robot’s phrases and sentences.  
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The GUI was redesigned since the heuristic evaluation revealed a few issues. There was an 
overall lack of visual appeal. The older interface had a white background with a thick black 
border around the question area. The question alternatives were displayed only as pure text 
with no indication that it was possible to use the alternatives as buttons to choose one 
alternative. The new interface contained a similar flow and interaction as the older version but 
got a whole new visual appearance (see appendix E). All planned changes for the GUI could 
not be implemented due to lack of technical assistance.       

  

3.4.3 The Evaluation Phase 
During the evaluation phase the updated survey function was evaluated with user evaluations. 
A pilot test was conducted a day before to ensure everything was setup correctly and working. 
The user evaluation included eleven informants divided into two groups, group A with five 
participants and group B with six participants. People were invited to participate (see 
Appendix F) and were able to sign up for different time slots. A printed invitation was 
distributed around the KTH area, and an equivalent digital invitation was distributed in 
different Facebook groups and pages, for example the Furhat Robotics Facebook page. This 
was done after not receiving enough interested participants by only the printed invitation. 
Group A tested the survey skill only by interacting through speech with the robot (only VUI) 
and group B tested the survey skill by interacting with the robot through speech supported by 
a graphical user interface (VUI+GUI). Before interacting with the robot, each informant got a 
short introduction and walkthrough about how the test was going to be carried out. They all 
got an informed consent form to read and sign, which also the researchers signed (see 
appendix G). The user evaluation consisted of three parts: the actual interaction with the robot 
and taking the survey (user studies), filling out a questionnaire and finally a short interview or 
discussion about the experience. Each event lasted around 20-30 minutes including the 
questionnaire and the interview.  
 
The methods were chosen to match three out of four evaluation factors from the USUS 
Evaluation Framework for HRI (Weiss et al. 2009a): Usability, Social Acceptance, and User 
Experience. The fourth factor, Societal Impact, was not evaluated in this study, since the 
survey skill was in an early development stage and not ready to be launched in a real setting 
yet. Weiss, Bernhaupt and Tscheligi (2011) suggest methods that can be used to evaluate 
different factors in the USUS Evaluation Framework. User studies can be used to evaluate 
some of the usability factors. Questionnaires can be used for evaluating Social Acceptance 
and User Experience. Interviews can be used to evaluate the Usability indicator ‘utility’, and 
also some Social Acceptance and User Experience indicators, although this has not yet been 
proved in studies (Weiss, Bernhaupt & Tscheligi 2011). When applying evaluation methods 
in HRI, they may need a bit of modification because they might have been designed for other 
purposes, which could result in an invalid result. It is rather complex to understand and study 
human behaviour, but by combining different methods that complement each other better 
results can be achieved (Weiss, Bernhaupt & Tscheligi 2011).          
 
In the user studies, the tests were individually performed and recorded with video. First the 
survey function was tested. The informants conducted the survey by interacting with the robot 
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through speech or by interacting with the robot with speech with the support of the graphical 
user interface. The user studies took place in a set up demo room. The robot was standing on a 
podium with a touchscreen in front of it (see Figure 3.1). The informants were sitting on a 
chair and speaking with the robot via a microphone. The sound of the robot came from the 
built-in speaker. For the test, a female texture was picked for the face and a female voice. The 
used language was English. The interaction between the informants and the robot were 
observed by the two test leaders, as well as video recorded for later reference. The informants 
were encouraged to try to complete the survey themselves, but they were told they could ask 
for help if necessary. If an obstacle would occur they were asked to try and overcome it 
before turning to the test leader for help.  
 

 
 

Figure 3.1: Furhat in the demo room 
 
 

After taking the survey, the informants filled out a short questionnaire about how they 
perceived the robot. The questionnaire used was based on RoSAS, The Robotic Social 
Attributes Scale (Carpinella, Wyman, Perez & Stroessner 2017). RoSAS is an 18-item scale, 
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drawn from the Godspeed questionnaire (Bartneck, Croft & Kulic 2008) and literature studies 
on social perception, which measures the social perception of robots on three dimensions: 
warmth, competence and discomfort. The dimensions, or factors, and the items included in 
the questionnaire are listed in Table 3.2. Ultimately, the purpose is to determine how these 
dimensions affect the quality of the interaction with the robot in question. 
 

Table 3.2: RoSAS 18 items and factors (Carpinella et al. 2017) 
 

Warmth Competence Discomfort 

Organic 
Social 
Emotional 
Compassionate 
Happy 
Feeling 

Reliable 
Competent 
Knowledgeable 
Interactive 
Responsive 
Capable 

Awkward 
Scary 
Strange 
Awful 
Dangerous 
Aggressive 

 
Each informant filled out a printed questionnaire after finishing the survey, where they had to 
rate how well the 18 items describe the robot (see appendix H) on a scale from 1 to 7. The 
order of the items was randomized, so that all of the informants received the items in a 
different order. A rating system of one to seven was used, which also was used in a study by 
Pan, Croft and Niemeyer (2018) where they validated RoSAS. One had the meaning ‘not at 
all’ and seven ‘very much so’. For example, if the informant filled in a seven for happy it 
meant that the robot was perceived to be very happy, whereas a two would mean that the 
robot was perceived not to be so happy. The results from all of the informants in each group 
were added together and the mean value for the items were calculated, and used to calculate 
the means for the dimensions warmth, competence and discomfort. Mean value was used, 
since there were only 11 informants, resulting in a simplified result of how the robot was 
perceived. 
 
After filling out the questionnaire, a shorter semi-structured interview or discussion was 
conducted. A semi-structured interview normally consists of a set of questions or topics to 
discuss. Instead of following the questions to the letter, the interviewer is adapting to what the 
user says (McCarthy & Wright 2010). The interviews were based on a shorter list of questions 
concerning the user experience and possible issues experienced (see appendix I). 
 
Just as ethnographers who study people and cultures; designers need to learn, see and 
understand the world from someone else's point of view. Hence, designers must set their own 
expectations and assumptions aside when conducting interviews and doing user research. 
Being a sympathetic and non-judgemental listener and learner is recommended when 
conducting interviews to fully understand the informant’s point of view (Goodwin 2009). 
During the interviews, the informants were encouraged to speak freely about the experience. 
The researcher tried to avoid asking leading questions to avoid influencing the response too 
much. The researchers sometimes asked follow-up questions concerning different topics that 
were brought up during the interviews. The interviews were audio recorded only, and no 
video was used. Each interview was transcribed to ensure that nothing was overlooked during 
the analysis.  
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3.5 Analysis 
The project included collection and evaluation of data in two steps. First, as a final step of the 
research phase, data from the expert evaluation and the video observations were evaluated. 
The survey skill was then redesigned. Then a final evaluation of the survey skill was 
conducted with user studies, questionnaires and interviews. A qualitative analysis explains 
why, how and what. Through a well-conducted analysis, the relationship in-between different 
parts of information are identified. The causes for those relationships are identified as well 
(Goodwin 2009). The conducted analysis was based on the analysis process proposed by 
Goodwin (2009), see Figure 3.2. The process includes the following steps: Understand data 
(single case analysis), Condense and organize data, Interpret (find & explain patterns & 
relationships), Validate, and Communicate. 
 

 
Figure 3.2: Analysis process. Adapted from Goodwin (2009, p. 202) 

 
Firstly, an analysis of each single case was performed to make sense of and have an 
understanding for each informant’s or individual’s behavior, actions, reactions and thoughts. 
Then, the findings from the individuals were compared to identify trends and behavioral 
patterns. With an inductive approach, general principles from the data were obtained. Affinity 
diagrams are often used to organize and analyse data (Goodwin 2009). A similar approach to 
affinity diagrams was used when analysing the data from the different methods. The data was 
first analysed separately and then compared. Similar behaviors, actions and events were color 
coded and sorted together. From there, trends and patterns were identified. The understanding 
of the discovered behavior patterns and trends and the reasons behind them, arose as the 
information was processed. To validate the result of the analysis, the results from the different 
methods were compared and validated against the literature.   
 
The usability issues from the expert evaluation were first sorted in their respective heuristic 
category. Each issue was rated from 0 to 4 by severity and the importance of fixing the issues. 
The results from the two experts were compared. If the same issue was reported from both 
experts, an average score from these ratings was calculated. A priority list with the most 
important usability issues was established.  
 
The video recordings of the human-to-human surveys or observations were processed in three 
steps. Firstly, each video was observed. Everything observed concerning voice, dialogues, 
facial expressions, gaze, movements and gestures were recorded. Secondly, all of the video 
observations were. Common patterns were recorded. Thirdly, the findings were compared 
with the theory from the literature study. 
 
The video recordings from the user studies were analysed by observing. First of all, the videos 
were sorted into group A (VUI only) and group B (VUI+GUI) respectively. Each video was 
observed several times by both researchers. Events concerning the interaction with the robot 
were logged, and coded into different categories. After having observed common patterns of 
each group individually, the results of the two groups were compared. The data from the 
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RoSAS questionnaire was also sorted into the two groups: A and B. The average score for 
each item was calculated, and the items were sorted into the factors: warmth, competence and 
discomfort. Then, the average score for each factor was calculated. The score of group A was 
then compared to that of group B. The transcripts of the interviews were sorted into group A 
and B respectively. The informants’ answers were compared and common patterns were 
identified for each group. Finally, the results from the two groups were compared. As a final 
analysis, the result from the user studies, questionnaires and interviews were compared with 
the literature study and categorized into the USUS evaluation framework for HRI (Weiss et 
al. 2009a). 

3.6 Reliability and Validity 
The concepts of reliability and validity are often used in quantitative research to show how 
stable or consistent the results are over time, if they are repeatable; and whether the research 
actually measures what it is supposed to measure, and how accurate the results are 
(Golafshani 2003). However, since this is a qualitative study it is not easy to measure the 
reliability. Golafshani (2003) claims that reliability should be used differently depending if 
the research is qualitative or quantitative, that reliability in qualitative research has to do with 
generating understanding, and not with explaining, and that it is instead about ensuring 
trustworthiness, rigor and quality in the research. According to Golafshani (2003), 
triangulation can be used in qualitative research to ensure reliability and validity. The 
credibility of this study is based on the choice of several methods: observations, 
questionnaires, interviews, as well as a literature study, which resulted in a triangulation of 
methods. Using a framework and methods successfully applied in other studies within the 
same research area (Wiess et al. 2009a, 2010, 2011) could also help to strengthen the concepts 
of reliability and validity. Furthermore, how the study was conducted and how the empirical 
data was interpreted and analyzed further define the trustworthiness of the research. Each step 
of the process was carefully considered and documented. The data was analyzed several times 
to check for mistakes. One quantitative measurement has been used: the RoSAS 
questionnaire, and the items in the questionnaire were presented in a different order for each 
informant to avoid random answers.  

3.7 Ethical considerations 
Ethical considerations and guidelines have a big impact on research quality and 
implementation. Ethical considerations are also important for a responsible usage of research 
results to develop the society. Therefore, when doing research, there is a necessity to discuss 
ethics actively throughout the whole process (Swedish Research Council Vetenskapsrådet 
2017).  This study had strong ethical values concerning the informants’ privacy. To make sure 
that all informants understood and agreed to the research requirements, all informants 
received an informed consent form, which both the informants and the responsible researchers 
signed. Each informant got a copy of the informed consent. All informants should be 
informed about the research purpose, the participation procedure, what is going to be 
analysed, how the collected information will be handled and that all participation is voluntary. 
This should be followed by a consent, preferably oral and written, that includes everything the 
informants agreed to (Swedish Research Council Vetenskapsrådet 2017). The informed 
consent forms (see appendices C and G) contained the conditions for participation. The 
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informants were only video recorded and/or audio recorded if they agreed to it. The 
participation was completely voluntary. The informants were free to cancel the participation 
at any time. All of the informants read the informed consent or got it read out loud, with the 
chance to ask questions before signing the consent. The audio and video recording only 
served for analysing the data and comparing the different interactions. The audio and video 
recordings were deleted afterwards and have not been published anywhere. No personal data 
was gathered or published. Ethical considerations towards Furhat Robotics and the project 
itself were also included. Each researcher signed a non-disclosure agreement with the 
company. Since some of the used methods included recordings and observations, both use of 
data and the researcher roll have been important ethical considerations. Video recordings can 
affect individual privacy and integrity (Swedish Research Council Vetenskapsrådet 2017). 
Therefore no personal data was gathered at all during during the research and the documented 
video and voice recording were deleted after the study was concluded and approved of. 
Furthermore, researchers should have an objective role when observing, trying not affect 
informants and events (Swedish Research Council Vetenskapsrådet 2017). This was applied 
throughout the whole study by the researchers.    
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4 Empirical findings 
4.1 Literature study 
The result of the literature study is a set of criteria on what makes a VUI conversational and 
how to best design an interactive experience with a social robot. For a VUI to be 
conversational, the following criteria should preferably all be met: 
 

- Turn-taking should be possible, and there should be more than one turn back and forth 
- There needs to be a memory of the current conversation, and preferably past ones 
- The system should have contextual awareness 
- Conversational principles should be met, such as adhering to the Cooperative Principle 
- The language should be varied, and help to focus the user’s attention for example by 

presenting new information at the end of an utterance and stressing it 
- Human shortcomings such as attention span, and short-term memory should be 

considered 
- The VUI system should have a personality. 

 

The above criteria also apply to the design of interactions with social robots, as well as some 
additional criteria: 

- Recognizing and producing facial expressions and gestures  
- Social cues and conventions should be followed 
- Performance, such as the pace of the conversation, should be human-like 

4.2 Expert evaluations 
The expert evaluation of the survey skill in its initial form showed that the interaction violated 
all eight of Clarkson and Arkin’s (2007) heuristics. Table 4.1 shows the distribution of the 
heuristics, the number of issues found (from 2 to 8 issues for each heuristic, in total 41 
issues), and the mean severity ratings (from 1.6 to 2.6). (See appendix A for a complete list). 
 

Table 4.1: Result of expert evaluation with the heuristics from Clarkson and Arkin (2007) 
 

Heuristic No of issues Mean Severity 
 1. Sufficient information design 2   2.5 
 2. Visibility of system status 6 1.8 

 3. Appropriate information presentation 5 2.1 
 4. Use natural cues 8 2.2 

 5. Synthesis of system and interface 3 2.5 

 6. Help users recognize, diagnose and recover from errors 4 2.5 
 7. Flexibility of interaction architecture 8 1.6 

 8. Aesthetic and minimalist design 5 2.6 
Total no of issues:  41  

 
Some of the issues with the highest severity ratings were related to the following heuristics: 
sufficient information design (short-term memory issue: hard to remember all the options in 
multiple choice questions without the supportive GUI); visibility of system status (no feedback 
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showing that the answer was registered and if it was saved correctly); appropriate 
information presentation (hard to see where the robot is looking, it does not move its head to 
follow the user; the GUI does not show the first question of the survey); use natural cues (the 
robot barges in, and does not let the user finish talking; synonyms are not accepted as 
answers); synthesis of system and interface (the system restarts for every person that walks 
by, even if someone is in the middle of taking a survey; noisy environment makes the robot 
not being able to register the answers); help users recognize, diagnose and recover from 
errors (not possible to go back and change an answer; the robot goes into idle mode if a user 
declines to take the survey and the skill has to be restarted); flexibility of interaction 
architecture (no possibility to input text in the GUI; not enough time for the person taking the 
survey to elaborate their answers before being interrupted); and lastly aesthetic and 
minimalist design (not much feedback provided when moving on to the next question; the 
visual appearance of the GUI is absent; there is no way to see that the alternatives are 
clickable in the GUI). 

4.3 User evaluations 

4.3.1 Human-to-human surveys 
In the observations made with humans answering surveys administered by a person face-to-
face, patterns from the six survey takers and the one survey administrator were observed. The 
patterns observed were divided into two different groups: dialogue and gestures. The dialogue 
group was in turn divided into discourse/conversational markers, fillers, barge-in, intonation, 
language and ‘other’; and the gestures group was divided into movements, facial gestures, and 
gaze/eye contact.  
 
For the survey administrator, the following dialogue related patterns were observed: for 
discourse/conversational markers, the survey administrator would repeat the answer from the 
survey taker. For example, if the answer was “I would say 5”, then the administrator would 
repeat “5” as to confirm. Other confirming words or phrases were also common, such as “ok”, 
“great”, “mmm”, “yes” and “yeah”. Before the final question, the survey administrator would 
say “And finally…”. Also after the survey was done, the survey administrator would say 
“thank you”. The survey administrator did not use many fillers, however sometimes “eh” was 
used before enumerating multiple-choice alternatives. Neither did the survey administrator 
barge in, however hurried to say a second part of one of the questions that involved an 
instruction to motivate the answer. As for intonation, some words in a few questions were 
always stressed, for example “bad” in “Can you mention something bad about KTH?” and 
“one” in “What is the one best thing about KTH?” The repeated answers were also spoken 
with a slightly raised intonation at the end, as well as the multiple-choice alternatives except 
for the last one. There were also some corrections of sentences halfway. As for other things 
observed regarding the dialogue, the survey administrator was speaking quite fast, sometimes 
asking follow-up questions and adding explanations. When it comes to gestures, the survey 
administrator’s most noticeable movement was the nodding while the survey taker was 
answering questions, and when he or she was done, often accompanied by a smile. Hand 
movements were also common. Frequent facial gestures were blinking and smiling, as well as 
lifting eyebrows. Lastly, regarding gaze and eye contact, the survey administrator looked 
down a lot while reading the survey questions, now and then looking up to make eye contact. 
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However, while listening to the survey takers’ answers, the gaze was fixed on the survey 
taker, with an occasional blinking. 
 
For the survey takers, discourse/conversational markers used were individual, but the same 
person usually repeated the same kind of phrase several times during the survey. And it was 
more common to not just say the answer with one word, but to add some phrase before or 
after the answer, like “I think”, “I would say”, “Perhaps” and “I’m not…”. The most frequent 
filler was “eh” which all of the survey takers used more or less. Some of the survey takers 
also stopped to think a while before answering. A few of the survey takers barged in while the 
survey administrator was asking a question, or before all of the multiple choice alternatives 
were read out. There were not many intonation changes observed, apart from when a survey 
taker was not sure if a chosen multiple-choice alternative was really on the list. Other 
observations were that some of the survey takers answered very quickly while others needed 
more time. Here too the most common gesture observed was the nodding, for example while 
the survey administrator was enumerating the multiple-choice alternatives, and while the 
survey taker was answering. Some of the survey takers also shook their head when answering 
no or not being able to come up with an answer, as well as tilted their head slightly to the side 
while listening to the survey administrator. Common facial gestures were smiling and 
blinking while listening, as well as raised eyebrows while thinking about what to answer. A 
common pattern when it comes to gaze and eye contact was to look away while thinking 
about what to answer, and then to resume eye contact with the survey taker when answering 
the questions. The eye contact was also fixed at the survey taker while receiving the question, 
and overall the survey takers looked like they were focused and concentrated. 

4.3.2 Robot-to-human surveys 
4.3.2.1 Usability tests 
The user studies were all conducted with only a few technical issues. Sometimes the system 
had to be restarted before the survey could take place. None of the informants had any bigger 
issues with this. All but one could finish the survey. The informant that could not finish the 
survey, managed to answer all questions but the last one, before the computer system crashed. 
The interaction with the robot was observed and video recorded, and afterwards analyzed. The 
results from the tests are presented below. Group A consisted of five informants and group B 
of six informants.   
 
Result Group A only VUI 
 

Group A interacted with Furhat without the support of a GUI. The time it took to complete the 
survey ranged from about 3 to 5 minutes. The two informants with the shorter completion 
times did not experience any issues with Furhat not registering their answers, as did the three 
informants with longer completion times. The main problem for the informants experiencing 
issues was that Furhat did not seem to register what they said, due to a bug in the skill. The 
informants dealt with this issue in different ways, for open-ended questions, they tried to give 
completely different answers, for example answering “The public transport” instead of “The 
weather” to see if that worked. For closed questions, they tried saying for example “No” in 
different ways: “No, I’m not”, “I’m not a student…” etcetera. They also tried different things 
like holding the mic a bit closer to the mouth and speaking louder and clearer. The reactions 
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were also a bit different, someone laughed and someone looked at the researchers as if to get 
advice on what to do.  
 
The informants did not use many discourse/conversational markers or fillers. The filler “eh” 
when thinking about what to answer was the most common one. Furhat barged in on a few 
occasions while the informants were answering open-ended questions, which caused different 
reactions among the informants; mostly they seemed surprised to be interrupted. But they 
quickly moved on to answer the following question.  
 
Some of the informants nodded while saying ‘yes’, and shook their head when answering 
‘no’, but the majority sat quite still concentrating on Furhat and did not move much. Smiles 
were common, but a few of the informants did not smile as much. All of the informants 
looked at Furhat most of the time while answering and listening, but sometimes looked away 
while thinking. 
 
All of the informants seemed to enjoy talking to Furhat more or less and they also appeared 
concentrated during the process of taking the survey. They all said “bye” or “thank you” to 
Furhat when the survey was over, and they all laughed after the survey was done when Furhat 
said: “That was a really nice person”. 
 
Result Group B VUI & GUI 
 

Group B took the survey by interacting with the robot and having a GUI as a support. The 
time range to complete the survey was between 2 minutes 19 seconds and 3 minutes. The 
informant completing the survey fastest did not have any issues, whereas the other four 
participants experienced a few issues. Common problems were that the robot did not 
understand or register the answers from the user, which lead to the robot repeating the 
question one or more times. During two of the user studies there was a system crash and the 
informants could not finish taking the survey completely. One of the times the system could 
be restarted and the informant could take the whole survey. The other informant could not 
finish due to technical issues that could not be fixed within the time range of the test.      
 
Since there was an opportunity to also read the questions on the screens and also using the 
screen to answers the question, the informants did not have to use the voice all of the time. 
Only the open-ended questions had to be answered by voice. None of this was revealed to the 
informants before the test. The informants were encouraged to try and solve the issues 
themselves if any would appear. It turned out most of the users were a bit confused of whether 
they should use the voice or if they should use the buttons on the screen to pick an alternative. 
Five of the users tried using the voice and did it continuously. One of the informants used the 
buttons from the beginning, but understood very quickly that the system only accepted voice 
input on the open-ended questions. The informant continued using buttons when possible, but 
used voice for the open-ended questions. Another informant encountered problems when the 
robot did not understand an answer, and had to use the buttons in the GUI to be able move on. 
For the following answers the informant continued using voice.  
 
Before starting, all of the informants were scanning both the screen and the robot. Most of the 
informants looked at the screen when getting the question read out loud and looked up when 
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answering. The informant using the buttons was looking down at the screen most of the time, 
but faced the robot when answering the open-ended questions.  
 
The informants seemed very focused and concentrated when taking the survey. Some of the 
informants were smiling when the robot said something that appeared to be funny or when it 
was smiling. All of the informants relaxed and were happy after finishing the survey. All five 
that took the whole survey started laughing when the robot said either: “That was a really cool 
person” or “That was a nice person” at the end.  
 
Five of the informants had problems with either that the robot did not hear or understand the 
answer, or that the robot was not listening long enough to the user and moved on to the next 
question too fast. The informants did not get enough time to answer the questions. There was 
also no chance for the informants to go back or add something to the open-ended questions. 
The user that did not have problems was using only short phrases when answering the open-
ended questions. Overall the dialogue was quite fast and the robot was moving from question 
to question without any longer breaks.  
  
Comparison observations A and B 
 

The observations show that group B, which had the support of the GUI, completed the survey 
faster than group A. Within the groups the completion time varied. The informants that took 
more time to finish experienced more issues than the faster informants. In both groups, 
informants experienced issues with the robot not perceiving their answers. The informants 
also had issues with the robot interrupting them on the open-ended questions. The robot 
moved on to the next question without letting the informants finish answering. Informants 
from both groups seemed to be very focused and concentrated when taking the survey, in a 
positive way. Afterwards, after having completed the survey, most informants were smiling 
and seemed a bit more relaxed.  
 
There was a big difference with gaze and eye contact between the groups. The informants in 
group A (VUI only) were facing the robot almost all of the time. They only occasionally 
looked away a bit when they were thinking about what to answer. The informants in group B 
(VUI + GUI) however were facing the screen most of the time and only looked up quickly 
when they were answering the questions. However, during the open-ended questions, when 
there were no alternatives visible on the screen, the informants tended to face the robot a bit 
longer. 
 
4.3.2.2 The Robotic Social Attribute Scale (RoSAS) 
The results from the questionnaire based on the 18-item scale RoSAS (Carpinella et al. 2017) 
is shown in Table 4.2. The informants’ answers are based on how well they thought the items, 
or words, in the scale described the robot they talked to, on a scale from 1 to 7 (where 1 
means “not at all” and 7 “very much so”). The table shows the mean value for each item, in 
total for the 11 informants, as well as divided into the two test groups: with VUI and with 
VUI and a supportive GUI. Furthermore, the different items are divided into the three groups, 
or factors, recommended by Carpinella et al. (2017): Warmth, Competence, and Discomfort. 
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In the table it can be seen that for the factors Warmth and Competence, the mean value differs 
somewhat depending on if the informants talked to Furhat using the GUI or without. The 
informants that talked to Furhat without the GUI perceived the robot to be less warm than the 
informants that had the supportive GUI, the first group receiving a mean value of 2.70, below 
the average (4) of the scale 1–7, and the latter group a mean value around average (3.78). 
Combining the two test groups, the mean value for the factor Warmth was a bit below 
average. The items that got results above average were “Social” and “Happy” for the 
informants that tested with a GUI, for all of the other items (“Organic”, “Emotional”, 
“Compassionate”, and “Feeling”) in both groups the result was below average. For both 
groups combined, only “Happy” got the average score. The lowest scored items were: 
“Emotional”, “Compassionate”, and “Feeling”, all of them were in group A. The factor 
Competence received higher mean values, average for group A, above average for group B, 
and slightly above average for the two groups combined. There were three items that had an 
average score of 5 or above: “Competent” and “Capable” for group B, and “Interactive” for 
group A. The two lowest scored items for Competence were “Knowledgeable” and 
“Capable”, both in group A. For the factor Discomfort, however, the mean value was the 
same: around 2 for both test groups. For this factor a low mean score is considered positive, 
i.e. closer to “not at all” if the value is low. Here the items “Scary”, “Awful”, “Dangerous”, 
and “Aggressive” got very low average values around 1–2, in both groups combined. The 
robot was considered more “Awkward” and “Strange” for both test groups. For group B 
“Strange” got an average of 4.00 and for group A “Awkward” got 3.80. “Dangerous” and 
“Aggressive” got low scores from both test groups. 
 

Table 4.2: Result RoSAS factors Warmth, Competence, Discomfort  
 

Warmth Competence Discomfort 

 VUI 
VUI 

+GUI Both  VUI 
VUI 

+GUI Both  VUI 
VUI 

+GUI Both 

 Organic 3.20 3.67 3.45  Reliable 3.60 4.17 3.91  Awkward 3.80 3.00 3.36 
 Social 3.00 4.17 3.64  Competent 3.60 5.00 4.36  Scary 1.80 2.33 2.09 
 Emotional 2.40 3.17 2.82  Knowledgeable 3.00 3.83 3.45  Strange 2.80 4.00 3.45 
 Compassionate 2.40 3.33 2.91  Interactive 5.40 4.67 5.00  Awful 1.60 1.67 1.64 
 Happy 3.20 4.67 4.00  Responsive 4.60 4.33 4.45  Dangerous 1.20 1.00 1.09 
 Feeling 2.40 3.67 3.09  Capable 3.40 5.50 4.55  Aggressive 2.00 1.17 1.55 
Mean value: 2.70 3.78 3.32  3.93 4.59 4.29  2.20 2.20 2.20 

 
4.3.2.3 Interviews 
This part presents the results from the interviews with informants divided into two groups. 
Group A tested the survey function only by interacting with the robot by speech. Group B 
tested ther survey function with the voice input supported by a graphical user interface.  
 
Result Group A only VUI 
 

 

Experience: All of the informants expressed positive feelings towards interacting with the 
robot. Words like ‘nice’, ‘exciting’, ‘fun’, ‘surprisingly good’, and ‘good’ were used when 
describing the experience. Although a lot of issues concerning the interaction were 
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mentioned, most of the informants showed interest in continued interaction with the robot in 
the future. 
 
Problems: More than half of the informants experienced the dialogue to be very rapid and 
more like an interrogation than a human conversation. The dialogue was very straightforward 
and could have been a bit more calm and pleasant, according to them. The informants wished 
to speak more freely and not to be so limited to what the robot said. The informants also 
wished for more follow-up questions. One example brought up was when the robot asked the 
informant “What are the best things about Stockholm? Please motivate your answer”. The 
informant did not come up with something straight ahead and had to think a bit. The 
informant wished here that the robot would have suggested some examples and after having 
answered, the informant wished for a confirmation like: “Is there something else you want to 
add?” 
 
The informants wished for longer breaks between questions and a confirmation that the 
answer was perceived. A common example during the test after an informant had answered a 
question was the phrase “Ok, let’s move on”, which made some the informants feel like they 
said something stupid or not feeling sure that the robot perceived the answer right. “Thank 
you” or just “ok”, with a break afterwards and then the next question, was mentioned as a 
more suitable alternative. Another informant wished for a smile in-between the questions.  
 
Some of the informants were very confused after the first question “Are you currently a 
student at KTH?”. If they answered ‘no’, they still received questions about KTH afterwards, 
which made them confused and left them with the feeling of being misunderstood. The 
informants would have wanted to have another question afterwards or some sort of 
explanation what the survey was going to be about. They now had to answer questions about 
KTH without much knowledge about KTH.  
 
Two of the informants mentioned that the robot interrupted them when talking and just moved 
on to the next question. The robot did not listen long enough and the users did not have 
enough time to say what they wanted. Almost all of the informants experienced problems that 
the robot did not hear what they said and they had to repeat the answer several times before 
they could move on to the next question. One of the informants said it was very hard to 
remember all of the alternatives when a multiple-choice question was asked. The informant 
took one of the last alternatives, as she could not remember the first ones. 
 
Human characteristics: Concerning the gestures and human characteristics of the robot, the 
informants had very mixed opinions. The common view was that the robot should be human-
like and make gestures similar to the way humans make them. At the same time the robot 
should not be too human-like because then it would be perceived as creepy. What the 
informants defined as too human-like was very individual. Two of the informants perceived 
the robot more friendly when it was smiling, when the eyes where moving and following the 
informants. The informant wished for much more gestures, facial expressions and similar 
movements to perceive it as a more pleasant interaction. Another informant thought the big 
smile was a bit exaggerated and wished for more natural facial gestures. One of the other 
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informants thought the robot already now looked too much like a human and wished for a less 
human-like look.  
 
Use of the robot in a real context: Almost all of the users could imagine using the robot and 
the survey function in a real context. Mostly because it is fun and exciting with new 
technologies and that it is cool. To get the most out of the experience, the robot should have a 
good technical function, have good knowledge, as well as be and look nice.  
 
Result Group B VUI & GUI 
 

Experience: Most of the informants described the experience in positive terms, such as “quite 
fun”, “exciting”, “interesting”, “quite good”, and “very interesting and fun”. At the same 
time, a few informants felt it was strange and awkward, and that they were nervous when 
talking to the robot. The majority had never talked to a robot before, and did not really know 
how to act at first and what to expect.  
 
About the conversational experience, one informant described that it felt like talking to a 
more advanced Siri, that Furhat was more like being in a conversation since the robot 
followed the informant’s eyes and head movements, and that it was quicker in its answers 
than Siri that the informant perceived as slower. Another informant, on the other hand, 
perceived the experience to be a bit less interactive than expected. 
 
The informants were mainly positive about the GUI. However one informant thought it would 
be better to interact with the robot without the GUI since otherwise it was easy to just look 
down on the screen all the time and not interact with the robot. Looking down on the screen is 
something that several informants mention, for example that it is easy to fall back on the 
written word, that it is easier to grasp the spoken language with the support of the written, like 
when there are subtitles in movies. Even if you understand the language being spoken, it is 
good to get support from the written language, especially if it is not your first language or if 
you are in a noisy environment. This way, you will not miss out on details that you might 
have missed otherwise. Furthermore, the GUI was perceived as helpful to remember the 
alternatives that were enumerated by the robot. 
 
As the video observations showed, most of the informants did not use the buttons in the GUI 
to choose alternatives for the questions that had them, but answered verbally. One informant 
however, chose to use the buttons to answer questions, and mentioned this in the discussion as 
having doubts on how to answer, and that the decision was made to use the buttons. 
 
Problems: Several of the informants experienced problems of being interrupted by the robot 
when answering questions, feeling that they had not finished answering before the robot 
moved on to the next question, or that it started speaking too quickly after registering the 
answer. This was noticeable particularly when there were open-ended questions, where the 
informants were not allowed to finish the sentence or add more things to their answer. They 
were not given enough time to think. When there was a limited set of alternatives, they did 
not experience this problem as much, although some of the informants expected to get some 
follow-up questions to the questions with a fixed set of alternatives, encouraging them to 
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motivate or elaborate their answer. One informant lacked alternatives too, for example if none 
of the multiple-choice alternatives was what the informant wanted to answer.  
 
For a few of the informants, the robot did not, for some reason, perceive their answers, and 
kept repeating the same question over and over again, until finally it accepted an answer. This 
was interpreted as the answer not being registered or that the robot did not listen. 
 
When it comes to gestures and movements, several of the informants mentioned that Furhat 
acted a bit robot-like, but that it was fun that the robot smiled, frowned and blinked etcetera. 
The fact that the robot follows the person in front of it with the eyes and the head was also 
perceived as positive. One informant found the smile ‘cartoony’ and a bit creepy, and another 
thought it would have been scarier if it were more human-like although it could have been a 
bit more human-like anyway with more natural facial expressions. One informant that would 
have prefered a “softer”, more human-like, voice also perceived the voice as robot-like. This 
should be combined with slower response times since humans often stop to think, as well as 
being more responsive to the human taking the survey. 
 
When asked about what could have made the experience better apart from solving the 
problems mentioned above, there were a few different suggestions. For example that the robot 
would confirm better that it had registered the answers or that it would encourage the survey 
taker more, for example by saying “ok great” and similar. That would make them feel more 
comfortable. Also, phrases like “That was a really cool person” were appreciated. 
 
Use of the robot in a real context: Regarding the question about using the robot in a real 
context, for example at a store or a fair or similar, most of the informants thought it could be 
positive, that it could be fun and that people would enjoy it before the novelty has been worn 
off because it is a new technique. While some of the informants would prefer a human or a 
written survey to a robot when being asked to answer a survey, one informant even stated it 
would be easier to be objective and more honest when speaking to a robot, and also less 
boring than for example answering a survey online. It could be convenient to use the robot for 
surveys since it would attract people, but the technique could be an obstacle though, for 
example knowing how to interact with the robot and if there are technical glitches. However, 
if the robot were to substitute a human and even surpass it, it would need to be competent 
enough to be able to answer questions and adapt to different people. 
 
Comparison interviews A and B 
 

Both groups describe the interaction with the robot as a positive, even if some issues arose 
during the interaction. Most of the informants in group B were positive about having the GUI 
as a support. They mentioned that it was good to have the written text along with the spoken 
audio. This was considered a good alternative if the interaction would take place in a noisy 
environment or if it would not be your first language – it would be easier to understand. One 
informant in Group A had problems remembering all of the alternatives in one question.  
 
Informants in both groups experienced problems with the robot interrupting them and moving 
on to the next question without letting them finish answering the question. This occurred 
particularly in the open-ended questions. There was simply not enough time to answer the 
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question and no way to go back. Furthermore, some informants in both A and B experienced 
problems with the robot not perceiving the answer and they had to repeat the answer multiple 
times. Some informants in group B solved it by using the buttons in the GUI to move on, and 
in group A, the informants had to repeat the answer until the robot accepted it.   
 
Informants from both A and B experienced the conversation being a bit fast. There was a lack 
of longer breaks and the dialogue was very straightforward. The informants wished for a more 
human-like and natural conversation with breaks, follow-up questions and also a confirmation 
that the robot perceived the answer. Regarding gestures, informants from both groups reacted 
to the big smile, as it was a bit unnatural. Overall, both groups experienced the gestures and 
facial expressions in a positive way but wished for more of these to make the experience even 
more interactive, fun and nice. The gestures should be more natural. At the same time the 
informants from both groups expressed that the robot should not have too much human 
characteristics, because the robot would then be perceived as creepy.  
 
Almost all the informants in both group A and B were positive about taking surveys in the 
future via the robot. The reason why they would choose to interact with such a robot differed 
a bit. The informants thought it would be more fun and exciting to take a survey via the robot 
rather than filling out a traditional webform. Even if all thought it was a good experience, 
both informants in A and B wished for a better technical function, for example that the robot 
had more knowledge and that it could adapt better to different people. 
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5 Analysis  
5.1 The USUS evaluation framework 
The result of the user evaluations can be linked to three of the evaluation factors in the USUS 
Evaluation Framework for Human-Robot Interaction (Weiss et al. 2009a): Usability; Social 
Acceptance and User Experience. As mentioned in section 2.6, the USUS framework aims to 
improve the way humanoid or social robots interact and collaborate with humans. Each 
evaluation factor consists of several indicators to which parallels from the study are drawn. 
Effectiveness, efficiency, learnability, flexibility, robustness and utility are indicators for 
Usability. Performance expectancy, effort expectancy, attitude toward using technology, self 
efficacy, forms of grouping, attachment and reciprocity are indicators for Social Acceptance. 
Embodiment, emotion, human-oriented perception, feeling of security and co-experience with 
robots are indicators for User experience. The three factors Usability, Social Acceptance, and 
User Experience, cover well what is described as UX and usability in section 2.5. There is 
also a fourth evaluation factor, Societal Impact, in the USUS framework, regarding which 
effects the social robot has on the social life in the community in which it coexists. This factor 
was not included in this study due to the early stage of development of the survey skill. 

5.1.1 Usability 
Both the observations and the interviews show continuous issues with the robot interrupting 
the informants on the open-ended questions, which leads to informants not having a chance to 
answer what they wanted to answer to a certain question. This was also one the usability 
issues identified during the heuristic evaluation. This could be considered an effectiveness 
problem, which is one of the indicators of the first evaluation factor Usability in the USUS 
framework. The effectiveness is based on how well robot and human can accomplish a task 
successfully, with as few errors as possible. The robot needs to listen as long as the user is 
speaking. Barge-in could be used here to allow the user to interrupt system prompts and take 
control over the conversation (Schnelle & Lyardet 2006). An open-ended question should 
allow the user to input more information if needed. A way of doing this could be by using 
suitable follow-up prompts to ensure that the user has the chance to add information (Schnelle 
& Lyardet 2006). In this case the robot could ask: “Ok. Is there anything else you would like 
to add?”. If the user confirms this, the user can add the information. If the user says “no”, the 
robot can answer: “Great, I saved your answer and you can always change the answer later. 
Now on to the next question...”. What kind of prompts that should be used in specific context 
needs to be adapted for each case. To get a natural flow that helps the user through the 
conversation, it is also important to set the user’s expectations, and not pose questions that 
presumes understanding from the robot’s side, for which it has no possibility to handle (Pearl 
2016). The quality of the answers provided by the informants depending on if a human or a 
robot surveyed them, could also be an indicator of effectiveness. For example, when an 
informant changed the answer when the robot would not register the first answer, the answer 
finally registered by the robot would end up a completely different answer than the informant 
intended in the first place (for example “the weather” instead of “the people”).  
 
The fact that the robot sometimes got stuck and could not “understand” what the informants 
said, and that it would not let them continue to the next question in the survey, could also be 
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an effectiveness issue, as well as a robustness problem. Robustness refers to how stable the 
system is, and if it provides error-handling etcetera. In this case, the informants just kept on 
trying to either repeat their answer in a different way or supply a completely different answer 
until the system ly let them continue to the next question. SUN Microsystems (1998) mention 
that a speech system should be designed to be as flexible and accurate as possible. Flexible in 
a way that many variations of the expected answer is accepted. The robot should, for example, 
be able to handle variations of “yes” and “no”. Another robustness issue could be that there 
was no way for the informants to go back and change something in case the robot registered 
the wrong answer or if the informant changed their mind about an answer and wanted to reply 
in a different way. Since speech is transient (when something said it is gone as soon it is said 
out loud, whereas text in written form exists as long as the medium it is written on exists), it is 
hard to handle these issues (SUN Microsystems 1998). SUN Microsystems (1998) point out 
that a VUI needs to provide feedback on what the user inputs and an error handler that makes 
it possible to change the answers, which also Pearl (2016) brings up. With a support of a GUI 
this could be addressed pretty easily, but with only voice based interaction it is harder to find 
a good solution.  
 
The duration time of the survey showed that for those informants that did not experience 
system problems when answering the survey when it was administered by the robot, had 
similar completion times as the informants that were surveyed by a human, around 2–3 
minutes, in contrast to the up to 5 minutes it took for the informants that had problems with 
the robot. This could be an indication of efficiency. Since most of the informants actually 
experienced some problems when taking the survey, the efficiency of the system is not great. 
Therefore the cause of these problems needs to be fixed for greater efficiency. Regarding the 
indicator learnability, the informants learned quickly how to interact with the robot, 
regardless if the interaction was with or without the support of a GUI. However, sometimes 
they were looking for support from the researchers performing the usability tests. This was 
mostly apparent only when there was some problem with the system. Otherwise, the 
informants did not appear to need any help.  
 
Regarding flexibility, the possible ways to communicate with the robot, it is possible to speak 
to the robot, as well as answer closed, multiple choice questions with buttons in the GUI, 
although this feature was only available for one test group. Furthermore, one of the 
conversational criteria suggested by Google (2018a) could also belong to the flexibility 
indicator: variation. This means that the system should randomize for example answers, 
questions, and other utterances, so that the user will not get tired of the phrase in question. 
The same goes for accepted answers. If the system only accepts one kind of answer for a 
particular question, the user will probably fail to answer correctly since there are so many 
ways to say things.  
 
In the survey skill case, the utility of the robot, what it can be used for, is only for the user to 
answer surveys. However, the robot can be used for many other things, by designing and 
developing new skills.  
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5.1.2 Social Acceptance 
The second evaluation factor, Social Acceptance, has to do with how willing a human is to 
interact with the robot in an everyday context. The indicator performance expectancy (to what 
extent a human believes that the robot will be able to improve performance) could be 
answered by analyzing the informants’ answers to the question regarding what they would 
think about using the robot in a real-world context. Almost all of the informants were positive 
to using the robot for answering surveys, some of them even said they would not answer 
surveys by humans but would do it with the robot.  
 
This interview question also served to show the informants’ attitude towards using technology 
(positive and negative feelings regarding working with a robot). However, there were also 
views about the robot first needing to resolve the issues encountered, to be able to perform 
well, and for the informants to enjoy interacting with the robot even more. Some called for a 
more conversational experience.  
 
Concerning effort expectancy, how easy the system will be to use, most of the informants had 
no problem in figuring out how to use the system although it was their first time 
communicating with a robot. It could be observed that the informants were very concentrated 
during the survey, but this could also be observed of the informants in the human-to-human 
surveys.  
 
The majority of the informants had a mindset of believing that they were able to communicate 
with the robot without a problem, which relates to the indicator self efficacy. A few of the 
informants said they were nervous about interacting with the robot, and that they did not 
know what to expect before trying it out, and some reached out to the researchers for help 
during the interaction when they did not know what to do.  
 
When it comes to the indicator forms of grouping, how humans and robots could work as a 
group, there was no result from the data that could be connected to this indicator, but this 
could perhaps be connected to one of the conversational criteria that need to be met in a 
conversational user interface: context (Pearl 2016, Google 2018a) – that the robot needs to 
keep track of the environment to understand discourse and conversational markers such as 
“he”, “that one”, and “the last one”, to be able to know what those phrases refer to. Cohen, 
Giangola & Balogh (2004) call these cohesion elements. Perhaps one could connect the 
answers about using the robot in a real-world context to this indicator as well.  
 
The following indicator is reciprocity, which is about what the robot can give to the human, 
and vice versa. Since the survey skill is really about the robot asking questions and gathering 
information from the human taking the survey, there is no “give and take” when it comes to 
information sharing, here it is the robot gathering information about the user, not the opposite 
as with personal assistants where the purpose of the human often is to get some kind of 
information, service, or action performed from the assistant. But instead of searching for 
information through the robot, the main outcome for the human from using the survey skill 
would probably be to have a nice and new experience. This was also shown in the data from 
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the users, as they claimed they would use the robot to answer surveys because it was 
something new and fun.  
 
Finally, the last indicator for the factor Social Acceptance is attachment, which has to do with 
how the human emotionally bonds to the robot. Here it could be observed that the informants 
showed emotion while communicating with the robot, as well as humanizing it by calling it 
“he” or “she” instead of for example “it”, as well as and smiling and nodding when talking to 
it. To appear more human it could also be advisable to add a personality to the robot 
(Giangola 2017, Google 2018b). By providing consistency in the language style, the robot 
could be made even more familiar to the user.  

5.1.3 User Experience 
The emotions shown while interacting with the robot could also be associated with the 
indicator emotion (the satisfaction and joy experienced when interacting with the robot) in the 
third evaluation factor User Experience. Most of the informants seemed happy to interact 
with the robot, and although they looked very concentrated while taking the survey, they 
described the experience in positive terms such as “fun”, “nice”, and “exciting”. Many 
emotions that expressed joy were shown during the interaction too, such as smiling and 
laughing, especially after the survey was over when the robot characterized the informant as 
‘cool’ or ‘nice’. This evoked a spontaneous laugh among the informants. However some 
concerned expressions were shown when there were technical issues and when the robot 
barged in. When it comes to the informants’ views on how the robot showed emotions, the 
result from the RoSAS (Carpinella et al. 2017) questionnaire showed that Group B gave the 
robot higher scores for the factor Warmth (where a lot of items connected to positive 
emotions are included: happy, emotional, feeling etcetera) than did Group A. This is 
interesting since the informants from Group B looked less at the robot than Group A that did 
not have the supportive GUI. Items that could be connected to more negative emotions; like 
aggressive, strange, and scary, from the factor Discomfort; in total received low scores from 
both groups.  
 
From the factor Discomfort of the RoSAS questionnaire, could also be derived the feeling of 
security, the indicator that aims to indicate how safe the robot is perceived to be. The items 
‘Dangerous’, ‘Aggressive’, and ‘Scary’ received very low scores, indicating that the 
informants perceived the robot as safe to interact with. However, in the interviews, some of 
the informants made comments that could be related to the ‘uncanny valley’ problem (Mori, 
MacDorman & Kageki 2012), that if the robot were more human-like it would be creepy.  
 
The appearance of the robot could be related to the indicator embodiment, how the robot is 
situated in the environment and its appearance. Most of the informants seemed to appreciate 
the appearance of the robot, they thought it looked friendly when smiling, and when it made 
facial gestures. They thought it was robot-like, but then again, as mentioned above, they did 
not want the robot to look too human. However, it could be good if the robot had more natural 
facial expressions and movements, and someone wanted the voice to be softer and more 
human-like. In the RoSAS questionnaire, the item ‘Organic’ (which was further explained as 
‘Non-mechanical’) from the factor Warmth got a score around the middle of the 7-point scale. 
Many of the informants noticed the ability of the robot to follow the eye and head movements 
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of the person in front of it, and this was perceived as impressive and cool. This goes hand in 
hand with Al Moubayed’s (2012) findings that if the robot and the human share the same 
physical space, gaze and head movements are important for the interaction.  
 
The fact that Furhat has a mask that is shaped like a head, with the animation not projected on 
a flat surface but around the whole mask, makes it easier for the human to see who Furhat is 
looking at – the gaze is less “Mona Lisa-like”.  This last ability of the robot can be connected 
to the indicator human-oriented perception, that is, how good the robot is at simulating human 
perception, and for example how good it is at recognizing human faces and expressions, and 
how well it understands speech. To this indicator, the robot’s ability to mimic human 
characteristics can also be counted. The robot can detect if a human is in its interaction space, 
and when a new person enters the space. The same goes for when a person leaves the 
interaction space. This is something the informants quickly learned. In the RoSAS 
questionnaire, the robot received relatively high scores on the items ‘Interactive’ and 
‘Responsive’, which could show that the informants perceived the robot as being alert to 
them. Apart from being able to follow the head and eye movements of the person in front of 
it, as mentioned above, the robot can also ‘understand’ speech. Most of the time, the robot 
could perceive the answers of the informants, however due to either some bug in the survey 
skill, or perhaps in the speech recognition and spoken language understanding parts of the 
system, there were sometimes problems with the robot repeatedly asking for an answer 
although the informant had answered. Most of the answers given by the informants were 
interpreted correctly by the robot when saved to the spreadsheet where it saves the answers to 
the survey questions, however sometimes it registered something different from what the 
informant said, which suggests that improvements have to be made when it comes to both 
speech recognition and spoken language understanding.  
 
Finally, the whole area of conversational abilities could also be related to human-oriented 
perception, that is how conversational the interaction with the robot is and if it meets the 
criteria for a conversational user interface as mentioned in the literature (Pearl 2016, Google 
2018a). A human would remember what has been said before in the conversation, and 
previously in past conversations. In the heuristic evaluation and in the observations of the 
informants talking to the robot, it could be seen that this was not the case in this early version 
of the survey skill. However, there was some turn-taking taking place: the robot asked a 
question while the informant in question was listening, and the robot was listening while the 
human spoke, with some exceptions – mainly the robot did not wait for the informant to finish 
speaking but barged in before the human had the chance to finish. In some cases the 
informants tried to speak while the robot was not technically listening, which resulted in the 
informant having to repeat the same answer again when the robot went silent. It was very 
common for the human to change the answer if the robot did not seem to recognize it, which 
has been mentioned already in section 5.1.1. However, Pearl (2016) claims that one-way 
questions and answers are not regarded as true turn-taking in a conversation; instead there 
should be more of a mutual exchange of information. Many sources advice to enable 
conversations that stick to customary conversational principles (Pearl 2016; Google 2018a; 
Cohen, Giangola & Balogh 2004), such as the Cooperative Principle (Grice 1975) which 
deals with how humans cooperate while having a conversation. It was observed in the 
usability tests that the users sometimes added something more to their answers than was really 
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necessary, for example instead of just “No”, they added “No, I’m not”, “I’m not a…”, 
however, the answers were normally longer in the human-to-human surveys than when they 
were being asked by the robot.  
 
Furthermore, in a normal conversation, error handling is quite easy and naturally occurring, 
but when building a conversational skill for a robot, this is usually harder. When observing 
the users talking to the robot, it was clear that there was not much error handling implemented 
yet, since there was no way to change an answer, or stop the robot if it went on with the next 
question too fast without letting the user finish. There was no way to keep going with the 
survey either, if the robot kept insisting on getting an answer (“I really need an answer to that 
question to continue”), and no way to stop the survey mid-way in case the informant knew 
beforehand that it was possible to do so by walking away from the interaction space of the 
robot. There were normally no reprompts as suggested by Google (2018a) with the question 
formulated in another way if the system could not handle the input.  
 
Apart from these conversational criteria, there are many linguistic challenges for robots, since 
language is very versatile and contains ambiguity, and these could also be added to the 
indicator human-oriented perception. Cohen, Giangola and Balogh (2004) bring up 
differences between spoken and written language. Spoken language is harder to keep in the 
short-term memory, since it is dynamic and transitional, there is no way to ‘catch’ it and 
remember it, without writing it down. This can be connected to the informants that tested 
taking the survey with a supportive GUI did not have any problems remembering the multiple 
choice alternatives from the survey when they had a text to look at, while the informants that 
did not have a GUI felt it was very hard to remember all the alternatives and just took one that 
they could remember. Furthermore, the heuristic evaluation showed that there was a 
difference between what should be shown on the screen in formal text and what the robot 
should say. In the version of the survey skill used in the user evaluation, there was a 
possibility to show the text of the alternatives differently than the robot said them, however 
for the questions it was not possible to provide a separate spoken and written form.  
 
The final indicator of the factor User Experience is co-experience with robots, which relates 
to the communication between the human and the robot, for example the interaction between 
the robot and one or more humans. This indicator relates to the personality of the robot as 
well. The RoSAS questionnaire factor ‘Competence’ could be relevant when thinking about 
co-experience, since it looks at how ‘Reliable’, ‘Competent’, ‘Knowledgeable’, and ‘Capable’ 
the robot is perceived. For the ‘Competence’ factor, the robot received its highest values, 
which indicates that the communication could be one of the most positive values of the robot. 
Although the survey skill is in a very early stage, the informants still seemed to think it was 
communicative, which might support Sandrys (2015b) claim that not much communication 
skills are required for a robot to pass as being conversational. Regarding this indicator, it 
could also be possible to place Furhat and the survey skill in its present state into the four 
classes of social robots suggested by Brezeal (2003): socially evocative, social interface, 
socially receptive, and sociable. Furhat in its survey skill function shows human-like cues to 
assist human communication (social interface), and it responds to and could potentially learn 
from humans if approached by them (socially receptive) should that be programmed into the 
skill, so a combination of those two classes seem appropriate for the Furhat survey skill. 
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According to Fong, Nourbakhsh and Dautenhahn (2003) a “socially interactive robot” is a 
robot where human-robot interaction (HRI) is important, and that these robots should show a 
certain set of characteristics: they can show and perceive emotions, communicate with 
dialogue that seems like natural language, learn from others, be social, use natural cues, have 
a personality, as well as learn social skills. All of these are more or less true for Furhat in the 
survey skill context. Some things would have to be added to the skill, such as learning from 
others, and learning social skills. Furthermore, when it comes to the way it is designed; Fong, 
Nourbakhsh and Dautenhahn (2012) mention two approaches: the biologically inspired and 
the functionally designed. The robot can in the latter case be socially competent on the surface 
and have a limited embodiment, just as Furhat in the form of the survey skill. Here the social 
skills are programmed in the sense that Furhat does not truly sense something when 
interacting with the humans, and it is a robot head without a body. However, the humans 
talking to the robot may perceive it to be social. According to Al Moubayed (2012), the 
ultimate goal with Furhat is to build a human-like interface that can interact with humans 
under human terms, and that it should be possible to use it for multimodal spoken dialogue 
with several humans participating in the dialogue. 
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6 Discussion 
The aim of this study was to answer the research question: How can the user experience of 
taking aural surveys via a social robot improve when it comes to the VUI and facial 
expressions? The result of the study shows that the user experience of taking aural surveys via 
the social robot Furhat can improve in a number of ways. First of all, some issues and bugs 
discovered in the heuristic evaluation and user evaluation will need to be fixed. Such as when 
the robot does not accept input that is not part of its ‘vocabulary’, or when the user is not 
given enough time to answer open-ended questions before Furhat barges in. Many of the 
issues found can be characterised as indicators from the Usability, Social Acceptance, and 
User Experience factors, as explained in the USUS Evaluation Framework for Human-Robot 
Interaction (Weiss et al. 2009a).  
 
Using and interacting with the robot Furhat was considered a positive experience by the 
informants in the study, most of them describing it as fun and interesting. They were also 
open to taking surveys via a robot like Furhat in a real-world context in the future, but they 
would then expect a smoother interaction without technical issues. Furthermore, they would 
expect the robot to be a bit more human-like but not too much. At the time of this study, the 
evaluated survey skill was in a very early stage of development; hence we did not expect 
everything to work perfectly, as maybe did our informants. This enables us to get many 
suggestions for improvements at an early stage in the design process regarding the user 
experience and the VUI, from informants expecting something that would work better. We 
believe that an informant with lower expectations might not have been giving feedback valid 
for taking the survey in a real-world context in the future.    
 
Another issue concerning the user experience was the human characteristics. For a better user 
experience the conversation needs to be more natural and adaptive to each user. The robot 
should use more gestures and facial expressions, but in a human-like way. The robot should 
act, behave and look like a human, but not too much because it might then be perceived as 
creepy. What degree of human characteristics the robot should have is difficult to define. 
Further studies need to be conducted to define the line between human enough and too 
human-like, to avoid the uncanny valley problem. Since each individual has their own 
expectations based on their values, previous experiences and assumptions; the experience of 
how much human characteristics the robot should have will differ. There can also be a 
difference between target groups, we assume that children might experience the robot 
differently compared to adults for example. But maybe children are not a big target group for 
surveys. The target group may also vary depending on which context the survey skill is going 
to be used in. This is also something that would have to be further investigated. This study 
gives an indication of how the experience can be improved when taking surveys via the robot. 
The robot should not only make human gestures and facial expressions during the 
conversation. The gestures need to be timed to fit with the topic or a certain part of the 
conversation. For example, having the robot smile after the user said something rather 
emotional might not be appropriate. Although it will be hard to predict and plan for what the 
user might say in any given situation, gestures need to be well considered.  
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Regarding the human conversation a few aspects have already been covered. The gestures and 
facial expressions have a big impact on how human-like the conversation will appear to the 
user, since for humans the use of gestures along with speech are vital when engaging in a 
conversation. The dialogue itself is also affecting how the participants perceive the 
conversation. At the time of this study, the survey skill had a very straightforward and rapid 
dialogue. It was also very limited when it comes to variations of words and phrases, both 
concerning the prompts (the robot’s phrases and answers) and system responses (what the 
user can answer). The robot in its survey skill form is also not so good at handling and 
adapting to different situations depending on the user’s actions. As a result, we suggest adding 
more variation to both system prompts and system responses, which of course need to 
correspond to the specific context. Adapting the system prompts to handle various situations 
is considered a bit more difficult. We suggest defining a few actions the user might take for 
each system prompt and write example dialogues for each situation similar to Pearl’s (2016) 
design proposals for VUIs. By conducting Wizard of Oz experiments with users, we believe a 
good dialogue to handle the different actions can be designed. Of course special cases can 
emerge, but the system should be designed to handle the most common actions users might 
take. The same method could be used to figure out appropriate system prompts and responses.  
 
Another aspect concerning the survey skill is that its purpose is actually about gathering 
information from the user, which means that it is not very conversational in its basic form. 
There is no ‘give and take’ in the sense that the human asks the robot, and the robot answers 
or asks something in return. Since the study shows that the survey skill was lacking 
conversational aspects, this is something that should be implemented better in future versions 
of the skill, and again it needs to be adapted to each specific context, since the topics of the 
surveys, the target group and the place where the interaction is taking place will differ for 
each survey. Given the result of the human-to-human observations, the different ways of 
asking questions and expressing them through facial expressions and gestures like nodding 
and other head movements, could quite easily be added to the design of the survey skill. For 
that reason, we suggest further observations of human-to-human survey situations, in order to 
identify dialogue variations, structures and used gestures, and to be able to figure out the best 
way of designing the conversation. Furthermore, it will be important to include the end 
customers, for example, companies that want to distribute surveys using robots, as to know 
what they need and what kind of questions they want to be able to ask, and how. 
 
Another topic to discuss is whether using a supporting GUI or not in addition to the voice 
interaction with the robot is good when taking surveys via a social robot. As previously 
mentioned in the analysis, the GUI supported the informants in a good way, when it came to 
understanding and answering the question. On the other hand, there were not many problems 
taking the survey without the GUI, except when having to remember many multiple-choice 
alternatives. Of course you could ask the robot to repeat them but it will still be a problem for 
the short-term memory when there are a lot of options to choose from. At this stage of 
development, the survey skill could not enable the user to choose more than one multiple-
choice alternative either. This is something that might well be possible with a supporting GUI, 
but harder with only voice based interaction, also due to the short-term memory and because 
of the robot barging in. The last aspects concerning in which situation a VUI only approach 
might fit and where a supporting GUI would be needed. Both the expert evaluation and the 
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final evaluation showed that the robot has difficulties interpreting what the user is saying 
when there is background noise. The same thing happened to both informants and researchers. 
It was also hard for the users to hear what the robot said when there was a lot of background 
noise. Here the GUI helped the user in the way that they could read the questions if they did 
not hear what the robot said and the informant could press the alternative on the screen if the 
robot could not interpret answer. We therefore argue against using voice-only based surveys 
in a noisy environment. Then a GUI can be added to support the process. The GUI should 
also be added if the survey consists of a considerable amount of information and when it has 
many options that the user will have to choose from. The supportive GUI is also good for 
longer surveys since it can give the user a good overview over the questions and it will be 
easier to give user to a chance to change an answer, add more information or just move 
between questions. This will allow the user to take more control over the conversation. We 
also argue that voice-only surveys via the robot interface will be more suitable when the 
surveys are shorter rather than longer. Open-ended questions can be used and binary questions 
(for example yes/no) for speech only. Multiple choice questions with many alternatives to 
choose from should preferably be used but only with a few options as to not overload the 
short-term memory of the users.  
 
Another factor concerning the user experience is the use of a persona in the speech-based 
interaction. It is recommended to create a persona or personality for the system to give it 
consistency in language and make it familiar to the user (Giangola 2017, Google 2018b). 
The study does not investigate the effect of different personas, but is something that probably 
will affect the user experience. We could add a texture, voice and language to define a 
persona. We picked a female voice with an Australian accent for the robot. If the robot would 
have had more male characters the result of the study might have been different. We believe 
that the choice of a persona depends on the topic of the survey, the target group and the 
context where the interaction with robot will take place. We are not discussing personas 
deeply in this paper, but we believe it is an important aspect for the user experience, and 
something that should be considered in future versions of the survey skill. We suggest further 
investigation on how different personas can affect the user experience when taking aural 
surveys via the robot to get a better understanding for how they can improve the user 
experience.  

6.2 Method reflection  
The applied methods in this study were chosen in order to be able to answer the research 
question. When choosing methods, several factors were taken into account: time, relevance, 
function and benefit. Also some of the methods needed to be adjusted for HRI. The evaluation 
of the survey skill was done in two steps. First, a heuristic evaluation was conducted to test 
the current survey skill and discover potential usability errors, and in the end a user evaluation 
for a final test of the survey skill before handing it over for further development and 
adjustments. Since most heuristics that are used in heuristic evaluations are created for HCI, 
there was a need to find heuristics appropriate for HRI. Clarkson and Arkin’s (2007) eight 
heuristics for HRI were used in this study. The heuristic evaluation was performed with only 
two evaluators, which may have had an effect on the outcomes. Nielsen (1994) states that a 
heuristic evaluation requires three to five evaluators, who do not need to be domain experts. 
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Hence, with only two evaluators, some of the usability problems might not have been 
discovered.  
 
In the user evaluation, a combination of three methods was used to evaluate the user 
experience when taking aural surveys via a social robot. First, user studies were conducted 
where the informants took the survey via the robot, then a questionnaire was filled out to 
evaluate the robot, and lastly, shorter interviews were conducted to be able to understand the 
informants’ view of the user experience better. Combining these three methods gives a more 
credible result than if only one method was applied. According to Weiss et al. (2009b), a 
combination of qualitative and quantitative methods when evaluating HRI gives a more 
holistic view of UX.   
 
The researchers have been trying to keep a neutral objective roll during the study, trying not 
to affect the result in any direction (see section 6.3 for more on ethical considerations). 
However, it is always hard to be completely objective, since previous experiences and actions 
can influence the choice of methods and design decisions. This is important to reflect upon, 
since a lot of the empirical data have been qualitatively interpreted through observations and 
the ethical considerations will affect the research result and quality. To validate the 
observations of the robot-to-human surveys, short interviews have been conducted to get a 
better picture of what the informants experienced during the interaction, what and why the 
informants would have wanted to be different. The questions were asked in as neutral a way 
as possible in order to avoid influencing the answers in any directions. The informants were 
encouraged to speak freely about anything that concerned them. Despite of this, there is still a 
risk that the researchers may have affected the results based on their own values and 
experiences.  
 
Just combining methods does not secure a valid result. The methods need to be relevant to the 
research area, in this cased HRI. Hence, the applied methods are either already modified to fit 
HRI and/or were adjusted further to the specific context. The used questionnaire RoSAS 
(Carpinella et. al. 2017) was especially developed for HRI. The questionnaire was modified 
slightly for this study, for example how the initial question was asked. Each informant also 
got the questionnaire with the alternatives in different order to avoid bias.  
 
It is also interesting to reflect upon how the result had been affected by a larger number of 
participants, and different kinds of participants. Since we searched for participants around the 
KTH area for the human-to-human surveys, and on Facebook and the KTH area for the user 
evaluation involving the robot-to-human surveys etcetera, potential informants that do not use 
social media or frequent the KTH area did not get the chance to participate. However, we can 
only guess the outcome of a different sample of participants, we believe further research has 
to be conducted to compare the result of different groups of informants.  
 
Furthermore, we did not spend a lot of time exploring how to write the best possible survey 
questions, we believe that we might have had different results with another survey or if the 
questions would have been composed differently. At best, it would have been good to involve 
stakeholders from companies or organisations that could be interested in being able to 
administer surveys to the customers or users via Furhat.   
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6.3 Ethical considerations 
When it comes to ethical considerations all measures possible to ensure a responsible usage of 
research data have been taken. The informants were informed beforehand of the requirements 
of participating in the study, both in oral and written form. Both informants and researchers 
signed informed consent forms. However, we experienced that some of the informants did not 
seem to read the consent forms so carefully; here we could have urged them to take their time. 
Video and audio was used only with the purpose of better being able to analyze the data, and 
was completely voluntary. In the case where an informant did not want to participate in the 
video, we did not insist on them having to be in the video, but accepted their decision right 
away. The video and audio material was deleted after the study was concluded and the work 
approved. Furthermore, we did not gather any personal data, such as name, age, address, or 
similar. However, when signing up for interacting with Furhat in the user evaluation, some of 
the informants wrote their name in the sign-up form. This information was not noted 
anywhere and was only used to be able to identify the informant when showing up at the 
location for the user evaluation. To avoid this, we could have advised the participants to sign 
up with an alias. 

6.4 Reliability and Validity 
By using several methods (triangulation) in this research to achieve a more reliable result, and 
by using methods used in previous studies within the research area, we believe that the 
reliability in this study can be regarded as acceptable. Video recording was used during 
observations to be able to study and analyze the situations carefully, and both researchers also 
made the observations and interpretations of the data. The individual results were then 
compared. By being more than one researcher, we believe the risk of biased interpretations is 
lower.  
 
Nonetheless, there are things that could have been done differently to ensure a higher 
reliability and validity of the research. For a higher reliability of the results from the 
quantitative RoSAS questionnaire, we believe it should have been based on more than 11 
informants. Because of the small sample size, we used mean value to calculate the 
informants’ responses. With a larger sample size we could have used other statistical 
methods, and we would also have obtained a more statistically reliable measurement. The 
result from the questionnaire in this study only gives a slight indication of if the robot was 
perceived as social. Despite the low number of participants in the questionnaire, the 
combination of methods, triangulation, gives the result a greater validity (Golafshani 2003). 
For a better validity, the interpretations of the observations and interviews could have been 
shown to and discussed with the informants of the study; to make sure the researchers 
interpreted their actions and answers according to how the informants interpreted the 
situation. 
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7 Conclusion  
7.1 Summary 
In this study we have evaluated a survey skill for taking aural surveys via a social robot, with 
a focus on the user experience and VUI and how these can be improved. The following 
research question has been answered: How can the user experience of taking aural surveys via 
a social robot improve when it comes to the VUI and facial expressions? 
 
The survey skill was evaluated and improved in an iterative design process. First, a heuristic 
expert evaluation of the current survey skill was conducted, which resulted in a list of 
usability issues. Video observations of aural survey taking in a human-to-human interaction 
were recorded and analysed. The findings were compared with relevant literature. Then a new 
survey was created and improvements were made based on the usability issues, the literature 
study and the video observations. The final evaluation of the aural survey skill was a 
combination of three methods: user studies, questionnaires and interviews. The USUS 
Evaluation Framework for Human-robot Interaction (Weiss et al. 2009a) was used both for 
choosing methods and for identifying factors affecting the user experience. Two modes were 
tested:  taking the survey by interacting with the robot through speech (Group A – VUI) and 
taking the survey by interacting with the robot through speech with the support of a graphical 
user interface (Group B – VUI + GUI). The results of the study are summarized here: 
 
An overall positive user experience was identified in both modes, but additional factors that 
can contribute to an improved user experience were found. Resolving some technical issues 
and providing a more human-like conversation, including dialogue and gestures, could 
enhance the experience. Additionally, whether to use a supportive GUI or not depends on the 
context of use. 
 
Technical issues: A few technical issues need to be fixed. The biggest concern here is that the 
user is not given enough time to answer the open-ended questions, and also the robot only 
allows for a very low variation of system responses (what the user can answer) on binary 
questions, likert scale questions and multiple choice questions. Furthermore, the problem with 
Furhat not seeming to perceive what the user is saying needs to be solved. Some other smaller 
issues may need to be fixed as well to ensure a better user experience.   
 
Human-like conversation: The robot should adapt a more human-like character but at the 
same time not too human-like since it might then be experienced as creepy. Both the dialogue 
and the gestures should be more natural. The dialogue should be calmer, more varied and 
more conversational although the purpose with a survey is to gather information. The robot 
should use more natural facial gestures and expressions along with the dialogue.   
 
VUI vs VUI + GUI: Both taking the aural survey via the robot with voice only (VUI) and 
taking the aural survey via the robot with the support of a GUI (VUI + GUI) was experienced 
as positive. Although both modes have their pros and cons, we recommend using voice only 
(VUI) in silent and calm environments and for shorter surveys. All question types can be 
used, but multiple-choice questions should have only a few options to reduce the cognitive 
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load. A GUI can be added for longer surveys and these surveys can contain more information 
since it is easier to give the user an overview and maintain a reduced cognitive load with the 
supporting graphical user interface. A GUI can also be used in a noisy environment since the 
user can read the questions and alternatives on the screen. This option can also be used if the 
user prefers not to deliver the answers by speaking.  
 
The survey skill is in the process of becoming a valuable tool for future survey taking. We 
recommend following the design principles for VUIs and CUIs that have been presented in 
the literature study to achieve a more natural and human-like conversation when taking 
surveys via the social robot Furhat. We also recommend continuing with the iterative design 
process of testing and evaluating the user experience continously while further developing the 
survey skill, to ensure a good user experience.   

7.2 Future work  
Further work on the survey skill should include improvements of the skill based on the results 
from this study. The survey skill should be a part of an iterative design process to 
continuously test and evaluate the product, and allow for adjustments and improvements if 
needed. However, we suggest that future evaluation should be performed on a more specific 
target group and preferably in a real-world setting where the survey will be taking place. 
Although the user experience might be the most important factor in this case, we also 
recommend a service design perspective to involve all concerned stakeholders. It should also 
be considered to include the fourth evaluation factor, Societal Impact, from the USUS 
evaluation framework for HRI (Weiss et al. 2009a) in further studies to investigate the social 
effect on the community in which the robot and the survey skill will be implemented. Further 
research on the use of a personality or persona should also be conducted.      
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Appendix A– Result Heuristic Evaluation 
Issues found using Clarkson and Arkin’s (2007) eight heuristics for HRI. 
 

1. Sufficient information design 
● Cognitive load: It is hard to remember all the options in multiple choice 

questions when the user is only supported by speech. With the GUI it is easier. 
Rating 4 

● Furhat keeps repeating the same phrase: “Hi! Wanna take a short survey?” 
when there are more people in the room or when there is background noise: 
"Sorry, it's really noisy here, want to take a short survey?". Rating 1  
 
 

2. Visibility of system status 
● No feedback/discourse markers: The robot does not give any feedback that 

shows that it understood the answers from the user. Ex: “Ah”, “Ok”, “Great”, 
“Thank you”. Rating 3 

● No feedback: No feedback on what the robot actually is registering and saving 
as an answer. Rating 3. 

● No indication that Furhat did not hear you: When having answered a question, 
and Furhat did not hear you (still "Listening"), there's no indication that Furhat 
did not "hear" you – you have to keep repeating the answer. Rating 2. 

● Hard to know that the web GUI works: Because of the fact that the first survey 
question is not shown in the GUI, it is hard to know that the GUI works. Rating 
1. 

● No feedback in the GUI when the survey is done: There's no feedback in the 
GUI when the survey is finished. Rating 1. 

● "Requires microphone": Not possible to start survey skill when problem with 
microphone. Rating 1. 
 
 

3. Appropriate information presentation 
● Gestures: Hard to see where the robot is looking. If the user is on the side then 

Furhat should move the head this direction and look at the user. Rating 3. 
● First survey question not shown in GUI: The first question in the survey GUI is 

not shown. Rating 3. 
● Overview: No overview or compilation of what the user has answered (would 

be good to have maybe at the end, but maybe more suitable for the VUI 
supported by the web GUI, or for longer surveys). Rating 2. 

● Gestures 2: Could maybe use more gestures to highlight special emotions, 
words phrases etc. depending on the context. Rating 1 

● Greeting: the web GUI does not greet the survey taker. Rating 2. 
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4. Use natural cues 
● Interruption: The robot does not listen to everything the user says. It "barged 

in" before the user had a chance to finish and moved on to the next question. 
The user could not finish his answers. Rating 4. 

● Language: Does not take synonyms or similar words and phrases. Example: It 
only works with ‘yes’ and not ‘yeah’, ‘sure’, ‘of course’, ‘I'd like too’ etc. 
Rating 3. 

● Speech recognition: There are often incorrect interpretations of the survey 
taker's answers. Rating 2,5. 

● NO_MATCH: When Furhat does not interpret the answer correctly there was 
sometimes a "NO_MATCH" that was also repeated to the survey taker as "I 
recorded your answer as “no underscore match”. Rating 2 

● No chance to say thank you back: When Furhat says thank you for taking the 
survey, there's no way to say thanks back, as “he” becomes ‘idle’ almost right 
away, although with the VUI it is possible if you are really fast. – Rating 2. 

● Language/Dialogue: Put a little more effort in the dialogue so that it feels a bit 
more human-like. Rating 2. 

● Technical language: After starting the survey skill, Furhat uses "technical" 
language: "Leave my interaction space and I'll begin my normal function". 
Rating 1.  

● Furhat does not turn “his” head: When the survey taker sits to the left or right 
of Furhat, "he" does not turn his head towards the survey taker. Rating 1.  
 
 

5. Synthesis of system and interface 
● Restart: For every person that walks by, Furhat tries to initiate a new survey 

even if a survey taker has started a survey already and is in the middle of taking 
it. Rating 3,5  

● Noisy environment: If there is a noisy environment, Furhat keeps saying that 
“it’s noisy in here” and is having a hard time picking up what user is saying. 
Rating 3 

● Numbers or users: Cannot handle more than one user at the time. Rating 1 
 
 

6. Help users recognize, diagnose and recover from errors 
● Error correction: Not possible to go back and change an answer that Furhat 

interpreted wrongly. Rating 3,5. 
● Idle problem: Furhat goes to idle mode after you say ‘no’ to participating twice 

and the survey skill can only run again after a manual restart. Rating 3 
● Exit: No possibility to go back or exit the survey with the voice. Only by 

walking away. Rating 2.5 
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● Not possible to check if the survey was filled out correctly before saving: 
Before sending the survey, there's no possibility to check if the survey was 
filled out correctly. Rating 1. 

 
 
7. Flexibility of interaction architecture 
● Text input:  How should the user input a longer text in a context where speech 

is not an option? Written with a keyboard? Rating 3. 
● Time: Not enough time to input everything the user wants to say. Rating 3.  
● "Any" confusing in open-ended questions: That it says "any" on the GUI when 

there is an open-ended question is confusing. Rating 2. 
● Time 2: Short breaks in-between questions. Longer breaks needed for a calmer, 

more human-like, conversation. Rating 1.  
● Phrase when leaving the interaction space assumes it is a man taking the 

survey: Furhat utters “He was nice” when a survey taker leaves the interaction 
space, should not be assumed that it is a man. Rating 1. 

● Questions and answers do not match: The questions and answers do not always 
match – for example it says "big e-commerce systems" in the question, and 
"large e-commerce systems" in the answer – confusing for the survey taker 
(other examples: SEO – SEO optimization).  Rating 1. 

● Question and answers repeated: When there's a Web GUI it seems quite 
repetitive with the alternatives in both the question and in the answers. Rating 
1.  

● Clicking a button interrupts Furhat's talk: When clicking a button in the GUI, 
Furhat's speech is interrupted – very abruptly. Rating 1.  

 
 
8. Aesthetic and minimalist design 
● Feedback: The feedback after a question could be useful. Like: “let's move on”. 

The feedback when going to the next question could also be shown visually on 
the screen, for example with a simple animation. Rating 4. 

● The visual appearance: The overall GUI should be designed. Rating 4. 
● Buttons in GUI: There is no way to know that it is possible to choose the 

alternatives in the GUI, that they are indeed buttons. Rating 3. 
● GUI not readable on the screen: The survey questions and answers in the GUI 

are not easily readable, too little difference between questions and answers, and 
the survey does not look like a typical survey or form that the users are used to. 
Rating 1. 

● Creepy smile after taking the survey: After taking the survey, Furhat smiles in a 
kind of creepy way for a short while, before he says “thanks for taking the 
survey”. Rating 1. 
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Appendix B – Survey questions: Human-Human Video 
Observations 
1. Are you currently a student at KTH? 
Binary question 
Options: Yes / No 
 
2. What do you think of KTH? (1 = not a good university; 6 = a great university) 
Likert Scale question 
1–6 
 
3. What is the one best thing about KTH? 
Multiple-choice question 
Options: The people / The classes / The campus area / None of the alternatives. 
 
4. Can you mention something bad about KTH? Please motivate your answer. 
Open-ended question 
 
5. For how many years have you stayed in Stockholm? 
Multiple-choice question 
Options: Less than a year / 1–3 years / More than 3 years / I don’t live in Stockholm 
 
6. How do you like Stockholm in general? (1= not so good, 6 = very good) 
Likert Scale question 
1–6 
 
7. What are the three best things about Stockholm? 
Multiple-choice question 
Options: Nightlife / Cafés and Bars / Being close to nature / Sports and Activities / 
Music and Entertainment / The student life / Exhibitions and Museums / The social life 
/ Food and Restaurants / Other.  
 
8. What are the worst things about Stockholm? 
Open-ended question 
 
9. What could make Stockholm better, you think? 
Open-ended question 
 
10. Do you have something else you would like to add? 
Open-ended question  
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Appendix C – Informed Consent Form: Human-Human 
Video Observations 
 

Informed Consent Form 

Introduction 
We are two Interaction Design/UX students from Linnaeus University that are conducting a 
usability study investigating how a social robot can be used to have people answer surveys. We 
are particularly focused on how the user experience can be improved and how the interaction 
should best be designed. The research is part of a Bachelor’s Thesis in Informatics. The study 
is in cooperation with Furhat Robotics, Stockholm. 

Human-to-human surveys 
The first part of the study will consist of observations of how humans interact when 
administering and answering surveys. You will be asked 10 short question about KTH and 
Stockholm. The survey takes about 5 minutes to answer. We would like to record the event 
with video.  

Results of the study 
The data from the observations will be used to improve how social robots can act more human 
when administering surveys. The anonymized results from this study will be part of our 
Bachelor’s Thesis that will be shared with Interaction Design students and lecturers at 
Linnaeus University, as well as published in DiVA (Digitala Vetenskapliga Arkivet). The data 
will also in part be shared with Furhat Robotics in order to help them improve the user 
experience of their social robot Furhat when it comes to the interaction when for example 
taking a survey. 
 
Handling of data and privacy 
No personal data will be published, and after the Bachelor’s Thesis has been approved – the 
data, including video, will be deleted.  

Voluntary participation 
Your participation in this study is completely voluntary. You have the right to interrupt your 
participation at any time. You have the right to not answer the questions. You can ask 
questions at any time or ask for help. 
 
Camilla Bengtsson and Caroline Englund, Bachelor’s Thesis students at Linnaeus 
University, Sweden 
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Consent form 
 
I have read the above information, or have had it read to me. I have had the opportunity to ask 
questions about this information and the study, and my questions – if any – have been 
answered. I understand my rights as an informant and how the collected material from the 
study will be used. I also agree to the session being recorded (audio and video). 
 
I hereby agree to take part in this study: 
 
Name:  
 
Signature:  
 
Date: 
 
----------------------------------------------------------------- 
 
I have read or let the informant read the following information about the study: 
 

● An observation will be conducted, consisting of taking a human-to-human survey. 
● The informant is entitled to cancel the participation at any time. 
● The informant is entitled to choose which questions are answered. 
● The informant can ask questions. 
● The observation will, if possible, be recorded with video and audio. 
● The collected material will be used as part of the research in the Bachelor’s Thesis, as 

well as a means of improving the user experience and functions of the social robot 
Furhat. No personal information will be published or distributed. 

 
I certify that the informant has taken part of the above information, and that the informant has 
been given the opportunity to ask questions and had their questions answered. I also certify 
that the informant has not been forced to participate but is participating of their own free will. 
 
The informant will receive a copy of this document. 
 
My name:   
My signature:  
Date:   
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Appendix D – Scenarios and example dialogues 
Below are some scenarios and example dialogues for the survey skill concerning the 
KTH and Stockholm survey. 

Sample dialogues – best case scenarios 
Example Dialogue 1: 
The user manages to take the survey without bigger issues 
 
Furhat:  Hi, would you like to answer some questions about KTH and Stockholm?  
User:  Yes. 
Furhat: Great, let’s start! 
Furhat:  Are you currently a student at KTH?  
User: No. 
Furhat: What do you think of KTH? From 1 to 6. 1 is not a good university and 6 a great 

university. 
User:   Five. 
Furhat: Five. Great. 
Furhat:  What is the one best thing about KTH? Choose from: The people, the classes, the 

campus area or none of the alternatives.   
User: Ehm... The People 
Furhat:  Ok. 
Furhat: Can you mention something bad about KTH?  
User:   Oh, I’m not sure really. 
Furhat:  It could be anything! 
User:   Ok... yeah. I think they could work a bit more towards Agenda 2030. 
Furhat:  Can you motivate your answer? 
User:   Well, I think it’s good if everyone tries to work for a better world and KTH 

should definitely contribute. 
Furhat: Ok, would like to add something? 
User: No. 
Furhat:  Ok, here comes the next question.    
Furhat: For how many years have you stayed in Stockholm? Less than a year, 1 to 3 

years, More than 3 years or I don't live in Stockholm? 
User:   1 to 3 years 
Furhat:  How do you like Stockholm in general? From 1 to 6. 1 is not so good, and 6 is 

very good. 
User: 6. 
Furhat:  What are the best things about Stockholm? Choose among the alternatives: 

Nightlife, Cafés and Restaurants, Being close to nature, Sports and Activities, 
Museums and Entertainment, The Student life, The social life, or Other. 

User: Can you repeat the options? 
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Furhat: Nightlife, Cafés and Restaurants, Being close to nature, Sports and Activities, 
Museums and Entertainment, The Student life,  The social life, or Other. 

User:   Ok, The social life. 
Furhat: What are the worst things about Stockholm? 
User: Oh I don’t know… Oh wait! There is a lack of activities for teenagers. 
Furhat:  Anything else you want to add? 
User: No.  
Furhat:  Ok.  
Furhat: What do you think would make Stockholm better? 
User:   Yeah like I said. More stuff to do for teengagers! 
Furhat: Can you motivate your answer? 
User: Yeah, maybe a place where they can hang out after school and in the weekends. 
Furhat:  Ok. Something else you want to add? 
User:   No. 
Furhat: You completed the survey. Thank you! Have a good day! 
User:   Thank you! Bye!  
 
 
Example Dialogue 2:  
The user manages to take the survey without bigger issues 
 
Furhat:  Hi, would you like to answer some questions about KTH and Stockholm?  
User:   No. 
Furhat:  Are you sure? 
User:   No, wait. I changed my mind. 
Furhat:  Great! This is going to be fun! I will now tell you question number one! 
Furhat:  Are you currently a student at KTH?  
User:   Yes, I am. 
Furhat: Ah! 
Furhat: What do you think of KTH? From 1 to 6. 1 is not a good university and 6 a great 

university. 
User:   3. 
Furhat:   Three. Ok.  
Furhat: What is the one best thing about KTH? Choose from: The people, the classes, the 

campus area or none of the alternatives.   
User:   The Classes. 
Furhat:  Ah. 
Furhat:  Can you mention something bad about KTH?  
User:   Yes. It think there could be a bit more social activities for us students here! 
Furhat:  Like what? 
User:   Well maybe meetups, sports. Stuff like that. 
Furhat:  I see. Would like to add something? 
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User:   Yes actually! 
Furhat:  Ok. 
User:   The gym is ok but I would like some more sports classes! 
Furhat: Great!    
Furhat: For how many years have you stayed in Stockholm? Less than a year, 1 to 3 

years, More than 3 years or I don't live in Stockholm? 
User:   Less than a year. 
Furhat:  Mhm. 
Furhat:  How do you like Stockholm in general? From 1 to 6. 1 is not so good, and 6 is 

very good. 
User:   5. 
Furhat:  Ok. 
Furhat:  What are the best things about Stockholm? Choose among the alternatives: 

Nightlife, Cafés and Restaurants, Being close to nature, Sports and Activities, 
Museums and Entertainment, The Student life, The social life, or Other. 

User:   Sports and Activities. 
Furhat: What are the worst things about Stockholm? 
User:   Well it’s a bit expensive. 
Furhat:  Can you motivate why you think that? 
User: Well as a student I really have to count every penny before I buy something.    
Furhat:  Ok.  
Furhat: What do you think would make Stockholm better? 
User:   Well some student discounts maybe. 
Furhat:  Ok. Something else you want to add? 
User:   No. 
Furhat:  Ok, thanks! That was all. Enjoy the rest of your day! 
User: Thank you! Bye! 
  

Sample dialogues – Error handling 
Shorter examples on how to handle possible issues 
 
Example Dialogue 3:  
How to handle the case when the user does not want to take the survey 
 
Furhat:  Hi, would you like to answer some questions about KTH and Stockholm?  
User: No. 
Furhat: Are you sure? 
User: Yes, I am sure. 
Furhat: Ok! I'm here if you change your mind! Bye bye. 
User:  Bye bye. 
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Example Dialogue 4:  
How to handle the case when the user does not want to take the survey but changes his/her 
mind (from dialogue 2) 
 
Furhat:  Hi, would you like to answer some questions about KTH and Stockholm?  
User: No. 
Furhat: Are you sure? 
User: No, wait. I changed my mind. 
Furhat:  Great! This is going to be fun! I will now tell you question number one! 
Furhat: Are you currently a student at KTH? 
 
 
Example Dialogue 5:  
If the user wants to change an answer 
 
Furhat: What are the worst things about Stockholm? 
User: Well it’s a bit expensive. 
Furhat: Can you motivate why you think so? 
User: Well as a student I really have to count every penny before I buy something. 

…Wait, can I change my answer?   
Furhat: Sure. 
User: I think the traffic is the worst about Stockholm. And there are buildings 

everywhere so it just takes ages to get somewhere. 
Furhat:  I see. Would like to add something? 
User: No. That was all. 
  
 

Example Dialogue 6:  
The user wants to interrupt and cancel his/her participation in the survey. 
 
Furhat: What is the one best thing about KTH? Choose from: The people, the classes, the 

campus area or none of the alternatives.   
User: The Classes. 
Furhat: Ok... 
User: Oh, I have to run to to the bus!  
Furhat:  Ok, you can always come back and take the survey another day! 
User: Thanks, Bye! 
Furhat:  Bye bye. 
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Example Dialogue 7:  
The user does not remember the given alternatives (from dialogue 1). 
 
Furhat: What are the best things about Stockholm? Choose among the alternatives: 

Nightlife, Cafés and Restaurants, Being close to nature, Sports and Activities, 
Museums and Entertainment, The Student life, The social life, or Other. 

User: Can you repeat the options? 
Furhat:  Nightlife, Cafés and Restaurants, Being close to nature, Sports and Activities, 

Museums and Entertainment, The Student life, The social life, or Other. 
User: Ok, The social life. 
 
 
 

Example Dialogue 8:  
The user would like the question repeated. 
 
Furhat: What do you think of KTH? From 1 to 6. 1 is not a good university and 6 a great 

university. 
User: Can you repeat the question? 
Furhat: What do you think of KTH? From 1 to 6. 1 is not a good university and 6 a great 

university. 
User: Ok, I would say 3.  
Furhat: Three. Ok. 
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Appendix E – GUI 
Below are a few screenshots from the supportive GUI (see Figures E.1 and E.2). 
 

Figure E.1: Binary question (Yes/No) 

Figure E.2: Open-ended question 
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Appendix F – Invitation to User Evaluation 
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Appendix G – Informed Consent Form: User Evaluation 
 

Informed Consent Form 
 
This information is for participants (hereafter informants) that are taking part in usability 
testing of the social robot Furhat and its voice user interface (VUI). The study is in cooperation 
with Furhat Robotics, Stockholm. 

Introduction 
We are two Interaction Design/UX students from Linnaeus University that are conducting a 
usability study investigating how a social robot can be used to have people answer surveys. We 
are particularly focused on how the user experience can be improved and how the interaction 
should best be designed. The research is part of a Bachelor’s Thesis in Informatics. 

Usability Testing 
The usability test consists of three parts, apart from a short introduction to the study:  
 

1) First, you will be interacting with the social robot Furhat, specifically Furhat will 
administer a short survey that you will answer (5–10 minutes) 

2) Then, you will answer a short written questionnaire (5–10 minutes) 
3) Finally, there will be a short interview / discussion about the experience (10–15 

minutes) 
 
The total time estimated is about 25 to 35 minutes. For practical purposes, we would like to 
record the interaction with Furhat with video (and audio), and the interview we would like to 
record with audio. The video and audio will be handled with care of privacy and will  be 
deleted after the study is concluded and the thesis has been approved.  

Results of the study 
The data from the usability tests will be analyzed and compared to other data to give us a better 
understanding of how a social robot can be used for taking surveys, and how the user 
experience can be improved. The anonymized results from this study will be a part of our 
Bachelor’s Thesis that will be shared with Interaction Design students and lecturers at 
Linnaeus University, as well as published in DiVA (Digitala Vetenskapliga Arkivet). The data 
will also in part be shared with Furhat Robotics in order to help them improve the user 
experience of Furhat when it comes to the interaction when for example taking a survey. 
 
Handling of data and privacy 
No personal data will be published, and after the Bachelor’s Thesis has been approved – the 
data, including video and audio, will be deleted.  

Voluntary participation 
Your participation in this study is completely voluntary. You have the right to interrupt your 
participation at any time. You have the right to not answer the questions. You can ask 
questions at any time or ask for help. 
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Camilla Bengtsson & Caroline Englund, Bachelor’s Thesis students at Linnaeus University, Sweden 
Consent form 

 
I have read the above information, or have had it read to me. I have had the opportunity to ask 
questions about this information and the study, and my questions – if any – have been 
answered. I understand my rights as an informant and how the collected material from the 
study will be used. I also agree to the session being recorded (audio and video). 
 
I hereby agree to take part in this study: 
 
Name:  
 
Signature:  
 
Date: 
 
----------------------------------------------------------------- 
 
I have read or let the informant read the following information about the study: 
 

● A usability test will be conducted, consisting of an interaction with the social robot 
Furhat, a short written questionnaire, as well as a short interview/discussion, in order 
to study the user experience of answering a survey administered by a social robot. 

● The informant is entitled to cancel the usability test at any time. 
● The informant is entitled to choose which questions are answered. 
● The informant can ask questions. 
● The usability test will in part be recorded with video and audio. 
● The collected material will be used as part of the research in the Bachelor’s Thesis, as 

well as a means of improving the user experience and functions of the social robot 
Furhat. No personal information will be published or distributed. 

 
I certify that the informant has taken part of the above information, and that the informant has 
been given the opportunity to ask questions and had their questions answered. I also certify 
that the informant has not been forced to participate but is participating of their own free will. 
 
The informant will receive a copy of this document. 
 
My name:  
My signature:  
Date:   
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Appendix H – RoSAS Questionnaire 
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Appendix I – Interview Questions 
Questions for discussion: 
 

1. Can you describe your experience? How was it? 
2. Did you experience any problems? If so, please describe. 
3. Is there something you wish would have been different?  
4. What could have made the experience better? 
5. How do you feel about using and interacting with the robot in a real-world 

context? 
6. Anything else you would like to add? 
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