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Abstract

Voice is the primary tool of communication to a majority of people on
earth. Humans are wired to process speech, meaning voice interaction
require little cognitive effort. Advancements in voice technology over
the last 20 years have seen an increased prevalence of voice-controlled
applications. However, false expectations can potentially cause severe
interaction deficiencies to many of these voice user interfaces. One of
the many application areas being connected to voice is access solutions
such as smart locks. With a fundamental value proposition of keeping
people and their belongings safe and secure in convenient ways, access
solutions require that many of the design decisions are delicate. The
present thesis aimed to evaluate how expectations of access solutions in
home environments can be affected by different voice attributes. A lit-
erature study was conducted to explore the rich body of research on the
topic of voice technology and the psychological effects of synthesized
speech. Based on the literature study, a design process with recognized
methods for developing voice user interfaces was conducted. The de-
sign process led up to a Wizard of Oz test that was used to evaluate
how different conversational strategies and voices affected expectations
and perception of a voice-controlled smart lock. The results showed
that choosing an appropriate conversational style is fundamental to pro-
vide users with a sense of control. Furthermore, the study provided
insight on how previous experience of interacting with voice-controlled
devices have an impact on the feeling of personalization in gendered
synthesized voices. Finally, the study discusses some ethical consider-
ations that have to be made when designing voice user interfaces that
ultimately should provide value to users, not confine their privacy.



Hur Röstattribut Påverkar Förväntningar av
Röststyrda Accesslösningar

Sammanfattning

Röst är den primära kommunikationskällan för de flesta människorna på
jorden. Förmågan att bearbeta tal är något människor föds med, vilket
gör att interaktion genom röst kräver liten kognitiv ansträngning. Fram-
steg inom röstteknologi under de senaste 20 åren har lett till ett ökat
utbud av röststyrda applikationer. För många av dessa röststyrda ap-
plikationer existerar en risk att falska förväntningar leder till avsevärt
försämrad interaktion. Ett av många applikationsområden där röst börjar
framträda är accesslösningar såsom smarta lås. Med sitt fundamentala
värde att hålla människor och deras tillgångar trygga och säkra utan att
kompromissa enkelheten, kräver utformningen av accesslösningar flera
delikata beslut. Därmed har studien ämnat att utvärdera hur användares
förväntningar på röststyrda accesslösningar påverkas av röstattribut. För
att undersöka och öka förståelsen av röstteknologi och de psykologiska
effekterna av tal, genomfördes en litteraturstudie av existerande forskn-
ing initialt. Baserat på fynden i litteraturstudien startades sedan en
designprocess för utveckling av ett röstgränssnitt. Erkända metoder
användes för framtagandet av ett användarvänligt gränssnitt. Design-
processen låg till grund för ett Wizard of Oz test där olika konversation-
sstrategier och röster påverkade förväntningar av och uppfattningen av
ett röststyrt smart lås. Resultaten visar att det är fundamentalt att välja
en passande konversationsstil för att ge användare en känsla av kontroll.
Studien påvisade även hur tidigare erfarenheter av röststyrda applika-
tioner påverkar förväntningar av andra röststyrda applikationer och gör
dem mer eller mindre personliga. Vidare diskuteras etiska avvägningar
som måste göras när man designar röstgränssnitt som ska medföra
användarvärde och inte inskränka användarnas integritet.
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1 Introduction

The ability to interpret and produce speech are some of the significant factors that separate
humans from other animals. Over the last 400’000 years, speech has been evolving into
the highly sophisticated form of communication it is today [3]. It contains a considerable
amount of information. Alterations in components such as intonation, articulation, and
tones can completely change the context of a sentence [2]. Humans are pre-programmed to
process speech. The ability to hear develops as early as before birth and newly born babies
are able to distinct their mother’s voice from other voices [4]. Research shows that speech
activates parts of the brain than what is activated by other sounds [5]. The intuitiveness
of speech has made it an exciting topic to researchers for a long time, resulting in much
conducted research on voice technology [6].

The development of voice technology has opened up for a range of new applications.
Fundamental to the advancements are automated speech recognition (ASR), which is the
ability to translate voice input into text, and natural language processing (NLP), the ability
to interpret the context of sentences. The ability to interpret context does not only involve
the identification of meaning such as intentions and motivations but also attitudes and emo-
tions, something that is often referred to as sentiment analysis [7]. Sentiment analysis is a
powerful tool to help voice applications evaluate user responses or feelings in an interaction,
making it possible to alter the interaction route [8].

Due to the improvements in ASR and NLP, voice user interfaces (VUIs) has been uti-
lized to a greater extent since the beginning of the 2000s. Successful applications have been
phone-enabled interactive voice response systems and smart assistants [2]. Smart assistants
such as Apple’s Siri, Amazon’s Alexa and Google’s Assistant are becoming very popular.
A global study from JWT Intelligence [9] shows that as of 2017, the majority of smartphone
users had tried interacting with voice-controlled smart assistant. Future VUI trends are also
looking bright. The research company Ovum estimates that the number of installed VUI
devices will exceed 7.5 billion by 2021, almost equalling the number of humans on earth
[9].

The adoption of VUIs is rapidly increasing, however use-cases are limited. As of 2017,
the most popular tasks that smart assistants are used for are basic requests such as reminders,
online searches and asking basic questions [9, 1]. Even though its main usage consists of
straightforward tasks, voice technology can have enormous implications for future interac-
tion. Interaction with mobile devices or computers is mostly made using a graphical user
interface (GUI). Such interaction typically requires users to learn how to use it in order to
take advantage of the application functionality [10]. Studies have also shown that because
of its intuitiveness, interaction with VUIs has less effect on cognitive load compared to in-
teraction with touch devices [9]. Because of the intuitive nature of voice, interacting with a
VUI could be as natural as the interaction between two humans. That is, in human to human
conversations do not necessarily need to learn how the other human works for requesting
something. Instead, questions can be asked to achieve the goal [5]. Thus, voice technol-
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Introduction

ogy has the potential to considerably diminish the need for spending lots of resources into
developing suitable user interfaces.

The vision of natural interaction through voice has for a long time been an appealing
idea to researchers. There are, however, significant usability issues to overcome before such
ideals can be achieved [1]. Poor user experience (UX) can have fatal consequences for VUIs
[11]. For example, Pearl [2] says that there exist many UX pitfalls in today’s VUIs, some so
severe that they potentially can cause users to abandon the technology. Examples of draw-
backs that affect many VUIs are that the applications do not live up to user expectations as
well as privacy concerns [12]. False expectations have been shown to significantly decrease
the usefulness of VUIs in some cases [1]. One reason for false expectations is misalignment
between users’ thoughts about a system’s capabilities, something often referred to as mental
models, and their actual capabilities.

Baron [13] shows that anthropomorphic synthesized voices have a great effect on ex-
pectations of VUIs. Furthermore, it has been shown that voice has many implications for
the perception of a system such as a computer or a smartphone application [14]. For ex-
ample, adding voice to a computer can make people attribute it with characteristics such
as trustworthiness, likability and attractiveness. Adding voice to a system introduce the
possibility to tap into fundamental human behaviors [5]. For example, increasing trustwor-
thiness of product reviews. By adding different synthetic voices to different reviews about
a product, trust is increased. Such possibilities can have ethical implications however. The-
oretically, if a single reviewer is portrayed with multiple synthesized voices, trust would
increase although the source would actually be less reliable [15].

Since the emergence of the internet of things (IoT), a wide range of smart devices have
been developed. With their different use cases, most aim to make lives more convenient and
efficient through integration with VUI controlled smart assistants [16]. Some of the smart
devices that are gaining traction are smart thermostats, smart doorbells, and smart access
solutions. Access solutions can be defined as products and services that help keep people
and their belongings safe and secure, e.g., locks for different access points such as home
doors, carports or automatic entrances.

In Maslow’s hierarchy of needs [17], safety is ranked as the second most crucial need
for humans, which is a reason that access solutions have been used since ancient Egypt
[18]. Addressing the fundamental values of access solutions such as safety and security
in voice-controlled access solutions brings high demands on the design of such systems.
Furthermore, because of the frequent interaction with different access solutions and the fact
that the feeling of safety is tightly connected to them, their user experience is paramount. In
the race for new breakthroughs, the user experience of smart devices is sometimes forgotten,
and the fundamental value propositions of devices are put at risk. Hence, UX designers
have a great responsibility to make sure that when the new technology is developed, users
are taken into account and real value propositions are not compromised.

1.1 Problem Statement
Although the potential of voice technology is enormous, there are several usability weak-
nesses in many of today’s voice user interfaces [12, 1, 11]. Addressing issues such as false
expectations is necessary to take voice technology to the next level. Without reflection and
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Objective

insight from users, the value propositions of voice and more meaningful interactions cannot
be realized.

Research shows that applying voice technology can have a significant effect on user
experiences and perceptions of systems [19, 5, 20, 21, 22]. Although there exist much
research, there is a lack of in-depth guidelines as well as evaluation frameworks, displaying
the need for research with a UX perspective [23, 24].

To create voice technology for access solutions without compromising usability, the
UX design choices have to be considerate. The fundamental purposes of keeping users
safe must not be overlooked. To fulfill the usefulness of such systems, it is important to
investigate the user’s expectations [25]. In the race to find new exciting solutions, developers
sometimes tend to overcomplicate solutions that are already good and removing some of
their fundamental values [26]. Thus, before adopting new technology, it is first essential
to evaluate whether the solution provides a better UX rather than inhibit it. Given the
frequent interaction with access solutions and their high security demands, managing user
expectations are crucial for fulfilling these complex requirements.

1.2 Objective
The present thesis aims to investigate how expectations in voice user interfaces for access
solutions are affected by synthesized voices. To research how expectations are formed
by voice technology, a literature study will be conducted. Specifically, this will focus on
synthesized speech characteristics such as gender, vocal cues and speech as a tool for com-
munication. The literature will be reviewed and put in an access solution context.

The objective is to measure how different conversational strategies and gendered syn-
thesized speech affect the expectations of a voice-controlled access solution. These will be
assessed through a Wizard of Oz-test. The results will be evaluated through test observa-
tions and post-session interviews.

To focus on the user experience of managing expectations of voice-controlled access
solutions, fully functional biometric voice identification is assumed. Hence, this study do
not consider technical security aspects of voice-controlled access solutions.

1.3 ASSA ABLOY
Being formed in 1994 from the merger of ASSA and Abloy, ASSA ABLOY is today a
global leader in door opening solutions. The company operates in over 70 countries and has
about 50’000 employees [27]. The company develops access solutions such as mechanical
locks, smart locks, automatic entrance systems, and hotel security solutions. The aim is to
enable people to move around the world in safe and convenient ways. Their keywords are
Safety, Security and, Convenience.

In the strive to continue providing increased user value, ASSA ABLOY puts much
effort into innovation. As a confirmation of their efforts, they have been ranked among the
world’s top 100 most innovative companies by Forbes four times between 2013 and 2018
[27]. Thus, the Shared Technologies department engaging in Research and Development is
fundamental to the growth of the concern. The present study has been conducted with the
UX team at Shared Technologies in Stockholm.
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1.4 Outline
The present thesis is divided into seven chapters. Chapter 1 gives an introduction to the
topic, what problems exist and what the objective is. Chapter 2 present the theoretical
framework on which the thesis is based on. This is built from a literature study where
different areas of voice user interfaces was researched. Chapter 3 explains the design
process and results leading to the final Wizard of Oz test. The methodology, the design of
the final test and research limitations can be found in Chapter 4. In Chapter 5, the results
from the Wizard of Oz test introduced in the methodology are presented. The results and
insights from the thesis are discussed in Chapter 6. Finally, the conclusions and future
work are presented in Chapter 7.

To make it easy to follow the current thesis chronologically, much of the methodology
and results are presented in the design process in Chapter 3. The results and insights from
the design process are the foundations and thus essential to the method chosen for the final
test presented in Chapter 4. The results from the test of the final prototype can be read
in the subsequent chapter. Hence, to understand the full extent of the present study, it is
recommended that the report is read chronologically.
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2 Theoretical Framework

This chapter include the necessary theory needed for understanding the assumptions and
decisions made in the design process and method. The theory will begin by describing
the essential components of voice user interfaces and continue with theory on how to de-
sign them. Many aspects of voice technology tangent on subjects such as linguistics and
psychology [13, 28]. Thus, the following section will contain both technical aspects of
developing voice user interfaces as well as humanistic studies.

2.1 Voice User Interfaces
Voice is something that is wired into the human brain. Children as young as one day old
show brain responses when they hear voices, something that illustrates that the speech is be-
ing processed [5]. Using voice as the tools for communication has been shown to have a far
lesser effect on the tension put on the brain compared to, for example, texting [9]. Further-
more, speech is a highly sophisticated form of communication. Compared to text messages
that only transmit the text of a message, speech carries more abundant information. Except
for the message itself, it can for example, also convey expressions such as warmth, sarcasm,
unfriendliness or intelligence [13, 14].

Unlike conventional human-computer interaction which is conducted using a graphical
user interface (GUI), interacting with voice does not provide any tangible interface. When
using a GUI, a particular pattern of actions is followed to reach an expected outcome. In-
teracting through voice require a similar pattern or set of rules for the user to know how to
interact; this is often referred to as a Voice User Interface (VUI). For a VUI to be able to
interpret the mere syntax of a sentence is referred to as automated speech recognition. The
ability to make sense of a sentence is called natural language processing [2]. Together, these
form the cornerstones of voice technology.

2.1.1 Automated Speech Recognition

The first step of voice interaction between humans and computers involves converting
speech into a form that can be processed by computers. Automated speech recognition
(ASR) enables the ability of a system to take voice input and convert it into text [2]. Be-
cause of the information richness of speech, ASR cannot just reproduce the set of words of
a sentence in the same order they were spoken. It also has to take care of vocal cues such as
dialect, articulation, and pitch [14].

When humans converse, much more information than only their language is conveyed
through the use of body language and facial expressions. De Boer [3] argues that languages
have not only derived from the speech but rather from a combination of speech and gestures.
That is an explanation to why it is easier to discern emotions and meaning in in-person com-
munication compared to over-the-phone communication. Today, most smart assistant VUIs
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are only controlled by voice except for simple interactions such as changing the volume [2].
Thus, for interpreting human speech, the VUIs rely exclusively on voice as the source of in-
put. Conversely, conveying visual information from computers to humans is also important,
something that is addressed in the section about multimodality in 2.2.4.

2.1.2 Natural Language Processing

After speech has been translated into text, the computer needs to distinguish the meaning
of it; something referred to as natural language processing (NLP). The interpretation of a
sentence is essential since the same sentence can have several implications. For example,
consider the following sentence [29]:

“I saw a man on a hill with a telescope.”

The above sentence could have several meanings, such as:

• There is a man on a hill, and I am watching him with my telescope.

• There is a man on a hill, whom I am watching, and he has a telescope.

• There is a man, and he is on a hill that also has a telescope on it.

• I am on a hill and I saw a man using telescope.

• There is a man on a hill and I am watching him with a telescope.

Ambiguity is one of the many challenges in NLP. Another obstructing factor is vari-
ations in speech that alter the message, also referred to as vocal cues [30]. An example
usage of a vocal cue would be to change the articulation of one word to make it stand out in
relation to adjacent words. Vocal cues are an important part of communication that allows
more information to be signaled.

2.1.3 Intelligent agents

The progress in artificial intelligence (AI) has resulted in many new applications; one of
those is the intelligent agents (IAs) [16]. IAs are to varying degrees autonomous and are
today often used as smart assistants to increase convenience for users and remove the need
for human intervention. Examples of smart assistants are Amtrak’s virtual travel assistant
Julie1, or the voice-controlled Google’s Assistant2, Amazon’s Alexa3 and Apple’s Siri4.

The expansion of smart assistants has led more companies to build products that can be
integrated, which has led to a boom in smart home devices [9].

2.1.4 Sentiment Analysis

Google [2] defines sentiment analysis as “The process of computationally identifying and
categorizing opinions expressed in a piece of text, especially in order to determine whether

1https://www.amtrak.com/contact-us
2https://assistant.google.com/
3https://developer.amazon.com/alexa
4https://www.apple.com/siri/
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the writer’s attitude towards a particular topic, product, and so on, is positive, negative, or
neutral”. Understanding user sentiment can be used in many different ways. For exam-
ple, helping call center personnel understand real-time sentiment during support calls [8].
Because of the vast amounts of data available on the Internet, sentiment analysis has also
become a popular source for analyzing needs from and feelings about services and products
[28].

2.2 Voice User Interface Design
Designing for voice brings many obstacles with it. Unlike designing for graphical user
interfaces (GUIs), voice-only interaction means removing a source of rich information;
the screen or visual interface. Although humans are capable of communicating verbally
just fine, errors and misunderstandings occur, especially when talking without seeing each-
others’ gestures and facial expressions. This, in combination with technology that is far
from perfect, makes designing for voice a very difficult task requiring many different con-
siderations [2].

2.2.1 Expectations

Making sure users are setting reasonable expectations for a VUI is crucial to what impact
a VUI will have [2]. Users’ future utilization of a system’s features could be dependent on
what expectations the users assigned to it [31]. In a diary study on smart assistants con-
ducted by Budiu and Whitenton [1], significant expectation discrepancies were identified.
Daily, the users mapped what activities they used their assistants for and what they ide-
ally would want to use them for, were it only possible. The researchers created a graph
to illustrate these differences, see figure 2.1. The lines in the graph form two different
gaps, displaying some of the expectation-issues of the smart assistants. The usability gap
demonstrates a difference between the users’ idea of the assistants’ capabilities and what
their capabilities really are. The utility gap demonstrates the difference between the current
capabilities and ideal capabilities according to the users.

Furthermore, out of the activities the users wanted an ideal smart assistant to do, 41%
of these could be accomplished by the assistants today [1]. However, only 7% of these
activities were attempted, demonstrating the low expectations users have on their smart
assistants.

In order to understand user expectations, it is essential to understand the notion of men-
tal models. Whereas expectations are what the user expects to happen, mental models are
what the user believes about a system and its capabilities [25]. The usability gap in figure
2.1 illustrates a typical example of a flawed mental model. Since mental models are built
on the users’ beliefs, there is a risk that these are not connected to the real capability of
a system. Hence, mental models are highly correlated to expectations. Kidd [32] argues
that taking care of false mental models is of utmost importance and says that only a sys-
tem that matches the users’ mental models can provide an opportunity to fulfill the users’
expectations.

A great way of setting users’ mental models is through a good onboarding [2]. On-
boarding is the introduction to a system, often guiding the user through a series of steps.
This guiding aims to teach the users about the capabilities of the system and how to interact
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Figure 2.1: Realized usefulness of current smart assistants [1].

with it. Although the most effective way of taking care of user expectations is by making
sure they are aligned with the system from the start. Nielsen [25] says there are two ways
to handle already established, incorrect mental models. One is to change the mental models
of the users. Since mental models often differ, this can be a useful strategy to provide the
users with mental models within the same category [31]. Another strategy is to redesign the
interface to match the expectations of the users.

Baron [13] says that humans put as high expectations on interaction with smart assis-
tants as with other humans. These expectations are often unjust since many of the smart
assistants today have limited capability in sending and reading visual cues such as facial
expressions and gestures. Thus, designers have to make sure that when interacting with
VUIs, the users cannot expect the system to operate as a human in a face-to-face conversa-
tion would do. The expectations should rather, at peak performance, resemble an over-the-
phone conversation. In line with this theory is Nass and Lee’s [14] findings which showed
that with an added VUI, humans apply social rules and raise their expectations of a system.

If their mental models do not match with users’ expectations, there is a great risk that
they stop using features and services [31]. It is therefore important to keep track of users’
expectations when conducting user testing. Pearl [2] says that one design strategy that
should always be applied when designing VUIs is to think about related activities. She
mentions the example of setting an alarm, where the ability to cancel it may not be the main
activity but is a related activity that is essential to include.

Although technological factors constrain the utility gap in the graph in figure 2.1, the
usability gap is possible to address through an increased correlation between users’ mental
models and the system’s capabilities. Through carefully conducted user research, designers
could instead use expectations to their advantage to increase adoption.
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2.2.2 Synthesized Voices

A significant factor to why spoken communication is much richer than textual communi-
cation is vocal cues. Vocal cues are elements of speech such as rhythm, pitch, loudness,
articulation, pauses, duration and rate [30]. Studies from Nass and Lee [14, 15] have shown
that vocal cues can have huge effects on communication, not only between humans but also
in human-computer interaction. Their results demonstrates that applying vocal cues to syn-
thesized voices have several effects on humans. This applies not only to situations where
people believe the synthesized voice to be real but also when they know it is coming from
a computer. For example, interaction with a synthesized voice that uses vocal cues, makes
people adapt socially more frequently than with other forms of human-computer interaction
[5]. Hence, people tend to follow social norms and rules of society when using voice as a
medium for communication with computers.

Gender of synthesized voices has also been shown to have a significant impact on user
perception of VUIs [21]. A VUI persona with a gendered synthesized voice is attributed
the same stereotypical gender characteristics as a human would. For example, a synthe-
sized female voice is considered more knowledgeable and trustworthy when talking about
makeup than a synthesized male voice is. Male voices on the other hand, are considered
more reliable when talking about technology. Although few users would admit to attributing
these stereotypes to a synthesized voices, experiments have shown otherwise [5]. Further-
more, the research showed that people in general prefer when a VUI has the same gender
as their own. This makes people rate synthesized voices as more likable and trustworthy
[14]. Moreover, except stereotyping, Qiu and Benbasat [20], say that voice is a carrier of
things such as personality and social status. Nass [5] agrees with this and says that there are
probably many demographic factors that can effect stereotyping.

Changing vocal cues of synthesized speech such that it appears differently can create
an illusion of one system actually representing several different voices. Even when aware
of the fact that the voices all come from the same source, it can have a significant effect on
how users perceive the system [15]. For example, persuasiveness can be increased if a VUI
in a consistent way handle data coming from multiple sources. That is, data from multiple
sources such as the opinions of several people in a rating service, will have a greater effect
if each review have a separate voice rather than all having the same. On the contrary, using
multiple voices for a data that usually only comes from one source, such as the content
of a blog may cause confusion and inconsistency, leading to negative experiences. Thus,
choosing how to represent a VUI, the designer have to be well aware of the users’ mental
models.

These previous tests on social responses to synthesized voices display the importance of
considering what voice and what vocal cues are being used in a VUI. How the synthesized
voice is presented is vital because it affects the users’ imagination of the virtual speaker
[15]. The persuasion of this virtual speaker does not only apply to inexperienced users
but also to people with previous knowledge about computer-synthesized voices. Hence,
altering speech can be used as a tool for all kinds of users. Furthermore, Nass [14] argues
that because of the big effects in relation to little costs, designers should take advantage the
possibilities to change voice parameters to improve user experiences.
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2.2.3 Conversations

Human-computer interaction has in many ways the same conversational characteristics,
such as engagement and communication, like that of human-human interaction [5]. For
example, it has been shown that humans attribute social rules and similar expectations to
conversational systems as they do to other humans [33].

What defines a conversation has been discussed thoroughly earlier [13]. The definition
of conversation from The Oxford Dictionaries [34] is: “A talk, especially an informal one,
between two or more people, in which news and ideas are exchanged.” However, Baron
[13], an American linguist, says that conversation cannot really be defined that way. Con-
versations should rather be seen as a method of getting things done, but also a method for
satisfying humans social needs.

Conversation is an excellent tool for establishing relations in human-computer interac-
tion [24]. Through conversation, necessary steps in relationship building such as getting
familiar can be achieved. Familiarity between two peers is a process with different stages
where infractions can cause social awkwardness. As with human interaction, this also ap-
plies to human-computer interaction. An example of adapting to familiarity could be avoid-
ing asking questions on sensitive topics right after installation. Another critical aspect of
building relationships between humans and intelligent agents is solidarity. Through finding
similarities such as interests, world view or having the same gender, solidarity can be estab-
lished. In human interaction, research shows that it is common for people to unconsciously
build solidarity through tendencies to affect each other’s way of conversing, e.g., imitating
choice of words and gestures [28]. Moreover, it has been shown that other components
of human conversation can be used to provide similar effects in human-computer interac-
tion. One such example is small talk. Bickmore and Cassell [24] show that small talk is
an excellent way of developing familiarity and solidarity between humans and intelligent
agents.

To evaluate what sort of interaction humans seek with intelligent agents, Baron [13]
identifies the three most important aspects of conversation. The fundamentals of conversa-
tion were divided them into three different categories; pragmatism, social companionship
and control. Furthermore, it was concluded that many of the aspects that make human
speech authentic are not necessarily demanded for many use cases of interaction between
humans and intelligent agents. For example, social companionship will probably increase as
the population of the society ages. However, some of the attributes of social companionship
agents would not be appreciated by everyone. Thereby Baron argues that before including
the possibility to have a human-like conversation with intelligent agents, designers have to
consider what level of authenticity the users want [13], something that is also agreed upon
by Nass and Gong [5].

Furthermore, when designing for conversations with VUIs, the ability to interrupt is an
important factor to consider for removing potential friction in interaction [2]. The system
should be designed with the user in focus. Thus, the users should be the ones dictating the
rules. When designing for good flow in VUIs, it is important that the user is not prompted
to barge in by the VUI. For example, after asking a question, the VUI should not continue
talking since the question likely will make the user start talking. To avoid the risk of the VUI
being interrupted by conversation unintended for it, a wake word can be used. Examples
of these are ”Alexa” and ”Hey Google” or ”Okay Google” for prompting Amazon Alexa,
respectively Google Assistant.
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Figure 2.2: Some of Cortana’s different moods shown through colored rings [2].

To make interaction with VUIs as natural as possible, Pearl [2] argues that conver-
sational rules and norms should be followed. When a VUI is not taking conventions into
consideration, there is an increased risk that users end up at stages of interaction from where
they do not know how to recover. Without being able to recover, there is a risk the user will
instead abandon the VUI.

2.2.4 Multimodality

Only relying on voice, VUIs often lead to usability issues regarding the discoverability
of a system [11]. This is a severe problem since bad discoverability hinders users from
knowing what the system can do. Norman [26] says discoverability is one of the most
critical elements of good design. Except for lack of discoverability the lack of non-verbal
cues such as body language and facial expressions can also cause problems [24]. Non-
verbal cues, e.g., emotions and intentions, are essential factors in conversation since they
convey much information [28]. Hence, conversations without non-verbal cues are more
likely to cause confusion and misunderstandings. A way of addressing these problems in
VUIs is to include alternative forms of interaction to voice, something called multimodality.
Multimodality can take many different forms, for example, it could be an anthropomorphic
agent or a graphical user interface.

Most of the smart assistants today use multimodality somehow. Google Home and
Amazon Alexa use lights to signal when they intend to speak and when they listen for
example [2]. These signals are necessary because they signal when the system is listening
or not. The lights also provide information to the user about its intentions, e.g., when it
is about to speak or when it is processing a request. Another way of using multimodality
can be seen in Microsoft Cortana’s light rings [2]. Through its rings, the Cortana signals its
mood through different shapes and motions, see figure 2.2.

There are some downsides to multimodality, however. Nass [5] argues that applying
multimodality to a VUI comes with high demands for consistency and preciseness. Further-
more, the negative consequences of overstepping social rules are leveraged when an agent
is present through some multimodality. Another highlighted risk-factor, especially applica-
ble for anthropomorphic agents such as robots or other virtual avatar agents, is the uncanny
valley. The uncanny valley is when a system looks similar to a human but cannot live up
to the expectations of one, creating a creepy impression. Systems that appear very real but
do not live up to expectations can often be considered intimidating [35]. Mental models are
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one of the reasons for this phenomenon [36]. If realistic, an anthropomorphic agent is also
expected to be able to have human behavior, otherwise mental models could be violated,
possibly causing negative effects. This is something that often can occur when applying
multimodality to VUIs, especially for realistic avatars [20]. Hence, careful considerations
has to be taken when designing a multimodal interface for a VUI.

2.2.5 Privacy

Privacy breaches are one of the things that concerns VUI users the most [12]. This is
especially true for devices activated by a wake word and thus always have to listen for
the specific word [9]. Privacy in voice user interfaces can be divided into two separate
categories, data collection and sensitive information.

Concerns about data collection is the users’ fear that the company operating the VUI
will collect data that is not intended for it [12]. An example of this could be a user talking
to another person about a specific interest, products for the interest then later appears in
directed marketing to the user. In a study on VUIs [9], the likely prevalence of voice tech-
nology in China was assessed to be very good because of the effort it takes to write Chinese
phonetic characters. However, more than half of the participants approached (61%) stated
that they would be more inclined to adopt the technology if they were given guarantees
about their data privacy.

The other side of privacy concerns is the non-private nature of voice interaction. It is
difficult interacting with a VUI in public without risking that others might overhear. The
willingness to use voice technology in a public setting is something very connected to cul-
tural norms. A report from JWT Intelligence [9] shows that, for example, people from Spain
are more inclined to use voice technology in public compared to people from Japan. Except
for the user’s voice being overheard, some are afraid that the VUI would read sensitive data
out loud in appropriate situations [12]. The risk of reading sensitive data for a command-
based agent is rather slim because the user must first order the system to provide a particular
type of information. Thus, the risk is increased for a system that takes its own initiatives.

According to Pearl [2], prioritizing privacy is an essential aspect for the continued adop-
tion of voice technology in home environments. The major smart assistants are all activated
using a wake word. If not called before a command is issued, the command is not acted
upon. Following a user calling a wake word, the assistants also activate lights. This not
only signals when the user should speak, but it also conveys information about when their
data is being listened to. In the book Designing Voice User Interfaces, Pearl mentions a pos-
itive examples for how to treat user privacy. Since the devices always need to be listening
for their wake word, all speech is collected. However, Amazon Alexa and Jibo the family
robot only store the collected data locally and erase it, should a wake word not be called.
Another strategy for making users feel less concerned about data privacy breaches is using
a push-to-talk functionality. That way the only way the VUI start processing speech is when
a button is pushed, something that removes the ability for hands-free interaction.

2.2.6 Ethical design

Synthetic voices, even when not realistic, have the power to generate social behavior from
people. Although few would admit it, a study from Nass et al. [5] showed this was the case,
even when the synthesized voice was clearly artificial. Thus, people are susceptible to per-
suasion and interaction that can have significant effects on society. The increased user ex-
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pectations from using human-like characteristics increase user frustration when technology
fails to meet them [31]. This frustration sometimes ends up in abusive language. Brahnam
[37] reports that 10-50 % of interactions with conversational agents are abusive. Borgefalk
[38], a researcher of persuasive technologies, says that the societal effects of abuse towards
intelligent agents are still unknown but there is a risk that it could have a negative impact.

Another area that requires more research is how human-like technology should respond
to abuse [38]. In an article, Fessler [39] tested how the major smart assistants handle abuse
by using abusive language and asking about topics such as sexual harassment. Although the
various assistants had different responses to her queries, the tests highlighted the inability
to handle abuse. Fessler says that developers have to take responsibility and that one reason
for this abuse could be the uneven proportions of male/female engineers. These ideas are
similar to the ones of Borgefalk who say that designers have to take responsibility and
consider things that could have negative ethical impacts on society.

Today’s major smart assistants all use female voices as the standard setting. However,
there are initiatives against the use of gendered voices in VUIs. For example, the genderless
synthesized voice called Q, developed to “end gender bias in AI assistants” [40]. Research
on gendered synthesized voices [21, 5] show that people attribute social norms and stereo-
types although many refuse to admit it. Hence, this lack of self-awareness in interaction
with computer-mediated voices could cause normalization of using abusive language to-
wards humans as well. The people behind Q see gender stereotyping as a problem and
argue that the widespread adoption of smart assistants using gendered voices leads to in-
creased stereotyping. Thus, they urge people to spread the word of the genderless voice to
the leading smart assistant creators such as Apple, Amazon, Google, and Microsoft.

2.3 Wizard of Oz Testing
A wizard of Oz test is a method for user testing a system that is not fully functional but
appears to be [41]. The purpose of such a method is to be able to acquire valuable insights
such as how users interact with a system or if it is usable. This provides the developers
information on whether they should realize the project or if they are moving in the wrong
direction long before a functional system has been developed. To maintain the illusion
of a fully functioning system, there are usually two researchers in a Wizard of Oz test.
One researcher takes care of instructions and interviewing and the other, the wizard, stays
hidden, controlling the system [2].

Providing the participants with a specific goal in Wizard of Oz tests is vital in order to
motivate them into focusing [41]. This is key to get valuable data out of the test. The goal
should be to provide tasks that the participant can follow throughout the session. Thus, the
“wizard” will not have to intervene.
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This chapter describe the process from the literature study leading up to the final test. The
different steps of the process were the key to the decisions made for the final prototype.

3.1 Exploration
The initial literature study helped gain understanding about what research had previously
been conducted. To expand this knowledge, a exploration phase was begun with the aim to
increase understanding about what are being done today and what was believed to be the
future of voice technology.

3.1.1 Competitor analysis

In order to identify critical areas related the present voice technologies, two competitor
analyses were conducted. These served the purpose of generating ideas of what technology
exists as well as its flaws and opportunities.

First Competitor Analysis

Initially, different voice-controlled devices were mapped and analyzed. Devices were iden-
tified using platforms where there are many innovative solutions seeking funding such as
Kickstarter1. After identification, general themes were observed. One of those were that
although many new smart devices are being created, their usage is often leveraged through
the use of smart assistants. Thus, smart assistants were subject to further analyzing. In order
to analyze the smart assistants, a SWOT-analysis was used. SWOT-analysis is a method for
identifying internal factors Strengths (S) and Weaknesses (W) as well as external factors
such as Opportunities (O) and Threats (T) [42]. To complement the SWOT-analysis, user
reviews were read. Another pattern that was observed during the tests was the fact that few
applications connect the home to the outside world.

From the results, a few sample scenarios were created. The idea behind the scenarios
was an omnipresent voice user interface (VUI) that would be able to assist its users with
information connected to different types of access points. For example, assisting users with
data on how many people are in the gym, when the bus is leaving, and so on. After further
examination, such a solution was deemed difficult to test and the scope too wide, whereas
the decision to look further into the details of VUIs was made.

1https://www.kickstarter.com/

14



Design Sprint

Second Competitor Analysis

Together with insights from the literature study, focus was moved from a very broad concept
thinking into looking on the strengths and weaknesses of voice technology. For the next
competitor analysis smart locks were chosen. This was to take advantage of the possibility
to use the UX lab at ASSA ABLOY where arrangements for testing different lock concepts
were easier.

Although some smart locks can be controlled by voice, most are not able to. Thus,
smart locks were considered an area where it would be interesting to evaluate how voice
could enhance some of the value propositions of locks.

For conducting the analysis, several different established smart locks, as well as novice
actors on Kickstarter were analyzed. Themes that were identified consisted of a lack of
trust, unfulfilled expectations as well as increased convenience among other. Although
none of the analyzed actors did use voice as a primary source of interaction, some could be
voice-controlled through integrations with smart assistants.

3.2 Design Sprint
In order to get going with new ideas that could quickly be tested, a design sprint based on
Google Venture’s Sprint (GV’s) [43] was conducted. Although it is primarily meant for
a team rather than one person, many of its procedures could be used to spark creativity
and bring new ideas. To be efficient and limit time used on testing hypotheses that are
potentially wrong, one design sprint is conducted in no more than five days. The goal of the
sprint is to identify key questions and goals and then through a quick process be able to test
a prototyped solution for these questions at the end of the sprint.

Compared to prototyping and testing tangible interfaces such as graphical user inter-
faces (GUI), prototyping a non-tangible interface such as VUI brought novel challenges
compared to traditional GUI-prototyping. For example, when prototyping a GUI, it is easier
to limit the possible actions users can choose between. Speech varies a lot between different
persons and situations which made it far more difficult to limit possible actions [2]. That
meant the conceptualizing process had to be thorough and adjusted to voice. Thus, GV’s
Sprint was modified somewhat into the following layout:

Monday
Identifying the long-term goal and making a map including the stakeholders. Talking
to stakeholders and reformulating problems as questions.

Tuesday
Taking notes of the highlights of competitor products. Four step sketches; taking
notes, writing down ideas, crazy 8’s and creating solution sketches.

Wednesday
Identifying strengths and weaknesses in the various sketches. Creating a storyboard,
containing both scenario and sample dialogue.

Thursday
Prototyping and pilot testing.
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Friday
Final testing.

3.2.1 Sprint Goal

Following the format above, a five-day sprint was conducted. To begin, the long-term goal
“Create a system that users engage with to feel more secure and at ease” was chosen based
on insights from the competitor analysis and ASSA ABLOY’s keywords from 1.3. The
sprint was focused around the aspect of safety rather than convenience. This was because,
compared to some other solutions where no interaction is needed to unlock/lock, such as
near field communication, voice require some form of interaction. Thus, the interaction cost
is higher than for some other technologies. Furthermore, based on the previous research
about the future potential of voice, i.e., the ability to convey emotions and persuasiveness,
safety was considered an exciting area of investigation.

From the goal, several sprint questions were generated. A map with two ends was
created, based on the foundation of the goal and the sprint questions. On the left hand side
of the map were the different actors of the intended interaction, in this case a home owner
and a VUI. On the right hand side was the goal. In between the ends were a flowchart
over the interaction between the actors from start to the goal. Having made a map, several
obstacles were identified. To reframe the obstacles into a more digestible form, the ”How
Might We” (HMW) method was used. The goal of HMW-notes is to convert problems into
opportunities [43]. The steps combined were then narrowed down into a single main sprint
question:

Sprint Question 1 Do the users want to engage with a voice-controlled lock?

3.2.2 Conceptualizing

To a lesser degree, voice interaction consists of visual information compared to e.g., screen
interaction [2]. Hence, much emphasis was put on text in the conceptualization phase of
the Sprint. The creative sessions of sketching was as much filled with sketching different
scenarios as writing possible dialogues.

Lo-Fi Prototyping

With a clear aim, the highlights from the previously conducted competitor analysis were
noted. With these in mind, the four step sketches were initialized. Notes from the most
interesting ideas from before were taken. Then, new ideas were written down. These were
followed by the crazy 8’s, which is a quick sketching session where eight sketches are being
created, only using one minute each. From previous exercises, the most enticing ideas were
condensed into a few more thorough sketches.

The following day, a detailed storyboard consisting of sketches that were complemented
by sample dialogues was produced. Sample dialogues are vital when designing VUIs [44].
Sample dialogues are scripted conversations, preferably treating both best-path routes as
well as scenarios where conversation does not go as intended. Although an interaction
pattern may seem obvious, sample dialogues offer great returns for little invested time. Read
out loud, sample dialogues makes it easier to identify unnatural elements of conversations
such as repetitions or mismatched choices of words. Below a sample dialogue excerpt from
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Pearl’s book Designing Voice User Interfaces: Principles of Conversational Experiences [2]
is shown. The dialogue is collected from an application for children to speak to Santa Claus:

• SANTA CLAUS
Ho! Ho! Ho! Merry Christmas, little one! Welcome to the North Pole! What’s your
name?

• USER
Claudia.

• SANTA CLAUS
That’s a lovely name. And how old are you?

• USER
I’m seven.

• SANTA CLAUS
Seven! That’s great. The big day isn’t too far away. Are you excited for Christmas?

• USER
Yes!

• SANTA CLAUS
So am I!

The sample dialogues were complemented by a flowchart, another tool commonly used
for VUI prototyping. Flowcharts are excellent tools for plotting the paths of a interaction,
providing a holistic view of the intended dialogue [2]. Google call flowcharts the “map for
how users navigate” through the VUI [45]. The flow chart served as a great tool to identify
all possible routes as well as paths leading to points of no return. An example of a flow
chart can be seen in figure 3.1.

Mid-Fi Prototyping

Sample dialogues and flow charts are great tools for quickly identifying whether the design
process is heading the right way. Testing these on participants through role-play is feasible
and sometimes recommended [2]. However, to be able to test things as synthesized voices,
another level of complexity is necessary. To progress from the Lo-Fi prototypes, the current
study used the text-to-speech software Tortu2. Tortu is a software for Wizard of Oz-testing
VUIs without having to implement anything. The commands are written and linked and
then controlled by the wizard. For a sample view of Tortu, see appendix A. Being able to
make simple customizations such as altering voice and changing speed of voice, the tool
was powerful for quick user testing.

3.2.3 Testing

In order to evaluate how users would be able to engage with a voice-controlled lock and
how it could provide value to the user, a collaborative scenario was chosen from the concept
phase. The research from chapter 2 showed that collaboration is a good method for creating
engagement in human-computer interaction. However, because most interaction with access

2https://tortu.io/
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Figure 3.1: Example flow chart - a map of the interaction.

solutions takes place in a rather short time-frame, a task had to be introduced. Hence,
the initial collaborative task consisted of solving a puzzle with missing pieces, making it
supposedly difficult to solve without any assistance.

Pilot Testing

After two pilot tests and a review session with the UX team at ASSA ABLOY, the scenario
was changed. The fact that the system was both used as an access solution and for the
collaboration task made the test forced. Furthermore, the context did not fit the usual use
case of access solutions. Instead, the test was split up to focus more on a use case applicable
to an access solution. The new scenario focused more on investigating the engagement with
the voice-controlled system when entering a home, still using some of the elements from the
previous scenario. The users were instructed that they were standing outside of their home
front door where they recently had installed a new lock that is only possible to manipulate
by voice. Their task was to enter their home, remove their outdoor clothes and continue into
the home. For one of the participants, the lock was intentionally malfunctioning, meaning
the door could not be entered.

Test Design

Since the first sprint sought to research if users want to engage with a voice-controlled
lock, the prototype was built to try to engage the user. The engagement was then compared
to expectations. From the literature study, small talk was identified as a good method for
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establishing common ground in human-computer interaction [24]. Hence, to assess whether
users wanted to engage with the system, the prototype was made talkative. Using a dialogue-
based communication style, after being initially woken up, the system would try to maintain
the conversation through small talk. In order to maintain an illusion of intelligence, the
system was made context-aware, displayed through knowledge about what day it was and
what the weather was like.

The test was conducted in ASSA ABLOY’s UX lab in a setting where a door was
mounted on an artificial wall, approximately three meters wide. On the door, a digital
deadbolt lock, the Yale Doorman ENTR S3, was installed. From outside the door only a
key cylinder was visible. Inside of the door was the wizard controlling the lock as well as
the synthesized voice commands. The voice from the VUI was played through the wizard’s
computer speakers from the opposite side of the door to the test participants. The only in-
teraction with the lock was made by voice, i.e., the prototype offered no multimodality. The
only point of physical interaction was the door handle that was used to manually open and
close the door.

Before running the new scenario, another pilot test was conducted to make sure it would
be a feasible test. Prior to each session, the participants were instructed to interact with their
new lock which was only controllable by voice. Their goal was to enter their simulated
home and then continue inwards into the home the way they would normally do in their
real home. Purposefully, no further instructions were made on how to actually interact with
the lock. For some of the participants, a scenario where the lock did not respond or act on
the participant’s request was conducted to identify how such failures would affect the users.
Each session was complemented by a few questions and observations to look for. These are
found below.

Test Questions

• How did you feel about conversing with the system?

• Would you like such a system to have a human personality?

Test Observations

• How do users respond to a malfunctioning lock?

• How do people speak to the VUI?

• What do users say and how do they say it?

Participants

Including the pilot test, four tests were run, consisting of participants all employees of
ASSA ABLOY. Three of the participants were male and one female.

3.2.4 Test Results

The test showed that the sprint question, i.e., that users want to engage with a voice-
controlled lock, could not be verified. Most participants thought it felt weird having a

3https://www.yale.se/sv/yale/yalese/yale-produkter/ytterdorr/yale-entrs/
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conversation and engaging in small talk with the lock. The conversational style was consid-
ered too intrusive. Although they were not interested in engaging with the lock, no one tried
to stop the lock from its rather persistent talking. In general, all participants were interacting
with the lock in a friendly and polite manner.

The time it took for participants from initiating conversation to entering into their home
was no longer than 30 seconds. Hence, it was obvious that the the time-frame of interaction
between users and access points is very limited, leaving little extra time for small talk.
This was pointed out by one of the participants who expressed the opinion of not wanting
to engage in any conversation when coming home, but would rather just be allowed in as
quickly as possible.

Interaction with the lock occupied the participants’ attention, leaving little room for
thinking about other objectives than interacting with the voice. The effort required for
attention and the high risk of error in such limited prototypes highlighted the significance
of clear and easy-to-follow instructions when conducting early-stage VUI testing.

Compared to the results generated, the sprint alone did not bring a lot of insights on the
system VUI concept itself. However, it established a foundation for further development
and improvements in methodology. For example, it brought valuable knowledge on what
tools were providing the most added value in relation to time when designing for voice.

3.3 Modification
The design sprint made it clear that users did not seek to engage with their access solutions.
As had been found in chapter 2, a relationship between user and a VUI is a precondition to
enable things such as building trust or establishing a common ground [24, 13]. Hence, such
aspects of voice technology would prove difficult to apply in the setting of a voice-controlled
access solution in a home environment. Thus, new inspiration had to be gathered.

3.3.1 Interviews

In attempt to explore voice technology and intercepting fields further, a few different com-
panies and persons were contacted. This was a way to increase understanding as well as get
inspiration on interesting research areas.

Interview with Gustav Borgefalk

Gustav Borgefalk has a background as a tech entrepreneur but is currently researching good
governance of persuasive technologies at the Royal College of Art in London. The interview
was an unstructured interview conducted over-the-phone and was not recorded. Thus, the
reproduction is based on notes taken during the call.

When it comes to persuasiveness, new technology open up for new ways of making
impact. Whilst an employee of a call center can only make one call at a time, an intelligent
agent could theoretically make 10 000 calls simultaneously. Based on big data, the intelli-
gent agent could also switch modality to fit what medium a specific user is most likely to be
susceptible on. In many cases, people behind social medias were aware of the potential their
services had to influence people but did not think about possible consequences. Borgefalk
argued that it is important that designers and developers of services consider ethical conse-
quences that their service might entail.
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Borgefalk said that voice technology, specifically human-like voice technology, is an
interesting area for research since little is known about its societal impacts. For example,
data shows that abuse towards intelligent agents are not uncommon [37]. He argued that
designers have to consider that there is a risk behavior such as abuse towards human-like
technology could have ethical implications on society. During the interview, many interest-
ing dilemmas regarding ethical design was aired. For example, there is data displaying cases
of correlation between addiction to social media and loneliness and depression. But who is
ultimately responsible for controlling this? Is it ethically fencible to apply persuasion into
technology to affect people?

Another example that Borgefalk mentioned was how a smart assistant should behave
towards a situation where a human would take action. Although they are not meant to
listening when not called, should such a system intervene if a crime takes place? The
interview led to many new insights and interesting thoughts on the power to affect and the
responsibility designers could have.

Interviewing Personal Security Companies

Although access solutions are expected to be convenient and easy to use, their fundamental
value proposition is keeping people safe. Hence, to research what kind of personality would
be suitable for an access solution VUI, another sector engaging in keeping people safe was
researched. This is a method that was used by the designers at Microsoft when developing
the Cortana. To get inspiration for their smart assistant, the Microsoft designers interviewed
persons working as personal assistants [2].

To increase the understanding about what attributes are sought after, two personal secu-
rity companies were contacted. The main takeaways were:

• Without feeling safe, it is difficult for people to rest and recover. Perceived safety is
vital.

• Clients should have a feeling that no one can access them without struggle. Should
safety be breached, relevant actions should be taken to address the situation properly.

• To establish fruitful customer relationship, services should not be sold based on fear.
Instead, long-term relationships with high trust and reliability is built with trans-
parency and integrity.

• A person protecting clients should be calm and concrete.

3.4 Finding a Main Scenario
After further exploration had been made, a new ideation- and conceptualization process was
started as a buildup for the final test. Going into the next iteration, a few methods from the
previous sprint were used again. Other procedures that would add little new value in relation
to time, such as another competitor analysis were removed. In addition, a few methods from
Google’s Conversational Design Guidelines [45] were included.
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3.4.1 Ideation

For sparking creativity, many of the methods used for the design sprint in 3.2 were used
once again. This included setting an initial goal, creating a map including the actors and
rephrasing obstacles as How Might We-questions. After the interviews described in chapter
3.3.1 and the previous research from Budiu et al. [1, 31, 12], focus was directed towards
expectations. The research on expectations displayed the importance of aligning mental
models to make VUIs truly usable. Hence, the goal was set to figure out what users wanted
and expected from such a system.

Based on the research from Nass et al. [21, 33] about social responses in human-
computer interaction, and more specifically, gender stereotyping. The conversation with
Gustav Borgefalk opened up for thoughts on what ethical consequences these social behav-
iors could have. Furthermore, this led to the finding of initiatives such as Q [40], saying
gendered synthetic voices increase stereotypical behavior in society. The effects on expec-
tations in interaction between users and voice-controlled access solutions with gendered
synthetical voices were considered an interesting area for research. Thus, the goal was
to evaluate what different synthetic voices do to expectations and how these match with
attributes associated to access-solutions.

Before generating scenarios, a process of creating a map with the interaction flow and
HMW-notes similar to the one in chapter 3.2.1, was initiated. A few sessions of sketching
crazy 8’s were conducted to produce ideas about possible scenarios that would be suitable
to test in the ASSA ABLOY UX lab. A number of different ideas were generated, from
installation and setup of a new lock to a scenario where the door was misaligned and made
the lock malfunction.

3.4.2 Personas

When designing for interaction, it is important to understand the users. In a process of
developing a GUI, the needs and behavior of the intended users are fundamental to address
the problems that the users face [46]. Although microcopy can be considered as defining a
sort of persona for a GUI and is an important aspect of how a GUI is perceived, it is not as
paramount as when designing a VUI. Thus, before proceeding with the final scenarios, the
Google Conversational Design Process [45] was followed to identify both a user persona
and a VUI persona. In Google’s process activities such as finding suitable adjectives and
embodiments for these are conducted.

User Persona

To find the main user of a voice-controlled lock, a user personas was created. Below are
some of the traits of the user persona is listed.

• Technology adopting.

• Having a stable income.

• Use a cleaning service.

• Having friends coming over at irregular times.

• Frequent users of home delivery services.
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Voice Persona

Creating a persona for the VUI is essential to know how the system should speak. A persona
help designers create consistency in the interaction [45]. It is a human tendency to anthro-
pomorphize voice interfaces [2]. Users’ perception of virtual speakers are much affected by
the characteristics of synthesized voices [15]. This imagination of virtual speakers might
lead to mental models and expectations that the system cannot fulfill. Thus, to make sure
the users get the right image of a VUI, it is essential to consider the VUI persona.

In order to find a suitable persona, a several adjectives related to ASSA ABLOY’s com-
pany profile were chosen. Out of those adjectives, a character was chosen. The following
characteristics were deemed appropriate for a smart lock VUI:

• Secure

• Reliable

• Calm

• Stable

• Friendly

Based on the above mentioned personality traits, a few different characters that embody
those were listed. From this list, a few embodiments were made such as a security guard and
a receptionist. Although security guards were considered suitable for conveying a feeling of
robustness and security, they did not rank as well for some of the other characteristics. Since
interaction with access points in home environment are frequent and most of the time do
not have to handle threatening situations, a VUI persona resembling a receptionist seemed
more suitable. A receptionist was deemed as someone with a friendly and calm personality.
Although they might not inhibit the physical presence as that of many security guards, they
are trained to on how to handle threatening situations.

3.4.3 Sample Dialogues & Flow Charts

After the VUI persona had been decided upon, three different scenarios were elaborated.
These scenarios were based on the early stage sketches from chapter 3.4.1. In table 3.1 and
figure 3.2, the scripted sample dialogue and flowchart for one of the scenarios can be seen.

Once the sample dialogues and flowcharts for the scenarios were finished, a review
session with the researchers of the UX team was held. The test was meant to evaluate the
perception of two different synthesized voices, meaning iterations of each scenario had to
be made. Furthermore, the scenarios were not very well related, hence, it was decided that
there was a significant risk for testing fatigue. Instead, it was decided to compress elements
from the different scenarios into one scenario with related tasks that would be performed in
three separate steps. The combined scenario can be seen in table 3.2.
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Table 3.1 Sample Dialogue for the Misaligned Door Scenario

Speaker User utterance/Spoken prompt Notes
Lock Welcome home!
Lock Do you want me to lock the door?
User Yes.
Lock I couldn’t lock the door. It is misaligned.
Lock Try pushing the door and tell me to lock it again.
User *Pushing the door*
User Lock the door.
Lock It’s still misaligned.
Lock If you want, I’ve sent you a do it yourself video to your phone.
User *Looking at video and pulling door upward*
User Lock the door.
Lock Got it.
Lock Now it worked!

Figure 3.2: Flow chart for the misaligned door scenario
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Finding a Main Scenario

Table 3.2 Sample Dialogue for the a combined final scenario Scenario

Speaker User utterance/Spoken prompt Notes
Install lock Step 1

User *Mount lock* Foam Board
Attachment

Lock *Wake up sound* Suitable Sound
Lock Hello there! What might I call you?
User Hi, I’m John.

Lock Before I can lock the door, I need you to
answer a few questions. Would that be okay? Introduction?

User Yes.
Error prompt

required

Lock Please enter a password reset sentence.
Error prompt

required
User ”Sesame open”

Lock Got it. Is your lock placed on the left or right side
of the door?

User Right.
Setup recurring access Step 2

Lock Do you want to add access to any others? You
can choose between full, temporary and recurring access.

Error prompt
repeat actions

User Add recurring access.

Lock Setting up recurring access. Please tell me for whom and at
what times (time and day).

Error prompt
wrong format

User The grocery delivery between 12 and 14 o’clock every Monday.

Lock Okay. Providing the grocery delivery from your account
access between 12 and 14 o’clock on Mondays.

Lock Alright. That’s all for now. If you want me to lock or unlock
the door, just tell me.

User *Exit home*
User Lock the door.
Lock Locking the door.

User arrives after a day of work. Step 3
User Unlock the door.
Lock The door is unlocked.
User *Enter and close door*
Lock Welcome home! Do you want to know today’s status?
User Yes.
Lock Your groceries were delivered at 12:53. That’s all from today.
User Okay.
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4 Methodology

The present study was conducted at ASSA ABLOY Shared Technologies in spring 2019.
The focal point of the present study was voice technology with a UX perspective. With this
focus on UX, it was decided that contemporary technical limitations would not be consid-
ered. One such example was the ability to verify the authentication of a person using voice.
Instead, a visionary approach was adopted in which a future scenario where such technical
limitations were not included. Thus, focus could be put on the UX of such interactions.

4.1 Literature Study
The initial aim was to evaluate how VUIs could be designed to develop better user experi-
ences. The research was studied to increase knowledge about the difficulties and possibil-
ities of the technology and to identify gaps in the existing research. After realizations that
the aim was too broad, the approach was changed. In the research, expectations had been
identified as an area where many problems with VUIs occur. Thus, focus changed to look
more at the expectations of VUIs.

Although some of the foundational research was not applicable later in the study, it pro-
vided extensive knowledge about different aspects surrounding voice technology. The re-
search was found using keywords such as “voice user interface”, “trust”, “human-computer-
interaction”, “intelligent agent”. The study has been focused on the development of VUIs.
However, many significant findings have been found in peripheral sciences such as human-
robot interaction, social sciences, psychology and linguistics.

Most of the papers used for the theoretical framework was chosen from peer-reviewed
sources and books from well-regarded authors. Although not all sources used came from
scientific papers, most other material fundamental to the current study consisted of UX
research from sources such as the reliable Nielsen Norman Group1.

Much of the research that was fundamental to the present thesis stem from the 1990’s
and early 2000’s. Since then voice technology has evolved significantly, which makes some
of the results invalid. However, the likes of McTear argues [23] that too many are focusing
on reinventing the wheel by not consuming the rich body of literature on voice technology
that exist since around the 1960’s.

4.2 Wizard of Oz Testing
With a foundation from the literature study and insights from the design process, a Wizard of
Oz test on a final VUI prototype was conducted. Unlike previous tests that were evaluating
easily detectable errors, this test was implemented to create an as authentic environment as

1https://www.nngroup.com/about/

26



Wizard of Oz Testing

possible. Norman [26] argues that in order to identify true user needs, the users need to
be observed in their natural environment. Observing users interact with access solutions in
their natural habitat would mean observing users in their homes. However, at the time of
conducting the study, there existed no fully voice-controlled access solutions on the market.
Thus, a best-effort attempt to evaluating users interacting with a voice-controlled access
solution was made.

Wizard of Oz Testing is a method for creating an illusion of a functioning system before
it is implemented [41]. A service that does not yet exist might seem like a powerful system
if the illusion is well orchestrated [26]. The purpose of the method is to be able to acquire
valuable insights before having to spend any resources into implementation. Furthermore,
speech brings many possible paths to a conversational goal and unlike physical interfaces it
is rather difficult to add constraints to voice user interfaces. These are two of the reasons
that the Wizard of Oz method is a common method when testing VUIs [2].

Limitations in time the present study meant that Wizard of Oz was a highly suitable
testing methodology since it required little implementation. The lack of established voice-
controlled solutions available on the market at the time of the study meant little UX research
had been done on such systems. Thus, an explorative approach where usability was evalu-
ated was chosen. The decision to use a Wizard of Oz method was backed by Norman [26],
saying it is a great method for evaluating whether it is worth proceeding with a concept or
not.

Krug [47] argues that when testing an interface, the researcher should intervene and ask
the users to provide more information on their actions while it is still fresh in memory. To
better understand what users think and why they do specific actions, they should be encour-
aged to think aloud. However, for obvious reasons, thinking aloud is not a recommended
method when testing voice user interfaces [2]. This is also in line with guidelines for testing
VUIs, interrupting in a conversation would diminish the flow and make the test less real and
thus less reliable.

4.2.1 Materials

In order to create an environment that was as authentic as possible, a few different compo-
nents were required. To be able to create an illusion that the system was functioning, the
wizard controlling the interaction had to be hidden. Leaving the user alone with a Wizard
of Oz-controlled system means remote control is necessary to maintain the illusion [2].

UX Lab

The test was conducted in the UX lab at ASSA ABLOY. Using the lab enabled the opportu-
nity to easily try different access solutions. The setting made it possible to recreate authentic
home environments. With a cross of mountable walls, it was possible to install doors and
windows as needed. Next to one side of the cross was a control room. Between the testing
area and the control room was a one-way mirrored glass. Thus, participants could not see
the wizard but the wizard could see the participants. Furthermore, there was recording utili-
ties in the lab, something that was vital for analyzing the interaction because the wizard had
to focus on controlling the interaction during the test. Hence, video and audio was recorded
from the tests. An illustration of the test environment can be seen in figure 4.1.
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Figure 4.1: UX Lab illustration

Voice-Controlled Access solution

To manipulate the door remotely, a smart lock was installed. The lock was able to be
controlled using a Bluetooth-connected smart phone. Since the voice was supposed to be
coming from the lock and no such lock existed, a Bluetooth-speaker was used. That way, the
wizard could control both the lock and the voice interaction from inside the control room.
To maintain the illusion that the voice was coming from the lock and removing possible
biases from users having used the smart lock before, the devices were encapsulated. Black
foamboard was used to build a box that resembled the lock. This box was put above the
lock and the speaker, making them invisible.

Sentiment Analysis

When training voice assistants to better understand users, sentiment analysis has been used
as an integral part of natural language processing [28]. For the present test, sentiment
and emotion analysis was used as a method for analyzing how the participants’ interaction
with the system was altered depending on what voice they interacted with. Although there
was a risk that using sentiment analysis would not generate any positive outcomes, it was
considered an interesting complementary analyze method for evaluating user opinion and
biases. Three different sources were used for analyzing the recorded material from the tests,
these were IBM Tone Analyzer2, the Vokaturi SDK3 and the Beyond Verbal API4.

4.2.2 Pilot Testing

Before starting any implementation, a pilot test were conducted. The aim of the test was to
test all equipment and the UX lab as well as to be able to try the intended scenario before

2https://www.ibm.com/watson/services/tone-analyzer/
3https://developers.vokaturi.com
4http://developers.beyondverbal.com/
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having to implement it. Although the sample dialogues had been tried, it had been done in
a conversational manner, without any realistic environment or tools. As argued by Kelley
[41], the needs and requirements of a population cannot be forseen without conducting
any analysis first. Except evaluating the scenario and equipment, the pilot test was also a
method for practicing and calibrating the interview questions and forms that were supposed
to complement the test. The pilot testing was seen as a final step of the design process that
would be the foundation for the final test.

To create a realistic scenario without investing too much time, the VUI prototyping tool
Tortu5 was used to create a mid-fi prototype. The scenario was built based on the material
from the design process in chapter 3. The two activities of the scenario that was pilot tested
in Tortu can be seen in appendix A. Although some sentences had to be altered to sound
good, Tortu made it possible to test the scenario with two different synthetic voices, both
male and female.

4.2.3 Implementation

The scenarios developed in Tortu was considered fine for simple testing but in order to make
the interaction as intended, it was decided to develop new audio-files. Even a basic scenario
can easily require many steps from start to finish. Although including limited error handling,
the two activities in appendix A consisted of many steps. Thus, it was also decided that the
audio-files would be complemented by a simple interface for handling the playback.

Text-To-Speech

Although Tortu provided the possibility to change the independent variable, i.e., gender, it
did not allow more advanced adjustments. In order to make more alterations to the text-
to-speech voices, Speech Synthesized Markup Language (SSML) was used [48]. Instead
of having to implement completely new voices, a few different text-to-speech API’s were
investigated. Having a rich library of voices and different languages, the Google Cloud
Text-To-Speech API [49] was eventually chosen. The vast library meant the Google Cloud
service was considered a good choice for finding a suitable voice that could later be ma-
nipulated using SSML. Furthermore, the Google Cloud Text-To-Speech offered their high
quality voices, WaveNet, for free when used in a small scale.

Although the audio files were of high quality, they were customized using SSML to
fit guidelines acquired from the literature study. These guidelines were followed through
applying SSML to change things such as pauses, prosody and emphasis. When satisfactory
voices had been achieved, the audio files were produced using the command line6. Together
with the desired voice, the SSML was converted into a text file containing a base64-encoded
JSON string. The string was then decoded into an audio file containing the synthesized
voice.

Wizard of Oz Application

One of the limitations with Tortu was that it relied on having a stable internet connection.
Playing audio files locally removed this risk during tests. The vast amount of audio files
needed for the final scenario meant much tinkering if being played through the file explorer.
Thus, it was decided to build a simple application for running the test where it was easy to

5https://tortu.io/
6https://cloud.google.com/text-to-speech/docs/quickstart-protocol
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swap between the different voice prompts and scenarios. The application was implemented
using the JavaScript library React7.

4.2.4 Test Design

The scenario for the final prototype was developed from the previous research and design
process in chapter 3. After being welcomed, each test session began with an introduction
about the purpose and format of the test. Each participant were then asked whether they
consented to being recorded during the test in purpose of allowing the researcher to analyze
the material after the session. Taking part in user testing can feel stressful. To make partic-
ipants feel more at ease, Krug’s test model [47] was followed. Thus, before the test began,
a mixture of questions about the participants background were asked by the researcher.

The test participants were then introduced to the test environment and their tasks. The
environment was decorated to reflect what was supposed to be the participants’ hallway. On
one wall, there was a door that was said to lead outside of their home. On the door was the
black foamboard box that resembled their new smart lock.

Kelley [41] stresses the importance of giving participants clear tasks in order to create
motivation in proceeding with the test in a satisfactory manner. Hence, the test was divided
into three distinct activities. The participants were instructed to:

• Finish a lock setup.

• Set up temporary access for a delivery service.

• Exit their home and lock the door.

Within-Subjects Testing

The objective being to evaluate how different speech characteristics affect expectations,
two different gendered voices were tested on the same scenario. Comparing two different
designs for the same interface is often referred to as A/B testing. An A/B test can be setup
in two different variations [50]. In between-subjects testing, each participant is exposed
only to one variant of A or B. In within-subjects testing, each participant is exposed to both
variants.

A within-subjects test design was chosen for the present study because of the limited
time- and incentives for recruiting participants. Since participants of a within-subjects test
are exposed to both variants of a scenario, it demands less participants than a between-
subjects test do [50]. However, there exist drawbacks with a within-subjects test. From the
first scenario to the second scenario there is a learning effect for the participants. Since
the present study aimed to test expectations of a voice-controlled access solution, a within-
subjects test was deemed feasible. Although it might have implied some bias from learning
effects, it was considered suitable given the limited resources available. Whether the partic-
ipants were given the A or B variant in their first scenario was randomized to make sure a
specific order did not skew the results.

7https://reactjs.org/
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4.2.5 Interview questions

To complement the Wizard of Oz test, a three interview sessions were conducted during
each test. Following the research by Fontana and Frey [51], interviewing should be seen as
an active exchange between the researcher and the interviewee. Instead of being considered
a fixed procedure where results from different interviews could be compared, results from an
interview should rather be seen as the output from the coordination between the interacting
parties. The present study followed a pattern for giving instructions in a manner that would
not provide different information to different participants. However, the interviews were
dynamic. A set of pre-defined questions were available to the researcher but if interesting
observations or responses was made, the interviews deviated from the script. The interview
questions can be found in appendix B.

The pre-session questions found in appendix B.1 were created following Krug’s method
[47] for getting test participants to talk. The purpose was also to map the participants tech-
nical background and to investigate how familiar they were with voice-controlled systems.
Most statements were accompanied by probes that could be used if the participant would
not know what to answer.

After each test session, the participants got to answer a few questions and fill in a form
about the attributes of the voice with which they had interacted. The form can be seen in
appendix B.1.

After both tests sessions were finished, they were followed up with some post-session
questions found in appendix B.3. The questions strived to get more knowledge about what
the participants thought about the system. More importantly, it also served as an opportunity
for the researcher to ask questions about notable aspects of the interactions. That way, it
was easier to understand why specific actions were made.

4.2.6 Participants

The test was run on a total of eight participants, of which, one was a pilot test. The ages
varied between 25 and 38. The participants was recruited from friends and colleagues. Out
of the eight participants, four had a connection to ASSA ABLOY. One was a thesis student,
one was a recently hired consultant and two were employees. Out of the eight participants,
four had a UX background.

Krug [47] argues that researchers may not always be possible to recruit from a spe-
cific target audiences or demographics, but it is still crucial to conduct user testing . To
get a good return from a test where the participants are not from the target audience, the
researcher should be careful to reflect if the same results and obstacles would occur to the
target audience as well. Thus, it is important to know who the intended user is.

Although more participants would have been preferable to get more secure data, Nielsen
argues that five users are enough to identify the most common obstacles [52]. When Wizard
of Oz testing, Kelley also found a similar pattern and concluded that after ten participants,
the tests provided limited returns on more invested time [41].

4.2.7 Analyzing the Results

To analyze the results from the test, a few different methods were used. Except for interview
questions and notes taken during the tests, both video and audio was recorded from each
session. In order to try to find relationships between attributes of voice, a 2x2 matrix was
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used [46]. The x-axis was marked with male/female voice and the y-axis was marked with
initial exposure male first/female first.

Interesting observations from the recorded material were written on sticky notes and
placed on a wall. The notes were sorted following AEIOU: Actions, Environment, Interac-
tions, Objects and Users [46]. The notes were complemented by a diagram consisting of
interview material.

4.3 Research Limitations
The present study did only evaluate access solutions in a home environment. Access so-
lutions can be found everywhere and different locations have different requirements. For
example, an office where interaction with an access solution takes place a hundred times an
hour and a home where interaction takes place a few times a day. Thus, the results from the
study may not be applicable to other locations. Furthermore, Norman [26] says that in order
to getting the real requirements of a product, users need to be observed in their natural habi-
tat. Hence, the environment where the test took place was prepared to represent a hallway
of a user’s home. To create an authentic environment, it was decorated with props such as a
table, a plant and a doormat. Although attempts were made to recreate a home environment,
it was impossible to fully resemble the appearance and feeling of a user’s home. Hence, the
test could not accurately claim to portray the interaction that would take place in a user’s
home.

A within-subjects test design was used due to the few numbers of test participants.
Using a within-subjects design means that there is a learning effect. Consequentially, it
was not appropriate to measure common voice testing parameters such as error rate or time
needed to complete the activities [50].

For several reasons such as background, occupation and relation to the researcher, the
persons that were participating in the user testing were not ideal. The participants did not
represent a random sample of the population. Limited time made it difficult to attract par-
ticipants, even more so because the test could not be conducted remotely or at flexible
locations but only in the specific UX lab. However, conducting user tests were essential to
the present study. As far as possible the researcher followed Krug’s advice [47] to consider
whether the same situations would occur to the intended users. The intended users were
based on a set of research and assumptions. PWC’s study on voice consumer behavior [53]
shows that younger consumers are driving the adoption of voice technology. Furthermore,
the interviews from the present study and the competitor analysis seem to show some spe-
cific traits. For example, owners of smart locks are people who are generally tech-savvy,
have enough money to buy nice-to-have accessories and either own their apartment or live
in a house. They are persons who sometimes give access to service or cleaning personnel.
The presented assumptions were used as a basis for the persona of the intended user.

The present study was conducted by a single researcher which had some consequences
for maintaining the illusion in the Wizard of Oz testing. Although participants did not nec-
essarily know that the system was fully run by the researcher, the researcher had to interact
with the participant in order to give instructions and ask interview questions. Ideally, a
Wizard of Oz test should be made with two researchers, one hidden wizard and one test
facilitator [2]. Moreover, a lone researcher might lack alternative interpretations that others
might bring. Expectation bias, finding results that conform to expectations or desires in
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tests [54], is something that could more easily be discovered when having alternative angle
of approaches.

Nass’ [5] research show that humans process and evaluate voices differently based on
familiarity. The research indicates that in order to provide a completely accurate image
of how synthesized voices affect users expectations, a long-term study would have to be
made. Furthermore, observations of interactions in an authentic home environment would
be preferred to a test environment [26].

Another consideration that have to be made regards the onboarding of a product. The
participants of the Wizard of Oz test were exposed to a completely unknown product. In
the scenario, it was said to be a product the participants supposedly had recently bought
and brought home. In a realistic scenario that is based on the contemporary market prices
for smart locks and assumptions on human rational behavior, some research from the user
would be expected. In combination with the probability for exposure to commercials or
other forms of advertisement, some mental models regarding such product would probably
already be formed. Thus, the present study cannot comprehensively claim to represent the
first time interaction between the user and the product.
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5 Results

The following chapter presents the results for the tests of the final prototype. The final
prototype consisted of one scenario with three separate activities. The participants were
exposed to the scenario twice with one male and one female voice. The order of exposure
was randomized. The presented results are based on observations and recorded material.

5.1 Wizard of Oz Testing
The testing of the final prototype took place in May 2019. It was conducted in the UX lab at
the ASSA ABLOY Shared Technologies office in Stockholm. A Wizard of Oz methodology
was used on a total of eight participants, including pilot testing. Four females and four males
were tested.

5.1.1 Pilot Test

The pilot test was based on the insights gathered from the literature study and the design
process. Compared to previous tests, the prototype and scenario had been made more goal-
oriented, i.e., including more distinct activities to perform. Earlier results displayed that
users were not interested in establishing any relation to- or engage in small talk with their
voice-controlled lock. However, since there was a clear goal in the interaction, some con-
versational phrases were included to provide the voice a personality consistent with the VUI
persona from chapter 3.4.2.

Although the conversational approach used in the Wizard of Oz test from chapter 3.2.3
was not adopted, some conversational elements were included to make interaction more
personalized. The pilot test displayed that some elements were still too much, making
the participant feel somewhat uneasy or embarrassed. One such example was the system
responding with the sentence “What a nice name!” after the participant had been asked to
state her name. In the post-session interview, the participant stated that it felt unnatural to
talk talk to the lock.

5.1.2 Sentiment Analysis

After the pilot test had been made, the recorded audio files were prepared for analyze. To
analyze the collected material using the free tools present for the study, the audio material
had to be fragmented, separating the participants’ voices to the system’s. The fragmentation
was necessary to only analyze the participants’ voices and speech and not making the system
bias the results. However, much of the material coming from the participant was short
and sometimes obscure, making fragmentation of the data difficult. Without resources for
more advanced tools, the time that would be required for sentiment analysis was considered
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a bad return on investment. Since the sentiment analysis was supposed to be used as a
complementary rather than primary source of data analysis, it was abandoned.

5.1.3 Scenario

With insights from the pilot test, the voice script was revised to be more pragmatic and thus
less conversational. For example, the section for presenting names was removed. Instead
the scenario went straight onto the setup. The new scenario was based on the use-cases
identified from the competitor analysis. To ensure that the scenario was not to short to
be able to assess the interaction between the user and the lock, a scenario which required
more interaction than locking and unlocking the door was chosen. Instead of creating a
forced conversational style, realistic activities that had been identified were created. The
scenario was split into the three activities, system setup, delivery access and exit home.
Two variations of the scenario was created, both with the same phrases but with either a
male voice or a female voice. The scenario instructions can be seen below. The system
actions were not visible to the users.

Activity 1 – System Setup

Install your new lock by mounting the battery pack on top of the lock. Then follow the setup
steps.

System Actions

• Greeting.

• Enter a reset password.

• Enter lock placement.

• Prepare calibration.

• Calibrate.

• Setup finished.

Activity 2 – Delivery Access

Give temporary access to the delivery coming from Zalando between 12 and 14 o’clock.

System Actions

• Explain temporary access.

• Make sure input format is okay.

• Confirm temporary access.

Activity 3 – Exit Home

Exit your home and lock the door.

System Actions
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• Lock the door.

• Provide lock feedback.

5.1.4 Text-To-Speech

The quality of the Google WaveNet synthesized voices meant only few changes to the
SSML were necessary to provide satisfying voice profiles. Instead, the major changes that
were made using SSML was to make the flow of the scripts sound more natural. Applying
the voices on the scripts without any manipulation made the flow of many sentences unnat-
ural. Thus, SSML was applied to improve the flow of the audio through pauses, emphasis
and speech rate.

5.1.5 Wizard of Oz Application

Although the path of interaction with a VUI varies between different users, a tree structure
was used in the graphical user interface of the application to illustrate the most anticipated
navigational pattern. A screenshot of the application can be seen in figure 5.1.

Figure 5.1: The graphical user interface for the Wizard of Oz application

5.2 System Evaluation
From the test, several observations regarding the application of a voice-controlled access
solution could be made. This section presents the major findings. Although some par-
ticipants were highly biased because of being employees of ASSA ABLOY, having a UX
background or both, results from all participants being exposed to the final prototype are
presented here. Even though some were biased, no one had full insight into the test. Thus,
some useful observations unrelated to the participants’ background could still be made. To
simplify patterns, the participants can be seen as avatars in figure 5.2.
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Figure 5.2: Participant avatars

5.2.1 Activity 1 – System Setup

From the instructions, the participants knew what activity one was about. However, in
their first session, they did not know how to conduct the setup. Thus, in each first session
it was clear how well the participants understood what the system requested. Although
unfamiliarity with the system meant additional time to think was required, all participants
finished the setup without any abortion.

The setup illustrated the importance of clear instructions. Efforts had been made to clar-
ify each prompt that was spoken by the system. For example, the prompt “How is the lock
positioned?” was replaced by “From the inside, is your lock placed on the left or right side
of the door?”. The latter prompt was a source of confusion, and some participants ques-
tioned whether it was from their point of view or the lock’s. In the post-session interview,
three of the participants said they wanted more instructions from the VUI.

In contrast to the need for more instructions, most users showed a degree of impatience
at different points of the interaction. Impatience was clearly more visible in the second
scenario, when the participant already had been exposed to the interaction once. However, it
could be seen in the first exposure as well, mainly for those who did not want the instructions
to be too detailed.

5.2.2 Activity 2 – Delivery Access

Setting up temporary access proved to be the most frequent source of frustration. The
session-based communication style that was adopted for the prototype to observe how users
would interact caused much distress. Participants F and B made an attempt to add temporary
access straight after the setup was finished. Both participants had stated they had a lot of
previous experience of interacting with VUIs. Participant F specifically said trial and error
was the preferred method for learning how to interact with VUIs. The other participants
stayed silent for varied periods of time, thinking about how to make sure the system was
listening.

The lack of multimodality meant users were provided no feedback except the responses
from the system. In the post-session interview, participant A stated that he expected some
kind of display to provide feedback when the system was listening. In another case, the wiz-
ard did not pick up an activation word and thus did not send any response from the system,
something which made the participant distressed. While waiting for a response, participant
A started looking for a button to activate the system. Since no button was visible, another
attempt was made which generated a response that continued the interaction. Participant A
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followed up on this in the post-session interview, saying: “It’s not natural to go there and
talk to the door, you need to activate something.”

To some extent, all test participants expressed something about the lack of onboarding.
The expressions varied from either things that was said in the post-session interview or
displayed through utterances such as “What do I say?” during the test. Participant E said
that because the system did not introduce itself properly, he did not know how to address
the system after the transition from activity one and two. Other participants tried inventing
commands. Trying imaginary new commands caused some participants to giggle uneasily.

5.2.3 Activity 3 – Exit Home

The last activity barely contained any interaction but was included to observe the full jour-
ney of a user, from interacting with the lock inside the home to leaving the home. The major
finding from the third activity was that some participants were confused as to whether the
door could be locked from the outside. Although there was a similar foamboard box placed
on the outside of the door, all interaction in the scenarios took place from inside the door.
Although some stated they were unsure if they could interact with the lock from the outside,
a trial and error approach was used and proved successful.

5.3 Observations
The small number of participants made it difficult to assess whether some of the expecta-
tions were due to personal experience and preferences or a part of a bigger picture. Patterns
were identified but they could not be considered significant without further research.

The test showed that the participants wanted to be in control and dictate the interaction.
The absence of a wake-word was clearly expressed by the participants. One person said that
it felt unnatural to step up to the door and start talking like you would to a person without
using any wake-word.

When asked about the perceived relationship to the system, participants D and F said
that the system was not interacting as someone they knew. F saying: “It felt a little like a...
Not like a servant, but like someone who is there to assist rather than a family member”

The participants had been given a set of activities which gave them a clear goal when
interacting. However, given the little onboarding, no participant tried asking the system to
give them more information. Only participant C was somewhat explorative, asking: “Could
I have an additional pizza delivery at five o’clock?”

Whilst most participants expressed a clear need for onboarding, the single one who
made it through the full interaction without any problems described the system as pedagog-
ical. Opposite remarks where uttered in one of the tests where the interaction failed because
the wizard experienced technical issues. The problems experienced led participant E to de-
scribe the system as unpolished and unreliable. E, who was exposed to the female voice
in the first scenario experienced a breakdown in interaction due to technical issues that the
wizard experienced. The breakdown was displayed through the participant being played a
voice sequence not fitting the context and processing although the user did not initiate it.
With the second scenario, the issue was resolved and the interaction played out as intended.
The participant said that the first, female, voice was unpolished and unsecure and marked
the attributes as polite, experimenting and unreliable. The attributes of the second, male,

38



Observations

voice was marked as unsafe, unsecure, friendly and polite. However, in the post-session
interview participant E said that the male voice was less polite and felt as if the sentences in
the second scenario did not use the same polite language.

Many of the users described the male voice as more personal than the female voice.
The female voice was often described as more robot-like. All who said the female voice
was more robot-like thought it was because they recognized the synthesized voice from
somewhere else. However, they could not explicitly say from where they recognized it.
Someone thought they had heard it on an airplane and someone thought it sounded familiar
because many of the smart assistants use different female voices.

The test included four male participants, two were exposed to the female voice first and
two were exposed to the male voice first. All four male participants ranked the male voice
as polite, independent on what order they were exposed to the voices. Except all four stating
the male voice as being polite and three of them ranking the female voice as stable, the male
participants opinions on the attributes were very diverse. Few patterns of similarity could
be found between the female participants’ attribute rankings.

When exposed to the male first voice first, none of the participants described the sub-
sequent female voice as polite. Instead, stable was the most frequent attribute. How the
different participants attributed the different voices can be seen in figure 5.3. The light, pink
notes were the female participants’ ratings and the dark, blue notes were the male partic-
ipants’ ratings. The X-axis in the graph display which gender of the voice is ranked and
the Y-axis display which gender of the voice the participants were exposed to in their first
interaction. Each participant is marked with a letter from A to G.
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Figure 5.3: Rated voice attributes. The y-axis show first gender of exposure and the x-
axis the ratings for the genders. The light, pink notes show the attributes from female
participants and the dark, blue notes the results from male participants.
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6 Discussion

In this chapter, findings from the literature study, the design process and the Wizard of Oz
test are discussed. The reflection is based on a viewpoint of conversational styles, expecta-
tions and ethical design.

6.1 Conversational Style
In the observations from the first sprint in chapter 3.2.4, observations about user politeness
and friendliness could be made despite the participants saying they were not particularly
interested in engaging in a conversation. Although these results were highly biased by the
knowledge of being in a test and the presence of the wizard, similar results were found in the
less biased tests by Nass and Gong [5]. In their test, they concluded that using speech as the
medium of communication made people adjust their tonality. Except for the fact that speech
was used as the medium, the anthropomorphic features of the VUI should not be ignored.
The text-to-speech voice, although it could be distinguished as a simulated voice, was of
high quality. In combination to a conversational pattern that would be feasible for human
communication likely made it more difficult for the participants to dismiss the system.

Another observation that could be made during the test was that participants were some-
what impatient with the system. The impatience could possibly be attributed to mental
models. Most interaction with access solutions in a home environments require little effort
and takes little time. This naturally affects the expectations on how interaction with a lock
would look like. The impatience could also have been further increased because the sys-
tem had a human-like conversational style but could not live up to the same standards as a
human would in terms of voice quality and response-flexibility.

Unlike communication with smart assistants’ command-based communication style, the
session-based conversation style of the VUI in the first sprint in 3.2.4 occupied the users’
attention. Whereas a command-based communication allows the user to be in control, the
session-based conversation removed this control from the users. This is something that
Baron said designers need to be well aware of because it removes some of the users’ power
[13].

6.2 Wizard of Oz Testing
Using Wizard of Oz-testing resulted in some testing deficiencies. Although it is a great
method for testing voice interaction, it is extremely difficult to foresee the many possible
interaction paths. For example, to be able to handle some errors, more general responses
had to be used, making the interaction worse than intended. In some cases, the wizard had
to play commands from the access solution that did not fit with the user input. Instead, a
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quick evaluation had to be made to take the best possible action. For one such case, the par-
ticipant described the system as “unpolished”. Since the rest of the interaction progressed as
intended, the attribute was likely a result of the unrelated answer to the participants prompt.

Furthermore, when conducting a Wizard of Oz test, the test facilitator has to be aware
of what type of data that should be gathered. Recruiting participants for a Wizard of Oz
test that is conducted at a specific location makes it far more difficult to test a big number
of participants and from a specific target group compared to online testing. Thus, the re-
searcher has to consider what type of data is collected because the research is qualitative
rather than quantitative. In the present study, focus was put on qualitative questions. How-
ever, some quantitative questions were included to try to identify attributes and perception
of the system. The small number of participants made the strength of these answers low,
making some of the questions redundant. Other questions could still be used, at least for
identifying areas that would possibly be interesting for future work. Conclusively, asking
quantitative questions in qualitative studies might not be in vain.

Ideally, to get the real requirements for the voice-controlled access solution that was
tested, a real life observation would have to be made [26]. The test conducted in the present
study tried to imitate such an environment as far as possible. The test was sufficient for
identifying many of the basic interaction issues that might occur in the real environment as
well and would therefore prevent those errors to occur in real life observations. However,
other aspects key to access solutions such as trust would not be easily tested. To test real
trust, a measure of risk has to be included. Researchers show that if the stakes are low,
people are more risk-averse [22]. It would be difficult to introduce some value to the partic-
ipants that would cause the same risk-aversion as that of users’ having a break-in or other
violations to their own home. To test the same level of risk would definitely be ethically
questionable [51]. Consequentially, risk was not evaluated in the present study.

In the Wizard of Oz test, many participants expressed a need for some kind of feedback
that the VUI was listening. To solve this problem, the major smart assistants have lights to
signal that the device is listening. Since the audio files required full attention, maneuvering
such lights was not possible in the present study. One reason the need for such feedback was
extra prominent was likely because of an unintentional inconsistency in the test scenario.
The first activity was initialized when the participant placed a simulated battery pack on top
of the lock. Similar to a push-to-talk functionality, the battery pack started the conversation.
However, when moving on to the second activity, there was no such element starting the
conversation. This inconsistency might be a reason for why the participants were confused
in the transition to activity two.

6.2.1 Expectations

In the book Designing Voice User Interfaces, Pearl [2] argues that onboarding is a great
method for setting user expectations. Clearly demonstrating what the system is capable
of is a good tool for affecting mental models. However, the author of the present study
is of the opinion that mental models have to be addressed in an even earlier stage of the
design process. An onboarding process could mean some users’ mental models have to
be changed. Instead, trying to align the mental models before designing the VUI could be
made. Although it removes users’ control, the session-based conversational style is useful in
another aspect. Without having a specific command for addressing a VUI, users have to use
their imagination. Users speaking freely out of their imagination gives the designers insights
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into the users’ mental models. Hence, not restricting the users’ choice of language illustrates
how the users think such interaction should look like according to their expectations.

The communication style can be connected to increased cognitive strain because of
expectations. When the user themselves issue a command about a specific topic, they are
somewhat prepared for what kind of answer they will get because of mental models of
what answer might be generated from such a question. When the intelligent agent is in
control, speaking without being addressed, it is far more difficult for users to anticipate
what the topic will be. Although a system with a limited set of conversational topics might
prove difficult for a novice user, users would likely learn patterns in time. Technology
moves towards a direction where more complexity is added however. Hence, it is vital
that designers consider communication style in relation to system complexity and mental
models.

De Boer’s [3] research about the evolution of language presented in chapter 2.1.1, high-
lights that users’ expectations about communication with VUIs should not be equal to that
of face-to-face communication. Communication without visual cues such as facial expres-
sions, e.g., an over-the-phone conversation, is not as faultless as face-to-face communica-
tion. Thus, it is important that the designers of VUIs make sure that the users do not expect
the same level of accuracy for communication with VUIs if inputs such as visual cues are
not included. The presented example is especially important when a VUI has a anthropo-
morphic avatar because that increase the expectations of human capabilities [20].

In the test where a male participant experienced an error causing a slight disruption
to the interaction, interesting patterns patterns could be observed. Although the voice that
was used when the error occurred was female, the participant experienced the male voice
to be less polite. However, the male voice was rated as friendly and the female voice was
not. The research from chapter 2 showed that humans tend to respond and adapt socially
to synthesized voices [33]. Thus, it is not implausible to believe that the participant might
have judged the female voice less critically because of sympathy. Because it only happened
in one scenario, it is difficult to say if it was just coincidence that the faulty voice was
considered more polite.

To fully evaluate how much impact a gendered synthesized voice would have, a gen-
derless synthesized voice should have been compared. Limitations to the API used for the
text-to-speech meant there was no genderless option available. Some attempts to recreate
a genderless voice by altering SSML were used, however, these did not live up to expec-
tations. To encourage developers to use genderless synthetized voices, initiatives such as
the gendereless voice Q [40] should aim to provide open-source alternatives to the existing
tools.

6.3 Ethical Design
The idea to use sentiment analysis to be able to pick up on more subtle signals failed for the
present study. The idea was to use sentiment analysis to evaluate the interactions between
the test-participant and the VUI. Similar to how some call centers use sentiment analysis
on their customers voices [8], subtle signals from the test participants’ interaction with the
male and the female voice was meant to be analyzed. However, without the possibility to
filter the synthesized voices, this attempt failed. Although the author remain confident that
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sentiment analysis could be a great tool for VUI designers to analyze voice interaction, there
are some ethical considerations that has to be made.

The research from the likes of Nass et al. [5] show that humans are more susceptible
to persuasion and more likely to be biased by voice-mediated interaction compared to, for
example, screen interaction. In combination with sentiment analysis, voice applications
could feasibly change its behavior and speech in relation to user sentiments. Changing
behavior to persuade users into certain actions can be considered ethically questionable. In
the interview with Borgefalk, the dilemma of responsibility was mentioned. Discussions
on who should ultimately be responsible for ethical questionable methods such as using
sentiment analysis to increase persuasion should be held on multiple levels including not
only the designers of such systems but also users and regulators. That is, rather than a
reactive approach, a proactive approach should be advocated to try to avoid scandals rather
than fight them after they have occurred.

Siegler [37] argues that many of the interactions with conversational agents are abusive.
If such abusive behavior are at risk of affecting society there are many things that need
to be reconsidered. For example, all the major voice assistants use female voices as the
default. Hence, if abuse towards synthesized voices have any implications on speech and
abuse between humans, women are more likely to worse off. Until proven false, more
designers should consider following examples such as Q, the genderless synthesized voice
[40]. Furthermore, there is a risk that e.g., children are not able to make any distinction
between gendered voices coming from a synthesized or real source. If abusive speech is
not met in an appropriate manner, children might think it is okay to use the same abusive
speech towards other humans.
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It was clear that a lack of instructions were frustrating to people interacting with a new type
of voice device. However, not providing any instructions could be useful for understanding
the mental models of users. How they address a task without any support reveals how users
expect to interact. Furthermore, the level of onboarding that was necessary for different
participants altered vastly. Thus, to match the appropriate amount of instructions to users,
previous experience of voice interaction should be mapped as a part of the onboarding
process.

The present study could not show a statistical significance of the findings on expecta-
tions to voice-controlled devices, specifically, access solutions. However, it showed why
some expectation flaws might occur. For example, users expectations are affected by pre-
vious experience of voice personas, making them appear less personalized. Thus, when
choosing a VUI persona, designers have to consider how they want their service to be per-
ceived.

The research show that synthesized voices can be used for evoking social responses.
Thus, scenarios built around application areas where human attributes are considered im-
portant could possibly be replicated using synthesized voices. One such example could be
synthesized voices that could be used to soothing and conveying safety.

Designers have a great ethical responsibility when developing voice user interfaces.
Considerations regarding how abusive language should be treated and to whom such behav-
ior could possibly affect are necessary to make sure society is not affected negatively.

7.1 Future Work
The limitations in participants meant the present study could not provide any statistical
significance for its results, only reflect on why some things might occur. To increase the
strength of the study and display if different voice characteristics could really be used to
change the expectations of access solutions, similar tests with more participants would be
necessary to conduct. In addition, gendered voices should be compared to a genderless
voice to evaluate what difference in perception that would entail.

Although the test used a Wizard of Oz method where no automated speech recognition
or natural language understanding were used to interpret the inputs, insights from the tests
might lead to advantages when it comes to predict user behavior and speaking patterns.
This knowledge might be useful for example when applying weights in machine learning
algorithms.

The research show that humans act socially towards synthesized voice user interfaces.
The female voice where an error occurred in the present study was rated as more polite
compared to the male voice. If reasons for such results were because of sympathy or simply
other factors would be of great interest to investigate further. Moreover, designers would
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greatly benefit from increased knowledge on how far the social responses towards synthe-
sized voices found in the literature study reach.

To create a sustainable technology development, proactive research should be advo-
cated. One aspect of voice technology that require future research is the effects of behavior
towards voice user interfaces. To assess what effects user behavior towards voice user inter-
faces have and how different responses lead to preventing abuse, extensive user studies have
to be made. Such studies might prove difficult and require several years of data gathering.
However, the potential benefits of such research would be immense when considering the
outlook regarding voice technology adoption.
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A Tortu Voice Prototype

Figure A.1: Activity 1 - System setup
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Tortu Voice Prototype

Figure A.2: Activity 2 - Setting up temporary access
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B Interview Material

B.1 Pre-Session Questions
• Tell me a bit about yourself.

What is your profession?

What do you enjoy doing in your spare time?

What kind of accommodation do you have?

How many are living in your home?

• How old are you?

• Have you got any previous experience of using a phone or voice to interact with
a lock?

Where?

What kind?

• Have you ever used a voice assistant anytime such as Apple’s Siri or Google’s
Assistant in your mobile phone or a device such as Amazon Alexa or Google
Home?

(If yes) what devices/services?

(If yes) What do you use them for?

Do you use it regularly, if so, how often?

What do they help you with?

What are the most frequent challenges/limitations/time-consuming aspects of it?

• Do you consider yourself an early adopter of technology? That is, do you think
you are more eager to try new technology compared to people around you?

• Would you consider buying a smart lock?

Why/Why not?

• Who has access to your home?

Friends, cleaners, etc.?

Spare keys?
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Interview Material

B.2 Voice Attributes
• How would you describe the system you interacted with to another person?

• If you imagine the system, what characteristics would it have?

What personality?

What relation would you have to the system?

What age?

Figure B.1: Attribute form
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Post-Session Questions

B.3 Post-Session Questions
• Did you miss anything from the system?

Was there anything you wanted the lock to tell you that it didn’t? Information about
the outside world/weather/status?

• What would you want the system ideally to be able to help you with?

Tell you about the weather/time until the bus leaves/etc?

• In terms of security, how would you feel using such a system?

Would you trust the system to keep you safe?

Why/Why not?

• Can you think of any situations you want to avoid using this system?

• What attribute would you most like your system to have?

You can have a look at the list of attributes for inspiration.

• Was there anything that surprised you in your interaction?
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