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PART | GENERAL INTRODUCTION



Chapter 1 Introduction

Parts of this chapter have been previously published as:

Zuidhof, N., Ben Allouch, S., Peters, O., & Verbeek, P.P. (2018). Appropriation of wearable
augmented reality. Proceedings of the 20th International Conference on Human-Computer
Interaction with Mobile Devices and Services Adjunct - MobileHCI ’18, 437-439.
https://doi.org/10.1145/3236112.3236182

1.1 From sight to self-expression to smart glasses

Eyewear can be approximately divided into distinct eras. Until 1900, the development of
eyewear was predominantly characterized by advancements in corrective innovation
including bifocals and corrective lenses for astigmatism. Throughout the 20th century,
better access to healthcare services and economic growth led to the popularity of
fashionable eyewear, evolving to become an expressive personal accessory. A turning point
seemed to emerge in 2012 with the advent of smart glasses. These innovative devices were
promised to be in the era of tomorrow and have the potential to transform how people buy,
wear, and use glasses (North, 2020). This PhD track started in 2016 and has availed the
chance to theoretically and practically investigate the diffusion of smart glasses at different
stages of the appropriation process, from the early introduction of smart glasses to long-
term use within a specific healthcare environment.

Mention of spectacles in the literature can go as far back as 1268 (Rhodes, n.d.) but the year
1968 particularly marks a relevant point in the history of glasses where the digital and
physical worlds are combined and were shown in a transparent screen in the first Head-
Mounted Display (Sutherland, 1968). Although there were continuous developments in the
meantime, Google attracted attention in 2014 with ‘Glass’. It was a frame like glasses, but
with a digitally transparent screen that is more or less an extension of the functions of the
smartphone. At the time, the market for head-mounted displays (HMD) was already
fragmented with its specific features such as consumer near-eye displays, social smart
glasses, gaming headsets, professional head-mounted displays for technical and
engineering purposes, specialized HMDs for medical applications, law enforcement,
firefighting, and the defence market. Furthermore, smart glasses can vary in their features
(see Figure 1.1), such as the size of the field of view, monocular or binocular, no screen, or
a transparent or opaque screen (Kress, 2014).

1.1.1 Rise of wearables and cross-reality
A development that should be considered distinct from smart glasses, yet is frequently
referred to in relation to smart glasses is the concept of cross-reality (XR). This is a collective



term that includes augmented and virtual reality, as well as previous research into mixed
and extended reality (Rauschnabel et al., 2022). A quantitative analysis of social media,
academia, news agencies, and lead user communities showed a clear trend for an increase
in XR over the period from 2009 to 2020 and, more specifically, XR also received the most
attention (Gan et al., 2021). Furthermore, in the same study, it was found that among all
types of wearable technologies, fashion design, and healthcare products are the most
enlightening for the market (Gan et al., 2021). Moreover, wearable technology might have
the potential to revolutionize healthcare (Kolodzey et al., 2017).

Figure 1.1
Examples of various types of smart glasses (left Google Glass, right JINS Meme), both
introduced in 2014

So far, two aspects stand out. At this point, 1) we already see a complexity emerging in
various terms of eyewear and the projection technology used in XR. Furthermore, because
wearables contain multiple products, 2) there are still many dependencies for the use of
smart glasses in general and specifically in healthcare that we will introduce later in more
detail.

1.2 Challenges in the uptake of smart glasses

With the launch of Google Glass, smart glasses have become more well-known, but they
also became almost immediately infamous. Users of Glass were soon termed Glassholes
(Honan, 2013; Lawler, 2014), due to issues in social interaction involving privacy, turn-
taking, perceived rude behaviour, misspeaking, and exhibiting unfamiliar actions (Due,
2015; Hong, 2013; Lapowsky, 2014). Greater visibility for smart glasses in general also
highlights user experiences, which appear to revolve around social and ethical issues as well.
The question is also to what extent this will play a role in the diffusion of smart glasses and
how this relates to innovation in healthcare, where social interaction and ethical themes
may be given more weight.



Several models and theoretical frameworks have been developed to explain user adoption
of new technologies, introducing various determinants that can influence acceptance
(Taherdoost, 2018). These include, for instance, the Theory of Planned Behaviour (Ajzen,
1991), Technology Acceptance Models (Davis, 1989; Venkatesh et al., 2003; Venkatesh &
Bala, 2008; Venkatesh & Davis, 2000), Social Cognitive Theory (Bandura, 1986, 1999),
Diffusion of Innovations (Rogers, 1983), and the Uses and Gratification Theory (LaRose &
Eastin, 2004; Rosengren, 1974). With the growing popularity of smart glasses over the past
years, little is known about their acceptance and organizational issues which are also
relevant for various employment industries (Masood & Egger, 2020). Furthermore, the
mentioned models were not specifically aimed at wearables, and the social and ethical
issues described above are not or only very limitedly part of it. Another limitation which also
will be explained in chapter 2 in more detail, is that these models assume linearity, which
does not seem to fit themes that both evolve and assume reciprocity, such as social
interaction and ethical issues. A perspective that, in contrast to technological determinism,
puts more focus on the relationship between people and technology is the mutual shaping
of technology, in which the gradual shaping of both people and technology is central (Bijker
& Law, 1992). More specifically, the mediation perspective of philosophy of technology
maps human-technology relationships that help to understand how people and technology
behave towards each other (Kudina & Verbeek, 2019; Verbeek, 2014). The concepts of
mutual shaping and mediation also align with the tenets of Social Cognitive Theory (SCT),
which prioritizes the interaction among social, personal, and behavioural factors (Bandura,
1986, 1999). The influence of SCT has manifested in the identification of acceptance
determinants such as self-efficacy (Venkatesh et al., 2003). However, the foundational
premises of SCT potentially extend beyond self-efficacy alone. Considering the prominence
of social interaction issues in the acceptance of smart glasses, it was deemed essential to
further investigate the synthesis of mutual shaping, mediation, and Social Cognitive Theory
(see Chapter 2) within the context of smart glasses acceptance.

There are thus several challenges in the uptake of smart glasses that can be summarized in
1) the lack of research on the acceptance of smart glasses in general and in healthcare, 2)
the lack of knowledge about social and ethical issues regarding the uptake of smart glasses
in healthcare and 3) the lack of a holistic perspective and reciprocity in modelling technology
adoption.



1.3 Scope of the dissertation

This thesis aims to synthesize theoretical perspectives of adoption and mediation to offer a
more holistic understanding of smart glasses’ appropriation and also to investigate the
perceptions towards smart glasses appropriation among the both general populace and
healthcare professionals in particular.

1.3.1 Research questions

This thesis focuses on the key research question:

What are the influences of technology adoption and technology mediation on the
appropriation of smart glasses in healthcare?

The sub-research questions are:
RQ1: What are the perceived expectations of the anticipated adoption and use of smart
glasses?

RQ2: What are the perceptions of anticipated social interaction with smart glasses by
potential users in healthcare?

RQ3: How do users in healthcare evaluate long-term use and social interactions with smart

glasses?
The contribution of this dissertation is fourfold:

1. examine the perceptions of people in general and healthcare professionals
specifically towards smart glasses in the early stage of diffusion;
examine user perceptions regarding the social interaction of smart glasses;
combine multidisciplinary perspectives to explain and predict the adoption and use
of smart glasses;

4. integrate the theoretical perspectives (see Figure 1.2) to provide a more holistic
view of the appropriation of smart glasses which can benefit academia, designers,
developers, and implementation managers.

1.3.2. Research scope

As the popularity of smart glasses slowly increases, there is also a need for innovation in a
rapidly changing world with an ageing population and a tight labour market. However,
emerging social interaction issues also seem to become dominant and the identified
theoretical gaps pertaining to smart glasses underline the urgency to expand the
perspective on technology acceptance. While this thesis makes use of several disciplines
such as social sciences and computer sciences, it also establishes multiple connections with
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philosophy of technology. Synthesizing these theoretical perspectives also presents the
unique challenge to bridge different academic disciplines, each with its specific research

methods and traditions.

Figure 1.2 shows how the theoretical perspectives intertwine to investigate the
appropriation of smart glasses. This involves a reciprocal relationship between the potential
user, smart glasses (technology), and the context (world). When a prospective user
considers using smart glasses (adoption), the user, equipped with smart glasses, affects the
environment through their use (influence). The interaction with the environment may lead
to alterations in the use of smart glasses, such as timing, duration of use, or purpose (re-
applying). This could prompt changes in the technology itself (technology iteration), as well
as in the user’s behaviour and their environment (behavioural change). Although research
can be conducted on all four components of the figure, the primary emphasis in this thesis
lies in understanding and explaining the adoption and the influences that manifest in the

appropriation of smart glasses.

Figure 1.2
Scope of the dissertation concerning the interconnected fields
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1.4 Outline

In the remainder of part I, the general introduction to this thesis, the foundations are
explained in chapter 2. In this introduction it became clear that there does not seem to be
one type of smart glasses, chapter 2 describes in more detail how smart glasses can be
defined. Then it is explained what the state-of-the-art knowledge is in anticipating,
evaluating, and reflecting on technology appropriation. Finally, in chapter 2, the theoretical
framework is presented that will serve as the basis for the research studies.

This thesis is founded on multiple theoretical perspectives and employs a mixed-methods
approach to answer the research questions and also align with the early diffusion phase of
smart glasses. Part Il focuses on the early phase of smart glasses diffusion and aims to
examine the anticipated adoption (chapter 3). The first study, which had an explorative
character, using content analysis of YouTube comments was deliberately carried out with a
wider audience to gain insight into relevant themes regarding adoption and to sharpen the
theoretical framework (chapter 3.1). A subsequent research study, presented in chapter
3.2, which was also exploratory in nature, was carried out within the context of healthcare
and focused on preferences that fit the functionalities of smart glasses. Finally, in part i, a
focus group study is presented that closely matches the adoption and social interaction
issues presented earlier (chapter 3.3).

After the exploratory character of parts | and Il, the focus shifts to a quantitative research
method and modelling in part lll. The quantitative study described in chapter 4, inspired by
the theoretical framework, investigated to what extent social acceptance issues play a role
in anticipating and predicting smart glasses use among healthcare professionals.

Part IV delves into the long-term use of smart glasses and explores in this phase how
acceptance and social interaction with smart glasses play a role in the work context of
wound care, where smart glasses are used with an expert at a distance, from the
perspective of the smart glasses user, the remote expert and the manager (chapter 5).

The thesis concludes in part V with a general discussion in which the main conclusions are
drawn in chapter 6, followed by a discussion focusing on theory and implications for practice
in chapter 7.
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Chapter 2 Foundations

2.1 Defining smart glasses

Parts of this section have been previously published as:

Zuidhof, N., Ben Allouch, S., Peters, O., & Verbeek, P.P. (2021). Defining Smart Glasses:
A Rapid Review of State-of-the-Art Perspectives and Future Challenges From a Social
Sciences’ Perspective. Augmented Human Research, 6(1), 15.
https://doi.org/10.1007/s41133-021-00053-3

Abstract

Over recent decades smart glasses have gained increased attention in both the research
arena and recently also in the consumer market, even though there is not yet a clear
definition of what exactly smart glasses entail, and underexposed perspectives are not
represented. This study used a rapid review to assess the current understanding of smart
glasses to define them. Searches were performed across six databases, followed up by a
content-based evaluation of the title and abstract. A total set of 14 relevant publications
was identified to help arrive at a definition and characteristics of smart glasses. As a result,
it was observed in both the research literature and in the public domain that many different
names are used for smart glasses, and that in some cases there is unclarity about what
constitutes smart glasses. Therefore, an adapted definition of smart glasses is developed
based on the existing original rationale of ubiquitous computing and taking the current
state-of-the-art knowledge into account. This article provides an overview of and
suggestions for defining smart glasses from a social sciences perspective to better inform
researchers, developers, designers, and companies who are involved in the design,
development, and research of smart glasses.

Introduction

Over recent decades, smart glasses have grown from a single invention to an entire research
area. Although the earliest recorded mention of eyeglasses is attributed to Roger Bacon in
1268, the first wearable screens appeared in the 1960s and were patented by Heilig,
followed by experiments by Bell Helicopter (Rhodes, n.d.) and the head-mounted-three
dimensional display (Sutherland, 1968). Twenty years later, the research area of ubiquitous
computing and augmented reality started to appear around 1990 (Behringer et al., 1999;
Weiser, 1991). Recently, with various types of smart glasses introduced over the last years
such as Google Glass (Google, 2014), Electrooculography glasses (Ishimaru et al., 2014), and
HoloLens (Microsoft, 2018), smart glasses became an interesting topic for designers,
researchers and consumers (Digi-Capital, 2019).
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However, with the growing interest in smart glasses, it became noticeable that the absence
of a precise definition of smart glasses has led to a lack of clarity on the subject (Dwivedi et
al., 2021). Furthermore, the growth in interest has stimulated the availability of more types
and brands of smart glasses. However, it seems that challenges arise in defining smart
glasses and those challenges are apparent in two ways, namely the inconsistent use of
various terms to describe the same smart glasses and the discussion about how to term the
various types of smart glasses. First, inconsistency is observed in the various names that
describe the same product. For example, smart glasses are also termed smart eyewear
computing (Singh et al., 2019). Second, a discussion about terming various kinds of smart
glasses was observed. Google Glass is a famous example of a head-mounted display but is
also termed a head-up display (Starner, 2013), however, Google Glass might not meet the
definition of a head-up display. A head-up display does augment additional information into
reality and is commonly projected onto a windscreen. Unlike a head-up display, Google
Glass is a device that is worn near the eye, and focusing on the screen causes a blurred
environment (Matthies et al., 2015). Furthermore, Google Glass has been used as an
example for the definition of augmented reality smart glass (ARSG) but is also explained as
assisted reality which might be more suitable for its capabilities (Dwivedi et al., 2021). The
definition of augmented reality (AR) (Azuma, 1997) does not apply to Google Glass due to
its lack of (spatial) registration in 3-D or alignment with the ‘real’ world. Other examples of
ambiguity in terming smart glasses can be found in that head-worn displays were
sometimes termed optical see-through systems or video see-through modes (Kruijff et al.,
2010). Another example is found in the field of ubiquitous computing where
Electrooculography (EOG) glasses such as JINS Meme, were also specifically described as
smart glasses (Ishimaru et al., 2014). This will also be discussed in the sections entitled
‘terming of smart glasses’ and ‘definition of smart glasses’ below. These examples support
the notion that there are inconsistencies in terming smart glasses and the lack of agreement
about how it differs from related concepts from the ‘Virtuality-Continuum’ (Milgram &
Kishino, 1994) and successors (Dwivedi et al., 2021).

Although there has been an earlier attempt to define smart glasses which is: “Augmented
Reality Smart Glasses (ARSGs) are defined as wearable Augmented Reality (AR) devices that
are worn like regular glasses and merge virtual information with physical information in a
user’s view field.” (Ro et al., 2018, p.4) that definition is narrow and does not comprehend
the current state of the art of smart glasses in both the history of smart glasses and user-
driven studies. Those studies have shown that human-technology interaction changes
(Mann, 2013; Verbeek, 2015; Zuidhof et al., 2019a, 2019b, 2021) and various issues such as
fashion, design, and ethical issues become more important (Chuah, 2019; Dwivedi et al.,
2021; Hofmann et al., 2017; Rauschnabel, 2018; Zuidhof et al., 2021).
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In addition, smart glasses have a history of decades, in which ubiquitous computing
occupies an important place. Ubiquitous computing was in turn inspired by phenomenology
and post-modernism (Weiser, 1991) and Steve Mann described wearing computerized
eyewear as a “mediated version of reality”, meaning more than only augmented reality
(Mann, 2013, p.44). These perspectives do not resonate with current definitions.

Smart glasses are gaining momentum and have been an increasingly important topic for
research in a wide range of fields, e.g. in medical settings (Dougherty & Badawy, 2017),
social sciences (Keshav et al.,, 2017), maintenance (Russel, 2017) and forensic settings
(Karabiyik, 2015). Therefore the research questions of this study are: (1) how are smart
glasses currently defined in the scientific literature; and (2) what are their characteristics?
The overall objective is to shed light on underexposed perspectives of smart glasses in
various fields and to develop a definition that does justice to the state of the art in defining
smart glasses. Hereby, we hope to support social scientists, researchers, developers, and
designers involved in the development of smart glasses.

This article reviews the current state-of-the-art definition of smart glasses and is structured
as follows. In the first section, the multidisciplinary theoretical background is briefly
discussed in terms of its history and origins in related concepts such as head-mounted
displays, ubiquitous computing, AR, and augmentation. Then the essential smartness of
glasses will be discussed, as well as the relationships between humans and technology.
Furthermore, this section explains the problem of the many names used for smart glasses
more in detail. In the second section, a definition will be developed that fits in with the
original rationale and the current situation of smart glasses. In the final section, key
conclusions are drawn and future directions in research related to the proposed definition
will be suggested.

Multidisciplinary theoretical background: underexposed perspectives

Research into smart glasses has a history spanning decades. Beginning with the birth of
the first Head-mounted Display (HMD), further extended by the idea of augmentation,
Augmented Reality, and the growth of Ubiquitous Computing, this theoretical background
discusses those topics in that order, followed by considering the smartness of glasses and
the mediated reality of smart glasses. This theoretical background will explain how
ubiquitous computing was initially influenced by philosophy and phenomenology, and that
both disciplines overlap in their use of certain terms such as mediated reality. For this
reason, this theoretical background is also approached in a multidisciplinary way.
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Head-mounted displays

In a broader sense, glasses that combine the digital and physical were already being
mentioned in the 1960s when Ivan Sutherland talked about ‘the ultimate display’ that
could give us a chance to gain familiarity with concepts not realizable in the physical
world. “It is a looking glass into a mathematical wonderland” and it could be, with suitable
programming the wonderland into which Alice walked (Sutherland, 1965, p.506). He later
presented a head-mounted three-dimensional display (Sutherland, 1968) that showed
transparent wireframe line drawings provided by the available computational abilities at
that time.

In the research community, workshops and publications on wearable computing first
appeared around the 1990s in the field of ubiquitous computing, which will be discussed
straight after AR and augmentation have been introduced. Nowadays, smart glasses and AR
are often mentioned together. However, the first international AR workshop already
appeared in 1998 and the authors believed then that AR “had become a viable, accepted
and consequential human-computer interface research topic” (Behringer et al., 1999, p. ix).
Today, wearable computing and AR remain topics of research interest and are gaining
increased attention with the introduction of smart glasses for consumers. Before
considering smart glasses further, AR will first be defined.

Augmented Reality: beginnings and definition

Although AR is nowadays classified alongside other variations of reality (Dwivedi et al.,
2021; Milgram & Kishino, 1994), the development of AR started as a subset of mixed reality
(Milgram & Kishino, 1994), and the field of Virtual Environments or Virtual Reality where a
user is immersed in a virtual world and cannot see the real world (Behringer et al., 1999).
Although Virtual Reality is also inherent in Head-Mounted Displays, it is applied in more
distinctive devices, worn differently than eyeglasses, and might also not conform to the
notion of what glasses are. In contrast, AR is a variation that allows the user to see the real
world and virtual objects combined. The first publication about this concept was in the
context of a pilot project in aviation. The term AR was coined by Caudell and Mizell to
describe this way of information presentation (Caudell & Mizell, 1992) and was increasingly
used before a formal definition of AR was proposed (Bowskill & Downie, 1995; Caudell,
1994; Drascic, 1993; Milgram & Kishino, 1994). AR was later specifically defined as systems
that have the following three characteristics: (1) it combines the real and the virtual; (2) it
is interactive in real-time and (3) it is registered in 3-D (Azuma, 1997).

Augmentation: the key to the experience of most smart glasses
A step back in history shows the use of terms such as ‘augmenting’ and ‘augmentation’.

However, the predecessor of AR cannot be directly traced from its name. It was first termed
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‘enhanced reality’ with which researchers wanted to distinguish it from virtual reality and
was originally presented as a subset of virtual reality. The enhanced reality was claimed to
have great potential and the specific aim of intelligence amplification. For instance, the
technology “augments the decision-making criteria of human operators by enhancing their
visual perception” (Bowskill & Downie, 1995, p.61).

Looking at the above-described characteristics of smart glasses and the availability of the
various kinds of smart glasses, it is possible to identify some smart glasses that support AR
while others do not have that functionality but do augment the real-world experience
instead. The difference between AR and augmentation lies in the definition of the concepts.
AR is a narrow definition that describes what functionality means while augmentation is a
broader concept that describes how a relationship between humans, technology, and the
world can be classified.

Both the concepts of AR and augmentation offer substantial benefits that can help define
smart glasses. Turning now to more recent literature concerning augmentation, it is
important to also examine other fields related to ubiquitous computing and human-
computer interaction. For example, another explanation of augmentation can be found in
philosophy of technology. Comparing the field of philosophy of technology with ubiquitous
computing will show that there are more similarities than one might think at first sight and
which we will discuss later. Augmentation, as a broader term, is used in this specific subarea
of philosophy to describe another perspective on combining the physical and the virtual
worlds.

In philosophy of technology, augmentation is used to describe smart glasses in terms of
human—technology relationships. In such relationships, technology is seen as a mediator
between humans and the world. Within that relationship, various types can be categorized
and some of those apply to smart glasses. First, there is the embodiment relationship in
which technologies form a unity with a human being. In the case of glasses, a user looks
through the glasses rather than at the glasses. Second, the hermeneutic relationship is a
relationship in which human beings read how technologies represent the world, in the way
that a metal detector represents the presence of metal. Here, technologies form a unity
with the world, that is directed at the human being. In the case of smart glasses, the
embodiment, and hermeneutic relationship result in a bifurcation and a fusion of the
human-world relationship that is termed augmentation. For example, an embodied smart
glass will give an experience of the world and in addition, the smart glasses give a
representation (hermeneutic) of the world on a parallel screen. Philosophy of technology
and ubiquitous computing share some basic ideas, which will become clear when the history

of the smartness of glasses is discussed.
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History of the smartness of glasses

The term ‘smart’ implies a certain keen intelligence. Hence smart glasses imply the same
promise to amplify human intelligence, as its predecessor -enhanced reality- promised
(Bowskill & Downie, 1995). Currently, smart products are widely available and the term
‘smart’ brings us one step back, to the beginning of what is also referred to as ‘calm
computing’. Ubiquitous computing, a term coined in 1988 by Mark Weiser, led to decades
of research in trying to let computers be less obtrusive and more interwoven into the
physical environments of people while improving human-to-human communication.
Initially, in early 1988, the ubiquitous computing program had four building efforts: (1)
LiveBoard, which is a large wall display; (2) ParcPad, which is a book-sized computer; and
(3) ParcTab, which was a palm-sized computer. These three devices were complemented
with a fourth offering: Activebadge, an infrared emitting tag that could be used for
determining location, among other things. These products could, when combined with a
flexible computational infrastructure, recognize a device’s name, location, situation, usage,
connectivity, and ownership of each device. This was a new conception of what computers
could be and feel like (Crabtree & Rhodes, 1998; Weiser, 1991; Weiser et al., 1999) and was
the basis of the term ‘smart’. Since then research and products have been built upon these
concepts. More recently, ubiquitous computing has been divided into three base designs:
(1) smart devices are characterized as mobile, wireless, and service; (2) smart environments
that consist of embedded system devices; and (3) smart interaction between devices
(Poslad, 2009). The original underpinnings of ubiquitous computing can help to define smart
glasses in the current situation since there seems to be consensus in the literature described
above that smartness of smart glasses should arise from computer hardware, software,
mobility, wirelessness, and the ability to connect to other devices and services.

However, having briefly discussed the smartness of products, ubiquitous computing
embraces more than only smart devices. In the original vision of ubiquitous computing,
reference was also made to the social implications of computers. Observations made some
technologists, including Mark Weiser, less consider particular features of a computer such
as specifications, but much more about the social implications such as situational use, daily
activities, and interaction with the physical world. The goal was calm computing, reflecting
the desired state of mind of the user. Compared with a well-balanced hammer that
disappears in the hands of a carpenter and allows him or her to concentrate on the task,
they hoped that computers could play their part in similar magic disappearing acts.
However, they envisaged also some major challenges such as balancing between control
and simplicity, unlimited power and straightforwardness, the seduction of smooth digital
mediation, and the immediacy of complex human beings (Weiser, 1988; Weiser et al.,
1999).
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The relationship between humans and technology was present from the beginning of the
ubiquitous computing vision. Mark Weiser was inspired by his colleagues at PARC (Palo Alto
Research Center, Inc.) who were social scientists, anthropologists, and philosophers
(Weiser, 1995). In a cartoon inspired by phenomenology and post-modernism, Weiser
explained the human—technology relation of ubiquitous computing, demanding that there
should be no blockage between people and computers but lots of interactions between
them instead (Weiser, n.d.). And he was not the only researcher to stress that the
interactions between humans and technology are important. Even before the term AR
became widely used, Steve Mann had already been a long-term user of smart glasses and
summarized its use as that “it provides a ‘mediated’ version of reality” (Mann, 2013, p.44).
Having introduced phenomenology and post-modernism to help gain new insights into
smart glasses in this study, the final section of the theoretical background further explains
these concepts of the mediating role that technology can play in the relationships between
humans and the wide world.

Smart glasses and mediated reality

As mentioned above, ubiquitous computing and philosophy of technology have more in
common and share more ideas than just augmentation. The relationship between humans
and technology and mediation are two of these central topics of research in post-
phenomenology which have already existed for decades.

The mediation theory in philosophy of technology finds its base in the question of how
human beings, technologies, and the world interact with each other. In this theory,
technology is seen as the mediator between human beings and the world. Reciprocal
relationships between human beings, technology, and the world can explain how they
relate to and influence each other. As in the example which was discussed above in the
‘augmentation’ section, smart glasses can represent a combination of mediated
relationships. For instance, a user wears smart glasses and looks through the glasses so it
can form a unity with the user which is termed an embodiment relationship. Second, smart
glasses both represent the world to the user as an experience and add extra information on
a parallel screen. This is termed a hermeneutic relationship (Verbeek, 2014, 2015). On the
other hand, we saw ‘the world’ act somewhat nervously toward users with smart glasses
because they were concerned about their control and privacy (Honan, 2013; Hong, 2013).
Thus, this example shows the various and complementary relationships between a user,
technology, and the world.

Furthermore, relationships in terms of mediation can also reveal both explicit and implicit
capabilities of the technology. The explicit use of smart glasses is built in and meant to be

used in a specific way by the designers; for example, how to receive information about the
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environment of the user through the smart glasses. However, implicit use was not explicitly
built-in and initially more hidden - but is revealed when humans and technology relate to
the world. This can be found, for example, in the ethical issues behind and social
implications of smart glasses. Rewinding to the original vision of ubiquitous computing, this
was partly foreseen and described as a lack of control (Weiser, 1991) but researchers had
not yet worked out robust responses to these implications. The same privacy concerns also
and not having an answer to that apply to Google Glass (Hong, 2013). Since there remain
unanswered questions about the interaction of smart glasses which can affect the wider
implementation, we argue for the use of a multidisciplinary approach in the early stages of
research to help understand the interaction between the user, technology, and the world
where ethical and social implications are also included (Zuidhof et al., 2019a).

Terming of smart glasses

Having discussed the history of smart glasses in related fields, it is also important to look at
the recent terms given to smart glasses before moving to a definition. At the beginning of
ubiquitous computing, various names were already being used for smart glasses such as a
heads-up, see-through, head-mounted display (HUDSET) (Caudell & Mizell, 1992), see-
through HMDs with AR (Azuma & Bishop, 1994) and Digital Eye Glass and Computer-aided
vision (Mann, 2013). In recent research, several other terms were introduced to describe
smart glasses.

Over the previous decade, and similarly to the beginning of ubiquitous computing, multiple
names were still found in publications about smart glasses. For example, Head-worn AR and
head-worn displays were sometimes termed optical see-through systems or video see-
through modes (Kruijff et al., 2010). Another example is that smart eyewear was discussed
as part of ubiquitous computing and Electrooculography (EOG) glasses were specifically
described as smart glasses. In addition, it was also presented as a sensing device including
vertical and horizontal EOG channels, accelerometer, and gyroscope data (Ishimaru et al.,
2014). In 2013, beta tests were performed with Google Glass (Klein et al., 2015) introducing
a wearable device with a combination of features that puts it into a class of devices known
as smart glasses (Singh & Klein, 2014). Furthermore, from 2017 until recently, the term
‘smart glasses’ became more commonly seen in research publications. “Smart-glasses,
digital eye glass, eye glass display, or personal imaging systems are wearable devices that
display images to the visual field of a user. They are designed to add visual elements to the
visual experience of a person without significantly distorting or disturbing the person’s
ordinary vision, qua use, interaction with the actual world, and qua experience”(Hofmann
et al.,, 2017, p.702). However, in that definition, the authors do not fully define the
augmenting experience. Similarly, another attempt was made to specifically define smart
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glasses by including AR in the following definition: “Augmented Reality Smart Glasses
(ARSGs) are defined as wearable Augmented Reality (AR) devices that are worn like regular
glasses and merge virtual information with physical information in a user’s view field” (Ro
et al.,, 2017, p.4) and sometimes in other cases, smart glasses were more broadened to
include, for example, “wearable computers that add information alongside or to what
wearer sees. Alternatively, smart glasses are sometimes defined as wearable computer
glasses that are able to change their optical properties at runtime”(Singh et al., 2019, p. 9).
To summarize, we observe that the term ‘smart glasses’ has become a kind of umbrella term
that is still narrowly defined with a lack of clarity in describing its characteristics. Therefore,
we aimed to examine the definition of smart glasses through a rapid review.

Methods

Following the recommendations made by Ganann et al. (2010), a rapid review was
conducted to assess what is known about the definition of smart glasses. Falling under the
umbrella of Cochrane review methods (Garritty et al., 2016; Moher et al., 2015; Tricco et
al., 2015), a rapid review has been described as a method to obtain evidence through
synthesis and has a shorter turnaround time than a standard systematic review. The
following review questions were formulated that were based on the objectives of this study:
(1) how are smart glasses currently defined in peer-reviewed publications; and (2) what are
their characteristics?

Search strategy

Searches were conducted from November 1 2020 to December 1, 2020. The online
databases Scopus, Web of Science, ACM Digital Library, IEEE Explore, Psyc Info, and
Philosopher’s Index were used. Only peer-reviewed publications written in English were
considered. The final set of search keywords used in the study is presented in Table 2.1 and
was checked by an information specialist from the University of Twente. The search
iteration is included in Appendix A.

Search part |

Databases were searched using all combinations of the search keywords. All synonyms were
connected with the disjunction “OR” and both topics were connected with the conjunction
“AND”. Unfortunately, IEEE Xplore was unable to combine search strings; therefore, we
decided to narrow this search in later search phases to remain a consistent method during
search part I. Keywords were searched for in the title, abstract, and keywords. One
exception was made for the Philosopher’s Index which had not the option to search for
keywords; therefore only the title and abstract were searched.
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Selection strategy

Table A2 in Appendix A presents the number of publications for the combinations of topics
for each search engine. Searches were performed for all fields and all documents. Based on
search part | we conclude that there are no specific publications in the three databases
available to define smart glasses. In two of the three remaining databases, the number of
hits is quite high and there are still options for refining our search strategy.

Search part Il

In part |, searches gave a reasonable first impression but we were not completely satisfied
with the results. We observed that although we had our search strings checked by an
information specialist, we could also try a different search strategy, especially since IEEE
Xplore was unable to combine our search strings. Thus, in search part Il we first searched
using the smart glasses search string and then searched within the results for the definition
search string.

When comparing the search results of part | and I, some differences were observed. Scopus
and Web of Science showed more hits in the search within results compared to searches
using Boolean operators. IEEE Explore showed fewer results than in search part I. The ACM
Digital Library and the Philosopher’s Index did not have the option to search within results
and therefore the search stopped after the smart glasses search string and was noted as “-
”in Table A3 in Appendix A. In search part ll, we conclude that this search strategy was only
refining for IEEE Explore and not for other databases. This IEEE database was the only
database in part | that was unable to combine search strings; therefore in search part lll, we
decided to use the search within result only for IEEE Explore whereas we can combine

search strings for the other databases.

Search part Il

Our first impression of the search results from search part | and Il was that some of the
search terms were not relevant to our research question. The search word “Defin*” was
intended to search for ‘definition’ or ‘define’ but not to find ‘high-definition’, “Term*” was
intended to search for ‘terminology’ or ‘terming’ but did not satisfy in the search results
because we did not want to find ‘terminal’ in our searches. The word ‘describe’ is often used
in the abstract to explain the outline of an article but does not contribute to our search. The
words ‘characterizing’, ‘explaining’, and ‘specifying’ were also too broad and did not
contribute to our search for specific definitions of smart glasses. Furthermore, in some
publications, the term ‘smart’ was added, for example in ‘augmented reality smart glasses’
(see introduction section). Adding the term ‘smart’ in ‘augmented reality glasses’ did not
lead to extra hits with the search string used in search part lll and is therefore placed within

brackets. Another observation is that we encountered many publications about virtual
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reality in the screening after search part Il. As we explained earlier in our introduction,
although virtual reality devices are also head-mounted displays, these devices are more
distinguishable from other smart glasses because of the closure of the physical world and
therefore might not adhere to a definition of glasses. Therefore, we formulated a new
search string in search part Ill (Table 2.1) and this resulted in fewer hits, see Table 2.2.

Searching and reviewing the selected articles was conducted by two researchers. Each
reviewer decided whether smart glasses were defined, or aimed to be defined in the
publication, whether in the title or abstract. Publications that passed the screening were
included but duplicates were removed. The results of this screening can be found in
Appendix A. After the first screening, 20 publications were selected to search for the
definition and characteristics of smart glasses; see the flow chart in Figure 2.1. Table 2.3
presents the definition and characteristics of smart glasses found in the selected
publications (n=14).

Table 2.1
Search keywords

Definition Smart Glasses
“Defin*” “smart glasses”
“smartglasses”
AND NOT “smart eyewear”
“high definition” “smarteyewear”
“digital eyewear”
AND NOT “head mounted display”
“virtual reality” “optical head mounted display”

“optical see through display”

“head worn display”

“computational glasses”

“digital eye glass”

“augmented reality (smart) glasses”
“wearable augmented reality”
“wearable augmented reality glasses”
“mixed reality glasses”

“mixed reality smart glasses”

“near eye display”

27



Table 2.2
Number of hits per combination of topics per database

Scopus Web of ACM Digital IEEE Psyc Philosopher’s
Science Library — Xplore Info Index
ACM Guide Digital
to Library
Computing
Literature Search
within
results
of smart
glasses
Smart 131 1 0 16 0 0
glasses &
Definition
Results

Having identified publications that define smart glasses (n=14), the terming and
characteristics of smart glasses in the publications will be discussed more in below. First,
aiming at finding commonalities to contribute to a definition for smart glasses, the various
terms used for smart glasses were counted as frequencies and the characteristics expressed
in Table 2.4 were counted once per publication. Eight publications presented head-
mounted displays and four publications termed those smart glasses. Near-eye displays were
presented in two publications and smart eyewear was mentioned in one publication. Thus,
the term ‘head-mounted displays’ is the most common; however, this is still a broad
category that includes various kinds of head-mounted displays such as both VR and AR and
not just wearable see-through displays. Counting the characteristics of smart glasses in
Table 2.4 gave us the word ‘display’ 12 times and ‘wearable’ 7 times, followed by ‘device’
(5), AR (5), computer (4), and pervasive (2). From this, we conclude that display and
wearability are important characteristics, but that does not take us much further to answer
our quest for distinctive characteristics or forming a robust definition of smart glasses.
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Figure 2.1
Selection procedure search part Il
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Table 2.3

Results of search part Il

Reference Title Description of smart glasses
(O’Hare et Defining requirements for The two most common approaches within
al., 2020) an Augmented Reality AR arethe use of an optical Head-Mounted

(Bergonzi et
al., 2019)

(Ratnam et
al., 2019)

(Stevens &
Wernimont,
2018)
(Tsubosaka
etal., 2017)

(Kolodzey et
al., 2017)
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system to overcome the
challenges of creating and

using design
representations in  co-
design sessions

An  augmented reality
approach  to  visualize

biomedical images

Retinal image quality in
near-eye pupil-steered
systems

Seeing 21% century data
bleed through the 15%
century wound man
Additional visualization via
smart glasses improves
accuracy of wire insertion
in fracture surgery

Wearable technology in the
operating room: a
systematic review

Display or a handheld device, which can
overlay digital content on the user’s field of
view. Spatial Augmented Reality is less
common and projected onto the surface of
a physical object.

AR’s most defining characteristic is the
facility to overlay virtual objects on a real
environment. The most suitable devices
for AR are Head Mounted Displays. They
allow a deeper immersion level, thereby
facilitating more specific diagnoses and
detailed plans. HMDs can reshape the way
clinics work and pave the way for radically
new approaches.

The near-eye display is the primary
interface for virtual reality and augmented
reality. The added requirement for AR is
optical see-through display architectures
that support a large field of view and high
resolution while keeping visibility of the
external world, all within the form of a
wearable that could be worn all day.
Wearable technology is defined as a smart
watch, smart wristband, or smart eyewear.

Smart Glasses are wearable devices and
contain a small computer built into a head-
mounted monitor. It can display various
kinds of information as a kind of
augmented reality and may include a video
camera. The most well-known brand is
Google Glass.

Wearable technology has the potential to
revolutionize healthcare. Wearable
technologies found in the systematic
review were Google Glass, GoPro, or
customized head-mounted displays



(Faye etal., Toward a characterization
2016) of human activities using
smart devices: a
micro/macro approach
(Kleinetal., A new tool in medicine
2015)

(Matthies et  Properties of a peripheral

al., 2015) head-mounted display

(Kress, See through optical

2014) architectures for wearable
displays

(Lukowicz Wearable systems for

et al, 2004) healthcare applications

(HMDs) in a wide range of intraoperative
clinical settings.

Smart glasses are ultra-portable devices
that interact with body movements and
the IT environment. In the field of research
and terms of functionality, they have much
in common with ubiquitous computing.
They can detect events, and can be both
precise and permanently operational.
Smart glasses are defined as hands-free
computerized communicators (via
Bluetooth or Wi-Fi) with a transparent
screen for viewing text and images, a video
camera, a voice recorder/transmitter, and
avoice input interface and are wearable as
a pair of glasses.

Head-mounted displays are based on
either one of two techniques: optical lens
projection and retinal projection. Another
way to differentiate HMDs is to determine
whether an image is monocular or
binocular. The display can be opaque or
transparent, with mirror projection or an
image recorded with a video camera in
front. A peripheral head-mounted display
is a visual display mounted to the head that
isin the peripheral field of view of the user.
In defence applications, there are head-up
displays and helmet-mounted displays; in
the consumer market head-mounted
displays. Various markets are offering their
specific functionalities, hardware, and
content for near-to-eye displays, social
smart  glasses, gaming headsets,
professional HMDs (engineering and
technical), specialized HMDs (medical, law
enforcement, firefighting), and the
defence market.

Wearable systems are mobile electronic
devices that can be unobtrusively
embedded in the user’s outfit. They range
from micro sensors in clothes and
computerized watches to belt-worn PCs
with a head-mounted display.
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(Figl et al., The control unit for a head-

2002) mounted operating
microscope used for
augmented reality
visualization in computer-
aided surgery

(Tungetal.,, User-defined game input

2015) for smart glasses in public
space

(Gheorghe Heat is in the eye of the

etal., 2016) beholder: towards a better
authenticating on
smartglasses

Table 2.4

There are two main types of head-
mounted displays for augmented reality:
the optical and video see-through type.
Augmented reality involves the overlay of
computer-generated graphics.

Smart glasses such as Google Glass are
always-available displays and could offer a
pervasive gaming experience.
Smartglasses are wearables that are
becoming worn closer to the body of the
user and may have the ability to sense and
record the activities of the user. The closer
it becomes, the higher the need for
privacy. Smartglasses provide a small
display, minimal manual entry, and voice-
and gesture-based interactions which need
to be limited for technical efficiency and
social acceptance. Smart glasses have a
high probability of interrupting the user.

Commonalities of various terms and characteristics for smart glasses

Terms used for smart glasses Frequency
Head-mounted display/monitor 8

Smart glasses 4
Near-eye display 2

Smart eyewear 1
Characteristics of smart glasses Frequency
Display 12
Wearable 7

AR 5

Device 5
Computer 4
Pervasive 2

Second, aiming to find distinctive features of smart glasses, a thematic analysis (Braun &

Clarke, 2006) was conducted to find themes other than the found frequencies from the

descriptions of smart glasses in Table 2.4. The analysis was done separately by two coders

with an intercoder agreement of 78,6%. Instead of looking for commonalities (Table 2.4),

Table 2.5 lists keywords derived from the search results and represents a different insight

compared to that obtained from counting matches.
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Table 2.5

Keywords derived from the search results

Theme Keywords derived from descriptions in Table 2.3

Background Ubiquitous computing, wearable, wearable technology, wearable
device

Portability Ultra-portable, handsfree, mobile

Worn Unobtrusively embedded, pair of glasses (binocular), monocular,
closer to the body, head-mounted, near to the eye

Termed Optical head-mounted display, head-mounted displays, near-eye
display, optical see-through display, smart eyewear, smart
glasses, Google Glass

Hardware Small computers, belt-worn PCs, computerized, small display,

transparent screen, opaque screen, video camera, voice
recorder/transmitter

Interaction by

Voice input interface, manual entry input, gesture-based
interactions

Projection Optical lens projection, retinal projection, augmented reality,
spatial augmented reality, virtual reality
Where Field of view, peripheral

field of view, real environment, external world

Key characteristic

Display, view, overlay

Other
characteristics

Detect events and body movements, sense and record activities
of the user

Content Digital content, virtual objects, various kinds of information, text,
and images, computer-generated graphics
Experience Immersive experience, pervasive experience

Communication

IT environments, Bluetooth, Wi-Fi

Availability to the
user

Worn all day, permanently operational, always available

Markets Defence, consumer, hardware and content, social, gaming,
engineering, law enforcement, firefighting, medical

Example of Intraoperative clinical settings, specific diagnoses, detailed plans

application

Risks Higher need for privacy, a high chance of interrupting the user

Furthermore, they can be assembled into a paragraph, and below we will elaborate on these

themes. The summary of keywords from the search results brings us one step closer to a

more robust definition of smart glasses. The categories presented in Table 2.5 shows that

there are many different characteristics of smart glasses. However, it also becomes clear

that outliers in the keywords influence the summary described above; for example, some

publications were broad in describing head-mounted displays focusing on both AR and VR.

33



We perceive VR devices as more distinctive and not as smart glasses as we explained earlier
in our introduction. Virtual reality headsets are body worn and head-mounted but are not
worn like eyeglasses and might adhere to general ideas of glasses because of the closure of
the physical world. Thus, the summary above is a broad description of head-mounted
displays. In the following paragraph, more focus is applied to the definition of smart glasses
by using the results of the rapid review.

Definition of smart glasses

To our knowledge, the first attempt made by others to define the concept of smart glasses
with an augmenting experience contained the following: “we develop the following
definition of Augmented Reality Smart Glasses (synonym: data glasses, digital eye glasses,
or personal imaging system): Augmented Reality Smart Glasses are defined as wearable
Augmented Reality (AR) devices that are worn like regular glasses and merge virtual
information with physical information in a user’s view field.” (Ro et al., 2018). Now, based
on our review, we have seen that we need to update that definition. That definition of
Augmented Reality Smart Glasses might be too narrow since we also found other
characteristics of smart glasses across various publications describing smart glasses, such as
projection methods, collecting user data, and implications of use (Table 2.5). Furthermore,
this definition seems to have two limitations. First, the authors have not treated AR much
in detail. AR was defined earlier (Azuma, 1997) and involves more than merging virtual with
physical information in the field of view of the user. Second, the key problem with that
definition lies in its explanation and examples given in the publication which creates
confusion about the precise understanding of what smart glasses entail. Google Glass is
used as an example of Augmented Reality Smart Glass (Rauschnabel et al., 2015; Ro et al.,
2018). The HoloLens, for example, indeed meets the definition of AR, however, in contrast,
Google Glass lacks tracking of six degrees of freedom and (spatial) registration in 3-D. Hence,
it seems that Google Glass cannot be classified as an AR device according to the definition
of Augmented Reality (Azuma, 1997). However, Google Glass can be classified as smart
glasses or a Head Mounted Display (Zuidhof et al., 2018) and still offer an augmenting
experience.

In addition, there is more to add about defining smart glasses such as taking into account a
broader definition of smart glasses in which a central element is an interaction between the
user, technology, and the world itself (see Table 2.5). The main challenges regarding the
definitions of smart glasses lie within two other aspects. First, only a few of the currently
available smart glasses use AR. Some only make use of sensors or 2-D overlays. Smart
glasses are of several types that have common characteristics such as the head-mounted
aspect and the interaction methods (Dwivedi et al., 2021; L. H. Lee & Hui, 2018). Second,
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concerning the original vision of ubiquitous computing, smart glasses are not only a
combination of technical components but also affect our view of the world both literally
and figuratively and vice versa, that of the world on the user. The relationships mentioned
above between humans and technology are important too and should also be taken into
account.

Building upon the previous attempts to define and classify smart glasses and the
characteristics found in this study, we present an adapted definition of smart glasses that is
based on the underlying principles of ubiquitous computing and human—-computer
interaction and emphasizes four aspects. First, what distinguishes smart glasses from other
wearable computer devices? Second, what distinguishes smart glasses from ordinary
glasses? Third, what are the capabilities of smart glasses? and fourth, the implicit and
explicit meanings resulting from the use of smart glasses for individuals and society. With
this in mind and the theoretical background taken into account, we developed the following
adapted definition:

Smart glasses have various characteristics and have been defined in many ways in the
literature. However, based on the results described above we propose that when defining
smart glasses, they must meet the following core characteristics:

1. head-mounted and, in most cases, worn like eyeglasses;

2. computerized devices with user inputs and sensors, some allow hands-free use,
are connected to (individually or in any combination of) the Internet (of Things),
services, and other remote devices, and might be supported by Artificial
Intelligence;

3.  may collect information from the user and his or her environment, and may
provide information back to the user through the glasses in an augmenting
experience (display/overlay) or forwarded to another connected device. The
user experience is centred around using information and communication
technology without being cut off from the outside world compared to VR; and

4. smart glasses are not just a wearable technical product. The use of smart
glasses changes humans’ use of information and communication in the
physical and digital world. In addition, it mediates our relations with each
other, our surroundings, and technology differently, and it might change our
values and our (technology) behaviour.

Following the developments in ubiquitous computing from its beginning, the proposed
adapted definition takes into account the hardware, software, connectivity, human
technology, human-to-human interaction, and its implications which does justice to the
original vision of ubiquitous computing and relates to the current state-of-the-art
knowledge about smart glasses.
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Conclusion

Main conclusion

This study has argued that there was a lack of clarity about what characterizes smart glasses.
The overall objective was to shed light on underexposed perspectives of smart glasses in
various fields and develop a definition that does justice to the state of the art of defining
smart glasses. Therefore, we observed that there are many fields involved and we went
back to the origins of smart glasses and reviewed definitions of smart glasses. Those
definitions were narrowly defined and that does no justice to other relevant knowledge
about smart glasses. For example, the mediated reality of smart glasses has implications for
our relationship with each other and technology. The findings of the rapid review were
transformed into commonalities by adding frequencies and distinctive characteristics based
on a thematic analysis. Based on the results, we developed an adapted definition based on
the existing literature.

Overall, this study strengthens the original vision of ubiquitous computing (Weiser, 1995;
Weiser et al., 1999) looking back to the historical development of smart glasses, and adds
to the rapidly evolving and expanding field of smart glasses. The smartness of the ever-
evolving glasses was discussed to show that there is an important link with philosophy and
phenomenology in the original vision of ubiquitous computing and that resulted in a
renewed focus on mediated reality through the use of smart glasses which does more
justice to the state of the art than the previous definitions of smart glasses

This rapid review has first shown that current definitions of smart glasses were diverse and
narrowly defined. The second finding to emerge from this rapid review for defining smart
glasses is that the search for common characteristics only yields general aspects such as
‘display’, ‘wearable’, and ‘device’. The third and most apparent finding is that distinctive
characteristics of smart glasses showed the diversity in characteristics of smart glasses in
not only hardware and software but also markets, use, risks, and both social and societal
implications. Fourthly, taking the history of multidisciplinary fields related to smart glasses
and the results of the rapid review into account, we formulated an adapted definition of
smart glasses which is described in the results section

The definition of smart glasses we proposed in the results section is based on four
characteristics. First, how smart glasses can be distinguished from other wearable
computers. Second, how smart glasses can be distinguished from ordinary glasses. Third,
what a user can do with smart glasses. Next, what is the explicit and implicit impact of smart
glasses on the user and the environment? A multidisciplinary approach is needed to
understand how they explicitly change our use and understanding of information and
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communication in the physical and digital worlds. Finally, to understand how they implicitly
mediate our relations with each other, our environment and technology, as well as our
values and our (technology) behaviour. The proposed definition does more justice to
relevant publications in this area and can help to interpret smart glasses, speak the same
language, and provide a starting point for research and projects in which multiple fields are
recognized.

Limitations

The first limitation of the rapid review conducted in this study is that not all publications
can be found by systematically searching for two reasons. The first reason is that we
searched for only English-language peer-reviewed publications in selected databases and
we might have missed other relevant publications in other languages. The second reason is
that the search terms from our search string were not always included in the keywords and
abstracts of the publications searched. For example, the introduction section and
theoretical background of this study describe also publications that were not found by the
rapid review method. We checked this several times by adjusting our search terms and
assessing some publications outside the rapid review. We noticed that it happens that a
publication has not included ‘definition’ in the keywords, nor it was termed ‘definition’ in
the abstract and then it will not be found by a search engine with the used search string.
We have applied the rapid review method as reliably as possible and acknowledge that this
might have consequences for the results found. However, we still have included those
publications in the introduction section and theoretical background if they were relevant to
the objective of this study. Furthermore, we developed the definition based on our results
from the rapid review, but also on the state of the art with which we do justice to all relevant
and available publications. Despite this limitation, the study also shows that definitions of
current smart glasses are sometimes not easy to find and this work aimed to improve that
situation through systematic research.

Second, smart glasses are of course also technical products. On the one hand, this study
was limited by the absence of a technical description in, for example, display qualities, due
to the already available suggestions in the literature and the rapid developments and ageing
of technology (Crabtree & Rhodes, 1998), on the other hand, it was the objective to shed
light on the underexposed perspectives and focus on social sciences as we also explain in
our recommendations for future research.
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Future directions

Recent suggestions regarding technical developments in this field are widely available (Kim
et al., 2018; Koulieris et al., 2019; Wang et al., 2016), as well as interaction suggestions (L.
H. Lee & Hui, 2018; Miller et al., 2019). Following our definition of smart glasses, we believe
it is important to focus future research not only on technical aspects such as machine
learning, signal processing, data and knowledge representation, and information
visualization (loWT, 2016), but equally on social aspects since we showed in our review that
smart glasses also entail, for example, risks and implementation challenges and thus also
touch upon multidisciplinary fields such as philosophy, psychology, communication science,
and human-computer interaction. This emerging field of smart glasses poses many
interesting questions regarding the appropriation of smart glasses (Zuidhof et al., 2018),
adoption (Masood & Egger, 2020), daily use, and long-term use (Zuidhof et al., 2019a)
including an understanding of the mediated reality of smart glasses.

In conclusion, early on the founding fathers of ubiquitous computing stated “we have much
to learn about how to make good use of this new ability” (Sutherland, 1965), and that ability
referred to head-mounted displays. In addition, they came to realize with their first ‘ubi-
comp’ system that they were “in fact, actually redefining the entire relationship of humans,
work and technology for the post-PC era” (Weiser et al., 1999). Regarding the diverse
reactions people had to the use of mediated reality (e.g. Google Glass use) in public (Honan,
2013; Lapowsky, 2014) we still have to learn a lot about this research topic. And that may
have become even more relevant since with the introduction of various smart glasses it has
been shown that such devices redefine our information and communication use, our
relations with each other and technology, our values, and our (technology) behaviour.
Based on the results of this, we argue for a deeper understanding of human—technology
relationships regarding smart glasses from a multidisciplinary perspective, combining the
fields of human-computer interaction, philosophy, psychology, and communication.

2.2 Anticipating, evaluating, and reflecting on technology acceptance
Parts of this section have been submitted for publication:

Zuidhof, N. & Ben Allouch, S. User perspectives in the diffusion of smart glasses: high hopes,
impetuous interaction, slow uptake. Submitted.

Adoption, acceptance, and appropriation of new technology

Today, augmented reality glasses are not yet used in the public domain, such as on the
street or on public transport. Technology acceptance in smart glasses, but also in general,
is termed with a variety of names: adoption (Adapa et al., 2018; Goken et al., 2016),
acceptance (Obeidy et al., 2017; Ozdemir-Giingér et al., 2020), acceptability (Koelle et al.,
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2017; Larbaigt & Lemercier, 2021). Since the arrival of personal computers in companies
decades ago, the body of knowledge in technology acceptance has expanded considerably
over the years. The relationship between human behaviour and technology can be viewed
from different perspectives. For instance, from the sociological perspective, one looks at
the use of technology and its effects on society (Giddens, 1984; Orlikowski, 1992; Poole &
DeSanctis, 1990), from the social-psychological perspective, one mainly looks at explanatory
factors of technology use at the individual level (Davis, 1989; Venkatesh et al., 2003), in the
socio-cultural perspective, social constructivism plays a major role (Bijker & Law, 1992;
Oudshoorn & Pinch, 2003) and people and technology co-construct, and from the
philosophical perspective, human-technology relationships are examined (lhde, 1990;
Verbeek, 2014). All these perspectives provide a specific and valuable contribution to our
understanding of the relationship between human behaviour and technology.

Technology adoption

In his diffusion of innovations theory, Rogers (1983) describes the process of diffusion of
innovation (an object, idea, practice, or service) within a social system from a sociological
perspective. Innovations entail uncertainties because the outcomes of the adopted
innovation are not known in advance. As a result, people are motivated to search for
information (both objective and subjective) about this innovation (Rogers, 1983). The
diffusion research focuses on various elements, such as 1) the causes of the spread, namely
the innovativeness of societies and cultures; 2) the characteristics of the innovation itself;
3) the decision-making process of individuals when they consider adopting an innovation;
4) the characteristics of individuals who may adopt an innovation; 5) the consequences for
individuals and social system (or society) that adopt the innovation; and 6) the
communication channels that are used in the adoption process (Vishwanath & Barnett,
2011).

The entire adoption process is not only focused on the last step of the decision-making
process (the final decision) but on the entire decision-making process. This includes the
awareness of the innovation, exploration of and knowledge about the innovation, the
attitude and intention to adopt, the considerations, and eventually the decision-making. In
practice, we often see that the adoption process of innovations is reduced to adoption in
the narrow sense, namely only the last step of the decision-making process: shall we, as an
individual (or organization), adopt or not adopt? In those cases, other important aspects of
the adoption process are often lacking. As a result, the choices on which the decision is
based are only partially substantiated. This is one of the reasons why both individuals and
organizations often do not know how to deal with new technology and how to embed them
in a given context.
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In recent years, the adoption and diffusion research has been strongly dominated from the
perspective of management information science, where the focus lies on the use of
technology acceptance models (TAM) (Davis et al., 1989; Venkatesh et al., 2003) to
determine the probability of adoption by individuals (Vishwanath & Barnett, 2011). And
even though Rogers’ diffusion of innovations theory is comprehensive and originally
intended to investigate all kinds of innovations in society as a whole, the rise of computers
has given diffusion research an organizational embedding. A construct such as facilitating
conditions in the unified theory of acceptance and use of technology (UTAUT) model (Brown
& Venkatesh, 2005; Venkatesh et al., 2012) shines a light on this organizational embedding.
This construct indicates the extent to which an individual thinks a technical infrastructure

exists in his or her organization that can support the use of new technology.

Technology Acceptance

In the preceding section, we mainly regarded the adoption of new technology at the
individual level. But historically, much research on technology acceptance is being
conducted within an organizational context, because that is where many great innovations
are introduced. Different perspectives describe the acceptance process of technology
within organizations, namely the organizational perspective, the technological perspective,
the economic perspective, and the (psychological) user perspective (Bouwman et al., 2005).
The organizational perspective is characterized by factors related to the nature and
environment of the organization. This includes factors such as the environment, structure,
and culture of an organization, but also organizational processes and the vision of strategy
and policy. All these factors influence how organizations deal with the acceptance process
when they use new technology or want to start using it. The technological perspective
focuses on the interaction that takes place between technology and organization. This
especially applies to technology in the sense of enabler of organizational processes;
technology that supports redesigning or modifying organizational processes (Bouwman et
al., 2005). The third, economic perspective focuses on the costs and benefits associated
with the acceptance process of technology. The (psychological) user perspective, finally,
focuses on the social-psychological aspects of technology choices, and on the influence of
these choices. By focusing on a particular perspective in the various phases of technology
acceptance, more insight can be gained in that area. In this context, Bouwman et al. (2005)
speak of a four-phase model of ICT diffusion in organizations, with the phases of adoption,
implementation, use, and effects. Following Rogers, Bouwman et al. also equate adoption
with the phase of exploration, research, consideration, and decision-making to bring
innovation into the organization.
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When we look at the literature on technology-acceptance research, we can see that not
only the term adoption but also the term acceptance of technology is being used. The
question is whether a difference exists between the two terms. The literature shows a fairly
unambiguous definition of technology adoption. However, when looking for clear
definitions of technology acceptance, it is astonishing how many scientific articles make use
of technology-acceptance models while technology acceptance itself is defined unclearly,
confusingly, or not at all.

Technology acceptance is sometimes equated with technology adoption, sometimes with
the adoption process including the implementation of the technology, and sometimes with
both the adoption process and the implementation and use of technology. During the
search for a clear definition of technology acceptance, we decided to make a distinction
between the concepts of technology adoption and technology acceptance. The adoption of
new technology is the phase in which the entire decision-making process takes place. In my
opinion, technology adoption also encompasses the exploration of and knowledge about
the innovation; awareness of the innovation; the motivation, attitude, and intention to
adopt; and the considerations and finally the decision to adopt or not to adopt the

innovation.

Technology acceptance covers the process that begins with becoming aware of new
technology and ends with incorporating the use of that technology in one’s daily life. You
could say that the acceptance process is wider and includes multiple phases instead of only
the adoption process. This not only relates to the phases of adoption but also to the phases
of implementation, the use, and the effects. The acceptance process of new technology,
like the adoption process, mainly takes place on the cognitive level. Finally, in the
appropriation process, the cognitive and affective aspects come together for the user of
new technology. Appropriation of new technology starts with a positive adoption process
that results in an implementation process in which (long-term) use of that technology
produces certain effects that, in turn, impact the different contexts in which an individual

moves.

Technology Appropriation

When technology acceptance has taken place, the actual use of the technology may cause
people to start using the technology differently than was intended by the designers. This is
a reconstruction of the technology: people appropriate the technology. Within the
perspective of mutual shaping of technology, there are several approaches, such as the
social construction of technology (Pinch & Bijker, 1984), semiotics (Akrich, 1992; Woolgar,
1991), and the domestication approach (Mansell & Silverstone, 1996; Silverstone & Hirsch,

2003). These approaches share the belief that both the technology and its users influence
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each other and could bring valuable insights of the users and the use of new technologies
such as smart glasses.

Once people have accepted the technology and thereby have gone through the phases of
adoption, implementation, use, and effects, another phase can be added to the technology-
acceptance process. Technology appropriation arises, because people include technology
in their daily use, and because people not only form the use of technology to their wishes,
routines, and activities (and thus, their behaviour), but the technology also forms itself to
its users. In technology appropriation, a user more or less takes possession of the
technology, and in contrast, technology can also, figuratively speaking, own a user. Poole
and DeSanctis describe technology appropriation as "the process of users altering a system
as they use it" (1989, p. 150). Orlikowski (1992) takes this further and indicates that
technology has several structures that allow technology to mediate human actions.
Technology influences human actions, but human actions about technology are also
controlled, for example by institutional conditions. And as a result, consequences arise that
influence the relationship between humans and technology. Carroll et al. (2003) explicitly
emphasize that technology transforms by appropriation: technology as it was designed
changes through the appropriation process into technology as it is used. The above-
mentioned approaches describe appropriation mainly from a technological perspective and
do not pay attention to the determining factors that are specifically aimed at users. The
resources & appropriation theory (van Dijk, 2005) especially focuses on the users in the
appropriation process of new technology. Determining factors for users in the appropriation
process are their resources and personal and positional variables. The resources consist of
temporal, material, mental, social, and cultural resources of people, which determine the
appropriation process of new technology. In addition to the new technology itself, these
resources play a crucial role in the appropriation process of the technology. The personal
variables consist of characteristics such as age, gender, ethnicity, intelligence, personality,
and health of users. The positional variables consist of education, employment status,
household composition, and developed or developing countries. From a philosophical
perspective, the mediation theory is used to explain that technology mediates human
actions (lhde, 1990; Verbeek, 2014) which will be explained further later in this chapter.
Here, one also assumes a certain interconnectedness between humans and technology.

The central message from the above-mentioned theories is that appropriation ensures that
the meaning of technology is not static, but dynamic and that the user defines the meaning
of technology. Thus, both users and technology play a crucial role in the appropriation
process.
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During the appropriation process of technology, all kinds of effects may occur that the user
regards as positive or negative. Examples are all kinds of participation in society, labour-
market effects, and social effects (Katz & Rice, 2002; van Dijk, 2005). These effects can occur
on an individual (micro level), organizational (meso level), and/or societal (macro) level, and
sometimes, users may even reinvent or redesign the accepted technology. Rice and Rogers
(1980) describe several of these reinventions in the innovation process. These reinventions
not only occur through the (inter)personal interactions of users with the technology but
also mass-media messages about the innovation. The integration of both own experiences
and media messages that are connected to innovations eventually influences the users and
their experiences with the innovation (Vishwanath, 2009).

In summary, it can be stated that appropriation of technology can be seen as the cyclic,
wider spectrum in which both the adoption and the acceptance process of (new) technology
takes place, where the appropriation of technology by people causes interconnectedness
between human and technology, which enables the process of redesigning the technology.
The phases of adoption, implementation, use, effects, and acceptance are all part of the
appropriation process (Ben Allouch, 2016) (see Figure 2.2).

Figure 2.2

Appropriation process of new technologies (derived from Ben Allouch, 2016)
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By not only considering adoption, but also appropriation, there is more room for aspects

that we see in, for example, the media when technology is introduced to a wider audience,
but also for influences on long-term use.

Anticipation, evaluation, and reflection on augmented reality smart glasses

Users, context, and time

Research on the acceptance of new technology often takes place at one specific point in

time within the acceptance process. Even though there is a long history of technology-

acceptance research (Hartwick & Barki, 1994; Taylor & Todd, 1995), only a few studies have
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been conducted to date on a long-term basis (i.e. at several moments in the process) on the
acceptance of technology within a given context. Previous research has shown that users’
experiences with new technology can change their attitude toward that technology
(Venkatesh & Davis, 2000). In addition, previous research has mainly focused on the
question of why people initially adopt technology (Davis et al.,, 1989; Rogers, 1983;
Thompson et al., 1991). So far, there has been little attention paid to the follow-up process;
for what happens after the adoption phase within the current models of acceptance of new
technology. Moreover, much research on technology acceptance is still taking place within
the organizational setting. This is understandable, but since technology is pervasive in
almost all domains of our lives these days, there is also a growing need for research in other
contexts, such as the private setting. Specific contexts in which technology is used can
provide other user motives and factors. Knowledge about and insight into the adoption and
acceptance process of technology can already help at an early stage to get insight into the
different factors that play a role here.

In the past twenty years, technologies have succeeded each other at an ever-increasing
speed. You could almost speak of a Darwinian struggle between technologies. The survival
of the fittest can be understood almost literally in this context, because of an increasing
focus on the fit between the technology and its user in a given context. Mobile phones and
laptops turned out to be very good fits for us (users) in our ever faster-changing societies.
Fixed phones and desktop computers are being sold less and less and will eventually only
be seen in museums or very specific contexts. However, the current theories for explaining
and predicting technology acceptance mainly assume that technology enters the market in
an advanced beta version, and can already be brought to people’s attention. This does not
quite match the current, rapid developments of how technologies are introduced in our
society. Through crowdfunding sites alone, such as kickstarter.com, some ideas are already
introduced at a very early stage to large audiences, and the consciousness process is already
set in motion. It is expected that the influencing factors of the adoption and acceptance of
technology will be different when the technology is introduced at a different stage of
development.

It is important to stress that without the early involvement of real users in the development
of new technology, this development is solely viewed from a technological perspective
while the focus should especially be on the relationship between humans and technology.
These studies provide insights that developers can constantly take into account in the
phases of the technology-development process. Technology is never finished, but changes
constantly during use, as a result of the use and the user, see Figure 2.2. We therefore not
only need to take the technological possibilities into account but also the wishes, needs,
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and requirements of users. However, the involvement of users alone is not sufficient for the
success of a technology. Innovators and early adopters are often involved in research on
the acceptance of new technology, but ordinary users, for whom the technology is
ultimately intended, are often not involved. And in practice, when a new technology is
developed, we see that the contractor is indeed the customer, but not the end user. In
addition, when users are actively involved in the development of new technology, to begin
with, this too often only occurs in the development phase while users should be actively
involved during all phases.

2.3 Theorizing technology appropriation

Parts of this section are previously published as:

Zuidhof, N. et al. 2019. A theoretical framework to study long-term use of smart eyewear.
UbiComp/ISWC 2019- - Adjunct Proceedings of the 2019 ACM International Joint Conference
on Pervasive and Ubiquitous Computing and Proceedings of the 2019 ACM International
Symposium on Wearable Computers (2019), 667—-670.

Parts of this chapter have been submitted for publication:
Zuidhof, N. & Ben Allouch, S. User perspectives in the diffusion of smart glasses: high hopes,
impetuous interaction, slow uptake. Submitted.

Combining perspectives for a greater understanding of user interaction

From a scientific point of view, new wearable-based solutions require synergy among
multiple disciplines such as Machine Learning, Signal Processing, Human-Computer
Interaction, Data and Knowledge Representation, Information Visualization, Computational
Neurosciences, and even Education (loWT, 2016). However, to understand and explain user
behaviour about smart eyewear, a variety of other disciplines are required as well.
Originating from Information Systems research with its roots in Social Psychology,
researchers have developed numerous adoption models to explain individuals’ adoption
and usage behaviours explaining up to 50% of variance based on certain variables (Davis,
1989; Venkatesh et al., 2003). These models are built on the theory of planned behaviour,
which states that human behaviour is a consciously planned process influenced by beliefs,
attitudes, and intentions (Ajzen, 1991). Below, we will discuss some critical points that can
be placed with theories of technology adoption.

First, from a theoretical perspective, there is a lack of reciprocity in current linear models of
technology adoption. Peters has shown that the theoretical background (i.e. the theory of
planned behaviour) of acceptance models like the Technology Acceptance Model and even
the Diffusion of Innovations originated from the Social Cognitive Theory (Peters, 2007).
Within the Social Cognitive Theory, human behaviour is explained as a triadic, dynamic, and
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reciprocal interaction of personal factors, behaviour, and the environment (Bandura, 1986).
In these adoption models, little attention has been paid so far to the influence of technology
on the user. The current linearity of adoption models lacks interaction and reciprocity
between user and technology, which might be an important clue for further development
of knowledge of technology adoption.

Second and complementary to the first argument, these models were designed for
computer use and not specifically for smart eyewear. For example, an excluded construct
like ‘attitude’ in current adoption models seems to be more important now to smart
eyewear because of the results of two recent studies on anticipated adoption (Zuidhof et
al., 2019b; Zuidhof & Ben Allouch, 2019). This factor may play a role in the adoption of smart
eyewear.

Additionally, although 50% of the explained variance of adoption is impressive, rejection by
users deserves attention too. Recently, it was observed in the field that there were
technically well-working products that were rejected with no diagnosable fault (de Graaf et
al., 2017), also known as ‘No Fault Found'. Koca stated: “Misalignments between explicit or
implicit product capabilities and user expectations affect the overall acceptance and
adoption of a new product”. (Koca et al., 2009, p. 4267). Those implicit product capabilities
are not found in current adoption models but can be found in a perspective that focuses on
the interaction of technology between humans, technology, and the world (Verbeek, 2015).

These critical points, 1) the lack of reciprocity in adoption models, 2) that the adoption
models were not designed for smart eyewear, and 3) the unresolved implicit product
capabilities) bring us to the next question: to what extent can interaction and reciprocity be
integrated into explanations of the process of adoption and use of wearable augmented
reality by individuals? Attention to interaction with new technologies can possibly create a
more sophisticated instrument to understand and explain adoption and use behaviour. This
will lead us to the relevance of the mediation theory, which offers a framework to analyse
the roles technologies play in the daily lives of people and society. The interactions between
humans and technology have been studied for several decades in science and technology
studies and are expanded now in the field of philosophy of technology (Verbeek, 2015).

Within the approach of post-phenomenology, the mediation theory has emerged to explain
the relations between users, technology, and the world, focusing on how technologies
mediate human practices and interpretations. Mediation and adoption theories are likely
to be able to complement each other to understand the acceptance and interaction of smart
eyewear. However, this must be empirically investigated.
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In the end, not only if technology is used, but also how technology is used is important for
both the individual perspective and collective perspective. As we described above, several
theoretical perspectives brought knowledge on the individual level such as TAM (Davis,
1989) and UTAUT (Venkatesh et al., 2003), but other perspectives focus more on the stage
of diffusion and the context of the user as well, such as the phase of gaining knowledge, the
need for persuasion before a decision for technology use is made such as in the diffusion of
innovations (Rogers, 1983). Models such as TAM can account for about 40% of explained
variance in which someone would use technology. The phase of diffusion Rogers can be
used by determining in which diffusion phase someone is, but we do not know how the
environment influences future and current use. Therefore, a major issue with the
acceptance of smart glasses, in general, is that we miss out on a more holistic approach to
technology acceptance since current models are linear in their explanation and we saw
strong social and mutual (social) interactions with the introduction of Google Glass.

On the one hand, there seems to be a lack of modelling potential behaviour and
understanding of mutual social interaction regarding the use of smart glasses. A
combination of both acceptance models and the mediation perspective could potentially
better explain those mutual interactions, however, there is a challenge in empirical research
because modelling is always explained and measured in the linearity of cause and effect.
On the other hand, despite current models which explain user acceptance of technology,
there are also differences in the various aims of research according to the phase of diffusion.
Technology acceptance models are focused on a user perspective. From the perspective of
empirical research, it is also important to establish the context. The evolution of a product,
like technology readiness, the research aim, and the phase of diffusion in general such as
public acceptance of technology are important external variables that can also be perceived
as potential influences.

Therefore, from the perspective of research, we propose anticipating (before actual use),
evaluating (during actual use), and reflection (long-term use) as three distinct phases to
study. This broad range of phases covers the earliest manifestation of a certain technology,
to broader diffusion within society and ultimately the influences of using technology in long-
term conditions. Within these phases of anticipation, evaluation, and reflection, various
theoretical perspectives can complement each other to a more holistic view of the
adoption, acceptance, and appropriation of technology. The combined perspective in Figure
2.3 is built upon previous work combining multiple fields such as communication science,
psychology, sociology, and philosophy of technology.
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Anticipating the personal and social impact of augmented reality glasses

The social context is often seen in human-computer interaction as a barrier to technology
transfer from the laboratory to the real world (Uhde et al., 2021). And that is supported by
the fierce social reactions discussed above. Smart glasses elicit quite a few social responses,
but how can we investigate that?

First, the early phase of diffusion of smart glasses, in general, is also currently forcing us to
adapt research methods as we saw earlier for instance in the anticipated adoption of
ambient intelligence in the home (Ben Allouch, 2008) or the anticipated adoption of smart
glasses (Zuidhof & Ben Allouch 2019).

Figure 2.3

Research focus and combined perspectives regarding the use of intention and interaction
with technology. Derived and adapted from Zuidhof, 2019

Research aim

Anticipating use - Evaluating use - Reflecting use

User variables —— Use intention Technology use

I I
IAdoption models (e.g. Davis, Venkatesh) |

User stages —» Technology use and (dis)continued use
I I
|

Stages of diffusion (Rogers)

User <“—> Technology use <“—> Environment
I I

IMediation approach (Verbeek)

UTAUT (Venkatesh et al., 2003) and TAM (Davis, 1989) are the most commonly accepted
models by scholars (Akbari et al., 2020; Y. Lee et al., 2003), however, it is important to adapt
research methods such as a questionnaire to the anticipation phase if someone has little or
no experience with technology. For technology such as smart glasses with AR where the
software environment still has to be developed for specific use cases, it is more challenging
to study the anticipated adoption in the referred models without a proper example or use
case for smart glasses. Despite the lack of clear use cases, we argue that it is still possible to
study the early stage of diffusion by focusing on the anticipation of use, even in social
contexts by focusing on explorational research. You could criticize it with the reasoning that
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people barely know what they want. But if you assume the mutual shaping of people and
technology, it is important to explore adoption themes at an early stage to also inform
hardware and software developers how people and technology can be better aligned.

In the relevant literature, both social cognitive theory from psychology and the mediation
approach from philosophy of technology assume a reciprocal relationship. For instance, the
social cognitive theory is a learning theory and assumes environment, behaviour, and
cognition to be reciprocal and in a triadic relationship. The mediation approach also
assumes reciprocal relationships between the user, technology, and the outside world, with
the note that technology is seen as a mediator between the individual and the world.

The combination of adoption and mediation theories could result in a theoretical
framework that avoids the gaps discussed above. Adoption theories of technology are
based on the question: which factors from the user (and factors beyond the user) influence
the (intention to) use technology? In other words, the question is if someone wants to use
a certain technology.

Adoption models are linear and the use (or non-use) of technology is seen as the final goal.
Mediation theory focuses on interaction with technology and is based on the question of
how users, technologies, and the world interact with each other. Technology is seen as a
mediator in the relations between users and their environment, which makes it possible to
understand the interaction with the technology between the user and the world
reciprocally (see Figures 2.3 and 2.4).

These theoretical perspectives can be used in a framework of adoption and interaction (see
Figure 2.4). The framework is based on Don Ihde’s work on mediation (lhde, 1993) and was
further developed by Verbeek (2014) and Kudina (2019). Although sharing similarities with
the theory of domestication (Silverstone & Hirsch, 2003) the framework we propose has a
different theoretical base and scope. The goal of this framework is to explicitly understand
and explain user behaviour, expand the body of theoretical knowledge of the adoption and
use of innovative technologies, and enrich the theory of mediation. In contrast to
domestication theory where the user plays an active and decisive role in patterns of use and
meaning (Sorensen, 2006), mediation theory involves implicit and explicit interaction
between the user, technology, and the world. Additionally, the presented framework does
not only incorporate qualitative but also quantitative research methods.

By combining adoption and mediation, four phases can be formulated: user adoption of
technology, mutual influences on others and vice versa by using technology, re-application
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of technology through use, and behaviour change resulting from using technology. The four
phases of the framework together aim to explain if humans use technology and how they
interact with the technology, with each other, and with the world around them. The
framework can contribute to a more profound understanding of smart eyewear from
multiple perspectives and of the interrelations between humans as users and developers of
innovative technologies, and the specific contexts in which these technologies are
developed, used, and have an impact.

Figure 2.4
Appropriation of smart glasses: theoretical framework of adoption and mediation

1. Adoption 3. Re-applying
User Technology World
4. Behavioural change 2. Influence
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Chapter 3 Exploring themes for anticipated adoption and
mediation of smart glasses

3.1 Anticipated adoption of smart glasses in general

Parts of this section have been previously published as:

Zuidhof, N. et al. 2019. Anticipated Acceptance of Head Mounted Displays: A content
analysis of YouTube comments. 2019 IEEE International Conference on Pervasive Computing
and Communications Workshops, PerCom Workshops 2019 (2019), 399-402.

Abstract

For further development of technologies but also for implementation in real-life contexts,
it is important to understand users’ perspectives on the anticipated use of innovative
technologies in an early development phase. In addition, it is also important to get a better
understanding of the explanation of this behaviour towards technology use in later stages.
Although Head Mounted Displays (HMDs) are not new anymore, the uptake has been slow
so far and people showed some extreme reactions. The objective of this study was to
analyze the content of YouTube comments on videos of HMDs, to get a better
understanding of relevant factors in this early phase of potential acceptance of HMDs. We
analyzed 379 YouTube comments on HMDs using content analysis. Comments were divided
into three groups: HMD, video, and miscellaneous. Comments about HMDs (n=124) were
further analyzed. Most of the commenters showed a positive attitude toward HMDs. Within
the positive attitude, the most expressed themes were comments about the type of use
(gaming), positive evaluations (emotions, coolness) and perceived need for an HMD. Within
the negative attitudes, negative evaluations (judgments, emotions) were shown most and
negative comparisons to other products were made. In neutral attitudes, the main theme
was the type of use (gaming). The results specify a couple of user needs and social norms
and values which people attach in this early phase to HMDs. In this early phase of
acceptance, some early adoption observations were found when someone talks about the
type of use (felt needs) and positive judgments (social norms). Early signs of rejection were
found by negative judgments (social norms) and comparisons with other products (previous
practice).

Introduction

In the past few decades, we have seen the rapid development of information and
communication technologies. Recently, technology becomes body worn and can be used in
several ways including media development, information technology, health monitoring and
behavioural modelling (Farina et al., 2012). A specific characteristic of wearable technology
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is the seamless integration of data and reality (de Valk, 2015). This serves Head-Mounted
Displays (HMDs) neatly. The first HMD was introduced in 1968 (Sutherland, 1968) and
augmented reality (AR) became a research area on its own in the 1990s (Wagner, 2007).
Well-known examples of HMDs nowadays are Google Glass and Microsoft’s Hololens.
Although there is a discussion about to what extent Google Glass delivers AR because of not
meeting the definition of AR defined by Azuma (Azuma, 1997), initial observations show
that most people cannot tell the difference. Nevertheless, both products are often labelled
as HMDs and are compared with each other often on YouTube which will be shown in the
method section.

Since Google Glass and the introduction of Augmented Reality, HMDs are getting more
visibility by a larger public. However, the uptake has been slow and reactions so far were
rather extreme in the media. Some people thought they were being recorded, others
instead photographed the Google Glass users (Honan, 2013). One user reported being
attacked and ripped off her property in a bar (Ladhani, 2014) and Google launched rules for
not being a ‘Glasshole’ (Google, 2014). Hence, wearable technologies not only come much
closer than other technologies to the human body, but they also come very close to people’s
social norms and values and embody how interactions with others should proceed based
on their expectations (Kudina & Verbeek, 2019). The reactions to HMDs demand better
knowledge of human interaction expectations with HMDs and theoretical perspectives on
acceptance can help to understand whether people want to use it.

In recent years, researchers have developed numerous models to explain individuals’
adoption and usage behaviours of technology, explaining up to 50% of variance based on
various variables (Davis, 1989; Davis et al., 1989; Venkatesh et al., 2003). These models are
built on the theory of planned behaviour which states that human behaviour is a consciously
planned process influenced by beliefs, attitudes, and intentions (Ajzen, 2011). The beliefs
and intentions are still found in the latest models but the attitude was excluded because it
was found as a nonsignificant determinant (Venkatesh et al., 2003). Because of the extreme
reactions shown to HMDs though, attitude may become more important in the acceptance
of HMDs. There are few adoption models to use in the early phase of adoption (Ben Allouch
et al., 2009) but the Diffusion of Innovations by Rogers offers a starting point (Rogers, 1983).
In the early phase of decision-making, prior conditions are described as a previous practice,
felt needs/problems, innovativeness and norms of the social system as characteristics. This
study will focus on to what extent these prior conditions to the acceptance of HMDs are
visible in online comments.
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This study is part of a series of studies aimed to get more insight into the acceptance
processes and the appropriation by humans of HMDs in real-life contexts. This study aims
to explore themes and overall attitudes shown online towards HMDs. Very few studies have
been conducted in this area to our knowledge. Two research questions are addressed: first,
what is the overall attitude to HMDs in the early phase of acceptance? And second: which
main themes can be distinguished from comments on HMDs in online videos? This study
will contribute to the body of research on the acceptance and potential use of wearable
technologies. The results can also be informative for designers and developers of these
technologies.

Methods

To gather insight into the public’s view of contemporary HMDs, we analysed comments to
online videos via the popular online platform YouTube (EBizMBA, 2017). A content analysis
(Neuendorf, 2017) was chosen as a method to explore attitudes and themes in the
comments on videos about HMDs.

Datayvideo selection

On YouTube, a search string was used with the words: smartglass, smart glasses, head-
mounted display, augmented reality glasses, google glass and hololens. The top three most
viewed videos were listed for each search string. The nature of this study was explorative
and therefore we were interested in the general opinion towards HMDs. We, therefore,
included a total of six out of 18 best-viewed videos of each search string in the study, see
Table 3.1. Exclusion criteria were: the video does not present an HMD with augmented
reality (e.g. Xbox One), comments are unrelated to HMDs (e.g. reactions about the music in
the video), a video in which comments are disabled, comments were not written in English,
comments are duplicated, comments are non-independent (e.g. replies). Even though the
data are publicly accessible, from an ethical point of view and after permission from the
ethics committee, we posted a comment to the used videos with an explanation of the study
and contact details when someone does not want his or her comment to be used in the
study. Comments were downloaded, disconnected from identification and changed into
respondent numbers (cases).

Population and sample

The population is the sum of the comments in the selected videos (see Table 3.1) and was
a total of 27.213. Sampling was done according to systematic random sampling which
consists of selecting every xth case. By this method, every case (of 6 videos) would have an
equal chance of being selected in an equal proportion. The skip interval can be established
by the population size and the sample size: N/n.
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The desired sample size is 379 cases (Cohen et al., 2011). This resulted in the next skip
interval: (58+220+290+995+21.390+4.260)/379=71,80, thus 72. The first video only had 58
comments, therefore the first comment was used and then every 72nd comment of the rest

of the videos to ensure each video was used.

Coding

To increase validity, two raters independently resolved any difference to reach a 95%

consensus based on a discussion of four rounds. The raters categorized the comments into

three groups: HMD, video, and miscellaneous. HMD comments were further analyzed for

open coding. The main messages were coded and overall positive, negative, and neutral

attitudes were labelled.

Table 3.1
Video selection

Title of video

Video information
Views Comments Date published

5 Best Smart
Glasses You can
Buy now on
Amazon

Top 5 smartglasses
you must have
Head mounted
display projects
directly onto the
retina: DigInfo
HoloLens | Holo
Lens Studie Demo |
Windows 10 |
Microsoft HoloLens
GOOGLE GLASS
SUCKS!

Minecraft Hololens
demo at E3 2015
(amazing!)

472.692 58
10-6-2017

777.488 220 7-1-2016

328.325 290 15-9-2010

2.210.567 995 21-1-2015

23.324.038 21.390 19-4-2013

4.501.942 4.260 15-6-2015
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Results

The main messages related to HMDs (n=124) were included for further analysis and to
answer the research question of what the overall attitude is toward HMDs in this early
phase of acceptance and second which main themes arise from the analysis.

Overall attitude

First, the overall attitude regarding HMDs was coded based on the comments (n=124) given
to the videos. The three categories were positive, negative and neutral. Most of the
commenters showed a positive attitude toward HMDs. It was coded 54 times (43.5%). Some
quotes of positive attitudes in comments are: “Cool”, “This is amazing!” or “Shut up and

1”7

take my money!”. A negative attitude was coded 35 times (28.2%). Examples of negative
attitudes are: “I hate when things exist, they just inconvenience me so much”, “u suck
glasses” or “SORCERY! WITCHCRAFT!”. The number of neutral attitudes is similar to the
number of negative attitudes (35 times, 28.2%). Quotes, for example, are: "l don't know
about this, | just don’t think this is the exact thing the person with hololens will really see. |
would really like to try it myself one day and then buy it maybe.”, “Is it really like this” or

“first person ohhhhhhh”.

Themes within positive attitudes

Some cases contained more than one main message, thus multiple codes were used. For
example, Table 3.2 shows 54 cases and 75 codes. Comments and thoughts about the type
of use manifested the most with 30 times coded (39% of 75 codes within 54 cases). Within
the type of use, gaming was the biggest topic, after which some smaller subjects appeared
such as sex-related applications, medicine, engineering, education and design.

The next theme is positive evaluations (#18/24%) which existed of excited emotions and
saying how cool the HMDs are. The third theme within positive attitudes was perceived need
(#10/13%). The rest of the themes are smaller ones, mostly practicalities such as questions
about availability, places to buy etc. In some comments comparisons were made with the
future, a few with predictions from the past, and another one with divinity. In some
comments, the intention to buy was shown clearly, whereas others were concerned with
costs questioning the price or hoping that it will be affordable. At last, someone wanted to
make clear that the Hololens really exist (see Table 3.2).
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Table 3.2

Themes within positive attitudes, n=54 # codes=75

Themes (#/%) Subtheme (#) Example of comment
Type of use Gaming (19) League of Legends in
(29/39%) Hololens! :D

Positive evaluation
(18/24%)

Perceived need (10/13%)
Availability (5/7%)

Comparisons (5/7%)

Intention to buy (4/5%)
Costs (2/3%)

Confirmative information
(1/1%)

Sex-related (4)
Medical (2)

Engineering (2)

Educational (1)
Design (1)

Excited emotions (8)
Coolness (6)

Google Glass (3)
Not bad (1)

If (3)

Where (2)

Time: future (3)
Time past (1)

Divine (1)

(4)

Questioning price (2)

Existence of Hololens (1)

Just imagine porn with this
Think outside the box.
imagine using this for
medical (...)

(and yeah, yeah, those
engineering and medical
(...)

(...) engineering, design or
even for school?

really awwwwwwwsom

It’s cool!

Google glass rocks!

Its not a bad idea

| want that

My kids need this

| hope Google makes this
Where can | get google
glasses?

The future right there in my
opinion

(...) science diction in 2000s
is becoming reality

So this is what being god
feels like

(...) 'm still gonna buy them
lol

How much does HoloLens
cost?

Months ago | saw hololens
first time somewhere, its
real
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Table 3.3

Themes within negative attitudes, n=35 # codes=48

Themes (#/%)

Subtheme (#)

Example of comment

Negative evaluations
(20/42%)

Comparisons (17/36%)

Costs (4/8%)
Type of use (3/6%)

Confirmative information
(2/4%)

Perceived need (1/2%)

Distrust (1/2%)

Judgments (8)

Emotions (4)
Companies (2)
Use (2)

Video (2)
Expectations (2)
Related products (8)

Time: future (4)
Time: past (2)

Time: current (1)
Human concepts (2)
Too expensive (4)
Gaming (2)

Air pilots (1)
Mentions feature of
smartglass (2)

No need (1)

In realization (1)

u suck glasses

this gave me chills

(...) are evil

(...) with more annoying
notifications

too much pre rendering
this will fail too

what you could have done
with mouse clicks

im not ready for the future
I miss the good ol’ days
Technology these days
Sorcery! Witchcraft!

cost $1500, not worth it
make these for gaming

for instance a jet pilot
don’t need it, make these
for gaming

don’t need this useless

end product will be nothing
like demos

Themes within negative attitudes

Within the more negative attitudes (n=35, #48 codes were labelled), two themes stood out:
negative evaluations and comparisons. Most of the evaluations were negative judgments
about HMDs, some showed emotions like fear or sadness about developments like HMDs.
The next theme in negative attitudes is comparisons made about related products like
Virtual Reality and Augmented Reality products, earlier announced products from the same
companies or failed products. Comparisons in time were made as well, similar to positive
attitudes about the future but now negative: commenters said they were not ready and few
looked back at the past (“good ol’ days”). Other comparisons were made to art, one
respondent reported that he or she can sculpt better by hand regarding a scene in the video.
Next, a small number of themes were related to costs. Commenters found it too expensive
or not worth the price. Comments about the type of use are in the minority with themes
such as gaming and the use of HMDs for air pilots.
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Someone mentioned features of HMDs and another commenter clearly stated there is no
need for the product. At last, one commenter showed distrust in the realization of the
product (see Table 3.3).

Themes within neutral attitudes

With an equal proportion of negative attitudes, neutral attitudes (n=35, #25 codes were
labelled) were related to one major theme and this one is at the top, just as with positive
attitudes: the type of use. And again similar, gaming is the most discussed topic. The rest of
the comments are single comments related to sex, educational and military subthemes. A
third theme is confirmative information. With 5 commenters, features of smart glasses
were mentioned and the existence of Hololens was confirmed by one commenter. Two
commenters made comparisons, one with the current time and the other with a related
product. Last, unavailability was mentioned and the very last comment here is about
distrust in realization with a neutral attitude (see Table 3.4).

Table 3.4

Themes within neutral attitudes, n=35 # codes=48

Themes (#/%)

Subtheme (#)

Example of comment

Type of use (14/56%)

Confirmative information
(5/20%)

Neutral evaluation (2/8%)

Comparisons (2/8%)

Availability (1/4%)
Distrust (1/4%)

Gaming (10)
Educational (1)

Medical (1)
Military (1)

Sex-related (1)
Mentions spec. (4)
Existence of Glass (1)
Expectations (1)
Ambiguous emotions (1)

Time: current (1)
Related products (1)

If: not (1)
In realization (1)

reminds me on cards (...)

sure it does, it has some
pretty amazing medical,
military, educational etc
applications

not wear this when fapfap
first person ohhhh

Google glasses are real |
have one
HMD will
smartphone
Do they suck that bad, | was
looking forward

Welcome to 2013

What about rudy project
noyz pro

They don’t sell them

don’t think this is what you
will see

replace
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Discussion

Principal findings

Regarding the first research question, the majority of the comments clearly showed a
positive attitude toward HMDs. Negative attitudes and neutral attitudes were smaller.
Although the attitude as a construct is no longer part of some adoption models (Venkatesh
et al., 2003), it manifests in an early phase. The second research question of this study
focused on which main themes can be distinguished from comments on HMDs in an online
video. The themes in positive attitudes and neutral attitudes consist of discussing the type
of use of HMDs with gaming on top. Maybe because most of the viewers are aged between
25-34 years (Blatterberg, 2015). Within negative attitudes, it was noticed that negative
judgments are most made followed by negative emotions and a lot of comparisons to other
products.

To make a comparison to a suitable framework for this early phase of adoption of HMDs,
the staged model in the Diffusion of Innovations seems relevant. Rogers (Rogers, 1983)
mentions prior conditions in the process of decision-making. The findings of this study can
possibly specify these prior conditions. Within positive attitudes, we saw that talking about
the type of use can be compared to these prior conditions, such as felt needs or problems.
Positive judgments are influenced by norms in the social system of the commenters. In
negative attitudes, the negative judgments are also influenced by norms in the social system
and comparisons with other products are based on previous practice. For neutral attitudes,
it was surprising that the order of themes was partially similar to positive attitudes. We
found little evidence for the prior condition of innovativeness (Rogers, 1983). This study
provided an entry to further specify the prior conditions in the acceptance of HMDs. Also,
attitudes in an early phase of acceptance might be an early indicator of acceptance or
rejection of HMDs.

Future work

The present study is part of a PhD project focusing on the appropriation of HMDs. By further
developing adoption models and by including more and other factors such as interaction,
social and ethical factors we aim to get a better understanding of people's preferences and
expectations towards HMDs. The current study will be expanded to obtain more reliability
in the dataset and repeated in a later stage. The following step is a field study and focus
groups. Then the use of HMDs will be evaluated through the real use of HMDs by people
with a qualitative approach and supported by a survey which will have a more quantitative
approach.
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Limitations

This study was limited in using online comments that are not necessarily representative
regarding the acceptance. Furthermore, we know little about the characteristics of the
commenters on YouTube. Thus the results are unfortunately not generalizable to a larger
population. However, we tried to gain insight into the general opinion on HMDs and a first
effort was made to contribute to the body of research and provide insight into the early
phase of potential uptake of HMDs.

3.2 Preferences for the anticipated use of smart glasses in the pre-
adoption phase for healthcare

Parts of this section have been previously published as:

Zuidhof, N. and Ben Allouch, S. 2019. Exploring the preferences for anticipated use of head-
mounted displays. International Journal of Mobile Human Computer Interaction. 11, 4
(2019), 40-48. DOI:https://doi.org/10.4018/1JMHCI.20191001

Abstract

Wearables such as Head Mounted Displays (HMDs) have been available for several years
now, but uptake has been slow so far. The objective of this study was to gain insight into
preferences on anticipated use in the early phase of HMDs with augmented reality. A survey
was conducted among Dutch students following a nursing or social work education (N=100).
Results showed that almost nobody had ever used an HMD. The areas of high interest in the
anticipated use of HMDs lie especially in receiving information regarding emergencies via
the HMD if something is happening close to people’s physical location; news and general
information about physical location. For potential use functionalities, the most interesting
functions reported by respondents were using HMDs for hands-free calling and receiving
information about their behavioural patterns concerning movement. The attitudes towards
receiving non-visible cues in social interaction such as detecting stress levels or mood were
all reported with a negative attitude. More than half of the respondents reported having
the intention to use an HMD in the future.

Introduction

Information and communication technologies rapidly evolved over the past years.
Technology now becomes more and more part of people’s personal space and is body worn
with the introduction of smartwatches and smart glasses. Head Mounted Displays (HMDs)
are not new to the field, the first HMD was introduced in the 1960s (Sutherland, 1968) and
augmented reality became a research area on its own in the 1990s (Wagner, 2007). Recent
examples of HMDs are Google Glass and Microsoft HoloLens.
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According to Azuma’s definition of augmented reality, it is a system with three
characteristics: “ 1) combine the real and virtual, 2) interactive in real-time and 3) registered
in 3-D” (Azuma, 1997). Microsoft Hololens meets these characteristics, but Google Glass on
the ot,her hand, uses 2-D overlays and is not interactive in real-time. Although there is a
discussion in the field that not all HMDs deliver augmented reality according to Azuma’s
definition, they still share the same characteristic of seamless integration between data and
reality (de Valk, 2015). Initial observations show that most people cannot tell the difference
between HMDs with augmented reality and HMDs without. For this study on smart HMDs
in general, every recent HMD with an augmenting experience which was launched in the
last ten years is applicable.

The media has portrayed emotional reactions from people towards HMDs. Firstly, a user of
Google Glass reported that people got angry and thought they were recorded by him using
his HMD. And he was photographed as well by non-users (Honan, 2013). Another user of
Google Glass reported that she was attacked and ripped off her HMD in a bar (Ladhani,
2014). Then Google published rules for not being a ‘Glasshole’ (Google, 2014). Other entities
have also voiced their concerns on privacy, e.g. the Dutch Data Protection Commission
wanted more explanation on how Google Glass processes collected data (NOS, 2013). Given
these examples, it becomes apparent how the subjects of privacy and data management
dominate the discussion around HMDs.

Earlier conducted user studies were dominantly held in laboratory settings and despite the
buzz around HMDs, the research addressing the end user perceptions is still very scarce
(Hakkila et al., 2015). In a real-life context, a Dutch hospital started a pilot and used an HMD
for wound care with telecommunication between a specialist and a nurse (Careaz, 2014).
Some research has also been conducted on HMDs and surgery (Templeman et al., 2016)
and children with autism (Keshav et al., 2017). HMDs are still in an early phase of adoption
and studies on users’ perspectives with regard to HMDs can contribute to further
development and implementation in real-life and employment contexts.

This study is part of a series of studies aimed at the exploration of the anticipated use of
HMDs, to get more insight into the acceptance and appropriation process in the early
development phase of HMDs. The following research question was addressed: What are
users’ preferences with regard to the anticipated use of Head Mounted Displays? This study
will contribute to the knowledge of the acceptance and use of HMDs. The findings might
assist designers and developers of these technologies as well since they are still in an early
development phase.
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Methods

Survey construction

To gain a better insight into the anticipated use of HMDs, a survey was constructed with the
expectation that the concepts grounded in the mobile communication literature (Katz &
Aakhus, 2002) and ubiquitous computing (Edwards & Grinter, 2001; Hakkila et al., 2015) are
also applicable and related to HMDs. The variables in the survey were: current use and
experience with ICT applications, areas of interest of anticipated HMD use, interest in
potential use functionalities of HMDs, attitudes towards receiving non-visible cues in social
interaction, the behavioural intention to use HMDs in the near future, compatibility of
HMDs with other applications, and costs. The survey is pre-tested according to the Three-
Step Test interview method (Hak et al., 2004) at an individual level with five respondents.
At the start of the survey, an edited video of Google Glass and Vuzix M-100 was shown to
the respondents where some user examples were shown e.g. location-based information
updates, notifications from contacts and movement patterns.

Sample

Dutch undergraduate students who were in the last year of their study of nursing or social
work were invited at the end of 2016 to complete the survey (N=100, response rate 21%).
In these professions, much use is made of digitally available information and registration.
Most of the respondents were female (n=88), and a couple of males (n=12) participated.
Age ranged from 21 to 29 years old (m=20.66, sd=2.07).

Data collection

After data collection, the respondents who filled in the survey were selected for data
analysis. Data were analyzed with descriptive statistics to meet the aim of the study namely
to explore preferences of HMDs in the future. The five-point Likert scale consisted of the
answer options: very interested, moderately interested, neutral, barely interested and not
interested. For the questions which concerned users’ preference of areas of interest of
potential HMD use three groups were made in the analysis to achieve an overall
interpretation of the chosen interests: high, mixed interest and low. The frequencies of very
interested and moderately interested were added together and were classified as the high-
interest group if the number exceeded 50%. The same applies to the frequencies of barely
interested and not interested and classified as low interest. If the number of the added
frequencies was below 50% it was classified as mixed interest (see Tables 3.5 and 3.6). With
regard to attitudes, the five-point Likert scale had the next answer options: very positive,
moderately positive, neutral, moderately negative and very negative and was converted to
positive, neutral and negative attitude (see Tables 3.7 and 3.8) in the same way as described
above.
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Results

The results regarding preferences for anticipated HMD use consisted of the following
variables: current use and experience with ICT applications, areas of interest of anticipated
HMDs use, potential use functionalities of HMDs, attitudes towards receiving non-visible
cues in social interaction, the behavioural intention to use HMDs in the near future,
compatibility of HMDs with other applications, and costs.

Current use of ICT applications

All respondents have at least one or more cell phones, an Android phone is overrepresented
(55%), followed by an iPhone (42%), a Windows phone (5%), Blackberry (1%), other
smartphones with internet access (2%) and other cellphones with no access to the internet
(3%). 53% has got a tablet or iPad as well and 2% of respondents wear a smartwatch.

Previous experience and compatibility of HMDs

Most of the respondents (92%) had no previous experience with HMDs against 8% who have
tried it. If they would use an HMD, most of the respondents (92%) expect to use a
smartphone in addition to an HMD. Half of the respondents (50%) think that the tablet will
be used as well in addition when using the HMD. Furthermore, most of the respondents
(79%) indicated that the desktop computer will not be used in addition to HMDs and the
same applies to the combined use of an HMD and a smartwatch, a large proportion (87%)
reported that they would not use an HMD and a smartwatch together.

Areas of interest in the anticipated use of HMDs

HMDs can provide a user with all sorts of information. Respondents were most interested
to receive information about emergencies near their physical location, news, and
entertainment. General information on respondents’ location and weather updates were
also reported to be of interest. Respondents were less interested to receive information
about politics or updates from friends on social media. Stock markets were less popular to
receive information about, as well as social media updates via the HMD from unknown
people nearby the physical location or information about meeting strangers via the HMD.
Finally, traffic updates were of the least interest (see Table 3.5) to respondents.

Potential use functionalities of HMDs

For almost every proposed functionality (see Table 3.6), respondents reported a high
interest. Respondents were most interested in the hands-free aspect of calling and getting
overviews of the pattern of their behaviour regarding movement, sleeping, food intake,
health functions, etc. Furthermore, reading notifications and taking photos with an HMD
followed. Recording conversations was the only functionality receiving a more mixed
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interest (40% had interest, 11% neutral and 49% had a low interest). Not one functionality
was classified with low interest.

Attitude towards the use of HMDs in receiving non-visible cues about the other visible person
HMDs can be unique in detecting cues that are usually not visible to the untrained human
eye, such as micro-expressions or collecting personal information via the Internet. The
person who is wearing an HMD can receive multiple cues from other persons when they are
in their sight. Respondents were asked about their attitudes towards these interaction
functionalities when using the HMD. All respondents reported an overall negative attitude
towards these interaction functions. The most negative attitudes were found for viewing
personal details regarding the other person collected in real-time from online databases,
and social media. Furthermore, detecting or perceiving additional information from the
other person’s stress level, mood or lies was seen as less negative than retrieving personal
details from the Internet, but still predominantly negatively rated.

Attitude towards the use of HMDs by others receiving non-visible cues about you
The attitudes towards others receiving non-visible cues about you show a similar pattern
with small differences. A few respondents would like to detect a lie from others (28%, see
Table 3.7) in contrast to 6% who liked it if the others could detect their own lie (see Table
3.8). The same applies to mood and stress levels. The findings show a bit more positive
attitudes to receiving non-visible cues about the other person than the other person could

receive your non-visible cues but still, the overall attitude is negative.

Intention to use

More than half of the respondents (54%) have the intention to use HMDs (see also Zuidhof,
Allouch, Peters, & Verbeek, 2018). Most respondents (65%) could not predict when they
would use it and few gave a reason for this, the respondents did not know when they would
use an HMD in the near future and some respondents answered that they did not see the
value of using an HMD yet. The minority (35%) did make a prediction. They predicted they
would use an HMD between 1 and 212 months (m=39, sd=42)

Costs

Most of the respondents (89%) reported how much they were willing to pay for an HMD.
This amount ranged from 0 to 2000 euros (approximately 2275 USD) with a mean of 237
euros (270 USD) (sd= 354).
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Discussion

This study investigated the preferences of respondents concerning the anticipated use
of HMDs.

The interests of respondents in the anticipated use of HMDs lie especially in receiving
information that is relevant to the physical location of the user and functionalities that
are related to job functionalities such as emergency updates, general information of the
area and weather. An HMD can provide this information hands-free with seamless
integration with reality (de Valk, 2015). Users might want to change their behaviour to
the situation at hand, so they can avoid emergencies. Or in the case of this study,
respondents were students of nursing thus they may want to offer help in case of an
emergency.

With that, the HMD could add value to their work. Interestingly, respondents were less
interested in social media updates of their friends, this may be perceived as disturbing
during work. The most interesting functionality of an HMD according to the respondents
is hands-free use and calling is the most reported functionality of interest. Calling is a
task that respondents execute a lot during their daily work activities and the hands-free
aspect enables them to do other things at the same time. Receiving information about
patterns of diet, sleep, and working was also relevant to respondents, although these
results can be achieved by other devices as well such as a smartwatch or smartphone.
However, respondents reported that they might use an HMD in addition to a
smartphone. It is possible that you will leave your smartphone in your bag more often
and the extension of the screen on an HMD might be useful here, especially when you
are in the need a hands-free device as a nurse or a social worker.

The unique opportunities of HMDs lie in collecting cues that are usually not visible to
the untrained human eye, such as micro-expressions or gathering personal information
via the Internet. The attitude towards these functions was found negative. It seems to
relate to privacy issues and social acceptability and similar findings was found as
reported in the public media (Honan, 2013; Ladhani, 2014) Also, the findings of this
study are comparable to results of recent scientific studies of fields such as design
(Hakkila et al., 2015) and philosophy of technology where privacy was the main research
subject (Kudina & Verbeek, 2019). Whereas privacy aspects were considered as general
e.g. concerns about doing something unethical with the HMDs, we can imagine
specifically for the respondents that a nurse or a social worker does not want to
emphasize being a detective for clients since it could damage the trust. Hence, the
unique functions of HMDs such as detecting non-visible cues might be more welcome in
a specific target group. For example, the use of an HMD as a training instrument or use
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with special job functionalities for example its use by the Chinese police (Russel, 2017),
or the use by people with special needs who have difficulties with sight, or recognition
of emotions.

The limitations of this study are that respondents were undergraduate students of the
studies nursing and social work. Although the respondents have some experience in the
field, most of the respondents do not have extensive work experience and may be less
aware of opportunities for the use of HMDs in their work. Traffic information, for
example, was not important to the respondents, this may be because they participate
less in traffic while in college and students in the Netherlands often travel by train. The
results may not be generalizable to other countries. The same applies to politics and
stock markets, most of the younger people are probably less engaged in these subjects.
Another limitation is the distribution of women (88%) and men (12%), although these
numbers are representative of the education of nursing and social work, it is not
representative of this age group in Dutch society. Conducting a study with a bigger
sample with more age differentiation and working areas would give a more complete
view and is a recommendation for further investigation.

In conclusion, this study tried to provide more insight into the current preferences of
anticipated users in the early adoption phase of HMDs. HMDs could have interesting
functionalities for users in the context of work, especially for location-based information
and hands-free use. Currently, receiving non-visible cues about others seems to be more
interesting for target groups with special needs.

3.3 Exploring anticipated adoption and mediation of smart glasses in
the pre-adoption phase

Parts of this section have been previously published as:

Zuidhof, N., Ben Allouch, S., Peters, O., & Verbeek, P.-P. (2022). Perspectives on the
Acceptance and Social Implications of Smart Glasses: A Qualitative Focus Group Study in
Healthcare. International Journal of Human—-Computer Interaction, 1-11.
https://doi.org/10.1080/10447318.2022.2111046

Abstract

Smart glasses were perceived to be potentially revolutionary for healthcare, however,
there is only limited research on the acceptance and social implications of smart glasses
in healthcare. This study aims to get a better insight into the theoretical foundations and
the purpose was to identify themes regarding the adoption, mediation and use of smart
glasses from the perspective of healthcare professionals. A qualitative research design
with focus groups was used to collect data. Three focus groups with 26 participants were
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conducted. Data were analysed using content analysis. Our analysis revealed six
overarching themes related to the anticipated adoption of smart glasses: knowledge,
innovativeness, use cases, ethical issues, anticipated adoption and attitude. Nine
themes were found related to anticipated mediation and use of smart glasses: attention,
emotions, social influences, design, context, camera use, risks, comparisons to known
products and expected reaction and might influence the acceptance of smart glasses.

Introduction

Recent developments in the field of ubiquitous computing have led to a growing interest
in smart glasses. Although the first experiments were done in the 1960s (Rhodes, n.d.;
Sutherland, 1968), in more recent years these devices have been further developed at a
breath-taking speed (Muensterer et al., 2014) and are better known by consumers (Digi-
Capital, 2019). A well-known and frequently used example is Google Glass (Google,
2014) but there are more devices with different characteristics. This shows a need to be
explicit about what is meant by smart glasses. The definition of smart glasses has
evolved (Ro et al., 2018) into head-mounted displays which are worn like eyeglasses and
are computerized and connected devices which can explicitly provide information to the
user in an augmenting experience (Klein et al., 2015a; Tsubosaka et al.,, 2017).
Additionally, smart glasses have an impact on the user and the environment and
implicitly mediate our relationship with others, our environment and technology
(Zuidhof et al., 2021). Recent developments have led to an increased interest in the use
of smart glasses in healthcare. It was introduced as a new tool in medicine with
applications in remote instruction, documenting procedures, patient empowerment,
reading signal data and providing instructional films and simulation (Klein et al., 2015b).
Similarly, for nursing, applications were studied for wound care, education, and
monitoring (Willer et al., 2019). However, smart glasses are still new and innovative
(Romare & Skér, 2020) and there is a need to understand the acceptance and use of
smart glasses in this discipline (Mitrasinovic et al., 2015; Wiiller et al., 2019; Zuidhof et
al., 2019a) and the role theories play in explaining acceptance.

Adoption of smart glasses in healthcare

Previous research has established that the adoption of smart glass is still limited across
various markets (Han et al., 2019; Rani et al., 2021). Several attempts have been made
to find relevant factors to the adoption of smart glasses. Influential factors seem to be
price, standalone devices, ease of use, enjoyment, self-efficacy, positive attitude and
social influence (Basoglu et al., 2017; Broach et al., 2018). Barriers to smart glasses
adoption were related to the look and feel of the devices. The look and feel are
important because smart glasses are worn on the face (Adapa et al., 2018) and might
relate to the ‘fashnology’ perspective (Chuah et al., 2016; Rauschnabel, 2018) and the
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construct ‘image’ in adoption frameworks (Lai, 2017; Venkatesh & Davis, 2000). Many
of the studies that explored technology adoption have been based on the technology
acceptance model (Davis et al., 1989) or one of its successors like the unified theory of
acceptance and use of technology (Venkatesh et al., 2003). Although the technology
acceptance model is perceived as the most applied model in information systems (Lee
et al., 2003), the diffusion of innovations provides more insight into which phase of
acceptance a potential user is in and can provide insights into the persuasion and
decision stage where an individual seeks “information to reduce uncertainty about an
innovation’s expected consequences” (Rogers, 1983). Expected but also unexpected
consequences also provide insight into the impact of smart glasses, which is discussed
later in this introduction.

There are various markets for smart glasses such as in defence, engineering or gaming
(Kress, 2014), the application of smart glasses in healthcare attracts attention and has
the potential to revolutionize healthcare (Kolodzey et al., 2017; Lukowicz et al., 2004).
Although studies have already been conducted in the field on specific areas of interest
such as skill training (S. K. Kim et al., 2021), completion of safety checklists (Boillat et al.,
2019) the use of Google Glass in surgical settings (Mitrasinovic et al., 2015; Wei et al.,
2018), nonsurgical medical settings (Dougherty & Badawy, 2017) and disaster
telemedicine triage (Broach et al., 2018; Cicero et al., 2015), the knowledge of both the
acceptance phase and influential aspects of acceptance in healthcare is still scarce and
social implications are important to take into account as well since there is a high chance
of interrupting the user and the closer it becomes to the human body, the higher the
need for privacy (Gheorghe et al., 2016).

Impact of smart glasses on the user and its environment

Smart glasses are worn on the head, therefore it is important to also pay attention to
social influences around smart glasses. Several studies have provided important
information about the technical and design aspects of smart glasses, and the social
interaction of augmented reality (Miller et al., 2019) but researchers have not explored
in detail the social interaction surrounding smart glasses as a wearable product in a
broader sense. Observations on social acceptance of augmented reality head-mounted
displays were explored in small social settings (Prilla et al., 2019) and a variety of ethical
issues were identified such as privacy issues, but also safety issues, justice, change in
human agency, accountability, responsibility and social interaction (Hofmann et al.,
2017). However, social implications and ethical aspects can be viewed more broadly
with a research method such as focus groups.
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The foregoing issues can be seen as implicit aspects and may have not to be foreseen by
the designers of smart glasses but are important to explore further, and more
specifically, little attention has been paid to these aspects in the context of healthcare.

Implicit aspects of smart glasses are also studied as human-technology relationships in
the mediation approach in the philosophy of technology. Humans and technology
mutually shape each other (Bijker & Law, 1992) and therefore the interaction between
humans and technology is seen as the result of interaction instead of two poles. For
instance, eyeglasses can be embodied to form a unity with a human being and are
termed an embodiment relation. A user looks through the glasses rather than at the
glasses. Furthermore, in hermeneutic relations, human beings read how technologies
represent the world such as an MRI scan can represent brain activity. Now, smart glasses
are a bifurcation of embodiment and a hermeneutic relation resulting in an
augmentation relationship. Smart glasses can be embodied to form a unity with the
user, while the screen can also represent the digital and physical world (Verbeek, 2015).
The mediation approach shifts the focus from adoption only to human-technology
influences back and forth in aspects that are both explicit and implicit (Zuidhof et al.,
2019a). In addition, implicit product capabilities are important for both users and
designer because it affects the overall acceptance (Koca et al., 2009; Zuidhof et al.,
2019b) however these aspects were not involved earlier in theories of adoption.

Little attention is paid to the adoption and interaction of smart glasses in general (K. Kim
et al.,, 2018), nor from the prospective users in the context of healthcare. Both adoption
and interaction aspects can be combined in an empirical study with a focus on explicit
and implicit aspects of smart glasses in the early stage of adoption. The specific objective
of the present study was to identify relevant aspects regarding the adoption, mediation
and use of smart glasses for future development from the perspective of healthcare
professionals. Involving end-users in the early stages of the development process is
important to ensure initial efforts are relevant to the users (Gulliksen et al., 2003). Thus,
this user-centred design approach should inform design choices, and provide more
understanding of relevant adoption aspects and use behaviour from prospective users.
This also might help implement strategies and designers in the nearby future.

Methods

The present study involved three focus groups with various stakeholders from the
healthcare domain. Focus groups were chosen as a method because data results from
interaction with relevant stakeholders which contributes to the aim of this study, they
stimulate discussion, and are rich in information which may be useful in the early phase
of research and development (Cohen et al., 2011). Directed content analysis was
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perceived to be the most appropriate technique and was used in an inductive,
qualitative approach since only broad topics in the focus groups were based on theories
of adoption and mediation (Elo & Kyngds, 2008; Hsieh & Shannon, 2005; Vaismoradi et
al.,, 2013). This study was reviewed, discussed with and approved by the Ethics
committee of the Behavioral, Management and Social Sciences faculty of the University
of Twente, The Netherlands (approval number: 200027).

Participants

Recruiting a variety of participants was attempted by recruiting in a professional setting
and a college setting with various levels of a college degree, related to (health)care. The
participants in this study were recruited by convenience sampling from a local
healthcare provider for the elderly (focus group 1) and two studies (master Healthcare
& Social Work, Bachelor of Social Work) from a university of applied sciences (focus
group 2, 3), see Table 3.9. Since smart glasses are not widespread and healthcare has
various professions in addition to doctors and nurses, we were also interested in social
workers because they might also represent social aspects regarding the anticipated use
of smart glasses. Because this study has an exploratory character, the inclusion criteria
were: (health)care-related work or study, work experience in (health)care. All
participants had experience in care, but their experience was diverse. For instance,
respondents were nurses, social workers, but also project leaders, managers and a CEO
of a care company. Three focus groups with a total of 26 participants were conducted
between January 2020 and March 2020 and data collection was stopped due to the
COVID-19 pandemic.

Table 3.9
Demographic characteristics of the participants (N=26)

Focus group 1: Nurses in healthcare (n=6)

Sex, male/female/other 0/5/1

Age, median (variance) 39 (24 - 48)

College degree level, BA, MA, MSc 1/4/1

Focus group 2: Final year students of Bachelor of Social Work (n=6)
Sex, male/female/other 1/5/0

Age, median (variance) 25 (21-28)

College degree level, BA, MA, MSc 6/0/0

Focus group 3: Combined group of professionals in healthcare, and social work (n=10)
Sex, male/female/other 3/7/0

Age, median (variance) 33 (21-64)

College degree level, BA, MA, MSc 0/10/0
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Procedures

To identify relevant themes to adoption and mediation, the participants were asked
questions in a semi-structured way based on the most commonly accepted theories by
scholars (Akbari et al., 2020; Lee et al., 2003) namely the Technology, Acceptance Model
(Davis et al., 1989), Unified Theory of Use and Technology (Venkatesh et al., 2003) and
the stages of the Diffusion of Innovations (Rogers, 1983). Adoption-related aspects
were: innovativeness, previous practice, norms of the social system and felt needs
(Rogers, 1983; Venkatesh et al., 2003), for the mediation questions (Verbeek, 2014),
participants were asked to imagine their own use of smart glasses and questions were
about the potential environment, personal factors such as own thoughts, emotions and
expected behaviour (Bandura, 1999). Similarly, participants were asked to imagine
seeing someone else using smart glasses. Additionally, questions were asked about
expected implicit aspects of smart glasses such as unintended effects (Tenner, 1996).
The final question was about the attitude of participants to smart glasses (Fishbein &
Ajzen, 1975). The interview guide was refined through discussions with experts in
qualitative research and the field of healthcare. Focus groups lasted between 90 and
120 minutes (mean time: 100) with the option of a break in between and everyone was
physically present in a quiet room at the healthcare provider or quiet classrooms.

Data collection

Three focus groups were conducted between January 2020 and March 2020 by a
moderator, and observer and were audio and video recorded for later transcription and
analysis. After providing informed consent, an introduction to the focus group was given
and the participants’ innovativeness and foreknowledge were discussed. Next, a video
was shown with neutral examples and use cases of various smart glasses. The moderator
had brought two types of smart glasses, a Google Glass and JINS Meme to the focus
group and all participants could get a hands-on experience with these different types of
smart glasses. Then the other questions were asked. The moderator was fully aware of
the subject, jargon and key issues related to smart glasses in healthcare.

Data analysis

Video recordings of the focus group were transcribed verbatim and checked for
completeness. Participants were anonymized with random letter combinations. The
data were analyzed inductively using qualitative content analysis carried out with Atlas.ti
9. Coding was done in multiple stages and discussed with the researchers. We started
with the initial labelling stage, followed by the second more analytical stage to form
overarching themes and subcategories which resulted in a codebook with 44 codes for
selective coding. Approximately 10% of the data were independently coded and
discussed by two researchers with a substantial intercoder agreement (Cohen’s Kappa
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of .93) in three rounds. This study was conducted after approval from the ethics
committee and all participants provided written informed consent.

Results

In total eight overarching themes were formed during the analytical stage of coding. The
overarching themes can be partly related to the theoretical stages of anticipated
adoption and mediation of smart glasses: anticipated adoption, expected influences of
own use of smart glasses, expected influences of use by others, see Figure 3.1 (Zuidhof
et al., 2019a). The themes and key findings, which are the outcomes of the content
analysis of the three focus groups, are presented in Tables 3.10, 3.11 and 3.12.

Figure 3.1
Theoretical framework of adoption and mediation derived from Zuidhof et al., 2019

1. Adoption 3. Re-applying
User Technology World
4. Behavioural change 2. Influence

Anticipated adoption of smart glasses

The first set of questions aimed to identify themes related to the adoption of smart
glasses, see Table 3.10. Specific questions were asked for the following categories:
foreknowledge, innovativeness, use cases and attitude. The categories of ethical issues
and anticipated adoption were not specifically asked for and were created during the
analytic phase.

Knowledge

Participants were asked about their prior knowledge of smart glasses. This resulted in
the forming of sub-categories and consisted of previous practice, applications and how
to use smart glasses. About a third of the participant had previous practice with smart
glasses and Google Glass was mentioned most.

From the few experiences with Google Glass, critics came to the table about technical
difficulties (e.g. battery problems), the screen being too small or the functionalities
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being too limited. For the sub-category applications, a third of the group heard about
the possibilities of smart glasses and mentioned their use in healthcare and
psychotherapy or talked about pilot studies or gaming. During the focus groups, there
was a moment to try out the smart glasses that were brought. Participants helped each
other by explaining how to operate glasses with their voices or how to take a picture.
The foreknowledge category shows that some of the participants already had
knowledge of smart glasses and some knew details about applications or specific
functionalities.

Innovativeness

More than half of the respondents felt that he or she was a person who quickly tried
new technologies. Some participants added that it also depends on whether it was for
work or private circumstances, in favour of the working conditions. The rest of the
participants were clear in their answers that they are not that innovative.

Use cases

When asked for what purpose someone would like to use smart glasses, it was noticed
that remote viewing was the most common theme. Remote viewing was not only about
watching a professional in wound care for example but also learning to understand a
patient’s perspective with misunderstood behaviour in a residential setting. The
advantages of remote viewing were discussed, such as saving travel movements, the
way images can communicate faster than language, and smart glasses are less
conspicuous and threatening than holding a video camera for observations.
Furthermore, interviewees mentioned various usage options in professions and patient
target groups. Some examples are inspection for engineers, observations for therapists,
use in coaching and from a patient perspective, smart glasses might be helpful for
visually impaired people, people with dementia, people with autism and obese people.
Another use case was with quick information access for documents or electronic health
records and reporting. The educational aspect of smart glasses usage was an important
topic as well during the sessions, it could be used for bedside teaching, raising expertise
and might raise the quality of care. It could also change how we learn at school. For
requirements, many different aspects were discussed and were about the user
experience that should be fast and easy. Other opinions mentioned that use should be
discrete with a silent mode for example. One respondent argued that equipment should
be able to withstand infection prevention. Smart glasses are perceived to be mostly used
in professional settings, in private life settings smart glasses were perceived to be used
mainly by gadget enthusiasts. If smart glasses were used in a group or social situation,
video is interesting to view the same material if needed or conversely, everybody could
watch what they want. When discussing use, comparisons were made a small number
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of times with what one can do with computers or smartphones. One interviewee argued
that the use of smart glasses should not act as a substitute for knowledge by reading
documents or protocols. While a camera could enhance a sense of safety when you are
alone outside, another interviewee warned that smart glasses should not be used in the
bathroom and pointed towards privacy aspects.

Ethical issues

Concerning aspects of privacy, three themes related to smart glasses emerged from the
analysis: privacy issues, data security and unethical activities in general. Interviewees
expected privacy to become a more important issue and focused on the dynamic role of
privacy issues and some of the participants called smart glasses an invasion of privacy.
In the case of data security, two perspectives were expressed about information in
databases or Google, protection of data when someone loses the devices. A small
number of comments related to unethical activities in the criminal circuit or fraud by
using the camera.

Persuasion

To think about smart glasses and possible acceptance, the respondents asked many
questions. Most of the questions were about hardware such as questions about how to
capture a video, what smart glasses can do, what you see through the screen and
connectivity to smartphones. Other questions were about adoption-related themes like
price and why smart glasses are not widespread yet. One interviewee asked about
compatibility with prescription lenses. The participants on the whole demonstrated
many drivers in favour of the adoption of smart glasses. Most of the drivers were
expressed by advantages such as efficiency, increase in quality, cool to use and the
handsfree aspect. Other drivers are concerned about the design of smart glasses. Even
though they are different types of smart glasses, respondents found the design of JINS
Meme more beautiful than Google glass. However, some respondents liked the
futuristic design by Google and another interviewee noted that Google’s design was not
interfering with social contact. Minor themes concerning drivers were context-related
statements that innovativeness is good in healthcare and that professionals can show
more courage with innovations. At last, the ease of use was expressed by using voice
commands. On the other hand, in several statements only slightly less than the drivers
are the barriers to adoption. It contained almost the same theme such as disadvantages,
design issues, ease of use and functionalities. The most expressed disadvantage was fear
of being hacked. Other themes are the number of devices someone already has, more
information can cause stress and it might be addictive to use. Barriers to design were
most expressed about Google glass, that the glasses look weird for example. A barrier in
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suggested use was that it is probably a lot of hassle and that it might be difficult to use
for spectacle wearers or the visually impaired.

Attitude

The attitude to smart glasses was positive for most of the respondents. Much potential
and added value are expected. Many see it coming in work-related settings and some of
the respondents expect to use it in social settings as well, but that should take more
time. Some respondents mentioned that their attitude was positive under the condition
that the purpose of use was clear. A smaller amount of the respondents had a negative
attitude toward smart glasses and the same applied to a neutral attitude. Both groups
explained their attitude toward use in social settings.

From these results of adoption-related themes, it can thus be suggested that the
following aspects might influence perceived usefulness: foreknowledge, efficiency and
increase in quality. Also, there may be a link between hands-free use, the position of the
screen and perceived usefulness. Ease of use can be influenced by voice commands,
cumbersome use and also spectacle wearers or people with certain disabilities or
impairments. Design, coolness and fear of hacks might influence attitudes to smart
glasses. Other influences on attitude could be usefulness, use in work-related settings,
habituation and a clear purpose for using smart glasses. The following aspects might
influence the intention to use: personal innovativeness, privacy and data security. These
propositions will be surveyed in a follow-up study.

Anticipated influences of smart glasses

Respondents imagined their own use of smart glasses in a work-related setting and were
asked about the potential environment, their thoughts, feelings and their anticipated
behaviour (Bandura, 1986). Thoughts that came to their mind were mainly thoughts
about the connection with the other. Respondents thought they would be even more
isolated from the outside world because it is body worn and stimuli in your field of view
are more pervasive and harder to ignore. Thus, smart glasses are more distracting to the
user and a discussion began on whether smart glass usage would be at the expense of
human contact. On the other hand, reading notifications on smart glasses might be less
distracting to others around you because you can use it discretely compared to using a
smartphone. A few respondents thought that others would look strangely at smart glass
users. One interviewee found it strange to see something someone else cannot see.
Likert scale questions could be derived from the data on the following themes:
interaction with the physical environment and interaction with the social environment,
see also Table 3.11.
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The results of influences of own use of smart glasses can inform the survey which is
planned after this study. The findings could be transformed into statements about
interaction with the physical environment such as engagement and interaction with the
social environment such as image, distance and closeness to others.

Expected influences of smart glasses use by others

In another question, respondents were asked to imagine seeing a smart glass user in
their working environment and then asked for their thoughts and feelings. Although this
question is somewhat similar to the question about imagining own use, it generated
twice as much discussion (see Table 3.12). Respondents had various thoughts about
seeing a smart glass user. Sub-categories were divided into implicit aspects, user and
design, the context of acceptance, camera use, risks and comparisons to other products.

First, some influences are related to social aspects in general. One of the major themes
was a need for a clear purpose in the use of smart glasses. Respondents had various
ways to express this, some highlighted ambivalent situations in use, and others made a
normative statement about the purpose. A theme resulting from this is that there might
be rules needed. Especially in private settings like dinner, respondents made
comparisons with smartphone usage and one interviewee argued that use should
contribute to the other and the user. Eye contact was an important topic as well because
having eye contact is quite clear in communication but less when someone is wearing
smart glasses. Various situations were discussed, a user walking by was not perceived as
a problem, but when being in a room with a smart glass user, it was suggested that
would be nice if the user takes a position where the user is less ambivalent, such as
sitting at a desk or table. A related topic to this is the social isolation of smart glass users.
It disconnects you from the outside world and may hinder social contact. One
interviewee found that ironic because glasses in general have an open design. Also,
social aspects specific to the care context were discussed. Respondents saw also positive
implications such as using smart glasses being calmer for patients compared to many
visits of nurses. Most of the respondents agreed on getting used to smart glass users
over time. Thoughts about seeing a smart glass user were also related to design. The
most striking ambivalent theme to emerge from the data is that it looks weird on the
one hand, but it sparks curiosity on the other hand. This might seem contradictory, but
it was said that it should match a person’s appearance and it can go both ways, whether
it is acceptable or ridiculous. On the positive side, a user can look modern or fancy.
According to some interviewees, it does not necessarily disturb, especially if someone
has long hair.
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If someone accepts the situation when being confronted with a smart glass user depends
on where he or she is. Respondents found smart glasses appropriate in work-related
settings and when it is related to the profession of the user. Another important theme
was trust. It would depend on the relationship with the user if someone were more
relaxed or tense about it. Concerns regarding the camera use of smart glass users were
expressed a lot. Respondents would feel uncomfortable with someone walking around
making videos and don’t like being filmed on the streets. This discussion was mainly in
an imagined situation where the purpose of camera use was unknown, but still, smart
glasses were perceived as less threatening compared to a manual video camera. The
risks of smart glass users were an extension of video use, it was related to a lack of trust
and a lack of control. You may find yourself on the Internet or someone can use videos
against you. It could be used as a means of power in the wrong hands. Although it was
a minor theme, respondents made comparisons to other products or services. For
example, a smartphone is much more noticeable than smart glasses and you can put a
smartphone away. Smart glasses are even more present. And related to the camera use
of smart glasses, bodycams are regularly used by the police and were perceived with a
positive attitude. Furthermore, Snapchat users make videos everywhere as well. A
variety of reactions were given when imagining a smart glass user. A sense of discomfort
came to their mind. Situations that raise that feeling were related to the unknown
purpose of use, someone could feel watched. However, if everybody wears smart
glasses it wouldn’t be strange. Misunderstood behaviour of smart glass users could also
evoke anger, the same applies if you would be ignored by a smart glass user. Other
reactions had to do with suspicion, one interviewee explained that everything new
raises suspicion.

These results on the expected influence of smart glasses usage by others provide
important insights for a follow-up study. Statements about comparisons with
smartphones could be made, such as whether the use of smart glasses interferes more
than smartphone usage. And also, about the design compared with normal glasses.
Furthermore, statements about trust and wariness could be obtained from a larger
dataset in a quantitative study.

Discussion

This study has identified various themes in adoption and interaction-related themes. Six
overarching themes related to the adoption of smart glasses were identified:
knowledge, innovativeness, use cases, ethical issues, anticipated adoption and attitude.
Anticipated mediation revealed nine themes: attentional shift, emotions, social
influences, design, context, camera use, risks, comparisons to known products and
expected reaction.
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Themes regarding anticipated adoption of smart glasses

The importance of knowledge about smart glasses

An interesting finding regarding the adoption of smart glasses was that information or
knowledge about smart glasses was important to respondents. Although most
respondents knew about the existence of smart glasses, there were still many questions
about the hardware and compatibility of smart glasses. This finding is in line with the
‘knowledge/awareness’ stage described by Rogers (Rogers, 1983) as is the next theme:

use cases.

Understanding anticipated adoption by discussing use cases

While anticipating smart glasses, potential use cases were largely discussed, with
advantages and disadvantages and the attitudes towards smart glasses including ethical
issues concerning privacy and data security. These aspects are also part of the ‘decision’
stage and are the third of five stages of the adoption process by Rogers (1983). However,
this contradicts Rogers’ finding that there is a step-by-step adoption process over time
(Rogers, 1983). It can thus be suggested that in an early stage of acceptance, with only
prior knowledge but no real experience with smart glasses, all these first three of five
stages of the adoption process occur simultaneously and that was no clear sequence
found between these stages. A note of caution is due here since an alternative
explanation for this may be that these stages had already been completed before this
focus group started or that the focus group functions as a kind of pressure cooker, but
the researchers did not get that impression.

Furthermore, the key findings from the categories innovativeness, anticipated adoption
and attitude confirm constructs from current technology acceptance models (Davis et
al., 1989; Venkatesh et al., 2003). The results have revealed various propositions that
we can include in a follow-up study. Also, insights from the mediation perspective (lhde,
1993; Verbeek, 2015) were used and have given a deeper understanding of the
interaction between humans and smart glasses and could complement the diffusion of
innovations (Rogers, 1983) with a more integrated view on how adopter categories are
perceived by others.

Themes regarding anticipated mediation and use of smart glasses

Potential issues in social interaction

Several conclusions can be drawn regarding anticipated mediation and future use of
smart glasses. By making people think about the influences of smart glasses and future
use, we did not only gather knowledge from a different perspective on aspects that are
relevant for adoption (such as themes on user and design in Table 3.10), but also indicate
where possible issues will come into use, and before use of smart glasses in public is
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accepted. For example, this study shows under what circumstances people would accept
public use such as a work-related setting, namely a clear purpose in use and perhaps
there are other standards needed. But also what might happen in social interaction, for
instance, more isolation or less social connectedness in public use, this confirms earlier
findings on social interaction with augmented reality (Miller et al., 2019). Furthermore,
what sets smart glasses apart from other wearables here is the dual function of gaze and
which is a remarkable tool for social interaction. “Ears cannot speak, lips cannot hear,
but eyes can both signal and perceive” (Gobel et al., 2015). This may be a possible
explanation for why the acceptance of smart glasses is slower than, for example, the
smartwatch.

Influences on work in healthcare

There are also influences in care, for example, smart glasses are less intrusive compared
to the use of a video camera or tablet, the calming aspect of fewer people at the bed
and the possibility of bedside teaching. These findings have implications for
implementation strategies in care and for designers to shape future products with the
user in mind.

Behavioural and emotional implications

On an emotional level, it has become clear for smart glasses how different adopter
categories might be perceived by others. Rogers (1983) described that innovators might
not be respected by other members of the social system. This study shows that tension,
discomfort, suspicion and anger arise when the purpose is unknown or behaviour with
smart glasses is misunderstood and confirms earlier findings (Koelle et al., 2015).
Furthermore, these emotions would disappear when smart glasses are worn by a
majority of people. We conclude that is important for a successful implementation to
pay attention to this in an early phase of adoption and come up with solutions with users
from a user-centred design perspective. Some risks such as lack of trust and a lack of
control were related to camera use of smart glasses and therefore also related to privacy
issues and confirm previous publications(Zhang et al., 2022), and for instance, in the
early days of ubiquitous computing this was described as of problem of control, “it
becomes hard to know what is controlling what, what is connected to what, where
information is flowing, how it is being used (...) (Weiser et al., 1999). It is possible to
hypothesize that values such as control and privacy are dynamic and could lead to re-
applying smart glasses in another way and behavioural change (Zuidhof et al., 2019a) as
a result of mutual shaping (Bijker & Law, 1992).
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Limitations

There are some limitations in this present study. One source of weakness in this study
which could have affected the results was the mixed professions of the participants. In
the healthcare context alone, there are various professions and various target groups of
patients. And involving diverse disciplines in care can mean that questions have been
looked at from different perspectives. We found it acceptable concerning the purpose
of this study and because this study had a qualitative, exploratory nature on acceptance
and social influences and thus needed diverse perspectives for rich data. An additional
uncontrolled factor is with all qualitative analysis techniques, the potential bias in
analysing qualitative data. Here, the combination between philosophy and psychology
offers both possibilities and limitations. From a philosophical perspective, it may be
possible to interpret and reflect more in a quotation than this study examined. But the
empirical research requires more observable statements. Therefore, theoretical choices
have been made to empirically investigate the theory of mediation from philosophy of
technology in the anticipated use of smart glasses. Despite its exploratory nature, this
study offers some insights into how philosophy and psychology can complement each
other in the context of technology acceptance and social interaction.

Future research

A natural progression of this work is to analyse the propositions derived from the results
in a quantitative study and is an essential next step in confirming and modelling the
aspects found in this study on the acceptance and impact of smart glasses. Further
research might also explore whether the process of the diffusion of innovations (Rogers,
1983) is still applicable in the context of smart glasses.

With regard to the anticipation of social interaction and the adoption of smart glasses,
respondents found it more difficult to think about themselves with smart glasses than
relocate themselves to a situation where someone else is wearing them. It can therefore
be assumed that it is better to ask how people respond to others with smart glasses.
Based on the findings in this study, we expect that judging the behaviour of another
person with smart glasses also affects own future use of smart glasses. This observation
may also support the hypothesis that mediation and adoption start at the same time
(Rogers, 1983; Zuidhof et al., 2019a). In closing, the results of this study show that it is
possible to investigate explicit consequences (Rogers, 1983) of the future use of smart
glasses with adoption models. And that implicit consequences can be investigated
empirically by using the imagination technique, inspired by a combination of mediation
from the Philosophy of Technology (Verbeek, 2014) and the social cognitive theory of
Psychology (Bandura, 1986).
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Chapter 4 Towards a model of appropriation of smart

glasses in healthcare

Explain and predict anticipated smart glasses use in healthcare

Parts of this section have been submitted for publication:

Zuidhof, N., Peters, O., Verbeek, P.P.C.C., Ben Allouch, S. (2023). A closer look at social
acceptance issues with smart glasses in healthcare: a model of anticipated adoption and
social interaction. Submitted.

Abstract

Despite the growing interest in smart glasses, it is striking that they are not widespread.
Previous research regularly points to problems that arise in social interaction. Assuming that
smart glasses mediate the contact between the healthcare provider and patient, the
objectives of this research are twofold: 1) to develop an instrument that combines the
adoption and mediation perspectives, and 2) to gain insight into how the intention to use is
influenced through aspects of adoption and social interaction. A questionnaire was
administered to respondents in the healthcare sector (n = 450). Data were analyzed by
structural equation modeling. The results show that constructs focused on social interaction
contribute to better explaining and predicting the expected adoption of smart glasses in
healthcare. The empirical findings of this study provide new insights into how the mediation
perspective can increase the explained variance compared to the existing knowledge about
adoption. It was also concluded that, despite the social issues raised earlier in the literature,
these social aspects do play an important role for healthcare professionals, but are
ultimately not decisive for the intention to use. As a result, there are fewer threats to
healthcare implementation than might be expected based on previous literature.

Introduction

Smart glasses have emerged to be a growing research topic over the past years in various
fields (Kress, 2014; Wortmeier et al., 2023) and could bring a revolution in healthcare
(Kolodzey et al., 2017). Smart glasses are computerized head-mounted devices, worn like
eyeglasses which can collect and provide information to the user and the environment.
Smart glasses mediate our relationship with our environment differently than other
products before and might change how we think, what we value, and how we behave
(Zuidhof, Ben Allouch, et al.,, 2021). Smart glasses are not yet widespread and few
researchers address the issue of pre-adoption criteria, identifying these criteria remains a
critical issue (Lu et al., 2005).
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Although research into smart glasses is continuously expanding, the current knowledge and
theoretical foundations about the acceptance of smart glasses are still limited. The first
experiences of smart glasses in public could be perceived as a rollercoaster ride, Google
Glass in particular was both celebrated and derided. Not long after the announcement,
there was already a warning for Glassholes (Lawler, 2014), named to people who wear
Google Glass and ignore people around them and stare off into space while operating their
smart glasses. Google responded with rules to help wearers avoid these situations (Google,
2014). There are several examples of various emotional reactions to smart glasses in the
media and ethical questions are repeatedly raised about wearing smart glasses (Hein et al.,
2018; Hofmann et al., 2017).

Acceptance of smart glasses

These initial responses to smart glasses also raise the question of how the adoption of smart
glasses is progressing. Prior research on the adoption of smart glasses is mainly conducted
in general contexts however, some particular studies were carried out in tourism or
healthcare. Furthermore, it seems that there are no large-scale surveys conducted on the
adoption of smart glasses and that most of the recent studies have an explorative,
qualitative nature, see Table 4.1. In addition, the emotional and ethical aspects that can
play a role as described above are still involved to a limited extent in recent studies and
might be especially relevant in professions where people are vulnerable or interact
intensively like in healthcare.

There is a growing body of research on the adoption of smart glasses. Existing scientific
literature on the adoption of smart glasses was reviewed and relevant studies were

*n u

identified. The following keywords: “smart glasses”, “head-mounted display*”, “wearable

EY/ ” o« » o« ” o«

display*”, “augmented reality (smart) glasses”, “adoption”, “acceptance”, “acceptability”
were searched for in the next databases on 12 June 2021: Scopus (11 hits), Web of Science
(12 hits), ACM Digital Library (96 hits) and IEEE Xplore (2 hits). All synonyms were connected
with the disjunction “OR” and both topics ‘smart glasses’ and ‘adoption’ were connected
with the conjunction “AND”. Keywords were searched for in the title. This resulted in the

publications listed in Table 4.1.
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Different methods have been used by scholars to explore the adoption of smart glasses, see
Table 4.1. The context of the studies varies, with a general context most often consisting of
random individuals or students. A comparable number of studies have been found in the
context of healthcare and tourism, therefore it can be concluded that knowledge is still
scarce in these fields. Even more limited are adoption studies with industry, retail and
agriculture respondents. Various methods have been applied, with the majority of studies
being qualitative in nature. Most of the previous quantitative studies have a relatively low
number of respondents. The results found in Table 4.1 provide important starting points for
the development of a questionnaire. Furthermore, the social aspects surrounding smart
glasses are mentioned multiple times, and therefore it could be assumed that social

interaction is a relevant topic regarding the acceptance of smart glasses.

The Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003),
the Technology Acceptance Model (Davis et al., 1989), and the Diffusion of Innovations
(Rogers, 1983) were found to be the most commonly accepted theories by scholars (Akbari
et al., 2020; Lee et al., 2003). Some of the findings from Table 4.1 can be related to known
constructs such as influences on perceived usefulness, perceived ease of use, facilitating
conditions, image, and perceived enjoyment (Venkatesh et al., 2003; Venkatesh & Bala,
2008) however, other findings suggest themes regarding both the ethical and social context,
termed as social acceptability (Koelle et al., 2017). This theme can be divided into
conversation partners, such as interpersonal communication, and spectators or third
parties with examples such as disturbance and controversial public use. The theme of
privacy is also related to the social context and can be divided into the same categories:
conversation partners and third parties. For example, wearing smart glasses is about your
privacy as a user, but it’s about other people’s privacy as well and can strongly influence
users’ decision-making (Rauschnabel et al., 2018). To summarize the findings in Table 4.1, it
can be concluded that relevant aspects of pre-adoption criteria should be informed by
current knowledge in adoption research such as the Technology Acceptance Model, but
should also take into account the social context from the perspective of both caregivers and
patients.

Social interaction and smart glasses usage

Devices worn on the body in general influence the symbolic meaning in the natural
environment of the person and public surroundings, but have also a psychological impact
on and behavioural consequences for wearers (Nam & Lee, 2020). Over the past decades,
the Technology Acceptance Model (TAM) (Davis, 1989) had an incredible influence on
empirical research. One might also say in general that current adoption models take a
snapshot of adoption readiness and TAM consistently explains about 40% of the variance in
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the intention to use IT and actual usage by individuals (Venkatesh & Bala, 2008), however,
these adoption models have limitations (Barki & Bagozzi, 2007) in which the current reality
regarding smart glasses may not be fully involved. Current models are linear and strongly
focused on the user’s perspective alone. Also, according to recent studies, social influence,
as it is considered in UTAUT (Venkatesh et al., 2003) may involve more than just the
influence and desire of others in the future use of the one considering it (Hein et al., 2018).
Several studies suggest that social context influences usage norms and public use is
controversial (Koelle et al., 2015; Rauschnabel et al., 2015a). The use of smart glasses does
not reproduce existing norms and understandings in turn-taking, knowledge, and identity
and could reconfigure norms by creating new settings in which activities begin to compete
and interfere with each other (Due, 2015; Liinasuo et al., 2023). In addition, privacy is often
mentioned to be influential (Goken et al., 2016). And not only the privacy of the user is
important, but other people’s privacy can also strongly influence the user’s decision-making
(Rauschnabel et al., 2018). Therefore, smart glasses force us to take a broader view of
adoption models and not only from the perspective of the potential user but also to look at
its surroundings. Hence there is a possibility that social influences are currently
underestimated in the context of the acceptance of smart glasses, given the reports from
various media and recent publications on the subject.

Turning now to a perspective that takes a broader view of the user and their surroundings
and environment (Montero et al., 2010), the mediation perspective fits well with the
identified gaps regarding the acceptance of smart glasses. The mediation perspective of the
Philosophy of Technology considers the relationship between humans and technology from
a phenomenological perspective and inspired also the beginning of ubiquitous computing
(Weiser et al., 1999). Furthermore, Steve Mann explained the use of smart glasses after
over 35 years as a mediated version of reality (Mann, 2013). Those mediated relationships
are reciprocal and technology is perceived as the mediator between humans and the world.
For example, a user looks through glasses rather than at glasses and is therefore termed an
embodiment relationship. In addition, smart glasses can represent information on a parallel
screen while seeing the world which is termed a hermeneutic relationship. (Verbeek, 2015).
A combined perspective of both adoption and mediation could complement each other in
understanding the appropriation of smart glasses, see Figure 4.1. However, knowledge of
the mediated experience of smart glasses is still scarce while recent studies report strong
influences of the social context in decision-making (Koelle et al., 2015; Rauschnabel et al.,
2018). The theoretical framework of adoption and mediation can reveal both the user’s
perspective and the perspective of others who are related to the user, such as a patient.
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In the field of philosophy of technology, mediation is interpreted as determining human-
technology relationships, interactions, and anticipating influences on human behaviour
(Verbeek, 2015). Previous research, see Table 4.1, into the adoption of smart glasses shows
well-known constructs, but social themes are also explored since 2010 from multiple
perspectives such as the user, conversation partner, and third parties (Montero et al., 2010).
A large-scale survey in which the anticipated perspective of the healthcare professional and
the anticipated social interaction are united is lacking in the current knowledge. Based on
previous research results, and the theoretical framework of adoption and mediation it is
relevant to explore adoption themes and if social interaction influences the intention to use
smart glasses.

Figure 4.1
Theoretical framework of anticipated adoption and social interaction derived and adapted
from Zuidhof et al. 2019a

O N Lo C©O «— O
[ (A )
Anticipated adoption (professional) Anticipated social interaction (imagined patient’s perspective)
User Technology World
Sustained use intention (professional) Anticipated social interaction (professional’s perspective)
O €9 9 5 0
- (A )

Figure 4.1 proposes to adapt the theoretical framework of adoption and mediation to the
context of the healthcare professional and the patient. It is expected that smart glasses for
healthcare professionals are still in an early phase of dissemination and therefore it is
needed to gather knowledge about anticipating the use of smart glasses. Also, a healthcare
professional is expected to anticipate adoption while also taking into account social
interaction with patients, but they can also take into account the patient's perspective in
social interaction. This, therefore, goes beyond mere adoption for self-interest and may
lead to a higher or lower intention to use smart glasses.
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Therefore, the objectives of this study were twofold: 1) to develop an instrument that
combines the perspectives of adoption and mediation to measure the intention to use
smart glasses by healthcare professionals, and 2) to get insight into how the intention to
use is influenced by adoption and social interaction aspects. Regarding the state of the art
and the objectives of this study, the following research question was formulated: to what
extent do constructs derived from a mediation perspective contribute to the established
constructs of adoption to explain the intention to use smart glasses?

Conceptual model of smart glasses acceptance

Observed variables derived from technology acceptance literature

In the proposed model (see Figure 4.1) it was argued that technology adoption and social
influence might influence each other and the user. The underlying idea here is that a
decision to use smart glasses is not only explained by a linear model and is not only aimed
at the self but also the other, as the mediation perspective also endorses (Zuidhof et al.,
20193, 2022). The recently developed conceptual model to explain the anticipated adoption
and social aspects of smart glasses are outlined in Figure 4.2 and the following aspect will
be included.

Observed variables derived from Technology Acceptance Model 2

As one of the most accepted theories by scholars, the Technology Acceptance Model (Akbari
et al,, 2020; Lee et al., 2003), intention to use is proposed as the key independent variable.
The constructs perceived usefulness and perceived ease of use are mainly aimed at their
considerations and do not yet tell us much about how this relates to the other. Therefore,
we found the Technology Acceptance Model 2 (TAM2) to be the most appropriate because
it builds on the basic model but also extended it with constructs that take the other into
account, such as the constructs subjective norm and image. Other constructs from the
TAM2 model such as experience, voluntariness, job relevance, output quality, and result
demonstrability have been omitted because they fall outside the scope of this study. By
adding more social constructs, we aim to gain a more holistic perspective of not only
personal considerations in own use but also how much a healthcare professional takes the
patients into account and how this influences the anticipated use of technology.

H1: Additional social interaction constructs can explain higher variance of users’ anticipated
intention to use smart glasses compared to subjective norm, image, perceived usefulness,
and perceived usefulness on anticipated intention to use
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The attitude toward technology is a debatable construct in adoption studies because the
added value in the model would not be good enough (Venkatesh et al., 2003), or it may
theoretically differ little from the intention to use. Similar to the Theory of Planned Behavior
(Ajzen, 1991), we regard attitude as a predictor of the intention to use smart glasses and
added the construct attitude because of previous findings (Zuidhof et al., 2019b, 2022),
which may be related to the early phase of smart glasses adoption where we can only
measure the anticipated intention to use.

H2: Users’ attitudes directly influence the anticipated intention to use smart glasses

Observed variables regarding social interaction with smart glasses

Previous studies found several constructs under the themes that seemed theoretically
relevant, such as attentional shift, social presence, and social isolation (Han et al., 2019;
Harms & Biocca, 2004; Karahanna & Limayem, 2000; Lee et al., 2003; Zuidhof et al., 2022).
The items were translated as accurately as possible and applied to the anticipation of smart
glasses. This resulted in the following constructs: lack of social presence, social isolation of
the patient, and reduced attentional allocation to the patient.

H3: The lack of social presence due to wearing smart glasses during a physical contact
moment influences the attitude directly

H4: Social isolation due to wearing smart glasses during a physical contact moment
influences the attitude directly

H5: The decreased attentional allocation due to wearing smart glasses during a physical
contact moment influences the attitude directly

Observed variables regarding social scenarios with smart glasses in healthcare
Furthermore, in previous qualitative studies, themes related to the context of smart glasses
use were also found, such as location, an unknown patient, and wearing smart glasses but
not actively using them (Zuidhof et al., 2022). These scenarios were linked to the social
presence (Karahanna & Limayem, 2000) resulting in three social presence in three
scenarios, namely providing care with smart glasses on an external location (outpatient
care), providing care with smart glasses while they are in passive use, and providing care
with smart glasses to an unfamiliar patient.

H6: The use of smart glasses at an external location during a physical contact moment
directly influences the attitude
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H7: The use of smart glasses with an unknown person during a physical contact moment
directly influences the attitude

H8: The passive use of smart glasses during a physical contact moment directly influences
the attitude

Observed variable regarding nonacceptance of smart glasses by the patient

The mediation approach visualizes the relationship with the outside world during adoption,
while technology acts as a mediator in the work of the health care professional and the
patient. To understand both the social interaction with patients during the use of smart
glasses and also the sustained use of smart glasses, the unintended consequences of smart
glasses usage might also be relevant (Merton, 1936; Montero et al., 2010; Tenner, 1996;
Verbeek, 2014). In particular, the patient's non-acceptance of the use of smart glasses is
interesting, simply because the patient's acceptance of smart glasses would probably not
create tension in the intentional use of smart glasses. The mediation perspective has led to
the following construct in the model: intention to use despite social nonacceptance by the
other.

H9: The intention to use smart glasses despite the nonacceptance of smart glasses by the
patient directly influences the anticipated intention to use

Methods

Study design

To achieve the aims of this study, a summated rating scale development approach for social
sciences was used (Spector, 1992). The first steps were aimed at defining constructs and
designing the scale. The resulting scale was evaluated through an online survey among a
sample of students. This study was reviewed and approved by the Ethical Review Board
from the University of Twente, The Netherlands (approval number 211121).

Defining constructs and item pool development

To develop an item pool, existing literature was consulted and the state-of-the-art
knowledge, as described in the introduction, was combined with the theoretical framework
of adoption and mediation. A core aspect of the framework (see Figure 4.1) is the reciprocal
relationship between the user, technology, and the world. In the next step, the aspects from
Figure 4.1 were substantiated with existing literature and translated into items, see
Appendix B for the item pool. All measurements were recorded using five-point Likert
scales. Back translation was performed by two researchers as a validation method for the
survey (Tyupa, 2011) and to develop a robust item pool.
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Item pool refinement

To check for comprehensibility, readability, and internal consistency, two pre-test moments
were organized. First, the questions were reviewed by two potential respondents. Next,
data collection (as a pre-test) was conducted at a healthcare institution in the Netherlands
(n=17). Although this was a small sample, internal consistency was acceptable except for
some reversed items, which were therefore removed from the questionnaire.

Data collection

Respondents (n = 450) were recruited in July 2022 on the Internet using Amazon’s
Mechanical Turk. The inclusion criteria concerned language: English reading, employment
industry: healthcare, and location: Northwest Europe (Austria, Belgium, Denmark, Finland,
France, Germany, Iceland, Ireland, Luxembourg, Netherlands, Norway, Sweden,
Switzerland) Canada, United Kingdom, and USA. Respondents were rewarded with $2 when
they completed the survey.

Demographic information

A summary of the demographic information of the respondents is presented in Table 4.2.
In the category of current profession, there is a substantial group of other professions (n =
93). Other professions contained a diverse group of for example medical assistants (n = 14),
medical technical professionals (n = 11) managers (n = 10) healthcare professionals (n = 9),
IT (n = 6), and home care professionals (n = 4) among other various professions in
healthcare.

Procedure

Before starting the survey, respondents gave active online consent after reading the
opening statement, see Appendix A. Subsequently, respondents were asked to watch two
short videos about smart glasses to get an idea of the technology and its use. The first video
showed an augmented reality platform for healthcare with English-spoken animations
(https://youtu.be/N_QoKStFn_Q), and the second video showed an example of Vuzix M400
smart glasses in the context of healthcare (https://youtu.be/TyA_NVyK9iw). After watching
both videos, respondents were asked to fill out the questionnaire. Furthermore, pictures
were used with permission of a healthcare professional (nurse) wearing Google Glass smart
glasses to clarify survey questions for the respondent, see Figure 4.2. Demographic
information was requested at the end of the questionnaire, see Table 4.2.
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Table 4.2
Demographic information

Category Specification Number of Percent
respondents
Gender Female 303 324
Male 146 67.3
Prefer not to say 1 .2
Year of birth <1950 1 .2
1950-1959 15 33
1960-1969 42 9.3
1970-1979 45 10
1980-1989 124 27.6
1990-1999 222 49.3
2000-2004 1 2
Country of residence Canada 4 .9
United States of America 442 98.2
Northwestern Europe 3 7
United Kingdom 1 2
Highest degree High school or less 5 1.1
Some college but no degree 22 4.9
Associate degree 32 7.1
Bachelor’s degree 235 52.2
Master’s degree 145 32.2
Professional or Doctoral degree 11 2.4
Current profession Medical doctor 106 23.6
Physician 86 23.6
Nurse 165 36.7
Other 93 20.7
Employment status Employed full time 401 89.1
Employed part-time 35 7.8
Student 4 .9
Self-employed 10 2.2
Years of work experience <10 years 224 49.8
11-20 years 115 25.6
21-30 years 74 16.4
31-40 years 28 6.2
>40 years 9 2
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Figure 4.3
Photos of using smart glasses consecutively: contact with patients, face-to-face interaction
in outpatient care, inpatient care, passive use of smart glasses, active use of smart glasses

(published with permission).

Data analysis

Before the analyses, data were checked for normality. No significant deviation from
normality was found, all skewness and kurtosis values were below 1.96, and values between
-2 and +2 are considered acceptable to prove normal distribution (George & Mallery, 2010).
Structural Equation Modeling was done with maximum likelihood estimation, advocated by
Joreskog (1970) to test the conceptual model of the intention to adopt smart glasses by
healthcare professionals. To test if the conceptual model fits the data well, the next
absolute and incremental model fit indices were used as suggested by Holbert and
Stephensen (2002) and Hoyle and Panter (1995). The most common absolute fit index is the
X2 goodness-of-fit test, and to minimize the impact of sample size on model Chi-square the
relative/normed chi-square (X¥') was used (Hooper et al., 2008). The standardized root
mean square residual (SRMR) was reported also as an absolute fit index. The following
incremental fit indices are reported, the Tucker-Lewis index (TLI) and the root mean square
error of approximation (RMSEA). The recommendations for practitioners for model
evaluation were followed, suggesting a cutoff value close to .95 for TLI in combination with
a cutoff value close to .09 for SRMR to evaluate model fit and a cutoff value close to .06 for
RMSEA (Hu & Bentler, 1999). The Fornell and Larcker discriminant validity criterion was
used to test discriminant validity. The Fornell and Larcker criterion is satisfied when a
construct is more closely related to its own indicators than to other constructs (Fornell &
Larcker, 1981).
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Results

The questionnaire on the anticipated acceptance of smart glasses was designed to examine
the perceptions of future users regarding smart glasses. It was also designed to get a better
understanding of how specific situations in the use of smart glasses influence the intention
to use them. The first research question was: what are the attitudes and intentions of
potential users regarding anticipated use and social interactions with smart glasses?

Explaining anticipated adoption of smart glasses: model comparison

To investigate the added value of the observed variables in the conceptual model, a
comparison is made between validated TAM 2 (Venkatesh & Davis, 2000) constructs to
create a baseline and the additional social interaction variables in this study. The constructs
perceived usefulness and perceived ease of use were adapted to the context of smart
glasses and subjective norm and image were included because they represent social
interaction. Although the construct attitude was not included in TAM, there was reason to
include this validated construct based on previous studies on the early phase of diffusion of
smart glasses.

Interpreting selected TAM 2 effects: intention to use, perceived usefulness, perceived ease
of use, subjective norm, image

Measurement model. The initial measurement model generated a good fit, X2,(142)= 183,55
X¥4f=1,29, SRMR = .03, TLI =.99, RMSEA = .03, (90% confidence interval [Cl]: .01, .04). The
internal consistency was above aspirational level (a > .70).

Structural model. The results obtained from testing the validity of a causal structure of
earlier validated variables showed a good fit, X2,(14)= 218,314, X¥/4 = 1,52, SRMR = .04, TLI
=.98, RMSEA = .03, (90% ClI: .02, .04).

Path model. The path model with standardized path coefficients is featured in Figure 4.4.
The standardized path coefficients in Figure 4.4 show significant direct effects of perceived
usefulness and perceived ease of use on the intention to use smart glasses. Furthermore,
subjective norm has a direct effect on perceived usefulness. Figure 4.4 shows also that
subjective norm has a direct effect on image. The direct effect of perceived ease of use on
perceived usefulness is not significant. The direct effect of image on perceived usefulness
was also not significant. Subjective norm was the only contributor to perceived usefulness.
In addition, perceived usefulness was the strongest contributor to the intention to use
smart glasses. Squared multiple correlations showed that image accounted for 61%,
perceived usefulness 51%, and, intention to use smart glasses for 73%.
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Figure 4.4
Standardized path coefficients of the selected TAM 2 variables on smart glasses

A8** .51
Perceived
usefulness 73
v 4

Intention to use
.16

.-13
’ Perceived ease
of use

Note. ***p<.001. Dotted lines are non-significant paths, non-significant factor loadings in

smart glasses

Italic. Squared multiple correlations are underlined.

Interpreting social interaction effects: lack of social presence, social isolation, decreased
attentional allocation, external location, unfamiliar person, passive use, intention to use
despite non-acceptance by the other

Measurement model. The initial measurement model generated a good fit, X?(1461)=
2146,696, X¥/4 = 1,47, SRMR = .04, TLI = .95, RMSEA = .03, (90% Cl: .03, .04). The internal
consistency was above aspirational level (a > .70).

Structural model. The results obtained from testing the validity of a causal structure of the
conceptual model showed that the initial model did not fit the data X2,(1525)= 4896,900,
X¥4f=3,21, SRMR = .25, TLI = .78, RMSEA = .07, (90% Cl: .07, .07). Post-hoc modification
indices suggested an improved fit by correlating error terms of perceived ease of use and
social norm, social norm and image, lack of social presence and decreased attentional
allocation, lack of social presence and social isolation, decreased attentional allocation and
intention to use, external location and passive use, unfamiliar person and passive use,
passive use and social norm and passive use and intention to use despite social
nonacceptance by the other. Furthermore, post hoc indication indices also suggested
additional paths between perceived usefulness and intention to use, perceived ease of use
and intention to use, perceived ease of use and image, perceived ease of use and social
isolation, social norm and external location, social norm and lack of social presence, lack of
social presence and intention to use despite the social nonacceptance by the other. Some
of the paths in the conceptual model were suggested differently, such as external location
to intention to use instead of attitude, and the same applied for unfamiliar person and
passive use. The path from attitude was suggested to intention to use despite the social
nonacceptance by the other and attitude to lack of social presence. The respecified model
generated a good fit, X2,(1337)= 2113,035, X¥/%= 1,58, SRMR = .08, TLI = .95, RMSEA = .04,
(90% Cl: .03, .04). Appendix B summarizes the mean and standard deviation, Cronbach’s a,

125



the factor loadings (B) and the squared multiple correlations (R?) of the observed variables
to predict the anticipated intention to use smart glasses. The correlation matrix is available
upon request.

Path model. Firstly, it was hypothesized that additional social interaction constructs could
explain higher variance of users’ anticipated intention to use compared to subjective norm,
image, perceived usefulness, and perceived usefulness on anticipated intention to use (H1).
Squared multiple correlations are featured in Figure 4.5 and showed that intention to use
is 96% and was raised with additional social interaction variables compared to the squared
multiple correlations of 73% from intention to use, perceived usefulness, perceived ease of
use, subjective norm, and image alone. Attitude accounted for 89%, intention to use smart
glasses despite social nonacceptance 65%, perceived usefulness 51%, and image 29%. These
results lead to the acceptance of Hypothesis 1.

Second, it was hypothesized that the user’s attitudes directly influence the anticipated
intention to use smart glasses (H2). The standardized path coefficients in Figure 4.5 show a
significant direct effect of attitude towards smart glasses on the intention to use smart
glasses, which leads to an acceptance of Hypothesis 2.

In the third hypothesis, it was stated that the lack of social presence due to wearing smart
glasses during a physical contact moment influences the attitude directly (H3). Figure 4.5
shows a significant negative direct effect of lack of social presence toward attitude and
therefore Hypothesis 3 is accepted. Surprisingly, the lack of social presence has also a direct
effect on the intention to use despite social nonacceptance by patients, positively.

Furthermore, it was hypothesized that social isolation due to wearing smart glasses during
a physical contact moment influences the attitude directly. Social isolation did not have a
significant effect on attitude (see Figure 4.5) and this leads to a rejection of Hypothesis 4.

In addition, it was hypothesized that the decreased attentional allocation due to wearing
smart glasses during a physical contact moment influences the attitude directly (H5). Figure
4.5 shows that decreased attentional allocation does not have a significant effect on
attitude and this led to a rejection of Hypothesis 5.

It was also hypothesized that the social acceptance of the use of smart glasses at an external
location during a physical contact moment directly influences the attitude (H6). Examining
the result in figure X, it is shown that use on an external location could not significantly
explain attitude, which leads to a rejection of H6.

In addition, it was hypothesized that the social acceptance regarding the use of smart
glasses with an unknown person during a physical contact moment directly influences the
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attitude. The results in Figure 4.5 shows that there is not a significant effect of the use of
smart glasses with an unknown person on attitude and there Hypothesis 7 is rejected.

Furthermore, it was hypothesized that the passive use of smart glasses during a physical
contact moment directly influences the attitude. Figure 4.5 shows that social acceptance
regarding the passive use of smart glasses indeed directly influences attitude. Therefore
Hypothesis 8 is accepted. In addition, social acceptance regarding the passive use of smart
glasses also has significant effects on the intention to use despite social nonacceptance by
the patient, intention to use, and perceived usefulness.

Examining the nonacceptance of smart glasses by the patient, it was hypothesized that the
intention to use despite the nonacceptance of smart glasses by the patient directly
influences the anticipated intention to use (H9). The results in Figure 4.5 show a significant
effect and therefore Hypothesis 9 is accepted. In addition, an overview of accepted and
rejected hypotheses can be found in Figure 4.6.
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Discussion

The present research aimed to develop an instrument that combines the perspectives of
adoption and mediation to measure the intention to use smart glasses by healthcare
professionals. The second aim was to get insight into how the intention to use is influenced
by adoption and mediation-related aspects. Furthermore, the related research question
was: to what extent do constructs derived from a mediation perspective contribute to the
established constructs of adoption to explain the intention to use smart glasses?

Development of the instrument

This article is the first attempt to develop an instrument to investigate the expected
adoption and social interaction of smart glasses in healthcare. This resulted in a conceptual
model that a) uses previous findings in smart glasses adoption, b) tested hypotheses of the
expected effects on attitude and use intention, and c) tested the model in a sample of
healthcare professionals. We believe that the proposed conceptual model of expected
adoption and social interaction provides a strong theoretical basis for further development
of the model. The structural model in this study adds a higher explained variance but can
be improved in the parsimony of the model. Furthermore, the focus in the model can be
shifted to other bystanders such as colleagues who may be confronted with a smart glasses

user.

Explaining the anticipated adoption of smart glasses

The results of the structural equation analysis showed that the path model (Figure 4.5) with
a combination of constructs of TAM 2 and social interaction variables was able to explain
more of the explained variance of the anticipated intention to use smart glasses compared
to the selected TAM 2 construct isolated. This finding indicates that social interaction
concerning smart glasses plays a role in anticipating the adoption of smart glasses in
healthcare besides the perceived usefulness and attitude toward smart glasses. More
specifically, the intention to use smart glasses is directly influenced by attitude, perceived
usefulness, intention to use despite social nonacceptance, and passive use of smart glasses.

The presented model showed that attitude and intention to use both had high squared
multiple correlations. This gives reason to consider whether there is a theoretical difference
between these constructs. In the introduction section, it was also indicated that the attitude
toward technology is a debatable construct in adoption studies because the added value in
the model would not be substantial (Venkatesh et al., 2003). Original adoption models were
developed for computer use in the 1980s, but smart glasses are different in several ways:
they are worn on the body, are in the field of view, and often contain a camera. In this
model, attitude is a mediating variable for subjective norm and the lack of social presence
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and was found to be important for intention to use. Follow-up studies may investigate this
relationship further.

Intention to use despite social non-acceptance shows that the influence of the other is
important for the healthcare professional, but that it is not decisive to eventually use smart
glasses. This can be understood because care actions can often be unpleasant for the
patient, but necessary for health purposes. This construct may score very differently in
other disciplines where the social relationship may be more important. Furthermore, the
anticipated intention to use smart glasses is indirectly influenced by the lack of social
presence and subjective norm.

A notable result of the lack of social presence is the decline in attitude. If the lack of social
presence decreases (thus an increase of social presence), the attitude towards smart glasses
also decreases. This might indicate that respondents do not expect that smart glasses will
ever provide more social presence and would not use them for that reason. One explanation
that supports this finding is the positive regression coefficient with the intention to use,
despite social non-acceptance by patients. This suggests that the professional would use
smart glasses, despite the social non-acceptance of the patient.

The results of this study also indicate that there is a complex relationship between the
passive use of smart glasses and four of the variables: a direct relationship with intention to
use and an indirect relationship through perceived usefulness, attitude, and intention to
use despite social non-acceptance. This can have four explanations, namely that passive use
has a negative relationship with the intention to use, which indicates, for example, that
healthcare professionals would rather not passively use smart glasses. However, this seems
to contradict the finding of the weaker relationship with perceived usefulness, which could
mean, for example, that it is convenient to have the glasses quickly at hand by wearing them
on top of the head, just as a doctor also uses a stethoscope to wear on the neck. Passive
use also leads to an increased positive attitude towards glasses, which in turn leads to
increased intention. In addition, there is a significant negative regression between passive
use and intention to use despite social non-acceptance by the patient. This could indicate,
for example, that the healthcare professional is willing not to use technology, or in this case
even to remove it, if the smart glasses are not actively used and the patient is not
comfortable with them.

Anticipating adoption and appropriation

The main finding is the answer to the research question that the mediation perspective has
provided insights into potentially useful variables for the anticipated adoption and social
interaction of smart glasses. Social interaction with technology may be important because
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smart glasses are body worn. Venkatesh (2000) found that the influence of subjective norm
was only significant in mandatory usage contexts and not in voluntary contexts (Venkatesh
& Davis, 2000). In this study, no obligatory or voluntary context was specifically referred to,
yet subjective norm had a significant association with intention to use. That moderator can
be added for control in a subsequent study, but it is also expected that with current
technology such as smart glasses that are worn on the body, this is different than with
personal computers. With smart glasses, there is human interaction where technology
differently mediates in the physical world. In addition, social influences would have a
nonsignificant influence on intention to use without moderators such as gender, age,
experience, and voluntariness of use (Venkatesh et al., 2003), this study has shown that
subjective norm but also the lack of social presence influence attitude and indirectly
intention to use smart glasses in healthcare and can therefore make better predictions for
anticipated use intention for smart glasses. Furthermore, despite many of the social issues
addressed in the literature (Koelle et al., 2015; Montero et al., 2010; Zuidhof et al., 2022)
and previous studies, most of the issues incorporated in this study did not have an effect on
the anticipated intention to use smart glasses in the future. The findings reported here shed
new light on the intention to use smart glasses in healthcare, where you could argue that
social interaction is perceived as an important aspect in providing care but not the most
important construct for predicting future use. Whilst this study does not provide evidence
regarding the issues in social interaction surrounding smart glasses in healthcare as seen in
the literature, a limitation in this study might be that respondents did not experience the
use of smart glasses in real-time. On the other hand, it may also be that the quality of care
is more important than social interaction, even if a patient feels uncomfortable when it
comes to health, an intervention is sometimes necessary. Respondents might assume that
smart glasses will help them in their work and that they will add value, regardless of the
outcomes of social interaction.

Furthermore, although it is suggested that social acceptance is regularly included in
evaluation sections in smart glasses research (Lee & Hui, 2018; Nam & Lee, 2020), it was
observed that the adoption was only partly included in research designs in some studies.
For example, in some cases technology acceptance was evaluated by three constructs:
perceived usefulness, perceived ease of use, and intention to use (Lam et al.,, 2019),
however the first Technology Acceptance Model (Davis et al., 1989) includes attitude as well
and the more recent developments of the model include 13 factors influencing the
perceived usefulness and perceived ease of use and thereafter intention to use (Lai, 2017;
Venkatesh & Bala, 2008). This example and current research in technology acceptance in
related fields (Ben Allouch, 2008; de Graaf et al., 2017) show that there is more to study in
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adoption than three factors and we argue to use all relevant aspects of adoption and
acceptance frameworks to obtain more valid answers in acceptance research.

In summary, several theoretical perspectives have been used and it has been found that
despite the concerns raised about social interaction with smart glasses, these aspects play
an important role for healthcare professionals, but are ultimately not decisive for the
intention to use. As a result, there are fewer threats to implementation for healthcare than
might be expected based on previous literature. It can also be concluded that the empirical
findings of this study provide a new understanding of how the mediation perspective can
increase the explained variance compared to existing constructs from the literature. That is
why the mediation perspective adds new insights into a theoretical framework that can also
be applied in other professional fields or other technology.

Limitations

This study focused especially on the combination of adoption and social interaction. A
limitation of this study lies in the comparison with the full TAM 2 model. A priori-selected
TAM 2 constructs based on relevance and the aim of the study were included, namely to
investigate social interaction and to what extent themes from the mediation perspective
add something to current models. A comparison with the full TAM 2 model is recommended
for a follow-up study.

Second, in this study social acceptance has been examined through scenarios and not
directly as a variable. The reason for this was to tie in with the previous findings and become
more concrete in the specific context. This ignores social acceptance as an independent
construct and it is advisable to do so now that it appears that social interaction plays a
substantial role in the model.

Third, as also discussed in the conclusion, attitude and intention to use as variables both
score high on the explained variance and it is questionable whether they are distinctive
enough. Nevertheless, this difference is based on previous literature, attitude was assumed
as a preliminary state in the conceptual model and it also fits the final model. It is
recommended to investigate this further in a subsequent study and might also be related
to the last limitation.

The sample was limited to individuals who have access to MTurk. The distribution of
respondents is mainly centred in the United States and the questionnaire may have been
completed mainly by people who were enthusiastic about the topic. As other researchers
addressed potential issues with sample representativeness and quality of the data (Aguinis
et al., 2021; Paolacci & Chandler, 2014), the results are more difficult to generalize and are
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not necessarily representative of the population of healthcare professionals. Therefore, it
is important to revalidate the results with a reliable, representative dataset.

Although this model has been formed based on previous literature and has remained as
close as possible to the conceptual model, it is not a parsimonious model. From Cutting
(2000), a series of criteria can be derived to discuss the model evaluation, which is reflected
by the accuracy, scope, and simplicity of the models. Parameter counting is widely used to
indicate simplicity: if two models are both equally valid, the one with the fewest parameters
is the best (Cutting, 2000). Several non-significant regression coefficients were found in the
results of this study and, in combination with the previous recommendations, a subsequent,
simpler model can be developed.
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Chapter 5 Experiences of adoption, mediation, and
future needs

Evaluation of long-term use of smart glasses in healthcare

Parts of this section have been submitted for publication:

Zuidhof, N., Ben Allouch, S., Peters, O., Verbeek, P.P.C.C., Appropriation of smart glasses: a
qualitative study from multiple perspectives on long-term use of smart glasses in
healthcare. Submitted.

Abstract

Smart glasses could be revolutionary in the workplace in healthcare. Although pilots have
been done with smart glasses, there are still a few users of smart glasses from whom we
can learn about long-term use. In a specific use case, nurses have used smart glasses in
wound care for control and treatment for several years. A nurse visits the patient at home,
contacts the remote expert in the hospital via smart glasses (Vuzix M400), and treats the
patient in consultation with the remote expert. However, since we know little about the
long-term use and appropriation of smart glasses, this paper aims to provide insight into
experiences and influences on long-term use from users of smart glasses. A qualitative study
was conducted and interviews were done with nurses from various home care organizations
working at the patients’ homes (n=7), remote wound care nurses (n=7), and managers of a
Dutch Hospital (n=3). Data were analysed through directed content analysis. The results can
be divided into four main themes: 1) personal experience, 2) collaborative experiences, 3)
unanticipated consequences of long-term use of smart glasses, and 4) future needs.
Respondents reported personal habits, emotional aspects, and experiences when working
with smart glasses. In collaboration through smart glasses, respondents mentioned the
increased quality of care and the change in interdependencies. Furthermore, working
together via smart glasses had an impact on care at home as well. The consequences of the
long-term use of smart glasses led to more feedback between nurses and patients, and to
shifts in tasks between stakeholders. Future needs for smart glasses lie in further
coordination with various stakeholders: patients, colleagues, IT, management, and
developers of smart glasses. We conclude that smart glasses facilitate hands-free, high-
quality home care, where an expert advises with a first-person perspective, the nurse learns
new skills and a vulnerable patient can remain in the comfort of their environment. Despite
it is currently cost-increasing, it also saves time and space in the hospital.
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Introduction

Increased use of smart technologies can play an important role in addressing the issue of
ageing the population (Liu et al., 2016) but also in working during a pandemic like COVID-
19 (Martinez-Galdamez et al., 2021). On the one hand, it offers the opportunity to provide
care to vulnerable elderly people at home, on the other hand, expertise can be provided
remotely and may contribute to dealing with staff shortages. Wearable technology such as
smart glasses is promising for distinct market segments in professional settings such as
engineering and technical fields but also in specialized settings for instance in firefighting or
the medical field (Kress, 2014). There is a growing body of literature describing first
experiences with smart glasses (Han, Tom Dieck, & Jung, 2019; Mason, 2016; Mitrasinovic
et al., 2015; Miihlematter & Donno, 2016; Zuidhof, Ben Allouch, Peters, & Verbeek, 2022),
but very little is known about experiences in long-term use and even less is known for the
specific target group of nursing.

In healthcare, there are several use cases for smart glasses that have been experimented
with, for instance in surgery (Muensterer et al., 2014; Singh & Klein, 2014), emergencies
(Schaer et al., 2015) or wound care (Ye et al., 2016). Google Glass (see Figure 5.1) is a type
of smart glasses that is both famous and infamous. Although there are privacy issues with
smart glasses in general (Basu, 2014; Hofmann et al., 2017; Hong, 2013), it was suggested
to have less impact on the potential user, but possibly more on the outsider who is
confronted with a user of smart glasses (Rauschnabel et al., 2018). Turning back to the
healthcare context, this does not seem to play a role for the patient (Odenheimer et al.,
2018). However, what has not yet emerged here is that also more stakeholders besides the
nurse and the patient can be involved in the use of smart glasses. For instance, smart glasses
are used in wound care, and in that use case, a nurse (user), a patient (Widiller et al., 2018),
but also a remote expert are involved. The use of smart glasses might lead to situations of
task shifting and task sharing between stakeholders.
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Figure 5.1

Image illustrating how smart glasses can be used by a nurse in the home environment for
wound care (published with permission)

Figure 5.2

The theoretical framework to study the long-term use of smart glasses derived and
adapted from Zuidhof et al. 2019a
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Whether or not people want to use smart glasses is examined by technology adoption
models (Goken et al., 2016; Ozdemir-Giingér et al., 2020). Although acceptance models are
continuously adapted to the use case and context, a limitation is that research in this way
remains a snapshot of technology diffusion, for instance, whether someone wants to use it
or not. Beyond the scope of these models, it is also known that people and technology
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continuously shape each other (Bijker & Law, 1992) and by viewing smart glasses as a
mediator between humans and the outside world (Verbeek, 2015), it is possible to gain
insight into a broader perspective of not only smart glasses acceptance but also of sustained
use concerning the interaction with the environment. Knowledge about appropriation may
provide new information about how we experience adoption, use and how we interact with
smart glasses and each other (Zuidhof et al., 2019) see Figure 5.2. This study aims to gain
insight into influences on sustained use and future needs in the workplace by long-term
users such as nurses and stakeholders of smart glasses in healthcare. The research question
of this study was: what influences does the long-term use of smart glasses have on peer
collaboration in patient care?

Methods

The current study included interviews with healthcare professionals involved in smart
glasses use from three perspectives, 1) the smart glasses user, 2) the remote expert, and 3)
the manager. Interviews offer an effective way to obtain in-depth information. In addition,
themes can be made transparent in analysis in this way. This study was reviewed and
approved by the Ethics Committee of the Behavioral, Management, and Social Sciences of
the University of Twente, The Netherlands (approval number: 200946). All participants
provided written informed consent.

Participants

Interviews were carried out (n=17) with nurses as users of smart glasses (n=7) from a Dutch
healthcare organization, wound care nurses working as remote experts (n=7), and managers
(n=3) of a Dutch hospital. One wound care nurse was excluded because the inclusion
criterium of minimum experience of 3 months of smart glasses usage was not met. The
average experience with smart glass usage was over 3 years (m=45.9 months, sd=29.3
months). The respondent group consisted mainly of women (88%) and the mean age was
47.17 years old (sd=11.46), see Table 5.1.

The participants were interviewed about the following use case for smart glasses. Before
smart glasses were introduced, a patient with a complex wound had to return to the
hospital regularly for a check-up by the wound care nurse. Due to physical limitations, a
patient may be brought by a caregiver or taxi. In the situation of using smart glasses, a nurse
visits the patient at home and after unpacking and cleaning the wound, she puts on the
smart glasses (Vuzix M400) and connects with the wound care nurse in the hospital. Then
they discuss the cure on the spot and the nurse at the patient’s home receives treatment
instructions from the remote expert.
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Procedures

To identify relevant insights into the long-term use of smart glasses and workplace needs,

the theoretical framework was used as a basis for semi-structured interviews (see Figure

5.2) and is based on the knowledge of technology adoption and technology mediation

(Zuidhof et al., 2019).

Data collection

Data was collected with semi-structured interviews with the following topics: experience of

use, social influences during use, behavioural changes, technology acceptance, and the

future of healthcare.

Table 5.1

Demographic characteristics of the participants (n=17)

Category

Specification

Number of
respondents

Gender

Year of birth

Highest degree

Years of work experience

Position in relation to
smart glasses

Male

Female

Prefer not to say

<1950

1950-1959

1960-1969

1970-1979

1980-1989

1990-1999

High school or less

Some college but no degree
Associate degree

Bachelor’s degree

Master’s degree
Professional or Doctoral degree
3 months —1 year

1-3 years

3-6 years

User (nurse)

Distant user (remote expert)
Manager

2
15

NNNMNNNPADN
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Data analysis

The interviews were transcribed verbatim and anonymized, analyzed with direct content

analysis, and coded with an inductive approach since only broad topics regarding adoption,

use, and consequences were known. Approximately 10% of the data were independently
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coded and discussed by two researchers with an intercoder agreement in two rounds
(Cohen’s Kappa .71).

Results

Themes derived from the analysis can be divided into four main groups 1) personal
experiences in the use of smart glasses 2) the experiences in peer collaboration, 3)
consequences of sustained use, and, 4) needs for future use of smart glasses in the
workplace.

Personal experiences in the use of smart glasses

“Very positive because | think it's a really good development. It is for older people, usually
the group we work with, that it is often so difficult to come to the hospital. Then you have
to arrange a taxi because the children live far away. It's all tricky. How nice is it that you can
just do the check at home? (...) There is contact between the wound clinic and the patient. |
think it's really great. It is a bit more work for us, but in the end, it will inevitably save time
and money. In the planning, but also the healthcare costs. If you work that out properly and
start working with it much more, that is simply a very positive development.”

(Respondent 9)

The nurse uses smart glasses directly at the patient's home and the wound nurse is
indirectly involved, remotely in the hospital. Both return that habit plays an important role
in their experience. Over time, they have become more accustomed to using smart glasses,
with the nurse at the patient's home becoming increasingly skilled in using them and the
remote expert saying that it was mainly a matter of time to get used to them. this way of
working. There were also emotional aspects to the personal experience, both are
enthusiastic about their tasks, although the work can now be a bit more stressful for the
user and that sometimes creates some tension. This can be understood by how the
experience of working with smart glasses is perceived. Important aspects were the stability
of technology in the context and the number of steps that must be taken before a
connection is established. For example, the success of a dial-up moment via smart glasses
is determined by whether or not the connection is stable. Mobile use of internet
connections and visiting rural or more remote areas can sometimes lead to connection
problems. If there is a weak connection, a consultation is not successful and has cost the
patient, nurse, and remote nurse time and frustration. Furthermore, issues can arise in the
wearing comfort for the user, for example in combination with wearing eyeglasses.
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Table 5.2
Themes regarding personal experiences in the use of smart glasses from a user and remote

expert perspective
Perspective  User of smart glasses Remote expert in hospital
(Nurse) (Wound care nurse)
Theme
Habit More skilful in the use Takes time to get used to
Emotional aspects Tension before use
Enthusiasm Enthusiasm
Work with smart glasses Multiple actions before use  One action to use
Weight and fit issues Connectivity issues

Experiences in collaboration using smart glasses

“People are now in the hospital for a shorter time, but they go home more complex. You do
have to improve the quality of district nurses, of course, you have to provide relatively much
care in the home situation” (Respondent 11)

The experiences of working together with smart glasses are described from four
perspectives, see Table 5.2. The interviewees were the nurse working with smart glasses
working, the nurse working as a remote expert, and the manager. Patients were not
interviewed because of COVID-19 lockdowns, but they were asked about their experiences
as perceived by the nurses.

All four stakeholders showed that the quality of care has increased by working with smart
glasses. This is primarily due to better and synchronous contact in the coordination between
different healthcare providers that would otherwise not have been possible because it is
normally asynchronous. The user and manager also indicate that in this way learning is also
done while working, directly in patient contact. For example, the nurse at the patient’s
home can consult with the remote expert and receive guidance where necessary. Another
aspect that contributes to better coordination is that the remote expert better understands
the situation. Normally, the patient comes to the hospital neatly dressed for a check-up for
example, but now there is an image of the home situation, in addition, there is also the
patient who indicates that he is allowed to participate in the conversation and therefore
feels seen and involved in the treatment. For instance, it may happen that a cat is lying on
the patient's lap near a complex wound, this situation provides an opportunity to discuss
wound healing and hygiene and is something that might be less likely to be discussed in the
hospital this way.
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The use of smart glasses also entails interdependencies between stakeholders. For the nurse
to function properly with smart glasses, a good relationship with the remote expert is
important. All parties are enthusiastic about working together via smart glasses, provided
the technology works well. In line with this, another important condition for good
cooperation is that there is mutual trust and that there is the possibility of low-threshold
contact for asking a short question or for peer consultation about a situation in which a
nurse would like to share responsibility for a patient care.

Table 5.3
Themes regarding collaboration using smart glasses

Perspective  User Remote expert Patient at Manager

(Nurse) (Wound care home (Hospital)

Theme nurse)

Raised quality of Better coordination

care Learn from Better Bedside
specialist understanding teaching

Interdependencies Good Positive Surprised Enthusiasm if

between relationship communication Enthusiasm it works out

stakeholders

Care at home

Low-threshold

contact
Added value
depends on

remote expert

More personal

Vulnerability
(privacy),
awareness  of
privacy

Trust in
relationship
Dependent on
skills of district
nurse

Personal touch

Faster policy
Hospital is
responsible

Less inpatient
care

Trust in both
caregivers
Less intensive
for informal
carers

Prefer home /
Prefer
hospital

No privacy
issues
reported
Fewer travels

for everyone
More insight
into process
Attention

from others
outside  the
organization

More space in
the hospital
for
emergencies

The course of the consultation with smart glasses depends on the expertise of the remote
expert on the complex wound on the one hand and on the user's ability to both work with
smart glasses and translate the advice of the remote expert on the other hand to practice.
This may mean that certain actions must be performed under the supervision of the remote
expert or that certain advice in wound care must be discussed with the patient. There are
also dependencies outside the care providers, namely those of informal carers. The
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pressure on informal care is reduced because the patient can stay at home and does not
have to travel, which in some cases an informal caregiver would accompany.

"People are in their home environment, see other opportunities in the video call and say, for
example: "Look, this is my dog | was talking about"”, or "You should see my front yard". This
makes care more personal.” (Respondent 1)

Care that can be provided at home through smart glasses support is experienced in different
ways, namely more personal, with additional vulnerabilities and consequences for hospital
occupancy. For the nurse, working in this way is more personal because of the direct and
synchronous contact with both the patient and the remote expert. This also applies to the
remote expert because, due to the home environment, there is also a more personal touch
to the contact with the patient, whether or not through contact with smart glasses. In
addition, there are patients with a strong preference to receive care at home, on the other
hand, there are also patients who see a visit to the hospital as an activity in the day and
experience it more or less as an 'outing'. The home situation in combination with technology
also entails vulnerabilities, the nurse is very aware of this and discusses how the patient's
privacy is guaranteed by, for example, not showing what is unnecessary, setting up a mobile
connection, and discussing safety with the organizations involved. Until now, patients have
never expressed any concerns regarding their privacy according to the respondents. It is
also important for the remote expert they communicate clearly that they remain
responsible for the treatment. This home care results in a faster policy for the remote expert
and more space for the hospital at the location because this care has been relocated (see
Table 5.3).

Unanticipated consequences of sustained smart glasses usage

“It is true that in the beginning, we said: gee, are you not wearing an apron or are you not
wearing gloves or are you still wearing the jewellery? They are things that you can see
someone working on at home. Now you see that they no longer have sleeves underneath
and they don’t wear jewellery, even when we take pictures that they have gloves on. | think
that something has changed in that sense if they have done something with the tips that we
have given. Normally you have no control over someone who works in a home situation. {(...)
If you see that it also happens at home, you can point it out. Those things will change.”
(Respondent 2)

Some aspects were not foreseen by the respondents, but looking back on their experiences,
these have become an integral part of their work when they were not before. As mentioned
earlier, there is therefore more synchronous contact between nurses, while at the same
time, feedback is also given by the remote expert during the consultation and received by

151



the nurse at the patient's home. Examples of this can be not having taken off a scarf or
wearing and changing gloves. In addition, the patient is also involved in the conversation
and the feedback sometimes also focuses on the patient about hygiene such as contact with
pets. These interdisciplinary discussions have also been noticed by management and are
perceived as positive for the quality of care and the patient's self-reliance. Another part is
the necessary preparations. The nurse who works at the patient's home has been given
extra tasks, such as checking whether the battery is sufficient, whether the device works
properly and does not need to be updated, for example, but also the proper management
of the agenda, after all, the contact moments must be coordinated with the patient and the
hospital. Few additional tasks are required for the remote expert, other than carefully
asking what is seen on the screen. For example, the colour of the wound must be checked
and can be influenced by the quality of the camera or the incidence of light on the patient.
For the patients, the preparations for a check-up are considerably reduced because they
can stay at home. At an organizational level, coordination between institutions is often
required for proper operation with smart glasses. Finally, a consequence is that training is
needed for a smooth contact moment. Due to the position of the camera on the glasses,
the nurse must practice aiming the camera in such a way that the remote expert can get a
good picture. Another consequence for both the nurse and the remote expert is that
because of the connection, it is sometimes difficult not to talk at the same time (see Table
5.4).

Future needs for smart glasses usage

“I'm thinking in the direction of privacy. We talked this morning about how scary it is right
now. You now have the cookies that you find everywhere on the internet. That | am now
discussing this subject with you and | will come across this subject two hours later. That is
apparently eavesdropped by an app. | find that frightening because (...) | tell something
intimate. (...). In terms of privacy, | assume that all this is guaranteed, but | could be
concerned about that.”(Respondent 3)

To continue working with smart glasses there are several needs from the stakeholders, the
respondents consider it important that privacy and security are as optimal as possible.
Although they are aware of this and comply with laws and regulations, this is also an area
that is difficult to trust. Good cooperation with other specialists in the field of IT and human
resources is important to keep checking this. Another point is the loss of human contact,
which remains of great importance to the nurse who works at the patient's home and is
also a reason to do this work.
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Table 5.4

Unanticipated consequences of sustained smart glasses usage

Perspective  User Remote expert Patient at Manager
(Nurse) (Wound care home (Hospital)
Theme nurse)
Feedback Receive more Give more More More
feedback feedback  to involvement in interdisciplinary
nurse, patient  the discussions
conversation
Preparation Checks needed Ask additional Less hassle Mediate
before use questions to between nurses
(batteries) clarify and patients
More
scheduling
Training Aiming the Taking turns
camera at the takes practice
wound  takes
practice
Table 5.5
Needs for future use in the workplace
Perspective User Remote expert Manager
(Nurse) (Wound care nurse)  (Hospital)
Theme
Needs from the Privacy and security must be optimal
stakeholders
Loss of human Optimal interaction Scale up but the
touch: keep face- between nurse and business case s
to-face, tailor, to expert difficult, dependency
needs on fees
Needs towards Integration of Detachable camera Collaboration  with
smart glasses electronic  health for close-ups designers/developers
record

They find it important that, despite working with smart glasses, attention is also paid to
personal contact and see opportunities to tailor this to the wishes of the patient because
we have seen that one patient prefers to stay at home and the other just like that. love to
visit a hospital. Optimal interaction is an important theme for the remote expert, how can
you communicate well at a distance, deal with the possibilities and limitations of smart
glasses and be and remain responsible for the treatment? For example, what tasks can you

have a nurse perform under the supervision and when do you call a patient back to the
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hospital? This requires further exploration. At the organizational level, scaling up is
complicated. After a subsidy, the question arises who can and should bear the costs, and
who benefits most from this intervention? At the moment it costs money because the
hospital manages the glasses and buys software support from a supplier, at the same time
there is a saving in the time that the remote expert spends on a check, which needs further
investigation. Other needs that come into play specifically for smart glasses are possibilities
that lie in integration with the electronic patient file, so that reports can be made at the
same time, for example. For the remote expert, a detachable camera would be useful for a
better view of a complex wound in a dark environment or a location that is difficult to
capture, for example with a deep wound. Coordination with designers and developers is
necessary to better integrate the smart glasses into the work and to appropriate them even
better (see Table 5.5).

Discussion

This study aimed to gain insight into the influences of long-term use and future needs
regarding the use of smart glasses in healthcare. Although studies regarding long-term users
with a clear use case are scarce, the present study investigated how different stakeholders
reflect on their use, how the collaboration between user and remote expert is represented
and which needs arise for continued use in the context of wound care.

As the most important conclusion in personal experiences of the nurse and the remote
nurse in working with smart glasses, the increase of skills and enthusiasm in use is central.
This finding contradicts earlier findings of potential users who presented many concerns
when anticipating use (Due, 2015; Honan, 2013; Hong, 2013; Lawler, 2014; Zuidhof et al.,
2022). The reason for this difference may be that the previous studies mainly focused on
Google glasses and the use of the current glasses (Vuzix) offers more possibilities to handle
data safely in accordance with European laws and regulations. Due to the use of different
glasses and also different use case, more positive evaluations were seen in this study
compared to other studies (Yu et al., 2016). Furthermore, in working together via smart
glasses, the nurse at the patient’s home and the wound care nurse can coordinate better
and learn from each other, which ultimately increases the quality of care. An important
interdependence in cooperation is the relationship and the quality of the contact through
trust and constructive feedback. A result of providing care at home is creating a more
complete picture of the patient, which also potentially will save on hospital staffing and
reduces travel movements.
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Subsequently, unanticipated consequences that have changed the work lie in the
collaboration and especially direct communication between the user, remote expert, and
the patient. Other skills are also important, such as proper preparation and planning of daily
work activities with smart glasses. Needs for continued use again lie in collaboration where
privacy and safety must be paramount and coordination between all stakeholders can be
improved, also taking into account the needs of patients. Patients do not appear to be
concerned about privacy, which is in line with previous research (Odenheimer et al., 2018).
This may be due to the trust of the patients in the healthcare provider. That the need for
optimal privacy and security must be and remain present is in line with other studies on
smart glasses and is confirmed by these studies (Adenuga et al., 2019; Hong, 2013; Kudina
& Verbeek, 2019; Przegalinska, 2019). Furthermore, smart glasses can be improved in terms
of software and hardware for every stakeholder, and involving the stakeholder in the
development of smart glasses is essential. There is also a role here for an organizational role
for instance in management and human resources to facilitate collaboration across
institutions, collaboration with IT to tailor security and technology to users and train users
for optimal alignment, communication skills, and efficient planning of work with smart
glasses for the optimal use of technology.

An interesting outcome is that the theoretical framework (Figure 5.1) focused on
behavioural changes and they were also partly found, but respondents also looked ahead
and stated their needs for continued use. This result is in line with both the diffusion of
innovations (Rogers, 1983) but also with the theoretical framework (Figure 1) in which it is
assumed that appropriations fit into an infinite lemniscate in which humans and technology
gradually shape each other (Bijker & Law, 1992; Pinch & Bijker, 1984). The theoretical
framework used in this study (see Figure 5.1) was based on a combination of adoption and
interaction with technologies from the perspective of appropriation (Zuidhof et al., 2019).
Previous work on the adoption and appropriation of mobile technologies has been
conducted in other contexts such as with young people or in the household. The attractors
and appropriation criteria that were found for young people (Carroll, Howard, Vetere, Peck,
& Murphy, 2002) do not seem applicable to this professional setting in healthcare except
for safety and security. The same applies to the domestication approach, which
distinguishes four elements: appropriation, objectification, incorporation, and conversion
(Silverstone & Hirsch, 2003). In this professional context, there is no personal purchase or
ownership (appropriation in the domestication approach), or it takes up a place in the
household (objectification in the domestication approach), but there is incorporation and
conversion that can best be compared with the theme found in this study on the influences
in the collaboration with others, how smart glasses are used over time and what

unanticipated consequences the use of smart glasses has.
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Limitations

This study was limited by the lack of patient interviews. The focus of this study was
specifically aimed at the nurses, but the patient is an indispensable stakeholder. However,
this study was conducted during the COVID-19 pandemic and lockdowns, it was therefore
impossible and irresponsible to ask vulnerable patients to participate in this study. Related
to this is that the interviews were conducted digitally via video calls due to COVID-19
lockdowns. Despite a good connection and satisfaction with the researcher, an interview
might have gone differently if it had been conducted face-to-face.

In summary, by looking at the appropriation of smart glasses, we found that initial concerns
about use, such as privacy, are much less prominent than previously thought in anticipated
adoption. Possibly the benefits after long-term use outweigh the initial barriers.
Furthermore, long-term use of smart glasses facilitates hands-free, high-quality home care,
where an expert advises in a first-person perspective, the nurse learns new skills and a
vulnerable patient can remain in the comfort of their environment.
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Chapter 6 Conclusions

“Ears cannot speak, lips cannot hear, but eyes can both signal and perceive. For human
beings, this dual function makes the eyes a remarkable tool for social interaction” (Gobel et
al., 2015, p.359).

This thesis originated from the first observation that smart glasses quickly became famous
but also infamous. Known for its potential in healthcare (Goken et al., 2016; Ishimaru et al.,
2014; Klein et al., 2015), yet notorious due to concerns arising from their impact on social
interactions (Due, 2015; Hein et al., 2018; Hofmann et al., 2017; John-Otumu & Amadi,
2020). Despite the existence of numerous smart glasses variants and their ongoing
development, their unique positioning - worn on the head and partially covering the eyes -
offers a distinctly different user experience and mode of interaction when compared to
devices like smartphones. The second observation was that the diffusion phase of smart
glasses was in its early stages (Basoglu et al., 2017; Klein et al., 2015). Few publications were
available on the acceptance of smart glasses, which were even more limited specifically for
applications in the healthcare field.

To approach the appropriation of smart glasses, this thesis strived for a combined
perspective of technology adoption and technology mediation. This approach was
necessitated by the observation that adoption issues related to social interaction could not
be sufficiently explained using previous theoretical insights alone (see chapters 1.2, 2.2,2.3,
4). As a result, technology adoption and technology mediation with interconnections with
social psychology and computer sciences, became the basis for the theoretical framework
of this thesis (see Figure 1.2), which attempts to provide a more holistic perspective to both
theory and societal signals regarding smart glasses.

The key research question of this thesis focused on the contribution of technology adoption
and technology mediation to the appropriation of smart glasses in healthcare. Before
answering the central research question, the sub-research questions will be answered first
in the following order: 1) perceived expectations about the anticipated adoption of smart
glasses, 2) perceptions of the anticipated social interaction with smart glasses and 3) the
evaluation of long-term use and social interaction with smart glasses.
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6.1 Anticipated adoption of smart glasses

The initial sub-research question to be addressed in this thesis pertains to the expectations
surrounding the anticipated adoption and utilization of smart glasses.

RQ1l: What are the perceived expectations of the anticipated adoption and
use of smart glasses?

Due to the early phase of diffusion of smart glasses, explorations were conducted with
unspecified audiences on YouTube, but also specifically for healthcare in which we have
collected both qualitative and quantitative data.

The first finding is that results showed that the attitude to smart glasses was predominantly
positive. Generic ideas and beliefs about smart glasses can be collected in an early phase of
diffusion and as soon as there is a video of it on a platform such as YouTube. This resulted
in the findings that the potential use of smart glasses could focus on specific areas such as
gaming and also use in professional settings such as defence or the medical field which are
described more in detail in chapter 3.1.

The second finding was that the benefits of smart glasses were mainly focused on the hands-
free aspect. This indicates a distinct mode of interaction, which could aid in tasks like
receiving instructions or accessing files during work. These results emerged from a
guantitative research study in the specific context of healthcare and social work. In
examining specific functions and use cases of smart glasses, see also chapter 3.2, there were
two main outcomes: 1) the information needs and 2) the benefits of using smart glasses.
The information needed for work-related use mainly focused on receiving messages or a
location about an emergency. Furthermore, confirmation in the conducted studies was
found regarding the concerns observed in the media about the social implications of smart
glasses. Receiving information about other people's behaviour in terms of stress or mood
was perceived with a negative attitude.

The further exploration of use cases and anticipated adoption of smart glasses in healthcare
were conducted through focus groups and described in chapter 3.3. Three important
healthcare use cases could be 1) expert at a distance, 2) quick access to information, and 3)
education. When it comes to considering future use, there is a substantial need for
knowledge: precisely understanding what it entails and how it can be utilized. In addition,
ethical aspects aimed at privacy, data security, and possible unethical activities also play an
important role in considering the use of smart glasses.
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During this thesis, it became clear from the previous findings in chapter 3 and 4 that social
interaction with smart glasses indeed seems to play an important role in adoption
processes, and that sufficient explanation regarding appropriation is lacking. This led to the
development of a conceptual model and a questionnaire, as presented in chapter 4. The
conclusion from chapter 4 regarding the expected acceptance is that a model involving
social interaction items can better explain whether someone wants to use it than the
selected original technology acceptance model determinants. Specifically, this means that
constructs aimed at social interaction influence attitude and subsequent intention to use.

In summary, the overall sentiment of potential users towards smart glasses leans more
positively than negatively. Anticipated adoption expectations of healthcare professionals
are linked to the available interaction modalities such as hands-free use and information
requirements. Moreover, healthcare professionals appear to express a need for more
extensive knowledge about smart glasses prior to their adoption, and the perceived social
implications seem to influence the decision-making process surrounding their utilization. It
is also important that factors identifiable regarding the use of smart glasses in the early
stage of diffusion, as found in media and grey literature, are confirmed by our studies on
anticipated adoption.

6.2 Anticipated social interaction with smart glasses

The second sub-research question that will be answered in this thesis pertains to the
expectation of social interaction during smart glasses use and is formulated as follows:

RQ2: What are the perceptions of anticipated social interaction with smart
glasses by potential users in healthcare?

This thesis confirmed the initial concerns about social interaction, as found in the grey
literature (Honan, 2013; Lawler, 2014), and therefore, relevant factors of social interaction
were developed and tested in a model (see chapters 3 and 4). In chapter 3.2 it emerged that
there is minimal interest in the specific functions of smart glasses that were mentioned at
the time, such as the software-enhanced reading of other people's emotions or tension
(Anam et al., 2014). In chapter 3.3 it became clear which perspectives emerged on social
interaction with smart glasses. In a work-related context, it is expected by healthcare
professionals, that more attention will be paid to the digital world and that this will lead to
the seclusion of the healthcare professional. Moreover, it is crucial that the purpose must
be clear on which smart glasses are used. Simultaneously, the context is equally important,
such as what the relationship is with the person using smart glasses.
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Therefore also trust, and etiquette is needed. Nevertheless, the use of smart glasses raises
tension and suspicion among potential users (chapter 3), which deserves attention in the
adoption process.

To further investigate these aspects of social interaction, a conceptual model was
developed and tested with hypotheses in chapter 4. An important finding is that the
addition of these aspects to a basic model of technology adoption leads to a higher
explained variance of the anticipated intention to use. It has also become clear that the
professionals’ intention to use smart glasses despite non-acceptance by the patient, has a
direct influence on the user intention. This finding means that the patient’s perspective
influences the adoption of smart glasses by professionals, however, the results also showed
that this is not ultimately decisive for the intention to use smart glasses.

In summary, this dissertation illustrates that using focus groups to anticipate the application
of smart glasses in an early stage of diffusion induces brainstorming, revealing numerous
themes in social interaction crucial for successful smart glasses adoption. When the key
social interaction themes (e.g. passive use of smart glasses, social non-acceptance), are
evaluated via a questionnaire amongst a larger respondent group, it is clear they indeed
play a substantial role. They contribute to a more explanatory model, with few themes (e.g.
social non-acceptance) significantly impacting the intention to use. A notable difference is
that the focus groups did not explicitly query the intention to use, whereas the
questionnaire did. Furthermore, this thesis has revealed social interaction factors through
comprehensive exploratory studies and has successfully demonstrated, via structural
equation modeling, that these lead to a better understanding and explanation of both the
diffusion process and the considerations of future users in healthcare.

6.3 Evaluation of long-term use of smart glasses

In this dissertation, various phases of adoption have been examined (e.g. anticipation, use),
with the anticipation of adoption explored through a mixed-methods approach. To address
the subsequent sub-research question, interviews were conducted with long-term users of
smart glasses:

RQ3: How do users in healthcare evaluate long-term use and social
interactions with smart glasses?

In chapter 5, a distinct application of smart glasses was taken as a basis, namely the use of
smart glasses in wound care. It details how a healthcare professional from a home care
organisation is working at the patient's home and contacts a healthcare professional in the
hospital, working as a remote expert, via the smart glasses. In traditional wound care
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scenarios without the use of smart glasses, a patient with a complex wound would regularly
need to visit the hospital for check-ups. However, when smart glasses are employed, the
patient can remain at home while a home care organisation's healthcare professional, who
is already scheduled to visit, establishes contact with the hospital and facilitates remote
monitoring.

Overall, in contrast to the previous results described in chapter 3, it was striking to find in
chapter 5 that respondents remained positive about the long-term use of smart glasses.
Particularly for the healthcare professional in the hospital, working as a remote expert,
there was enthusiasm and ease of use. For the healthcare professional equipped with smart
glasses, who also works directly with the patient, there was enthusiasm on the one hand,
but there was also tension (e.g. more dependence on technology) and more tasks before
smart glasses can be used (e.g. power on the glasses, connect to the hospital).

In this specific use case of smart glasses in wound care, the social interaction in the use of
smart glasses ensures a higher quality of care through improved coordination between the
healthcare providers, the hospital and the home care organisation. Learning takes place at
the bedside and the remote expert sees more of the patient such as the home environment
compared to a hospital visit. An important dependency between healthcare providers is to
train soft skills such as adaptability, problem-solving and communication skills, for remote
treatment, fostering relationships and establishing trust among them. By giving
constructively formulated feedback from the remote expert, working together via smart
glasses creates enthusiasm between healthcare professionals. The healthcare professional
and the remote expert also depend on each other's skills and abilities. Care with the help of
smart glasses at the patient's home ensures fast policy, but also creates a more conscious
approach to privacy, imagine wounds in privacy-sensitive places where you point to with a
camera for example. Surprisingly, patients have not expressed privacy concerns to the
healthcare professional equipped with smart glasses.

The consequences of long-term use created a new workflow and have translated into the
giving and receiving of more feedback between the hospital and the homecare organisation.
In addition, working with smart glasses ensures specific preparations for the device, but also
in the agenda. An important need for the future is to keep privacy and data security
guaranteed. According to the respondents, collaboration between healthcare providers
must also be as optimal as possible and the use of smart glasses can be tailored to the wish
of the patient who can possibly choose to stay at home. To designers and information
technology (IT) there are wishes from the users concerning software integration and for
example the temporary removal of the camera for a close-up image.
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In summary, social interaction with smart glasses in this specific use case is experienced as
positive, it increases the quality of care through better coordination and mutual learning of
the stakeholders. Also, further development is needed in the alignment between healthcare
providers, IT, and product design.

6.4 Appropriation of smart glasses through the lens of technology

adoption and mediation

The aim of this thesis was to synthesize theoretical perspectives of adoption and mediation
to offer a more holistic understanding of smart glasses’ appropriation and also to investigate
the perceptions towards smart glasses appropriation among the both general populace and
healthcare professionals in particular. When formulating the research questions for this
thesis in advance, we deliberately separated the various components of adoption and social
interaction based on initial observations, but it gradually became clear why technology
adoption and social interaction with smart glasses and the environment cannot be seen as
separate from each other. Thus answering the key research question:

What are the influences of technology adoption and technology
mediation on the appropriation of smart glasses in healthcare?

The foundations in chapter 2 have shown why it is relevant to look beyond current adoption
models and theories with smart glasses. In short, it comes down to the fact that adoption
models are barely adapted to new technology such as smart glasses. In addition, social
issues that arose are not or very limited part of adoption models. Furthermore, adoption
models which are based on the theory of planned behaviour can explain about 50% of
individuals' adoption (Davis, 1989; Davis et al., 1989; Venkatesh et al., 2003) This implies
that the remaining 50% is either unexplained or inadequately accounted for. Incorporating
the mediation perspective is an endeavour to achieve a more comprehensive
understanding of these remaining factors. Moreover, the rejection of technically sound
applications often receives minimal attention in technology adoption, despite the fact that
a mismatch between explicit or implicit technology capabilities can impact overall
acceptance (de Graaf et al., 2017; Jaschinski, 2018; Koca et al., 2009). These implicit aspects
in the adoption of smart glasses had not been fully explored, necessitating the
appropriation of smart glasses framework to support our research endeavours.
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Furthermore, when diving deeper into the background of smart glasses, it becomes clear
what basis is shared by both the fields of ubiquitous computing and philosophy of
technology. In the history of smart glasses, ubiquitous computing occupies an important
place. Founders of ubiquitous computing were inspired by phenomenology and post-
modernism and also focused on the social implications of computers (Weiser, n.d., 1988,
1991, 1995; Weiser et al., 1999). One of the pioneers of smart glasses with over 35 years of
experience with them, observed that using computerized eyewear provides a mediated
version of reality (Mann, 2013). In this thesis, the mutual shaping perspective, meaning that
people and technology gradually shape each other is taken as a starting point (Bijker & Law,
1992). Philosophy of technology, incorporating the mediation perspective (Ihde, 1990;
Verbeek, 2015) along with social cognitive theory (Bandura, 1986), both address the
question of how people and environment interact and mutually influence each other.

Exploring adoption, mediation and social interaction around smart glasses led to the
integration of technology adoption and technology mediation to better understand the
appropriation of smart glasses (see chapter 2). The appropriation of smart glasses
framework of this thesis (figure 2.4) offers the following opportunities: 1) understanding
and explaining the interaction between the user, smart glasses and the environment of the
user, 2) by viewing technology as a mediator, in combination with technology adoption, it
creates a new perspective on social interaction and adoption, and, 3) it can reveal both
explicit and implicit capabilities of smart glasses. With this theoretical framework, we have
been able to conduct several research studies that are included in this thesis.

In this thesis, we were able to conduct research through various phases of the appropriation
process of smart glasses, from the early introduction to long-term usage. The conducted
studies have revealed a temporal difference related to the user’s process. Implying that,
based on the results, there appears to be a distinction between anticipating the use of smart
glasses, evaluating the use of smart glasses, and reflecting upon the use of smart glasses.
The findings from the focus group study, related to the early phase of diffusion, indicate
that numerous concerns about social issues emerged (see chapters 3.2 and 3.3). When
these social interaction themes were explicitly linked to future usage intention (as shown in
chapter 4), respondents considered these, but they did not seem to be the deciding for
future use. And when evaluating and reflecting on use (in chapter 5), long-term users'
concerns seemed to fade into the background. The benefits found in the usage phase seem
to surpass the concerns raised in the early phase, even though the concerns are not
completely eliminated. This could also suggest that implementations could be significantly
delayed by concerns that are not always enduring and can be actively addressed if they
ultimately prove less relevant than the benefits.
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In summary, this thesis showed that adoption and mediation complement each other
theoretically, and reinforce each other empirically in explaining and predicting the future
use of smart glasses. Unlike adoption, appropriation extends beyond the mere choice to use
smart glasses and understanding its final use necessitates research spanning the entire
process from initial exposure to reflection on long-term usage. By examining the
appropriation of smart glasses through 1) the lens of psychology, philosophy of technology,
communication sciences and computer sciences and 2) employing a mixed-methods
approach across multiple studies and 3) from early phases through long-term usage, we
have generated a comprehensive picture. This thesis not only stands to benefit the further
development and implementation of smart glasses but also, through the synthesis of
theoretical perspectives, generates a more comprehensive understanding that is conducive
to future research into new technologies.
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Chapter 7 Discussion

In this final chapter of the thesis, the results and conclusions are presented in a broader
context, with the theoretical and practical implications being discussed.

7.1 Theoretical implications

This thesis, as described in chapter 1, adopts a multidisciplinary approach, synthesizing
elements from psychology, philosophy of technology, communication sciences, and
computer sciences to accumulate empirical knowledge in the field of smart glasses.

7.1.1 The contribution of the mediation perspective to the adoption

perspective

Viewed from the broader perspective of diffusion, Rogers acknowledges linearity is wrongly
taken for granted: "there is usually an implicit assumption in diffusion studies of a linear
sequence of the first three stages in the innovation-decision process: knowledge-
persuasion-decision" (Rogers, 1983, p.173). The same assumption of linearity seems also to
apply to adoption studies that focus on the independent variables that influence the
intention to use. This thesis is an attempt to expand the theoretical ambition beyond the
aspects known from technology acceptance models (Davis, 1989; Venkatesh et al., 2003;
Venkatesh & Bala, 2008) or the theory of planned behaviour (Fishbein & Ajzen, 1975). A
theory in psychology with a different view is the social cognitive theory (SCT). This theory is
often linked to social learning theory, which was at the cradle of social cognitive theory.
However, "It was being misread as concerned mainly with learning. (...) Social cognitive
theory was expanded in scope, generality, and applicability” (Bandura, 2019, p.1). In
contrast to linearity in the theory of planned behaviour, the social cognitive theory suggests,
in general, reciprocity and interaction. Human functioning is seen in this as the interplay of
intrapersonal influences, individuals’ behaviour, and the environmental forces that
influence the theme (Bandura, 1986, 1999). The mediation perspective from philosophy of
technology however, places technology in a completely different position than the
technology acceptance model and diffusion of innovations. As the name implies, technology
is seen as a mediator and is therefore not an endpoint of a linear model, but an aspect that
can mutually shape the relationships between people and the outside world in various ways
(Ihde, 1990; Verbeek, 2014, 2015; Zuidhof et al., 2019).

This thesis yielded knowledge about the appropriation of smart glasses. The understanding
of smart glasses adoption can be enriched by synthesizing elements from social cognitive
theory and the mediation perspective. By broadening the view and conceptualizing
technology as a mediator between the potential user and the world as a social context:
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1) more related influences and relationships can be investigated instead of a linear model.
2) A new approach emerges to explore social interaction in qualitative research (Zuidhof et
al., 2022) and in quantitative research (with a theory-based assumption) to be built into a
linear model, 3) in a previous study (chapter 4), translating the mediation perspective into
a model increased the explained variance of the dependent variable intention to use
(Zuidhof et al., n.d.). 4) It is therefore not just an extension of one model, because the
theoretical starting point (Zuidhof et al., 2019) offers the possibility to also investigate this
with other use cases and other smart technologies.

7.1.2 The contribution of the adoption perspective to the mediation

perspective

In philosophy of technology, applications like smart glasses are examined within a broader
context, such as technology ethics (Verbeek, 2014). For example, Verbeek states that the
proper introduction of Google Glass in society requires experimentation (2014). While the
so-called empirical turn in philosophy of technology (Kroes & Meijers, 2000), driven by
interaction with science and technology studies and engineering philosophy (Mitcham,
1994), the focus has shifted towards technology itself and continental philosophy has
redirected its attention to the relations between technology and society (Bijker & Law,
1992; Latour, 1994). A criticism of this approach was its limited attention to normative
questions (Verbeek, 2014). Verbeek (2014) proposes that philosophy of technology, in the
so-called ethical turn, engages with the quality of the intertwining with technology. A
significant focus area in this context is that of technology guidance (Hottois, 1996), which
does not question whether technology is morally acceptable, but rather the quality of our
lives as we live with technology (Verbeek, 2014). In a professional context like healthcare,
as introduced in this thesis, this also suggests that empirical research aids in unveiling the
quality of working with technology. Verbeek highlights ethics in responsible design, use and
integration in society (Verbeek 2014), which is indeed a pivotal aspect of technology
development. Building upon that, the findings of this thesis advocate adding an ongoing
examination of human-technology interactions, incorporating an ethical perspective
throughout the process. As demonstrated in chapters 3, 4, and 5, the mutual shaping of
human-technology relations and the quality of interaction with technology are subject to
rapid evolution. Empirical research conducted with smart glasses within a specific context,
such as healthcare, enhances philosophical reflection not just by interpretively examining
the relationship between humans and technology, but also by actively involving
stakeholders in the research and taking into account their perceptions. Testing theory with
'subjects' yields new observations that can augment philosophy of technology, particularly
within the realm of human-technology relationships. It also offers insight into how
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individuals in specific contexts, such as healthcare, personally relate to smart glasses,
influencing their decision-making and actions. However, the implicit aspects are also
important to consider as this thesis has shown. For instance, as the results in chapter 5 have
shown, through the appropriation of smart glasses, patients might become accustomed to
having a camera directed at areas of the body usually deemed private. It is important to
distinguish whether this acceptance stems from habituation, or whether the patient was
initially unaware of the potential risks, as is also the case with so-called 'creepshots' (Basu,
2014). This example shows why it is important to also investigate implicit aspects of smart
glasses use.

The synthesis of theoretical perspectives in this thesis yields the following conclusions for
philosophy of technology: 1) studying smart glasses appropriation in a practical setting such
as in healthcare, provides a rich insight into how smart glasses play a role in the quality of
life with technology as suggested by Verbeek (2014). 2) Furthermore, the results in this
thesis contribute to asking critical questions by providing substantiation and suggestions
through empirical research. Applying this perspective also helps to critically evaluate the
application in practice. 3) Finally, this thesis makes a connection between interpreting a
human-technology relationship and discovering how and in what circumstances this
human-technology relationship plays a role.

7.1.3 The theoretical framework and the diffusion of smart glasses
Throughout the PhD track, the appropriation of smart glasses framework (see figure 2.4)
was operationalized into research designs investigating the diffusion of smart glasses from
a usage perspective. We began with the initial introduction to smart glasses, extending
through to the evaluation of their long-term usage. The theoretical framework evolved from
anticipating the use of smart glasses to reflecting on the use.

The diffusion of smart glasses was one of the dependencies during this research. At the
start, Google Glass suddenly gained a lot of attention and the research studies have
acquired an exploratory and anticipatory character. In anticipating the use of smart glasses,
anticipating adoption is often conducted with questionnaires based on the technology
acceptance model or the like (Ben Allouch, 2008; Jaschinski, 2018). For anticipating social
interaction with smart glasses, in the initial phase of this PhD track, there was scant
literature available (see also chapter 2). The social cognitive theory offered an opportunity
to anticipate the potential environment and to explore thinking, feeling, believing and
behaviour (Bandura, 1999) in the presented scenarios in chapter 3.3. Given the lack of
literature on the social impact of smart glasses in the early phase of diffusion, we employed
the appropriation of smart glasses framework. This approach was used to anticipate not
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only individual usage but also the use by others, aiming to pinpoint themes and reveal
underlying social influences (chapter 3.3) which play a role in the adoption and use of
technologies (Zuidhof et al., n.d., 2022).

Throughout the PhD track, we aimed to align our research with a use case in a practical
setting (Zuidhof et al., n.d.). In using smart glasses in wound care, chapter 5 showed that
smart glasses served as a mediator, not only between healthcare professionals themselves
but also between the patient and the healthcare professional. This gave the opportunity to
investigate different perspectives from involved stakeholders: 1) the healthcare
professional working at the patient’s home as the user of smart glasses, 2) the healthcare
professional working in the hospital as a remote expert and 3) the management that
facilitated the use. Due to restrictions imposed by COVID-19, we were limited to
incorporating only the perspectives of professionals. However, we recommend for future
research also consider patient perspectives, as well as other organizational viewpoints, such
as Information Technology (IT) departments or Human Resources (HR) professionals who
may seek optimal alignment between smart glasses and professionals and patients,
alongside the implementation and appropriation of smart glasses.

7.1.4 Social interaction concerns and the diffusion of smart glasses
Chapters 2 and 3 began with a striking observation that subsequently became a central
theme in the thesis: the concerns raised about the potential use of smart glasses in social
interaction. These concerns primarily pertained to issues of rudeness and social exclusion
(Adenuga et al., 2019; Due, 2015; Gobel et al., 2015; Koelle, 2005; Ladhani, 2014; Miller et
al., 2019; Montero et al., 2010; Prilla et al., 2019; Zuidhof et al., n.d.) and ethical issues such
as privacy and control (Hofmann et al., 2017; Wolf et al., 2016). These concerns were partly
expressed in a general sense and applied to public use, but in the specific context of
healthcare, they appeared to exist only in the early stages of diffusion, see chapter 3
(Zuidhof et al., 2022). Furthermore, these major concerns seemed to recede (as indicated
in chapter 4) and faded into the background when implemented in, for example, wound
care, see chapter 5 (Zuidhof et al., n.d.). The expression of these concerns nevertheless
seems to play a role in anticipating the use of smart glasses and its potential impact. The
primary issue is not necessarily the legitimacy of these initial concerns, but rather how we
address and cope with them. Potential users' concerns and fears are justified, warranting
consideration in acceptance research, and require adequate addressing during
implementation processes.
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The reasons for the shift of concerns of the potential user can include several explanations.
It has previously been observed that initial outrage often fades and public opinion can
change. The Walkman effect shows how people initially thought it would be rude to listen
to music in isolation with headphones (Hosokawa, 1984). Nevertheless, it is impossible to
imagine the street scene without headphones at the moment. This is another example of
how appropriation shows how dynamic values are for people. Concerns in healthcare
appeared to take on a different meaning, on the one hand, due to the performance of
special actions by healthcare providers and, on the other hand, the trust in healthcare
providers by patients. Healthcare professionals bear a unique responsibility and expressed
similar concerns to those we observed in the general public (Chapter 3.3). However, from
the qualitative findings, they simultaneously indicated that they count on people from a
management level in their organization to adequately handle these concerns without
subsequent follow-ups (chapter 5). While the concerns of professionals are valid and align
with existing literature (Hofmann et al.,, 2017; Hong, 2013; Kudina & Verbeek, 2019;
Przegalinska, 2019; Rauschnabel et al., 2018), the key question is what eventually transpires
with these concerns of the healthcare professionals at the organizational level.

7.2 Practical implications

7.2.1 Social context matters

Models used for adoption in practice are often based on the technology acceptance model
or the unified theory of acceptance and use of technology. Social influence is a relatively
small aspect in these models and appeared only to be important in the early stages of
individual experience with the technology (Venkatesh et al., 2003). This thesis has shown
that social context matters continuously, also in later stages of experience with smart
glasses and even if it is not decisive for use. For example, the developed model in chapter 4
resulted in a higher explanation of the intention to use smart glasses. Better explaining and
predicting future use leads to a better understanding and discovering relevant aspects that
contribute to actively shaping future technology use. After all, it is not only important to be
able to explain the individual adoption process of the potential user of smart glasses, but
also to take the other person confronted with smart glasses into account in the
appropriation phase.

Obviously, healthcare professionals pay close attention to the patient and their needs (see
chapter 4 and 5), and although they sometimes have to perform tasks that may be
unpleasant for the patient, it is important to actively ask patients about their experiences
with the use of smart glasses. A possible pitfall here is the patient's trust in the healthcare
professional. Because of this trust, it seems that the patient assumes that the actions a
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healthcare provider does is well-controlled and safe. In turn, the healthcare professional
should also continue to check whether the patient, especially an elder patient who was
mostly surprised about smart glasses, has fully understood the possible risks of using smart
glasses on the one hand. On the other hand also on the organizational side: is the control
of privacy and the guarantee of data security arranged as optimally as possible? Even if a
healthcare professional does not bear all the responsibility for this, this discussion must
nevertheless be held regularly within the organization. We observe that while the
technology within an organization is often evaluated, the processes and experiences
surrounding it receive considerably less attention. Therefore, the social acceptance of the
patient should not be taken for granted.

7.2.2 Personal factors are dynamic

Models used for adoption take, as it were, a snapshot of the situation. This is useful for
understanding the state of influences on the intention to use and the state of technology
readiness in the organization, but what those models lack is the next step: if someone
adopts a technology, how does one appropriate it?

Important aspects for continued adoption appear to be dynamic. The common thread for
the adoption of smart glasses expressed in the thesis, namely the concerns about social
interaction, appears to play an important role in the early phases of diffusion but faded into
the background with a clear use case and after a certain period of use. It appears that as the
use case becomes more concrete and experiences accumulate, fewer concerns persist in
the daily use of smart glasses. This can be viewed as an example of appropriation, and
simultaneously, it highlights the need to pay closer attention to overlooked areas such as
evaluating and reflecting. These include the evaluation and reflection of user experiences,
as well as maintaining data security and upholding patient privacy consequent to utilization.

7.2.3 Collaborating via smart glasses requires different skills
When using smart glasses in a relevant use case, the results of chapter 5 showed that the
job tasks can also change with smart glasses as a result. The use case in wound care in which
the smart glasses were used for remote viewing showed that healthcare professionals
collaborate more often, more quickly, have better coordination with each other and provide
care more personally due to the following aspects: 1) bedside teaching, 2) supervision, 3 )
increase in give and receive peer feedback and 4) involving the patient in the conversation.

The use case of smart glasses in wound care showed that where healthcare providers used
to work asynchronously before using smart glasses, this is now synchronous with the use of
smart glasses. At the same time, this requires coordination at several levels in and over the

organizations: people and soft skills (for example, contact with each other), IT (for example,
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is everything working at the right time, are the systems aligned) and organization (are the
agendas coordinated with each other). As chapters 3 and 5 have shown, given the
complexity and the multiplicity of parties, it is important to place this structural
responsibility with a party in the organization who can interact with all levels, such as an
intervision group with delegates such as the nurse user, the remote expert, a manager, IT
and a HR professional who can ensure optimal coordination.

7.2.4 Important implementation delayers and deceivers

Each phase of implementation, in particular anticipating smart glasses use, evaluating actual
use and reflecting on smart glasses use, has its characteristics. Now that we have seen that
certain issues might disappear into the background over time, we cannot simply assume
that this will happen automatically. These issues are more implicit in nature as long as they
are not addressed in research and ‘broken expectations’ influence the success of technology
implementation (Granja et al., 2018; Greenhalgh et al., 2017; Koca et al., 2009).

Broken expectations and implicit aspects regarding a new technology can cause significant
delays and misdirection in implementation processes and based on this thesis, we can
assume that this also plays a role for smart glasses. Despite adhering to user-centred design
principles (Bendixen et al., 2017; Gulliksen et al., 2003), it often appears that 'technology'
outweighs human considerations in the deployment of technological solutions (see chapter
5). However, the outcomes of this research reaffirm prioritizing individuals over technology.
While the concerns surrounding smart glasses are justified, the lack of attention to implicit
themes does not contribute to a solution and concerns may persist or even grow. So the
recommendation is to focus emphatically on implicit aspects of technology use for example
by using scenarios and using social cognitive theory (Bandura, 1999; Zuidhof et al., 2022) or
aspects for non-adoption such as in the Nonadoption, Abandonment, and Challenges to
Scale-Up, Spread and Sustainability (NASSS) framework (Greenhalgh et al., 2017). When
there is an adequate response to implicit aspects regarding technology use, it seems
possible to avoid unnecessary delays in the implementation process.

7.2.5 Continuous design: do not postpone simple solutions

Although in many design frameworks there is a continuous loop in design and redesign
(Gulliksen et al., 2003; Van Gemert-Pijnen et al., 2011), however, simple solutions for smart
glasses seem to be lacking. The use of the camera on smart glasses has often come up as an
issue. Simple solutions such as a camera shutter that covers the lens as is now common with
laptops could increase the feeling of security and privacy. Nevertheless, today we do not
see such simple solutions being applied to new smart glasses. If humans and technology
mutually shape each other, stricter requirements may also be imposed on a company that
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supplies smart glasses. Implementation managers, should not settle for the specifications
of current smart glasses, but take the wishes of the users seriously and ask developers to
deliver those. Firstly, designers, developers and companies might offer simple but
professional solutions that contribute to increasing ease of use. Second, they can also
contribute to the removal of concerns that do exist but are not always immediately
expressed because people seem to rely on others (such as the healthcare professional or
the facilitating company) or technology. All stakeholders are responsible for the use of new
technologies, and if we assume that smart glasses are inevitable in the future, it is in
everyone's interest to set this up for the benefit of everyone involved.
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7.3 Concluding remarks

This thesis showed that the exploration of appropriation of new technologies such as smart
glasses, cannot be seen apart from both reciprocal processes and the dimension of time in
which the development and use of the technology is being studied. In comprehending the
underlying mechanisms and aspects of appropriation, such as for example habit, reciprocal
relationships have already been suggested (Ben Allouch, 2020; Peters, 2007). This thesis has
incorporated reciprocity as a key concept into the appropriation of smart glasses framework
(figure 2.4) and into its empirical studies (chapters 3,4 and 5), and there remains much more
to uncover. In the book ‘Op de vleugels van Icarus’, freely translated ‘On the wings of Icarus’,
an ethical framework is proposed around the question of how we should connect with
technology. Just as Icarus was not allowed to fly too high or too low, we must learn to let
go of saying 'yes' or 'no' to new technology (Verbeek, 2014). What the results of this thesis
emphasize is also the necessity for an ethical approach to be a continuous element in the
various phases of appropriation of smart glasses. Publications addressing important
questions related to ethics and new technology such as smart glasses were published at an
early stage of diffusion (Hofmann et al., 2017; Kudina & Verbeek, 2019; Verbeek, 2014; Wolf
et al., 2016). However, these findings also necessitate further investigation through
subsequent research studies. Verbeek states that as humans we are intertwined with
technology and that we must also take responsibility for the nature and quality of that
interdependence, "We're going to have to learn to live with it in every possible sense of that
word" (p.159). Verbeek proposes that ethicists should not stand on the sideline but should
also focus on empirical experiences with people's technologically mediated existence and
the social and cultural influence of technology (Verbeek, 2014).

Herein, social sciences research plays a clear role, ideally equipped to conduct empirical
research into these phenomena within the contexts of life and professional settings. Thus,
it can contribute to the proposed turn towards technology guidance (Hottois, 1996;
Verbeek, 2014). However, this requires technology ethics and implementation to intersect
not only in anticipating technology use but also in later phases such as evaluating and
reflecting upon technology use. This dissertation, centring on the synthesis of adoption
and mediation, advocates this approach to remain an integral part of the implementation
and long-term usage of new technologies, ensuring we continue to navigate skilfully on

Icarus' wings.
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Appendices

Appendix A Search strategy in defining smart glasses
Table A1
Search part I: key words

Definition Smart Glasses

“Defin*” “smart glasses”
“Term*” “smartglasses”
“Descri*” “smart eyewear”
“Characteri*” “smarteyewear”
“Expla* “digital eyewear”
“Specif* “head mounted display”

“optical head mounted display”
“optical see through display”
“head worn display”
“computational glasses”
“digital eye glass”

“augmented reality glasses”
“wearable augmented reality”
“wearable augmented reality glasses”
“mixed reality glasses”

“mixed reality smart glasses”
“near eye display”

4

Table A2
Search part I: number of hits per combination of topics per database

Scopus Web of ACM IEEE Psyc Philosopher’s
Science  Digital Xplore Info Index
Library — Digital
ACM Library
Guide to
Computing
Literature
Definition 20,697,816 142,757 1,220 1,545,275 43,489 5,572
Smart 8,098 310 73 4,682 29 0
glasses
Definition 2,337 2 0 1,543,497 0 0
& Smart
glasses
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Table A3

Search part Il: number of hits per combination of topics per database

Scopus Web of ACM IEEE Psyc Info  Philosopher’s
Science Digital Xplore Index
Library — Digital
ACM Library
Guide to
Computing
Literature
Smart 8,098 310 73 4,682 29 0
glasses
Definition 3,829 85 - 1,450 - 0
(search
within
results)
Table A4

Screening of search results Scopus in search part Ill

Reference Title Relevant quotes
1 (O’Hare et Defining “This study captures the challenges practitioners
al., 2020) requirements face in creating and using design representations

2 (Irwansyah
etal., 2020)

for an
Augmented
Reality system
to overcome the
challenges  of
creating and
using design
representations
in co-design
sessions

The
Development of
Augmented
Reality
Applications for
Chemistry
Learning

for co-design sessions and goes on to investigate
the potential of Spatial Augmented Reality (SAR) to
overcome those challenges.”

“This chapter describes the use of Augmented
Reality (AR) technology in chemistry education.
The chapter begins with definition analysis,
development, component, working principles,
steps in making AR media, and supporting
applications that are related with AR in education
particularly for chemistry teaching and learning
process.”
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3

208

(Spjut &
Boudaoud,
2019)

(Vovk et al.,
2019)

(Bergonzi et
al., 2019)

(Ratnam et
al., 2019)

(Stevens &
Wernimont,
2018)

Foveated
displays:

Toward
classification of
the emerging
field

SIG: Spatiality of
augmented
reality
interfaces

user

An augmented
reality approach
to visualize
biomedical
images

Retinal image
quality in near-
eye pupil-
steered systems

Seeing 21st
Century Data
Bleed through
the 15th

Century Wound
Man

“There is not yet consensus in the field on what
constitutes a “foveated display”. We propose a
compromise between the perspectives of
rendering, imaging, physiology and vision science
that defines a foveated display as a display
designed to function in the context of user gaze.
This definition enables us to describe 2 axes of
foveation, gaze interaction and resolution
distribution, which we then subdivide to provide
useful categories for classification. “

“First, we aim to critically discuss the definition of
Spatial Interfaces and outline the common
components that build such interfaces in today's
world. Second, we would like the community to
reflect on the path ahead and focus on the
potential of what kind of experiences can Spatial
Interfaces achieve today.”

“The most defining characteristic of AR consists of
the possibility to overlap virtual object to be
projected by a dedicated device upon a real
environment. Throughout this work, the
development of an application for the visualization
of medical data in AR environments will be
discussed. Nowadays, the most appropriate
devices for such applications are Head Mounted
Displays (HMDs).”

“State-of-the-art  near-eye  displays  often
compromise on eye box size to maintain a wide
field of view, necessitating a means for steering the
eye box to maintain alignment with a moving eye.
The design space of such pupil-steered systems is
not well defined and the implications of imperfect
steering on the perceived image are not well
understood. “

“Much of this growth is expected to come from
young adult sectors; according to the Global Web
Index, 71 percent of those ages 16 to 24 want
"wearable tech," defined as a smart watch, smart
wristband, or smart eyewear. Nearly two-thirds of
global Internet users have worn a piece of



10

11

12

(Tsubosaka
etal., 2017)

(Kolodzey et
al., 2017)

(Faye et al.,
2016)

(Klein et al.,

2015)

(Matthies et
al., 2015)

Additional

Visualization via
Smart  Glasses
Improves

Accuracy of
Wire Insertion in
Fracture Surgery

Wearable
technology in
the operating
room: A
systematic
review
Toward a
characterization
of human
activities using

smart devices: A
micro/macro
approach

Smart Glasses-A
New Tool in
Medicine

Properties of a
peripheral head-
mounted
display (PHMD)

technology already or are eager to do so in the
future [3].”

“Smart glasses (SG) are a wearable device
consisting of a small computer built into a head-
mounted monitor (HMM) that can display various
kinds of information.”

“These articles predominantly described the use of
Google Glass, GoPro or customized head-mounted
displays (HMDs) in a wide range of intraoperative
clinical settings. The included articles were
categorised based on the highlighted areas of
clinical impact, with the majority (56) discussing
various applications for enhancing intraoperative
safety and efficiency. Almost all articles cited
technological limitations and privacy concerns as
serious barriers to the implementation of wearable
technology in the operating room”

“Taking different approaches and perspectives, we
use in this paper smartwatches and
smartglasses to explore these behaviors and show
that these objects, considered by many as gadgets,
have an important role to play in understanding
the lives of individuals. The main objective of this
work is to introduce two new scales of activity
detection, which lacks a formal and
consistent definition in the literature.”

“Smart glasses, defined as a computerized
communicator with a transparent screen and a
video camera, wearable as a pair of glasses, have
started to be tested for a variety of health related
applications”

“In this paper we propose a definition for
Peripheral Head-Mounted Display (PHMD) for
Near Field Displays. This paper introduces a
taxonomy for head-mounted displays that is based
on the property of its functionality and the ability
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13

14

15

210

(Kress, 2014)

(Bailey et al.,
2011)

(Newman &
Haworth,
1994)

See
optical
architectures for
wearable
displays

through

Head-worn
displays
NextGen

for

Helmet-
mounted

display
requirements:
Just another
HUD or a
different animal
altogether?

of our human eye to perceive peripheral
information, instead of being technology-
dependent. The aim of this paper is to help
designers to understand the perception of the
human eye, as well as to discuss the factors one
needs to take into consideration when designing
visual interfaces for PHMDs. We envision this term
to help classifying devices such as Google Glass,
which are often misclassified as a Head-Up Display
(HUD) following NASA’s definition.”

“But recently, major companies have launched
consumer compelling head mounted display
solutions integrating both hardware, operating
system as well as content, unlocking the decade
long consumer HMD status-quo. As a result, we are
witnessing today a fragmentation of the HMD
market into various categories which have their
very own specificity in terms of functionality,
hardware and content. Such fragmentation is
responsible for defining new distinct market
segments such as consumer near to eye displays,
social smart glasses, gaming headsets, as well as
professional (engineering and technical) HMDs,
specialized (medical, law enforcement,
firefighting) HMDs and of course the previously
existing defense market. We will be reviewing the
different type of optical hardware used in such
devices.”

“HWDs with an integrated head-tracking system
are being researched as they offer significant
potential benefit under emerging NextGen
operational concepts. Two areas of benefit for
NextGen are defined.”

“Other issues are unique to the head-mounted
display: symbol stabilization,
inadequate definitions, undefined symbol drive
laws, helmet considerations, and field-of-view
(FOV) vs. resolution tradeoff requirements.”
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17

(Lukowicz et
al., 2004)

(Figl et al.,
2002)

Wearable
systems for
health care
applications

The control unit
for a head
mounted
operating
microscope
used for
augmented
reality
visualization in
computer aided
surgery

“Objectives: Wearable systems can be broadly
defined as mobile electronic devices that can be
unobtrusively embedded in the user's outfit as part
of the clothing or an accessory. In particular, unlike
conventional mobile systems, they can be
operational and accessed without or with very
little hindrance to user activity. To this end they are
able to model and recognize user activity, state,
and the surrounding situation: a property, referred
to as context sensitivity. Wearable systems range
from micro sensors seamlessly integrated in
textiles through consumer electronics embedded
in fashionable clothes and computerized watches
to belt worn PCs with a head mounted display. The
wearable computing concept is part of a broader
framework of ubiquitous computing that aims at
invisibly enhancing our environment with smart
electronic devices. The goal of the paper is to
provide a brood overview of wearable technology
and its implications for health related applications.
Methods. We begin by summarizing the vision
behind wearable computing. We then describe a
framework for wearable computing architecture
and the main technological aspects. Finally we
show how specific properties of wearable systems
can be used in different health related application
domains”

“Two main concepts of head mounted displays
(HMD) for augmented reality (AR) visualization
exist, the optical and video-see through type.”
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Table A5

Screening of search results Web of Science in search part Ill

Reference Title Relevant quotes
18 (Tungetal.,,  User- “Smart glasses, such as Google Glass, provide
2015) Defined Game always-available displays not offered by console
Input for Smart  and mobile gaming devices, and could potentially
Glasses in Public  offer a pervasive gaming experience.”
Space
Table A6

Screening of search results IEEE Xplore in search part Ill

Reference Title Relevant quotes
19 (Gheorghe Heat is in the “Smart and wearable devices are trendy
etal, 2016) eye of the electronic objects that have become increasingly
beholder: popular in recent years. Those devices are,

20 (Rajkumar et

al., 2020)

Towards better
authenticating
on smartglasses

Irrigation and
Soil Moisture
Detection by
Using
Augumented
Reality (sic)

by definition, tightly connected with the user's
personal activities. Authentication is therefore a
critical feature for both identifying users and
personalizing the services on the device. In
particular, the emergence of smartglasses
changed the way we thought a wearable could
assist users in their daily activities.”

“augmented reality is the upcoming technology in
the modern world. It is defined as the
combination of appearance of 3d figure of real
and virtual objects, interaction with real time
appearance and the projection of real and virtual
images.”
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Summary

Tools or toys for healthcare: investigating the appropriation of smart

glasses by healthcare professionals

Smart glasses would start a revolution. In 2014, Google Glass attracted attention by putting
a frame with a small computer screen on the market. But actually, decades earlier there
was already a lot of development with smart glasses in, for example, defence with all
different names and variants. In addition, smart glasses are also often associated with cross-
reality with variants of virtual and augmented reality, and today we see a lack of clarity in
the literature about what exactly smart glasses are. But what is more striking is that with
the arrival of Google Glass, many concerns immediately arose about users of smart glasses,
for example, they were seen as rude and violating privacy because of the camera on it and
that as an outsider you cannot see clearly what someone with smart glasses is doing.

The acceptance of smart glasses was therefore immediately under pressure with their
growing popularity. Nevertheless, the added value was seen for healthcare, it could pave
the way to a future that is also under pressure from demographic changes and growing staff
shortages. However, these are not the only challenges, 1) in this early phase of diffusion we
see a lack of knowledge about the acceptance of smart glasses in general and in healthcare,
2) a lack of understanding of social and ethical issues for the adoption in health care and 3)
a lack of insight into the combination between acceptance and social issues. These
challenges focus on technology adoption on the one hand, but also on technology
mediation on the other hand. We may be able to combine these theoretically different
perspectives to gain more knowledge and insight into these specific challenges. In short,
given these circumstances, we wonder: do healthcare professionals want to use smart
glasses? And how do they appropriate that?
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Therefore, the research questions in this thesis are as follows:

What are the influences of technology adoption and technology mediation on the
appropriation of smart glasses in healthcare?

The sub-research questions are:

RQ1: What are the perceived expectations of the anticipated adoption and use of smart

glasses?

RQ2: What are the perceptions of anticipated social interaction with smart glasses by
potential users in healthcare?

RQ3: How do users in healthcare evaluate long-term use and social interactions with smart

glasses?

After the above introduction, chapter 2 lays the foundations for the studies that have been
carried out. As described above, it has been observed that there are many different types
of smart glasses, but there is also confusion as to what smart glasses entail. Therefore, after
literature research, the following definition has been proposed:

Smart glasses have various characteristics and have been defined in many ways in the
literature. However, based on the results described above we propose that when defining
smart glasses, they must meet the following core characteristics:

1. head-mounted and, in most cases, worn like eyeglasses;

2. computerized devices with user inputs and sensors, some allow hands-free use, are
connected to (individually or in any combination of) the Internet (of Things),
services, and other remote devices, and might be supported by Artificial
Intelligence;

3. may collect information from the user and his or her environment, and may provide
information back to the user through the glasses in an augmenting experience
(display/overlay) or forwarded to another connected device. The user experience is
centred around using information and communication technology without being
cut off from the outside world compared to VR; and

4. smart glasses are not just a wearable technical product. The use of smart glasses
changes humans’ use of information and communication in the physical and digital
world. In addition, it mediates our relations with each other, our surroundings, and
technology differently, and it might change our values and our (technology)
behaviour.
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It has also been defined that the process of adoption focuses on the decision of whether or
not to use technology, but the adoption process is broader than that and starts from the
awareness of the technology to its daily use. The appropriation of technology goes one step
further and also focuses on its consequences, for example by looking at the different use of
technology over time or the changes in the interaction with others due to technology use.
In this thesis, it is assumed that humans and technology gradually and mutually shape each
other. This has led to the theoretical framework (see Figure 12.1) that has served as the
basis for the research in this thesis.

When this PhD track started, resources for smart glasses adoption were scarce, so in
chapter 3 we started exploring adoption themes for smart glasses in general and specifically
for healthcare in three studies. In the first study, the reactions to selected YouTube videos
were analysed. Of the 379 collected responses, 124 remained suitable for analysis and it
was striking that the majority had a positive attitude towards smart glasses. Within the
positive attitudes, reactions were about the type of use (gaming), opinions about the glasses
(coolness) and statements in which they expressed their need for smart glasses.

Figure 12.1
The appropriation of technology framework

1. Adoption 3. Applying technology differently
User Technology World
4. Behaviour change 2. Influences from and through use

In another study in which we presented a questionnaire to nursing students (N=100), it
emerged that they were particularly interested in specific functionalities such as hands-free
use and seeing quick, work-related information through smart glasses. The specific
functions that were developed at the time, such as scanning the emotions of others, were
perceived as negative. Nevertheless, just over half of the respondents had the intention to
use it in the future. In the last study of chapter 3, the combination of adoption and
mediation of smart glasses in health care was investigated through focus groups (N=22).
The following aspects were important for adoption: knowledge, personal innovativeness,
the use case, ethical aspects and attitude.
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When imagining how smart glasses mediate between the user and the other, attention,
emotional reactions, design, environment, camera use, risks and comparisons with other
well-known products played a role. The results from chapter 3 were used to develop a
guestionnaire with these themes.

Chapter 4 describes how, based on previous research, a questionnaire was developed and
conducted among a larger group of healthcare professionals (N=450) to explain and predict
the future use of smart glasses. Eight hypotheses were formulated to test whether adding
social influences to a basic model of technology adoption (TAM) leads to a higher explained
variance in intention to use and whether adding 7 different social aspects influences
attitude. The outcome is that 1) the developed instrument can be used with sufficiently
developed constructs to be tested in a model, 2) the addition of these social influences leads
to a higher explained variance on the intention to use and 3) only the constructs' lack of
social presence', and 'social acceptance while passive use of smart glasses (e.g. wearing
them without using them)' influence attitude. Another striking finding is that the construct
that has incorporated reciprocal relation, namely 'the intention to use despite non-
acceptance by the patient', has a direct influence on the intention to use smart glasses,
which means that the professional takes this into account but that it is not decisive for the
intention of use. In short, seen in the broader perspective of appropriation, social aspects
are of influence and are therefore able to better explain what needs to be taken into
account in future implementation.

Because appropriation also focuses on long-term use, chapter 5 presents the results of a
study by means of interviews (N=17) conducted with nurses from a home care organization
who had been using them for longer than 3 months (some even years) at the patient's
home. In addition, nurses from the hospital working as remote experts and managers of the
hospital were also interviewed. The aim was to gain insight into the experience and
influences of the long-term use of smart glasses. The results consisted of 1) personal
experiences such as habits, enthusiasm and how many actions the use requires, 2)
experiences in collaboration, which increased the quality of care through better
coordination, but also interdependencies that play a role in the use of smart glasses, 3)
unanticipated consequences of use were also observed, such as giving more mutual
feedback because they now work synchronously, but also that tasks have changed because
care takes place elsewhere. Finally, there were also 4) future needs for continuing to work
with smart glasses, for example, those involved can coordinate even better with each other
in person, but also in systems in both hardware and software.
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The thesis concludes with a general discussion (in part lll) in which answers are given to the
research questions. Research question 1 was about expectations for future adoption.
Although there are many different expectations, it was striking that there is a predominantly
positive attitude towards future use, but that there are also many concerns about the social
implications of the use. Most interest is in the hands-free use of smart glasses and the ability
to quickly access information while working. Research question 2 focused on the
perceptions of social interaction with smart glasses. It was striking that in the qualitative
studies conducted with a low number of respondents in an early phase of smart glasses,
such as a first introduction, many themes emerged about which there are concerns in social
interaction. When these themes are tested with a larger group of professionals and are also
more strongly linked to future use intentions, it was observed that they still play a
substantial role, but do not appear to be decisive for the intention to use. In research
question 3, the focus was on the long-term use of smart glasses in healthcare. The
respondents were mainly positive in the context of use in woundcare. It increases the
quality of care through better coordination and mutual learning through smart glasses.
When we compare these results with the previous studies, the concerns no longer seem to
exist in the foreground and the people involved (patients, nurses and management) are
mainly enthusiastic about the use. Thus, during the process of appropriation, perception
seems to change from anticipating use to long-term experience of use.

This also brings us to answer the central research question, what are the influences of
adoption and mediation on the appropriation of smart glasses in healthcare? The influence
of technology adoption and technology mediation on the appropriation of smart glasses is
substantial and relevant. Appropriation as a process, in which mediation also takes place, is
broader than just the adoption process. It is important to get an impression of the
willingness to use smart glasses with technology adoption, but it remains a snapshot. This
adoption process can be influenced by aspects that play a role in anticipating use and can
also be influenced by experiences of long-term use. In addition, this thesis has shown that
the use of smart glasses influences the user's relationship with the outside world, however
small or large that change may be. The sections and studies of this thesis have shown that
adoption and mediation theoretically complement each other in ubiquitous computing, are
fruitful in qualitative research on smart glasses, and also reinforce each other in quantitative
research in predicting and explaining the future use of smart glasses.
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The studies in this thesis also yielded practical recommendations for developers,
implementation and policy:

1. The social context is important for smart glasses, other than was assumed in
current adoption models;

2. Personal aspects are dynamic and change over time anticipating but also during
technology use;

3. Collaborating via smart glasses also requires other skills, such as technical insight,
education, supervision and involving the person who is confronted with it such as
the patient;

4. Implementation delays are sometimes unnecessary. Worries can disappear, but
they also have an important function, by paying attention to them, trust can also
be gained;

5. Don't postpone simple solutions. For example, a suggestion to cope with privacy
concerns is a lens cover which is not technically complicated, but they are still not
seen in the current product range of the most well-known brands.

Smart glasses, still novel to many, raise a host of questions due to their head-worn nature,
especially in the context of social interactions. Prior knowledge could not adequately
explain the influential factors and under what circumstances healthcare professionals
would opt to utilize this technology. By synthesizing theories from psychology, philosophy
of technology, communication, and computer science, we have attained a more
comprehensive understanding.

Focusing solely on the early phase of smart glasses' diffusion, the principal observations
are concerns and usage-related problems. However, when explicitly querying whether a
healthcare professional would accept smart glasses in their practice, the response is
predominantly positive. And when considering long-term experiences in a specific use
case, positive encounters seem to outweigh internal reservations. Therefore, it's crucial
to investigate appropriation at different stages and from various theoretical perspectives,
spanning from anticipation of use, to evaluation of use, to reflection upon use.
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Summary in Dutch

Gereedschap of gadgets in de zorg: onderzoek naar de toe-eigening

van slimme brillen bij zorgprofessionals

Slimme brillen, of smart glasses, zouden een revolutie ontketenen. In 2014 trok Google
Glass de aandacht door een montuur met een klein computerscherm in de markt te zetten.
Maar eigenlijk was er daarvoor al veel ontwikkeling met de slimme bril bij bijvoorbeeld
defensie en gaming met allemaal verschillende namen en varianten. Daarnaast worden
smart glasses ook vaak in verband gebracht met cross-reality met varianten van virtual en
augmented reality en zien we in de literatuur onduidelijkheid ontstaan over wat een slimme
bril nou precies is. Maar wat opvallender is, is dat er met de komst van Google Glass ook
meteen veel zorgen ontstonden over gebruikers van slimme brillen, ze werden bijvoorbeeld
als onbeschoft gezien en privacy schendend vanwege de camera die erop zit en dat je als
buitenstaander niet goed kan zien wat iemand met een slimme bril aan het doen is.

De acceptatie van smart glasses stond met de groeiende populariteit dus ook meteen onder
druk. Desondanks werd de meerwaarde wel gezien voor de gezondheidzorg, het zou een
pad kunnen banen naar een toekomst die eveneens onder druk staat door demografische
veranderingen en groeiende personeelstekorten. Dit zijn echter niet de enige uitdagingen,
1) we zien in deze vroege fase van diffusie een gebrek aan kennis over de acceptatie van
smart glasses in algemeen en in de gezondheidszorg, 2) een gebrek aan inzicht in sociale en
ethische issues voor de acceptatie in gezondheidszorg en 3) een gebrek aan inzicht in de
combinatie tussen acceptatie en sociale issues. Deze uitdagingen richten zich enerzijds op
technologie adoptie maar anderzijds ook op technologie bemiddeling. Deze theoretisch
verschillende perspectieven kunnen we mogelijk combineren om meer kennis en inzicht te
krijgen in deze specifieke uitdagingen. Gegeven deze omstandigheden vragen we ons kort
gezegd af: willen professionals in de gezondheidszorg smart glasses wel gebruiken? En hoe
eigenen ze zich dat toe?
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Daarom zijn de onderzoeksvragen in dit proefschrift als volgt:

Wat zijn de invloeden van technologie adoptie en technologie bemiddeling op de toe-
eigening van smart glasses in de gezondheidszorg?

De deelonderzoeksvragen zijn:
1: Wat zijn de verwachtingen van toekomstige acceptatie en het gebruik van smart glasses?

2: Wat zijn de percepties van de verwachte sociale interactie met smart glasses door
potentiéle gebruikers in de gezondheidszorg?

3: Hoe evalueren gebruikers in de gezondheidszorg langdurig gebruik en sociale interacties
met smart glasses?

Na bovenstaande introductie worden in hoofdstuk 2 de fundamenten gelegd voor de
onderzoeken die uitgevoerd zijn. Zoals hierboven beschreven werd geobserveerd dat er
veel verschillende soorten smart glasses zijn maar er is ook verwarring over het we nu
precies is. Daarom is na literatuuronderzoek volgende definitie voorgesteld:

Smart glasses hebben de volgende kenmerken:

1. op het hoofd gedragen en in de meeste gevallen zoals als een bril;

2. het is een computer met sensoren die (voor bepaalde onderdelen hands-free)
bediend kan worden door de gebruiker en is verbonden met het internet,
diensten en andere apparaten op afstand, en kunnen worden ondersteund
door kunstmatige intelligentie;

3. kan informatie verzamelen over de gebruiker en zijn of haar omgeving, en
informatie teruggeven aan de gebruiker via de bril in een augmenting
experience (via display of overlay) of doorsturen naar een ander aangesloten
apparaat. De gebruikerservaring draait om het gebruik van informatie- en
communicatietechnologie zonder afgesloten te zijn van de buitenwereld in
vergelijking met VR;

4. slimme brillen zijn niet alleen een draagbaar technisch product. Het gebruik
van slimme brillen verandert het gebruik van informatie en communicatie door
mensen in de fysieke en digitale wereld. Daarnaast bemiddelt het onze relaties
met elkaar, onze omgeving en technologie anders en verandert het mogelijk
onze waarden en ons (technologie)gebruik.
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Verder is gedefinieerd dat het proces van adoptie zich focust op de beslissing om
technologie wel of niet te gebruiken, het acceptatie proces is echter breder dan dat en start
vanaf de bewustwording van de technologie tot het dagelijks gebruik ervan. De toe-eigening
van technologie gaat nog een stap verder en richt zich ook op de gevolgen ervan door
bijvoorbeeld te kijken naar het anders gebruiken van technologie door de tijd of de
veranderingen in de interactie met anderen door technologie gebruik. In dit proefschrift
wordt er vanuit gegaan dat mens en technologie elkaar geleidelijk vormen. Dit heeft geleid
tot het theoretisch kader (zie Figuur 12.2) die als basis heeft gediend voor het onderzoek in
dit proefschrift.

Figuur 12.2
Theoretisch raamwerk van toe-eigening van technologie

1. Adoptie 3. Anders toepassen van technologie
Gebruiker Technologie Wereld
4. Gedragsverandering 2. Invloeden van en door gebruik

Toen dit promotietraject begon waren de bronnen schaars voor adoptie van smart glasses,
daarom zijn we gestart in hoofdstuk 3 met het exploreren van adoptie thema’s voor smart
glasses in het algemeen en specifiek voor de gezondheidszorg in drie onderzoeken. In de
eerste studie zijn de reacties op geselecteerde YouTube video’s geanalyseerd. Van de 379
verzamelde reacties bleven er 124 over die geschikt waren voor analyse en daarin viel op
dat de meerderheid een positieve houding had ten opzichte van smart glasses. Binnen de
positieve attitudes gingen reacties over het type gebruik (gamen), meningen over de bril
(coolness) en uitspraken waarin ze hun behoefte naar smart glasses uitspraken. In een
andere studie waarin we een vragenlijst aan studenten verpleegkunde hebben voorgelegd
(N=100) kwam naar voren dat ze vooral geinteresseerd waren in de specifieke
functionaliteiten zoals handsfree gebruik en het zien van korte, werk gerelateerde
informatie via smart glasses. De specifieke functies die destijds ontwikkeld werden, zoals
het scannen van emoties van anderen, werd als negatief ervaren. Desondanks had iets meer
dan de helft van de respondenten een intentie om dit in de toekomst te gaan gebruiken. In
de laatste studie van hoofdstuk 3 is gekeken naar de combinatie van adoptie en bemiddeling
van smart glasses in de gezondheidszorg via focusgroepen (N=22). Voor adoptie waren de
volgende aspecten van belang: kennis, persoonlijke innovativiteit, de gebruikscasus,
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ethische aspecten en attitude. Bij het zich voorstellen hoe smart glasses bemiddelen tussen
de gebruiker en de ander speelde de aandacht, emotionele reacties, design, omgeving,
cameragebruik, risico’s en vergelijkingen met andere bekende producten een rol. De
resultaten uit hoofdstuk 3 werden gebruikt om een vragenlijst te ontwikkelen met deze
thema’s.

Hoofdstuk 4 beschrijft hoe, op basis van voorgaand onderzoek, een vragenlijst werd
ontwikkeld en uitgevoerd bij een grotere groep zorgprofessionals (N=450) om het
toekomstige gebruik van smart glasses te kunnen verklaren en te voorspellen. Er zijn 8
hypotheses opgesteld om te kunnen toetsen of het toevoegen van sociale invioeden aan
een bestaand model over technologie adoptie (TAM) leidt tot een hogere verklaarde
variantie op de intentie tot gebruik. De uitkomst is dat 1) het ontwikkelde instrument
bruikbaar is met voldoende ontwikkelde constructen om te kunnen toetsen in een model,
2) de toevoeging van deze sociale invloeden leidt tot een hogere verklaarde variantie op de
intentie tot gebruik en 3) alleen de constructen ‘gebrek aan sociale aanwezigheid’, en
‘sociale acceptatie van passief gebruik van smart glasses (bijvoorbeeld het dragen zonder
gebruik)’ de attitude beinvlioeden. Een andere opvallende uitkomst is dat het construct die
bemiddeling geincorporeerd heeft, namelijk ‘de intentie tot gebruik ondanks non-
acceptatie door de patiént’ een directe invloed heeft op de intentie tot gebruik van smart
glasses, wat inhoudt dat de professional daar dus rekening mee houdt maar dat het
uiteindelijk niet doorslaggevend blijkt voor de gebruiksintentie. Kortom, in het bredere
perspectief van toe-eigening zijn specifieke sociale aspecten dus van invioed en zijn
daarmee in staat om beter te verklaren waar rekening mee gehouden dient te worden bij
toekomstige implementatie.

Omdat toe-eigening de blik ook gericht heeft op het lange-termijn gebruik zijn in hoofdstuk
5 resultaten weergegeven van een onderzoek door middel van interviews (N=17) die
uitgevoerd zijn bij verpleegkundigen van een thuiszorgorganisatie en die langer dan 3
maanden (sommigen zelfs jaren) met smart glasses werken bij de patiént thuis. Daarnaast
zijn ook verpleegkundigen die als expert op afstand meekijken vanuit het ziekenhuis en
managers van het ziekenhuis geinterviewd. Het doel was om inzicht te krijgen in de
ervaringen en invloeden van lange-termijn gebruik van smart glassses. De resultaten
bestonden uit 1) persoonlijke ervaringen zoals gewoontes, enthousiasme en hoeveel
handelingen het gebruik vergt, 2) ervaringen in samenwerken, waardoor de kwaliteit van
zorg verhoogd is door betere afstemming maar ook onderlinge afhankelijkheden die spelen
in het gebruik van smart glasses, 3) onvoorziene consequenties van gebruik zoals het geven
van meer onderlinge feedback omdat ze nu synchroon werken maar ook dat taken zijn
veranderd omdat de zorg elders plaatsvindt. Als laatste waren er ook 4) toekomstige
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behoeften voor het blijven werken met smart glasses, zoals dat bijvoorbeeld de
betrokkenen nog beter met elkaar moeten afstemmen, en dat heeft ook betrekking op de
combinatie van hardware en software.

Het proefschrift sluit af met een algemene discussie (in deel lll) waarin antwoord wordt
gegeven op de onderzoeksvragen. Onderzoeksvraag 1 ging over de verwachtingen voor
toekomstige acceptatie. Hoewel er veel verschillende verwachtingen zijn, was het opvallend
dat er een overwegend positieve attitude is ten opzichte van toekomstig gebruik maar dat
er ook nog veel zorgen zijn over de sociale implicaties van het gebruik. De meeste interesse
is er voor het handsfree gebruik van smart glasses en mogelijkheid voor snelle toegang tot
informatie tijdens het werken. Onderzoeksvraag 2 was gericht op de percepties van sociale
interactie met smart glasses. Opvallend was dat in de kwalitatieve onderzoeken die
uitgevoerd zijn met een laag aantal respondenten in een vroege fase van smart glasses,
zoals bijvoorbeeld een eerste kennismaking, er veel thema’s naar voren komen waarover
zorgen bestaan in de sociale interactie. Als deze thema’s worden getoetst met een grotere
groep professionals, en tevens sterker gelinkt aan de toekomstige gebruiksintentie zien we
dat ze nog steeds een substantiéle rol vervullen maar niet doorslaggevend blijken te zijn
voor de intentie tot gebruik. In onderzoeksvraag 3 lag de focus op het lange termijn gebruik
van smart glasses in de gezondheidszorg. Die waren in deze gebruikscontext bij wondzorg
overwegend positief. Het verhoogt de kwaliteit van zorg door betere afstemming en
wederzijds leren via smart glasses. Wanneer we deze resultaten vergelijken met de
voorgaande studies blijken de zorgen niet meer op de voorgrond te bestaan en zijn de
betrokkenen (patiént, verpleegkundigen en management) voornamelijk enthousiast over
het gebruik. Gedurende het proces van toe-eigening lijkt dus de perceptie te kunnen
veranderen, bekeken vanaf het anticiperen op gebruik naar lange termijn ervaringen in
gebruik.

Daarmee komen we ook bij het beantwoorden van de centrale onderzoeksvraag, wat zijn
de invloeden van technologie adoptie en technologie bemiddeling op de toe-eigening van
smart glasses in de gezondheidszorg? De invloed van zowel technologie adoptie als
technologie bemiddeling op de toe-eigening van smart glasses is substantieel en relevant.
Toe-eigening als een proces, waarin ook bemiddeling plaatsvindt, is breder dan enkel het
adoptieproces. Het is belangrijk om met technologie adoptie een indruk te krijgen van de
bereidheid om smart glasses te gebruiken, maar het blijft een momentopname. Deze
bereidheid kan beinvioed worden door aspecten die al spelen in een vroeg stadium bij het
anticiperen op gebruik, en kan eveneens beinvioed worden door ervaringen van lange
termijn gebruik. De onderdelen en onderzoeken van dit proefschrift hebben aangetoond
dat adoptie en mediatie elkaar theoretisch aanvullen, vruchtbaar zijn in kwalitatief
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onderzoek naar smart glasses, en elkaar ook in kwantitatief onderzoek versterken bij het
voorspellen en verklaren van het toekomstige gebruik ervan.

De onderzoeken in dit proefschrift hebben ook praktische aanbevelingen opgeleverd voor
ontwikkelaars, implementatie en beleid:

1. De sociale context is van belang bij smart glasses, en is genuanceerder dan in
huidige algemene adoptie modellen verondersteld werd;

2. Persoonlijke aspecten zijn dynamisch en veranderen over tijd voorafgaand aan
maar ook gedurende technologie gebruik;

3. Samenwerken via smart glasses vraagt ook om andere vaardigheden, zoals
technisch inzicht, onderwijs, supervisie en het betrekken van degene die indirect
betrokken is;

4. Implementatie vertragers zijn soms onnodig. Zorgen kunnen verdwijnen maar
door er aandacht aan te besteden is er ook bewustwording en vertrouwen te
winnen;

5. Stel eenvoudige oplossingen niet langer uit. Bijvoorbeeld, een lenscover om de
camera af te dekken is technisch niet ingewikkeld maar ze worden nog steeds niet
gezien bij nieuwe slimme brillen.

Slimme brillen zijn vandaag de dag voor velen nog nieuw en roepen veel vragen op in
sociaal contact omdat ze op het hoofd worden gedragen. Voorgaande kennis kon
onvoldoende verklaren welke invloeden een rol spelen en onder welke omstandigheden
zorgprofessionals er wel of niet mee willen werken. Door perspectieven uit de
psychologie, techniekfilosofie, communicatie en informatica te combineren, zijn we tot
een rijker beeld gekomen.

Als we ons alleen richten op een vroege fase van de verspreiding van slimme brillen, zien
we vooral zorgen en problemen met betrekking tot het gebruik. Als we actief vragen of
een zorgprofessional een slimme bril op het werk zou accepteren, zien we een
overwegend positieve houding. En als we lange termijn ervaringen meenemen vanuit een
specifieke gebruikscasus, overschaduwen in dit geval bij wondzorg, de positieve
ervaringen de initiéle zorgen. Het is daarom belangrijk om toe-eigening in verschillende
stadia en vanuit verschillende theoretische perspectieven te onderzoeken, van het
anticiperen op gebruik tot evalueren van gebruik en het reflecteren over gebruik.
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