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Body-worn cameras, the focus of this thesis, promise a range of benefits, such as
object recognition, tracking and visual navigation, but also personal expression
and memory keeping. Simultaneously, not only taking pictures, but also not having
one’s picture taken, can be understood as essential, modern-day right. Thus,
bystander’s objections and concerns about privacy are serious and legitimate. In
consequence, state-of-the-art body-worn camera devices lack social acceptability:
they are not designed to address conflicts of interest between device user and their
bystanders. This work targets social acceptability issues with body-worn cameras
by identifying both the users’ and the bystanders’ needs, goals and values, and by
addressing them through human-centered design (HCD).

To date, HCD only sparsely provides methods and best practices to attend
to social acceptability issues. In particular, social acceptability issues are often
considered only after deployment, which may lead to costly re-design of interfaces,
or increase the stigmatization of users. Starting out from the example of body-
worn cameras, my thesis challenges interface design to attend to social acceptability
issues not after deployment, but during all phases of the HCD process. To this
aim, this thesis makes three main contributions:

First, I analyze how social acceptability and social acceptance are approached by
state-of-the art research in human-computer interaction. Based on a structured
literature review, I provide a detailed overview of existing methods, measures and
design strategies and how they are employed to evaluate, quantify, and influence
the social acceptability of human-machine interfaces. Most significantly, my
analysis identifies an unbalanced distribution of study approaches and a lack of
interlacing between empirical and artifact-creating approaches.

Second, I explore how the design of body-worn cameras can meet both the user’s
and the bystander’s needs, goals, and values. Cycling through each phase of an
exemplary HCD process, | investigate user attitudes, concerns and expectations
regarding body-worn cameras (phase 1), explore design options (phase 2), proto-
type smart wearable cameras (phase 3) and investigate their social acceptability in
the field (phases 4+5). Most notably, my results show that bystanders’ knowledge
about usage intentions has an effect on social acceptability, and that candid form
factors can leverage this effect to improve social acceptability.

Third, I critically reflect on the presented HCD process and the employed
methods. 1 discuss which existing methods are suitable to inform the design
of socially acceptable human-machine interfaces, and illustrate how empirical
methods and artifact creation can be intertwined to design socially acceptable
interfaces. Finally, I highlight directions for future work, as well as risks and
challenges in designing for social acceptability. This work may serve as a reference
for developers, engineers, designers and researchers with an interest in social
acceptability and designing human-machine interfaces for social context.
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Korpergetragene Kameras (engl.: body-worn cameras) versprechen durch ihre bre-
iten Einsatzmoglichkeiten, beispielsweise die der Objekterkennung, des Trackings
und der visuellen Navigation, sowie der kreativen Nutzung zur persénlichen Ent-
faltung und der fotografischen Aufbewahrung von Erinnerungen, eine Vielzahl an
Vorteilen. Gleichzeitig ist nicht nur die Aufnahme von Bildern, sondern auch das
Erheben von Einwénden gegen das Fotografiertwerden, ein essentielles, modernes
Recht eines und einer jeden. Daher sind Einwénde und Datenschutzbedenken
unbeteiligter Zuschauer im Hinblick auf die Kameranutzung schwerwiegend und
legitim. In der Folge fehlt es heutigen korpergetragenen Kameragerdten meist an
sozialer Akzeptanz: eine technologiegestiitzte Vermittlung in Interessenskonflik-
ten zwischen Gerédtenutzer und Zuschauern findet nicht statt. Die vorliegende
Dissertation 16st dieses Designproblem indem sie in der Gestaltung sozial akzept-
abler korpergetragener Kameras sowohl die Bediirfnisse und Werte der Benutzer
als auch die von umstehenden Personen beriicksichtigt und im Rahmen eines
nutzerzentrierten Designprozesses (engl.: human-centered design, HCD) adressiert.

Im nutzerzentrierten Design (HCD) sind Methoden und Loésungsansétze fiir
die Gestaltung sozial akzeptabler Benutzungsschnittstellen nur spérlich etabliert.
Insbesondere werden Akzeptanzprobleme haufig erst nach oder wiahrend der Mark-
teinfithrung beriicksichtigt, was die kostspielige Neugestaltung der Benutzungss-
chnittstelle, oder eine erhohte Stigmatisierung der Nutzer zur Folge haben kann.
Ausgehend korpergetragenen Kameras, untersuche ich, inwiefern Interface Design
soziale Akzeptanz fordern kann, und wie soziale Akzeptanz als zentrales Designziel
durchgéngig in allen Phasen des HCD Prozesses integriert werden kann. Dazu
tragt diese Dissertation folgendermaflen bei:

Im ersten Teil analysiere ich die aktuelle Forschungspraxis zum Thema soziale
Akzeptanz in der Mensch-Maschine Interaktion. Ausgehend von einer strukturi-
erten Literaturrecherche, lege ich detailliert dar, welche Methoden und Mess-
gréflen, sowie Designstrategien Verwendung finden und wie diese zur Evaluation,
Quantifizierung und Ausgestaltung von sozialer Akzeptanz eingesetzt werden.
Meine Analyse zeigt insbesondere auf, dass die derzeitige Forschungspraxis eine
unausgewogene Verteilung methodischer Ansétze und eine mangelnde Vernetzung
empirischer und generativer Forschung.

Im Hauptteil untersuche ich, wie das Design von korpergetragener Kameras
sowohl die Bediirfnisse, Ziele und Werte des Benutzers als auch die von un-
beteiligten Zuschauern erfiillen kann. Jeder Phase eines exemplarischen HCD
Prozess durchlaufend, untersuche ich die Haltung gegeniiber korpergetragenen
Kameras, sowie damit verbundene Sorgen und Erwartungen (Phase 1). An-
schlielend exploriere und diskutiere ich Designoptionen (Phase 2), sowie die
prototypische Umsetzung intelligenter tragbare Kameras (Phase 3). Abschliefiend
evaluiere ich die soziale Akzeptanz der erstellten Forschungsprototoypen im Feld
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(Phase 4+5). Meine Ergebnisse zeigen, dass das Wissen das der Zuschauer tiber die
Nutzungsintention des Kameratrigers hat, die soziale Akzeptanz beeinflusst, und
dass Formfaktoren die solches Wissen vermitteln, die soziale Akzeptanz verbessern
kénnen.

Im dritten und letzten Teil reflektiere ich kritisch tiber den vorgestellten HCD
Prozess und die eingesetzten Methoden. Ich diskutiere, welche der bestehenden
Methoden geeignet sind, um sozial akzeptable Mensch-Maschine Schnittstellen zu
gestalten und veranschauliche, wie empirische und generative Ansétze miteinander
verkniipft werden kénnen. Abschlieflend gehe ich auf zukiinftige Forschungsansétze
sowie die Risiken und die Herausforderungen bei der Gestaltung sozial akzeptabler
Mensch-Maschine Schnittstellen ein. Diese Arbeit dient als ein Referenzpunkt fiir
Entwickler, Ingenieure, Designer und Forscher mit Interesse an sozialer Akzeptanz
und der Gestaltung von Mensch-Maschine Schnittstellen fiir die Nutzung in
sozialem Kontext.
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Both taking pictures, and the option to consent or object to having one’s picture
taken, can be understood as essential, modern-day rights. On the one hand, there
is a range of potential risks related to image or video data. Photographic imagery
can harm personal privacy, or expose sensitive data (e.g., credentials or credit card
numbers). In addition, the ubiquitous presence of cameras can — by contributing
to so-called surveillance pressure — affect psyche and personal well-being: the
awareness that one might be captured on video anytime and anywhere is unpleasant
and disturbing for most people, especially if this happens without their knowledge
or consent. On the other hand, both personal and professional picture taking have
become nearly ubiquitous nowadays. For many, recording imagery in the context
of sports and other leisure or family activities has become a non-negligible part
of daily life; A treasured way to permanently capture memories. Photography
has become essential to freedom of press and arts, and contributes to personal
development and self-actualization: sharing personal images online, publicly in
social networks, or privately in group messages has become essential to social life.
Professionals, such as photographers, journalists, artists as well as bloggers or
instagrammers rely on camera footage in terms of their occupation and income. In
parallel, personal recordings can also serve to document processes, environments
or objects, increase accountability, or anticipate uneven surveillance measures, as
proposed by the sousveillance (“inverse surveillance”) principle [Man04].

As a recent development, body-worn camera devices — well-known variants
are Google Glass or the Narrative Clip (a so-called lifelogging camera) — have
taken ubiquitous photography to the next level. Taking the step from being
hand-held, e.g., as part of smart phones, to being worn, e.g., attached to clothing
and accessories, brought a range of advantages: for example, cameras integrated
in glasses can provide a stable, first-person perspective on the environment, allow
hands-free picture-taking, and ensure good quality for continuous streams of
images [WAS™15]. Moreover, the use of visual features (e.g., from a continuous
camera feed) can enhance GPS tracking accuracy and enable detailed navigational
instructions, even indoors [MKD™14]. The combination of a camera feed and
artificial intelligence can create virtual assistants that can recognize persons,
places and currency, read out signage, menus and other textual information, or
describe scene contents. Simultaneously, body-worn camera devices have caused
strong criticism and controversial discussions. Central point of criticism is their
miniaturized and wearable form factor which causes the camera to be seemingly
“always-on”, and enables surreptitious photography. To bystanders it is often
completely indiscernible what the respective device is technically capable of and
how and to what extent it might record them. Denning et al. [DDK14] point out
that the concerns about the current devices have a completely new quality, since
they are more inconspicuous to use than conventional, hand-held cameras.



2 Introduction

Figure 1.1: Ubiquitous photography. Snapshot illustrating the tension between
restricted picture taking, and being recorded without consent: both taking pictures,
and the option to object to having one’s picture taken, can be understood as
essential, modern-day rights. rmage taken 2019 at The Goat Farm Arts Center, Atlanta, GA, USA.

In addition, today’s body-worn cameras are on the verge of becoming intelligent,
autonomously acting devices that not only “see” their environment, but — being
powered by artificial intelligence — also process and understand it. By incorporating
artificial intelligence, cameras become opaque to users who do not know how the
system was trained, do not understand its intentions and decisions. Instead they
“will develop a mental model that suits their folk theories about Al, and their trust
will be affected” . As a result, intelligent — or “smart” — body-worn cameras
intensify social acceptability issues by disregarding human needs for transparency
and explanation. To this end, the aim to design socially acceptable body-worn
cameras also ties into the movement towards responsible artificial intelligence
where interpretability, trust and accountability play an important role .

In summary, body-worn camera technologies have enormous potential for a
variety of applications (see also Section that could have a positive impact on
many aspects of our society — provided that the socially acceptable use can be
made possible. At the moment, the strong social rejection of body-worn camera
technologies causes wearers to face a field of tension between the non-use of
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technology — a potential restriction of their personal right to free development —
and negative judgment by others, from criticism to stigmatization and exclusion.
We therefore see the need to better understand concerns and fears associated with
body-worn camera devices in order to develop appropriate technological solutions.
This thesis addresses this need by designing socially acceptable body-worn cameras.

The focus of this thesis — social acceptability of body-worn cameras — falls
into line with the shift in HCI towards emotions [BDDT07], experiences [Has08],
values [BM12], and needs (so-called third wave HCI, c.f., Badker [Bgd06]). Social
acceptability is an aspect of technology use that is often emotionally charged
and shaped by societal needs and values. A lack of social acceptability can have
a profound effect on the user’s self- and external image, and affect the overall
user experience, as it may include the risk of stigmatization, misperceptions
and negative judgment through others. With this in mind it is surprising that
the socially acceptable design of human-computer interfaces has been paid little
attention so far. Most notably, social acceptability is often only considered in
the beginning of a design process (requirements analysis), or at the very end
(deployment /launch). With the work presented in this thesis we substantially
contribute to establishing social acceptability as a core feature throughout the
whole human-centered design process.

1.1 A Brief History of Body-worn Cameras

(a) ‘CP Stirn’s Patent Concealed Vest Cam- (b) Plate of developed images taken
era’ (1886-1896) in The Kodak Collection at with the Stirn camera in the Otago
the National Media Museum, Bradford Museum Collection.

Figure 1.2: ‘Detective cameras’, early wearables, such as Stirn’s waistcoat camera,
were marketed to take surrepitious images of bystanderﬂ

! Images: (a) Science Museum Group Collection, taken from
http://collection.sciencemuseun.org.uk/objects/co8204528/
stirns-waistcoat-camera-and-neck-cord-waistcoat-camera-accessories) accessed 2019.
(b) Otago Museum Collection by Jen Copedo, taken from https://otagomuseum.nz/blog/
est-1868-stirns-optimus-detective-camera/, accessed 2019.


http://collection.sciencemuseum.org.uk/objects/co8204528/stirns-waistcoat-camera-and-neck-cord-waistcoat-camera-accessories
http://collection.sciencemuseum.org.uk/objects/co8204528/stirns-waistcoat-camera-and-neck-cord-waistcoat-camera-accessories
https://otagomuseum.nz/blog/est-1868-stirns-optimus-detective-camera/
https://otagomuseum.nz/blog/est-1868-stirns-optimus-detective-camera/
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Between 1886 and 1888, approximately 15,000 examples of the Stirn brothers’
patented waistcoat camera (see Figure were sold under the name ‘CP Stirn’s
Patent Concealed Vest Camera’. For their time, the waistcoat camera’s form
factor was dramatically diminutive, which promoted surreptitious photography
and earned them the title “detective cameras” [Wal98]. In fact, during this late
Victorian era, photography as such was highly controversial and “provoked both
intense fascination and intense discomfort” [Men91|. This early success of a
body-worn camera illustrates that both, the idea of wearable picture taking, as
well as the associated concerns are much older than digital photography and
wearable computing, which were only conceived around one hundred years later.
Naturally, those early body-worn cameras were nothing more than picture taking
devices operated through a button press. They did not possess any (built-in)
intelligence or computing power. However, their size, form factors and looks were
not dissimilar from early, camera-equipped wearable computers.

In the late 1900 and early 2000, researchers appreciated the opportunities arising
from the integration of imaging sensors into various types of wearable computers.
Early (bulky) prototypes of head-mounted computers, whose successors are today
called smart glasses, made use of build-in cameras to track the user’s environment
(c.f., Mann et al. [Man97]), but also wearable cameras of other form factors
were explored from early on. For example, wearable computing pioneer Steve
Mann explored a chest-worn camera device (see Figure to realize assistance
by a remote user through laser-based projective Augmented Reality [Man00].
The chest-worn, ‘dome’ shaped device contained a computing unit and a laser-
based infinite depth-of-focus projector (called ‘aremac’) combined by means of
a beamsplitter to achieve a projection in the environment visible to the user.
While still being relatively large and operated almost ‘Wizard-of-Oz’ style by the
remote collaborator, the wearable ‘Sixth Sense’ camera illustrates an early vision
of camera-based assistance in everyday use cases.

In the following years, multiple chest-worn cameras, namely the Microsoft Sense-
canﬂ the Vicon Revue (licensed version of the Sensecam) and the Autographelﬂ
became popular research vehicles (e.g., in work by Doherty et al [DPCT12], or
Hodges et al. [HWB™06]). Those devices (illustrated in Figure contained
various sensing capabilities, including GPS, a accelerometer, sensors for light-
intensity, light-color, temperature, and passive infrared that are monitored by a
build-in microprocessor: if, for example, changes in light color and intensity are
detected, a photograph is taken. Alternatively capturing might operate on a fixed
interval, for example taking a picture every 30 seconds.

2 Images: Steve Mann, taken from https://www.interaction-design.org/literature/
book/the-encyclopedia-of-human-computer-interaction-2nd-ed/wearable-computing,
accessed 2019

3 https://www.microsoft.com/en-us/research/project/sensecam/} accessed 2019

1 As of 2019 the OMG Autographer’s original webpresence, http://autographer.com/, had been
discontinued. Wikipedia (https://en.wikipedia.org/wiki/Autographer]) hosts a summary
including a link to an archived version, accessed 2019


https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/wearable-computing
https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/wearable-computing
https://www.microsoft.com/en-us/research/project/sensecam/
http://autographer.com/
https://en.wikipedia.org/wiki/Autographer
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(a) Wearable camera device (b) The ‘Sixth Sense’ provides the user with in-
encapsulated by a ‘dome’. situ assistance, e.g., during grocery picking.

Figure 1.3: ‘Sixth Sense’ camer a remote user views the images of a chest-worn
webcam (left) and directs an ‘aremac’ laser projector to display information in
the user’s immediate surroundings (right).

Despite also being criticized for privacy issues [Pay13], Autographer and Sense-
cam were widely used in research. In contrast, most commercialization attempts
of other body-worn camera devices targeting the consumers market struggled to
gain momentum, as for example illustrated by Snap’s Spectacles . Nev-
ertheless, there is a continuous stream of crowdfunding campaigns on platforms
such as Indiegog(ﬂ and Kickstarterﬁ competing for funds to realize body-worn
camera devices of various shapes and sizes and for a multitude of usage scenarios.
While T will not detail on the fundraisers themselves in this work, this range
of products lively illustrates the wide range of form factors, shapes, and styles
that are applicable to body-worn cameras: camera devices can be clipped to
clothing (c.f., the Narrative Clip, Figure , take the shape of accessories such
as glasses (c.f., Snap’s Spectacles, Figure , headbands, neckbands, wrist-
bands (c.f., Beoncam, Figure , finger ringsor flexible forms (c.f., Flexcam Pic,
Figure . However, what can be observed is that compared to Mann’s Sixth
Sense camera, or even the Sensecam or Autographer, these devices seem relatively
‘dumb’: they act on a fixed time interval (Narrative Clip), on the user pressing a
button (Snap’s Spectacles, and Flexcam PIC) or are operated via a connected
smart phone (Beoncam). It might even be debatable whether they could or should
be considered “wearable computers”, as in a (narrow) sense they would have to be
“something that the wearer can reconfigure, program, etc., while wearing it, as well

5 As of June 1st 2019, Indiegogo lists 22 (13 successful) “wearable camera” projects at https
//wuw.indiegogo.com/|

67As of June Ist 2019, Kickstarter lists 30 (15 successful) “wearable camera” projects at
https://www.kickstarter.com/.


https://www.indiegogo.com/
https://www.indiegogo.com/
https://www.kickstarter.com/
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Figure 1.4: Early prototype of the SenseCam . Body-worn cameras have
been successfully used as research vehicles: originally envisioned and prototyped
by Lyndsay Williams as wearable accident recorder, the SenseCam became part
of a dissemination initiative initiated by Steve Hodges that promoted the device
for various research applications. According to Microsoft? the SenseCam was used
in the creation of over 200 research papers.

as something that implements Humanistic Intelligence” . Yet, they offer
only limited intelligence and options for interaction. Most notably, their function
range is similar to state-of-the-art DSLRs IZL which — intuitively — would not be
considered body-worn cameras, even when carried on a strap.

In contrast, smart glasses, successors of Sutherland’s early vision of a head-
mounted display , implement the concept of a head-worn wearable computer,
while (some) almost resemble prescription glasses (see Figure [L.6a). Based on
mobile operating systems, e.g., Android, many of them are able to connect to
nearby devices or the Internet, and perform reasonably complex tasks, e.g., face
and object recognition or tracking. Similarly, there are a few “clip-like” camera
devices, such as Google Clips (c.f., Figure that employ artificial intelligence,
e.g., to automatically snap ‘memorable moments’ . Just as not all available
‘clips’ are intelligent, not all available smart glasses are equipped with a built-in
camera. Hence, some smart glasses devices, e.g., Focals by Nortlrﬂ or Jins Memeﬂ
do not fall into the scope of this thesis. Instead, this work focuses on smart glasses
equipped with one or multiple cameras.

1.2 Application Scenarios

In this section I outline a range of potential usage scenarios for body-worn camera
devices. While some of the studies presented in this thesis (e.g., Section verify
that the intentions of use, and thus the concrete usage scenario, is relevant to
social acceptability, I decided to not limited my work to a particular application

7 DSLR, abbreviation for digital single-lens reflex cameras.
8 https://www.bynorth.com/focals, accessed 2019
 https://jins-meme.com/en/, accessed 2019


https://www.bynorth.com/focals
https://jins-meme.com/en/
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4

(a) Narrative Clip: clipped to clothing (b) Snap’s Spectacles: worn as sun
or accessories glasses

~

(¢) PIC: reconfigurable, elastic neck. (d) Beoncam: worn as wristband.

Figure 1.5: Commercially available, body-worn cameras come in a large range of
different form factors, but most display only limited intelligence or interactivity:
they take pictures based on a fixed time interval (a), a button press (b, ¢) or
triggered via a connected smart phone (d).

area, or the usage scenarios presented in this section. Instead, this section should
provide a glimpse of options that state-of-the-art research provides today, and
might be possible in the future. In addition to applications of body-worn cameras,
I also present a number of camera-based applications available on today’s smart
phones that could - in the near future - be no longer hand-held, but implemented
for wearable cameras. Rather than providing a complete view of the (ever-growing)
number of application areas, this section aims to supplement and contextualize
the design considerations presented in this work.

Personal Expression and Memory Keeping

Cameras of various kinds facilitate the collection of personal episodic memories.
Cameras that are attached to the body or placed in the environment free the
hands for other activities than picture taking. Particularly for recording sports,
so-called “action-cams”, body-mounted video-cameras like the Go-Pro |T_UL have
become tools for hands-free capturing of experiences, and experience sharing.
With various forms of video lifestreaming gaining popularity, the increasing

10 GoPro, https://gopro.com, accessed 2019
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(a) Google Glass (b) Google Clips [Lov18]

Figure 1.6: Body-worn camera devices implementing artificial intelligence. Smart
glasses devices (a) have already undergone rapid miniaturization, and might come
close to prescription glasses in the near future. Clip-like devices (b) could be
worn, and attached to household items, or even pets.

wearability of cameras enabled new forms of self expression. Users more and
more appropriate the content and topics to exceed the traditional formats of
face-to-face video calls by jointly engaging in activities over extended periods of
time . Some wearable camera devices, e.g., Snap’s SpectaclesEl, explicitly
aim for users who aim to record and share images for personal expression (see
Figure for examples). The FrontRow camera@ which features a front, and a
back camera, is one further example, designed to enable sharing both, the wearer’s
surroundings, and their facial expressions. Lottridge et al. report teens
to utilize video lifestreaming as “long form selfie” to socialize with friends including
structured activities such as verbal games, or by streaming art or DIY projects.
This way to “co-experience” daily activities has been shown to increase intimacy
in long-distance relationships . In-time video sharing during marathon
events can increase runners’ motivation and audience engagement [AKE16].

Experience Sampling and Documentation

In addition to personal expression and memory keeping, body-worn cameras
have been used for research and documentation; for instance, to capture first-
person perspectives of mobile phone users in the field , as shown in
Figure [I.8] The reminiscing effect of reviewing lifelogging imagery has also been
successfully used as a method to foster creativity in participatory user-experience

' Snap’s Spectacles, https://www.spectacles.com/, accessed 2019

2 FrontRow camera and video archive, https://www.frontrow.com/works/, accessed 2019

13 Tmages: Snap, Inc., Screen shots taken from example videos at https://www.spectacles|
com/de/perspectives, accessed 2019
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Figure 1.7: Promotional “perspectives” (first-person video) on Snap’s web sit il-
lustrate how the company envisions hand-free photography for personal expression
and as part of lifestyle activities.

research . Moreover, when introduced as a reliable, visual sensor for
data collection wearable cameras resolve the issue of discrepancies between the
study participants’ self-reported behavior and their actual behavior(c.f., Harvey
et al. ) This method has been successfully employed in areas such as
health documentation , as well as in personality and social psychological

research [BBS17].

Similar to CCTVE|7 body-worn cameras are also valued for evidence keeping,
e.g., in situations, where a safety-relevant unexpected event, such as a break
in, accident, or assault might occur . In these contexts body-worn
cameras have the potential to increase accountability, an effect which has been
widely studied in the context of police work, where body-worn cameras have been
employed both for evidence keeping and as a tool for deescalation: Researchers
were able to show that body-worn cameras are able to reduce response-to-resistance
incidents and external complaints [ASH"17; JLF15] resulting from officer non-
compliance with procedures, and suspects’ demeanor, as well as reduce “vexatious
complaints”. Ariel et al. conclude that, in fact, body-worn cameras can
be construed as a “fix” in terms of police accountability.

LR

R

Figure 1.8: Body-worn cameras allow to capture first-person perspectives during
field studiesEl; here: navigating Oldenburg’s city center.

14 CCTV, abbreviation for closed-circuit television, commonly known as video surveillance.
5 Images: Benjamin Poppinga, ca. 2012.
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Assisting in Everyday Live

When Thad Starner presented his early vision of Augmented Reality (AR) in 1997,
he envisioned a wearable and intelligent assistant for every day life that observes
the user’s context through a body-worn camera and consistently, and continuously
adapts to it. Among the early concepts were, for instance, a remembrance agent
to help with personal organization, or an interpreter for American Sign Language
(ASL) to help with communication [SMR™97; SWP98]. Since then, body-worn
cameras or camera-equipped smart glasses have been explored as assistive devices
for these and numerous other use cases. Camera-based assistance for users with
visual impairments had been explored in academic research |[ZSA15; RRCT17;
SFF18; ZWR™18|, but also made its way to the consumer market as part of
Microsoft’s Seeing Aﬂ intelligent assistants already can recognize persons, places
and currency, read out signage, menus and other textual information, and even
describe scene contents based on image classification (see Figure left). Google
Lenﬂ targets a broader audience and provides object recognition, text and
character recognition for instant search, and in-situ translation (Figure , right),
e.g., for tourists. Ruffieux et al. [RRCT17] explored smart glasses as visual
prostheses for face and emotion identification, to aid patients with low vision,
dementia, and mental disorders. Moreover, camera-equipped smart glasses have
been tested to assist patients with Parkinsons [MVR ™14, amnesia [KB14; [PME11]
or autism [KG15f WWVT17]. Although the tested research prototypes did not
yet make their way out of the labs, overall results were confident, and might soon
allow to make real-life easier for patients. Outside of clinical contexts, researchers
investigated the use of body-worn cameras for memory augmentation, particularly
as retrospective memory aid [HWB™06; HSC16; [DPC™ 12|, and to assist with
language learning [HOK™ 13| or with keeping track of dietary behavior [ASV™18;
OCM™13|.

Enabling In-situ Information Access

Mobile cameras can be useful wherever the user needs to map digital information
to her physical environment. This might include navigating an unknown location:
by identifying visual landmarks from a mobile camera’s imagery (e.g., Chen
et al. [CBK™11]), not only the user’s position, but also her viewing angle can
be determined, and navigation hints can be adjusted to her needs. Considering
localization and navigation, image-based approaches are particularly advantageous,
where other types of positioning are failing, such as GPS does indoors, or when
costly infrastructure, e.g., for WLAN fingerprinting, would have to be established
and maintained. Knowledge about the user’s view of the world also allows to
display an Augmented Reality navigation overlay that is spatially registered
with the real environment (c.f., Figure and can e.g., improve navigation

6 https://www.microsoft.com/en-us/ai/seeing-ai, accessed 2019
17 https://lens.google.com/, accessed 2019
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(a) The banknote’s value is visually detected, and provided to the user as audio
output: “Five Canadian Dollars”.

PALE ALE ity ot crus & rapetit

(b) The menu’s text is detected from the camera’s image. Its translation is then
Superimposed on the Original frame. Image taken 2019 at Kithe Kaffee Oldenburg, Germany.

Figure 1.9: State-of-the-art intelligent assistants can utilize a camera’s view (here:
a smart phone’s camera) to assist visually impaired user’s in recognizing currency
(Microsoft SeeingAl left), or to provide in-situ translation, e.g., for tourists (right).
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performance [MKD ™14} NPFT06]. While it is practical to have both hands free
during navigation, tasks in different working scenarios might even require both
hands to be available. In these contexts, smart glasses can enable hands-free
human-machine interaction and information access, and — when a camera is used
as basis for an optical tracking system — a spatially registered integration of digital
information and physical objects. Augmenting the user’s view of her work space
has been explored as a tool for “Industry 4.0”, where instructions for unfamiliar
tasks (e.g., assembly of new products) are registered in 3D and superimposed on
the current work piece . All these use cases, particularly correct three-
dimensional registration, only become possible through visual tracking, i.e., they
require a camera, that, in return, may be subject to objections. While up to
today Augmented Reality was often limited to a “Wow Effect” , and
productive, industrial applications were still in the fledgling stage, we are (almost)
ready to move beyond pilot stage: recently, DHL established the use of smart
glasses for warehouse logistics, particularly vision picking, and noted increased
productivity and accurac

® @ 00070 ¢

nettistraBe

1Be ) oTumblingersge ,

(a) Google Maps’ AR Mode (Beta) in (b) Screenshot of the Maps
Hannover, Conrad-Wilhelm-Hase-Platz. interface in Munich.

Figure 1.10: Augmented Reality (AR) applications often rely on a camera stream
for tracking the environment. AR navigation overlays (here: Google Maps Beta)
that are spatially registered with the real environment help the user’s sense of
orientation and can improve navigation performance.

'8 DHL Press Release, 26.01.2015, https://www.dhl.com/en/press/releases/releases_2015/
logistics/dhl_successfully_tests_augmented_reality_application_in_warehouse.
html, accessed 2019
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1.3 Legal Background

Body-worn cameras trigger concerns about unintentional, unwanted and surrep-
titious photography. As a result, potential privacy infringements of bystanders
such as conversation partners, spectators or passers-by are often named as central
social acceptability issue with body-worn cameras. In addition, there is a strong
conceptual connection between privacy, discretion and impression management,
which affects social acceptability (discussed in Section . In consequence, the
legal framing for body-worn cameras is mostly rooted in privacy legislation. In
this section I briefly outline the legal background for body-worn cameras, with a
particular focus on privacy legislation in Germany, the country where many of
the user studies presented in this dissertation were conducted.

Privacy Legislation

In 1890, Warren and Brandeis conceptualized privacy as a state of psychiological
security that can be distorted or injured when information about a person’s
“private life, habits, acts and relations” becomes available to others. Although
the term privacy, as well as the idea of “a right to privacy” dated back to much
earlier, the authors laid the foundation for the placement of privacy as an inherent
individual right in modern legislation [Gla79]. Consequently, privacy, which had so
far been undertheorized, but present in common law, quickly became an essential
component of human rights law and theories. In the context of photography,
first accounts for individuals’ privacy, or “the right to one’s own image”, appear
concurrently with the advent of personal photography, e.g., as early as 1907 in
the German Art Copyright Act (KUG) [Sch16]. Nevertheless, with the first data
protection laws dating back to the 1970s, e.g., the US Privacy Act (1974), or
Hessen’s Data Protection Act of 1970, privacy legislation can still be considered a
relatively novel and, more importantly, continuously evolving concept.

In October 1995, the EU Data Protection Directive 95/46/EC was passed.
According to this Directive, both still and moving images are considered personal
data, and thereby protected, as they can potentially serve to identify a depicted
person. Excluded from protection were purely personal or household activities,
as outlined in Article 3(2) Directive 95/46/EC. More than twenty years later,
however, even within EU member states, the legislation concerning photo- and
videography still largely varies . This is not surprising, as legislatives are facing
the challenge to balance reasonable individual intentions (e.g., artistic interest)
with data protection, including questions such as “Did the subject consent to being
photographed?”, or “What is the audience of the recorded imagery?”. While (in
theory) many countries do allow unlimited picture taking for personal consumption,
such as for showing photos to friends and family, others are more restrictive: in
Italy, Denmark, or Finland no consent would be required to photograph public
scenes (e.g., as a tourist) where passers-by are incidentally captured, whereas
taking the same picture would be illegal in Spain or Switzerland. In May 2018 the
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GDPR replaced Directive 95/46/EC aiming at a more coherent data protection
framework in the EU. But explicit provisions concerning photo- and videography
were not included. Therefore, there is a broad discussion on which impact the
GDPR shall have on national photo law. Partly it is argued that opening clauses
like Article 85 GDPR guarantee that the national photo law remains unaffected by
the GDPR [LH17]. Others share the opinion that national provisions of photo and
video law, like those in Germany, fulfill the requirements of article 6 (1) (f) GDPR
anyway [Hoel§|. In consequence, privacy is, while accepted as nonnegotiable
human right (Article 8 of the European Convention on Human Rights, ECHR),
still in a state of continuous evolution and, with new challenges (such as wearable
cameras) arising, recurrent negotiation.

Unwanted Photography

While audio recordings without consent are socially unacceptable and typically
penalized, (e.g., in the US Wiretapping Law, or Para. 201 German Criminal
Code), in terms of photography without explicit consent, legal regulations become
highly complex and — not only to the eye of the layperson — fuzzy and confusing.
Jurisdiction in the context of un-wanted photography typically comes down to
weighing competing interests [Klal2]. In addition to everyone’s right to privacy
and the right to informational self-determination, German law also knows the
statutory “right to one’s own image” (Para. 22 KUG). This principle says that
any picture of a person, where (s)he is not just an insignificant and coincidental
element (so-called “Beiwerk”, Para. 23 KUG), or part of a public gathering,
may not be published, distributed or put on display without the consent of the
depicted person. In case law, the “right to one’s own image” is increasingly
recognised not merely for publishing, but already for picture taking [Ros17]. A
balancing of interests must be carried out by the German courts [Wanl7|. To
allow freedom of the press and opinion, an exception applies to pictures showing
persons of public interest. Furthermore, German legislation excludes artistic
interests (so-called “Hohere Interessen der Kunst”), i.e., photographs that are
published as fine art, from the obligation to acquire consent, which is based
on the idea of an individual’s freedom of art. This conflict is characteristic for
contemporary regulations in many regions: in each individual case, US jurisdiction
has to balance the photographer’s First Amendment freedom of expression against
another person’s right to privacy; the European Convention on Human Rights
requires weighing its Article 8 (Privacy) and its Article 10 (Expression), e.g.,
ECHR in Lillo-Stenberg vs. Norway, 16.01.2014, NJW 2014, 3291.

Wearing a Camera in Public

While German law permits — to some uncertain extent — taking and sharing of
photos showing individuals, at least for personal usage, another problem of body-
worn cameras is gaining attention: the sole presence of a device with potential
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recording capabilities is perceived as a threat, even if the camera is turned off. Euler
et al. [ECK17] found their interviewees to frequently compare body-worn cameras
and camera-equipped drones to weapons, demanding regulatory interventions.
Consequently, users are faced with the question of whether to wear a hidden or
an openly visible camera. There is no legal provision in Germany which explicitly
prohibit secret photography of persons, e.g., with a hidden body-worn camera. But
if the taking of a certain photograph violates personality rights for other reasons,
the interference is considered more serious if this photo was taken secretly [Ros17].
In video surveillance law, a notification to passers-by of being filmed is mandatory
(see: Para. 4 German Data Protection Act). As of 2019, single photos or videos are
permitted without making sure that anybody is informed of being in the picture.
The unresolved question is therefore whether an intensive use of body-worn
cameras equals video surveillance, in which case that notification to all depicted
persons would be required. However, using an openly visible body-worn camera
may also be a problem, even if it takes no pictures at all. Without the traditional
gesture of photographing or equivalent signals, a special situation occurs called
surveillance-pressure (“Uberwachungsdruck”) [Sch16]. Various German courts
have regarded surveillance-pressure as a violation of the general right of personality,
e.g., even in cases where camera dummys were used [Ros17].

Taking Multitudinous Pictures

There is a historical particularity to copyright law as it applies to photography:
since the time of the inception of photography, in addition to photographic
works (artistic photography exceeding a particular threshold of originality), also
simple photographs (e.g., satellite or surveillance footage) are copyright protected,
regardless of its depicted content or aesthetic value. In consequence, also incidental
photography (like a pocket snap) are under copyright protection. Wearble cameras,
such as e.g., life logging clips, carry this regulation ad absurdum: due to their
“always-on” nature, they may produce an incredibly high amount of images, often
without explicit effort on the user’s part (e.g., snapping one picture every 30
seconds). Consequently, the camera wearer might hold copyright in images they
are not even aware of. On the other hand, taken pictures may also infringe the
copyright of other persons if, for instance, a piece of art temporarily displayed
in open space is captured by the camera without the consent of the artist, see:
Para. 59 German Copyright Act [Wanl7]. A resulting question is to what extend
a wearer of a smart camera should be (or would want to be) held accountable for
what is being captured. As content and composition of the lifelogging images are
often at random, persons might be unknowingly and incidentally depicted, but,
e.g., when engaging in a conversation with the camera wearer, still be a central
element of the resulting image. In consequence, the image would be perpetrating
Para. 22 KUG (the “right to one’s own image”) when shared without consent. For
this reason, sharing mechanism that do not require the wearer to conscientiously
review the captured footage, e.g., by enabling automatic sharing, run the risk
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of privacy infringement and unintentional disclosure of sensitive information,

so-called misclosures [Cai09].

1.4 Scope of the Thesis

The motivation of this thesis are potential benefits through body-worn camera
devices that are ‘smart’, i.e., that do posses some humanistic intelligence and
can perform tasks, such as activity or environment tracking or object recognition.
Nevertheless, many of the results presented in this thesis are also applicable to
devices that are wearable, but only body-worn picture taking devices acting on
manual commands, e.g., Snap’s Spectacles. The design approaches chosen in this
work reflect this. For example, the co-design sessions, presented in Section
were not limited to a specific device type or form factor. Instead, participants
were instructed to use a top-down approach, starting with concrete applications
or use cases, and then elaborating on form factors and designs implementing
those [KWB18]. Thus, the thesis title, “Designing Socially Acceptable Body-worn
Cameras”, omits ‘smart’ as defining term, and is deliberately held broad.

1st person
(user)

@ 2nd person

3rd person

Figure 1.11: Different views and perspectives on the usage of technology in social
contexts. We include both, an internal (user’s) perspective, and an external
(bystander’s) perspective. We furthermore take into account interpersonal aspects,
when user and bystander are interacting, e.g., when conversing, and a more
macrosocial, societal perspective.
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Traditionally, HCI mostly focused on the user’s internal perspective, or interper-
sonal relationships between multiple users, e.g., computer supported collaborative
work, CSCW. In contrast, this thesis focuses on technology usage of individuals
(1st person view, user) in social context. We consider non-collaborative scenarios,
where bystanders interacting with the user (2nd person view) or in their vicinity,
but not interacting (3rd person view) are affected by the presence of the body-worn
camera device. We illustrate different roles and perspectives in Figure In
practice, one person might unite multiple roles at the same time or switch roles
when entering a conversation or donning a device. For example, it is sensible to
imagine that a bystander to smart glasses might be wearing smart glasses (or any
other wearable camera device) themselves. By adding a societal perspective we
furthermore include macrosocial aspects beyond the individual user — bystander
relationship, e.g., camera presence leading to surveillance pressure.

While privacy legislation (c.f., Section comprehensively covers the pub-
lication of images interfering with a depicted persons personal privacy, camera
presence as such, or camera-devices that do not persistently store data, are only
sparsely covered and widely unregulated. The work presented in this thesis pri-
marily focuses on this unregulated areas, and the affiliated user and bystander
concerns and needs, such as justification and situation awareness (c.f., Section .
In particular, it contributes design strategies to counteract perceived “surveillance-
pressure” and technical solutions to mediate between users and bystander, instead
of making suggestions for legal regulations or frameworks (as e.g., discussed in
Euler et al. [ECK17]). In addition, privacy legislation primarily attends to cases
where one legal entities privacy is affected by another legal entities action or
omission, i.e., where a bystander’s privacy is at risk because of the user wear-
ing a camera. Other aspects of social acceptability or impression management
(see Section [2)), e.g., information about the user that might (unintentionally) be
revealed through device usage, are mostly beyond the scope of legislation. The
work presented in this thesis explicitly covers both the user’s and the bystander’s
needs, e.g., in terms of privacy protection. For example, the prototype presented
in Section [5.2] PrivacEye, implements this by attending to both the user’s and
the bystander’s needs for privacy, by protecting privacy sensitive situations such
as credit card usage (user privacy) and conversations (bystander privacy).

1.5 Research Questions and Contributions

Issues with social acceptability are not unique to body-worn cameras. Yet,
the research field of Human-Computer Interaction (HCI) does not provide an
established definition or framework of methods to address social acceptability. In
fact, social acceptability is “rarely, if ever” defined [MAM™10|. Thus, I start by
providing an overview of the current understanding of social acceptability in HCI
(RQO) and a working definition for the scope of this thesis.

RQO: How is social acceptability understood in Human-Computer Interaction?
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Issues with social acceptability are often only discovered late in the development
process, or on market entry, because social acceptability is often not considered
throughout the entire design process. Thus, my dissertation discusses the question
“How can we design with social acceptability in mind?” using body-worn cameras
as example. In particular, it challenges interface design to attend to social
acceptability issues not after deployment, but during all phases of the Human
Centered Design (HCD) Process. I envision design and evaluation methods that
do not only describe or verify social acceptability, but that drive the design of
socially acceptable interfaces. To provide a broader theoretical foundation, I take
an inventory of current practices for studying and addressing social acceptability
issues in HCI. This approach allows to identify gaps in the distribution of current
research approaches, shortcomings in the way research is conducted, but also best
practices and options to be then explored in the context of body-worn cameras.
Hence, the first goal of this thesis is to map existing practices by answering RQ1.

RQ1: Which methods, measures and design strategies are employed to evaluate,
quantify, and influence the social acceptability of human-machine interfaces?

Contributions: with this work I provide a systematic literature review of
social acceptability in Human-Computer Interaction (HCI) and make the following
three contributions: First, I analyze how the social acceptability of interactive
systems has been evaluated in HCI. I outline and discuss methods and measures
in terms of replicability, internal, external and ecological validity. Second, I
provide an overview of design strategies that have been employed to increase the
social acceptability of interactive systems, and discuss to what extend they have
been verified by prior work. Third, I identify research gaps concerning social
acceptability in HCI, and discuss challenges and opportunities to guide future
research in this area.

Body-worn cameras have displayed a lack of social acceptability, e.g., due to
concerns about bystander privacy. On the other hand, they also provide promising
technological opportunities that could increase health, comfort and wellbeing
and contribute to equal opportunities, and social empowerment. In this context,
“designing for social acceptability” can be understood as the design of compromises
between the users and bystanders. Thus, the main part of this thesis aims to
explore this design challenge, both empirically and technically, or in other words
to address RQ2:

RQ2: How can we meet both the user’s and the bystander’s needs, goals, and
values while designing socially acceptable body-worn cameras?

Contributions: The research presented in the main part of this thesis iteratively
evolves design suggestions for socially acceptable body worn cameras following
a HCD process. To better understand user (and bystander) requirements, this
work contributes an analysis of user and bystander attitudes and expectations
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and identifies factors influencing social acceptability, namely context, bystander
control, and knowledge about recording status and usage intentions. In addition,
these factors are observed over time and contextualized and discussed in light of
technology adoption. Design strategies leveraging these factors are then conceptu-
alized through participatory design. More specifically, I present insights about
suitability and choice of gestural Opt-in and Opt-out controls and an analysis
of design strategies for status indicators concluding with 3 design recommenda-
tions for privacy notices of body worn cameras. Subsequently, I introduce and
discuss different prototyping techniques for smart wearable cameras and present a
proof-of-concept prototype of eye-tracking based, privacy-preserving smart glasses
featuring a mechanical shutter. Evaluations through user studies in lab and field
then verify the effect of these design strategies on social acceptability. A discussion
of results obtained from evaluating research prototypes in relation to self-reports
from users of off-the-shelf, body-worn camera devices, further contributes to a
deeper understanding of how design aspects, form factors, and wearing styles can
influence social acceptability issues with body-worn cameras.

The third objective of this thesis is to address the need for methodical best
practices and suitable tools to design for social acceptability, which is addressed
in RQ3:

RQ3: Which methods are suitable to inform the design of socially acceptable
human-machine interfaces?

Contributions: To explore RQ3, I discuss the selection of methods that has
been applied during the presented human-centered design process. I summarize
the methods under four main themes, namely (1) how to determine which design
factors affect social acceptability, (2) how to make design choices accessible during
participatory design, (3) how to facilitate the innovation of form factors, and
(4) how to evaluate social acceptability in lab and field. I highlight potential
pitfalls and possible alternatives, and discuss advantages and disadvantages of
the presented methods. In summary, this discussion provides a “toolbox” for
researchers, designers and engineers to chose suitable methods for designing
socially acceptable human-machine interfaces.

1.6 Thesis Outline

This thesis is organized such that Chapter [1| provides motivation and context,
and Chapter |2| and [7| surround an exemplary human-centered design process
(Chapters (3| to |§[) Chapter [2| analyzes related work on social acceptability,
and detail the methodical approach, human-centered design (HCD), used in this
thesis. Chapter [7] reflects on the employed HCD process and methods, and
discusses risks and challenges in designing for social acceptability. The framed
four chapters, Chapters [3] to [6] present research conducted as part of this HCD
process; illustrated in Figure While each chapter builds on the previous ones,
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they may also be read independently, and in an order free of choice. As the HCD
processes is iterative by nature, phases may overlap, and results from later phases
can, and are meant to, feed back into earlier phases, just as earlier phases should
provide rationales for research conducted as part of the subsequent phases. Thus,
while I opted to present Section [6.2] a study on usage of a deployed, off-the-shelf
body-worn camera device, last and as part of HCD’s Implement & Deploy phase,
the study could also serve to Observe € Understand usage behavior, thus as a
starting point for a new cycle, which I will discuss as directions for future work.

Chapter [2| provides a theoretical and methodical background. It first presents
a structured literature analysis investigating the current practice of addressing
social acceptability in HCI in terms of methods, measures and design strategies.
The analysis verifies that the consideration of social acceptability issues is not
established in all phases of the HCD process, and that design-oriented and
participatory approaches are only sparsely applied. The second part covers the
approach taken by this thesis to explore those methodical gaps, and towards
designing socially acceptable body-worn cameras. The goals of this section are
to provide sound theoretical foundations, as well as the rationales behind the
methods used during the presented HCD process. The structured literature
analysis was published at CHI 2020 and recognized with a CHI 2020
Honorable Mention Award.

Observe &
Understand

Ideate &

X Prototype
Design

‘ Chapter 3 l Chapter 4 | Chapter 5 | Chapter 6

l Chapter 2 & Chapter 7

Figure 1.12: The four main chapters are structured along the Human-centered
Design process (to be read from left to right). Earlier phases provide rationales for
research conducted as part of the subsequent phases, which, in return, iteratively
feed back into earlier phases. Chapter [2] and [7] provide background and reflect on
the process as a whole.

Chapter [3| investigates factors that cause a lack of social acceptability in smart
glasses. More specifically, it presents results of a focus group discussion that
identifies controversial usage scenarios and applications, and a lab survey that
confirms recording capability, perspective and communication of usage intention
as factors influencing user attitudes towards smart glasses. Parts of this research,
which I conducted at the University of Passau, has been published at MobileHCI
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2015 [KKM15|. The chapter furthermore presents results from a follow-up case
study, where the original lab survey (2014) was repeated twice (2015, 2016), at
intervals of one year each, and contextualized based on an online survey among
experts. Parts of this section have been published at CHI 2017 [KEC™17]. Both
works inspired the thematic alignment of my research and motivated a focus shift
from smart glasses to body-worn cameras of various form factors. After all, the
factors identified by the studies as contributing to a lack of social acceptability,
namely unknown intention of use and recording status, as well as concerns about
bystander privacy, are shared by all types of body-worn (in contrast to hand-held)
camera devices, not only by smart glasses. The expert study comprised by the
latter paper, and embedded in the BMBF project ChaRiSmaE at the University
of Oldenburg, deepened and largely shaped the methodical research questions
addressed by this thesis. Most importantly, it pinpointed the question “Is it
possible to design for social acceptability?”.

Chapter | explores design options for socially acceptable body-worn cameras
with regard to bystander control (Section and privacy notices (Section .
While the former focuses on gestural controls for bystanders independent of camera
properties, the latter purposefully considers a wide range of application areas and
form factors, including chest-, and head-mounted cameras (smart glasses), and
shoe-worn devices. The section contributes insights about choice and suitability
of gestural Opt-in and Opt-out controls as well as design recommendations for
privacy notices. Large portions of this chapter are based on work published at
NordiCHI 2018 [KACT18| and TEI 2018 [KWB18|. The latter work was awarded
the TEI 2018 Best Paper Award.

Chapter 5| explores prototypes of body-worn cameras. It begins by discussing
challenges in building “smart” wearable cameras and contributes an annotated
portfolio of research prototypes that are evaluated and discussed with regard
to wearablility, realism, functionality and fidelity. While Section focuses on
multiple different prototyping approaches and form factors, Section [5.2] leverages
a smart glasses form factor into one research prototype: PrivacEye. It presents
a proof-of-concept implementation of eye tracking based, automatic de- and re-
activation of a head-worn camera featuring a mechanical shutter. This work
demonstrates how devices with integrated cameras might react proactively to
context and communicate the camera status to bystanders. Furthermore, a
series of interviews provides insights about user perception of such proactive
privacy-protection. The idea for PrivacEye originated during a winter school at
Séllerhau@ Dissatisfied with the prospects of audio-based or manual camera de-
and re-activation, I approached Julian Steil, who - during this winter school - had
presented his PhD research on activity recognition based on eye-movement data,
with the idea of exploring egocentric eye tracking to gauge privacy-sensitivity. The

19 BMBF project ChaRiSma, http://www.charisma-projekt.de/, accessed 2019
20 Winter School on Human Computer Interaction in the Age of Artificial Intelligence, https :
//www.hcilab.org/winterschool/, accessed 2019
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result was PrivacEye, a joint work with MPI Saarbriicken and the University of
Stuttgart. I am greatful for the experience of this eye-opening collaboration, where
my co-author Julian contributed a pre-exisitng data set [SMS™ 18|, PrivacEye’s
classification approach, technical evaluation and quantitative analysis, and I
contributed idea, design rationale and interaction design, hardware prototype
and demo video, as well as the interviews’ qualitative analysis. PrivacEye’s final
concept, the annotation scheme, study design, procedure and questionnaires for
both studies as well as interpretation and discussion of the results were joint efforts
of all co-authors. Parts of this work have been published at ETRA 2019 [SKH™19]
and showcased in the Video & Demo Session at the same venue. The work received
the ETRA 2019 Best Demo/Video Award.

Chapter [6] focuses on body-worn cameras in real-life contexts. Each of its
two sections presents one user study. The first study (Section evaluates a
research prototype, a wearable camera with an integrated display. In addition
to an assessment of bystander reactions to screen-based status indicators, the
presented field survey contributes insights about evaluations of social acceptability
in-the-wild. This section is an extended version of work published in CHI 2019
Extended Abstracts [KWHT'19|. Section looks into deployed, off-the shelf
devices and presents an online survey investigating usage behavior of lifelogging
camera wearers. This work contributes insights about hidden, unobtrusive and
candid wearing styles of lifelogging cameras in everyday life. Part of it has been
previously published at MobileHCI 2017 [KHB17].

Chapter (7| completes the discussion of design strategies (Section , and
methods (Section for creating socially acceptable body-worn cameras using
a human-centered design approach. Finally, I conclude this thesis by outlining
challenges for future work.

The research conducted in the context of this dissertation has been compre-
hensively published in highly selective, peer-reviewed outlets, and presented at
renowned international venues. I list the individual publications in Appendix [A]l

Just like any research, the research presented in this thesis could not have been
conducted in isolation. Conversations and discussions with my colleagues and
project partners, as well as numerous researchers and practitioners at conferences,
workshops, and during lab visits shaped the way I viewed and set my research
goals, build my prototypes, and chose my evaluation methods. In the context of
this work, I also co-supervised several Bachelor and Master theses, and students’
research projects that served as starting points for work described in this thesis,
including [Czul7], [MSK™18], |[Web19], and |[Mey19]. For these reasons, I chose
to write the remainder of this thesis using the scientific plural.
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The study of context, including social context has a long tradition in HCI. In
1999, Schmidt et al. [SBG99| specified the user’s social environment which might
comprise features such as the co-location of others, social interaction, or group
dynamics as essential (human) factor of context. Nevertheless, in the last two
decades research on context-aware (mobile) interfaces majorly focused on context
based on the user’s physical environment. In comparison, social context, specifically
social acceptability is less well explored, and less well defined.

This chapter covers how social acceptability is and can be approached from
an HCI perspective. First, we review how social acceptability is understood and
defined in HCI, and provide a working definition. Second, we take an inventory of
current practices for studying and addressing social acceptability issues in HCI.
This allows to map established methods, identify shortcomings in the way research
is conducted, and propose opportunities for future approaches. Finally, we provide
a methodical perspective on how this thesis approaches social acceptability issues
with body-worn cameras through a human-centered design process and how its
approach and method complement existing practices.

Social Acceptability

Utility

System Acceptability

Learnability

Efficiency
Cost

Practical Acceptability Memorability

Compatibility Errors

Reliability Satisfaction
Etc.

Figure 2.1: Nielsen’s taxonomy of system acceptability [Nie94]. Social acceptability
can be found at the top left. In comparison to practical acceptability (e.g.,
usability), social acceptability is still underexplored.

2.1 Background and Definition

The notion of social acceptability is not new to HCI. In 1994, Nielsen named
social acceptability as essential part of system acceptability [Nie94], c.f. Figure
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Despite this, HCI research until today mainly focused on creating and improving
what Nielsen embraced as practical acceptability, including e.g., usability, and
utility: the social acceptability of human-machine interactions is an underexplored,
and underdefined area. The terms social acceptability and social acceptance are
difficult to grasp, as they — albeit being frequently named as user requirement
— are not always clearly defined [MAM™10]. In addition, there seems to be a
considerable overlap with concepts such as social weight [HSPT08; [TMT 03|, social
comfort [DPZ714] or social wearability [DPZ™14].Montero et al. highlight that a
lack of a clear understanding can be a hindrance in creating socially acceptable
interaction techniques [MAM™10]. They also note how social acceptance and
user acceptance as comprised by the Technology Acceptance Model (TAM, c.f.,
Davis [Dav86|) are not always clearly differentiated, and often confused.

With this section, we disentangle those overlapping and related concepts, and
provide a concise working definition of social acceptability for the scope of this
thesis. We investigate the research question

RQO: How is social acceptability understood in Human-Computer Interaction?

and, aggregating accounts from prior work, model the social acceptability
of a human-machine interaction as a process of impression management. We
furthermore outline the interplay between social acceptability and privacy, and
relate it to the technology acceptance model (TAM).

A Definition by Negation

In a specialist dictionary (c.f., APA Dictionary of Psychology [Van07]) issued by
the American Psychological Association (APA) social acceptance is defined as a
two-fold concept:

social acceptance
1. the formal or informal admission of an individual into a group.

2. the absence of social disapproval.
APA Dictionary of Psychologyﬂ

This definition by negation (as in 2.) is also common in HCI, where social
acceptability often defined through its absence: “A socially acceptable wearable
is most notably marked by an absence of negative reactions or judgments from
others.” [KG16|. In an earlier work, Toney et al. define the social weight of a
human-machine interaction as the “measure of the degradation of social interaction
that occurs between the user and other people caused by the use of that item of
technology” [TMT™03|. Both describe social acceptability not only by negation,
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but also as a reciprocal rather than an isolated, individual experience. We discuss
this duality between user (performer) and others in their vicinity (spectators)
in the following. We back this discussion using a well-established concept from
sociology, Goffman’s theory of impression management [Gof59].

Duality: Performer and Spectator

Following Goffman’s basic premise that all public action is a performance |Gof59],
and that performances are typically staged for an audience, it seems self-evident
that also human-machine interactions can involve both, performer and spectator.
As an individual will strive to control and consciously shape the impression other
persons will form of them, this duality of performer/spectator roles influences
if, how and where human-machine interfaces will be used. First highlighted by
Brewster et al. [BMCT09|, the consideration of this duality in the study of social
acceptance in HC]E| was formalized by Montero et al. [MAM™ 10| who introduce
an overall measure of social acceptance composed of two dimensions:

e The user’s social acceptance, defined as the internal effect of the interaction
that will leave the user with a subjective impression.

e The spectator’s social acceptance, defined as the external effect of the user’s
interactions. Spectators perceive the user’s interactions with the device that
contribute to the spectator’s impression of the user.

Taking into account that social acceptance is not a one-time decision between
acceptable and unacceptable, but rather a “user’s continuous decision process
that is influenced by the experiences gathered while performing” [Will2], we can
describe the social acceptability of a human-machine interaction as a process
(c.f., Figure consisting of (1) the user’s performance and the impression it
creates in terms of both the internal effect (c.f., user’s social acceptance) and
the external effect (c.f., spectator’s social acceptance). As the user would want
the interaction to be consistent with their self-image and to receive positive
feedback, they will (2) evaluate their internal impression along with a higher level
interpretation of the spectators’ feedback. Subsequently, they will (3) adjust their
interaction accordingly or cease interacting. In consequence, we can specify a
working definition of a human-machine interfaces social acceptability as follows.

Working Definition: A human-machine interface can be considered socially
acceptable, if its presence or the user’s interactions with it are consistent with
the user’s self-image and external image, or alter them in a positive way.
Human-machine interfaces that cause a negative change to self- and external
image show a lack of social acceptability.

2 Brewster et al. [BMC™09] use the term social acceptability whereas Montero et al. [MAM™10]
use social acceptance contributing to the impression that researchers in HCI tend to use these
two terms interchangeably, as also noted in [KOM™'19).
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It lies in the nature of this (iterative) process that it changes over time: while the
user gains more experience with the interaction, they might grow accustomed to
previously unfamiliar interactions or also collect more, and potentially more diverse
and controversial feedback from spectators. In addition, a user’s aspirations, i.e.,
the public image of themselves they would like to convey, is also bound to change.
Last but not least, social and cultural expectations may develop and change over
time which shapes the (positive or negative) feedback conveyed through different
audiences.

1. Performance & Impression The
@ user’s interaction with the system
(performance) shapes their and their

@ @ ﬂ' spectator’s subjective impression.
2. Evaluation & Feedback The user
2z

evaluates the internal experience
against their aspirations and collects
feedback from present or imagined
spectators (external effect).

\

g8 3. Adjustment The performance is ad-

as = O = . .
justed accordingly. It may alter, e.g.,
@ invert or reinforce, the impression cre-

ated by the previous performance.

Figure 2.2: Social acceptability of a human-machine interaction as a process of
impression management.

Discretion: Impression Management and Privacy Breaches

Extending his metaphor of public performances, Goffmann distinguishes
between a “front stage” (or front), and a “back stage” (or back). The front is
where the performance is given, i.e., where the user (or “actor”) aims to embody
certain favorable characteristics. In contrast, the back is kept closed from the
“audience”. Here, facts or behavior that the “actor” wishes to keep private make an
appearance. In consequence, an actor’s impression management can be impaired,
when the barrier between front and back (the metaphorical stage curtain) is
breached. This can be the case, if the presence of an interface, or interactions
therewith, yield “too much” information about the user, or another actor, i.e.,
if a breach of privacy occurs. The original conceptualization of privacy as a
state of psychological security that can be distorted or injured when information
about a person’s “private life, habits, acts and relations” becomes available to
others , further explains this close relatedness: privacy breaches constitute
a threat to impression management.

A human-machine interface can pose a threat to both, the user’s and the
bystander’s impression management and privacy. In the first place, interacting
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Figure 2.3: Using a dramaturgical metaphor, Goffman distinguishes between front
“stage” and back “stage” |Gof59|. While front is where the public performance
takes place, the back includes facts that the “actors”, i.e., user (left) and bystander

(right), wish to keep hidden. A wearable camera device poses a threat to the
barrier between front and back.

with an interface might reveal information about the user that they desire to
keep hidden (e.g., a health condition). In consequence, the barrier between front
and back is not maintained; the interaction with the device might be perceived
stigmatizing, or not socially acceptable. Secondly, some interface or device types
can pose a threat to the privacy of other actors (e.g., bystanders): they might
make information kept in the back accessible to persons other than the actor (see
Figure . In the case of wearable cameras, this effect intensifies further, as the
threat to bystander privacy originating from the camera reflects back poorly on
the user’s own impression management. Even if the camera wearer does not follow
malicious intents, the device is harmful to other actors’ impression management:
in conversations, human memory keeps only an essence, while a large amount
of small details passes away unnoticed, or is forgotten after a short period of
time. Computers, in contrast, have “perfect memory”. In consequence, to use of
body-worn camera devices in social context (e.g., within a “team” of conversational
partners), poses a threat to what Goffman describes as “discretion”: a performer
with discretion “is someone with ‘presence of mind’ who can cover up on the spur
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of the moment for inappropriate behavior on the part of his teammates, while all
the time maintaining the impression that he is merely playing his part” |Gof59|.
As a result, the a camera wearer might no longer be considered a team member
that is trusted to have discretion.

In short, if the user wears a recording device in social context, consequential
privacy breaches pose a threat to their bystanders’ impression management, which
in return negatively affects the user’s own impression management, as they would
want to be considered trustworthy.

Social Acceptability and TAM

Social acceptance is not always clearly distinguished from user or technology
acceptance [MAM™10]. Evaluations of user acceptance (or technology acceptance)
typically refer to Davis’ well-known and broadly used Technology Acceptance
Model (TAM) [Dav86] which defines the adoption of new technologies by in-
dividuals based on two main factors: perceived usefulness (PU) and perceived
ease-of-use (PEOU). We find these in the context of Nielsen’s idea of system
acceptability (c.f., Figure referred to as usefulness (resp. wutility) and usability,
and classified under practical acceptability. There are derivative models (e.g.,
UTAUT) that add subjective norms and social influence (SI) [MG99; VMO0O0] to
the original TAM. Further extensions, e.g., by Kim et al. [Kim15| who investi-
gate the “subcultural appeal” of smart watches being a fashion statement, even
brush aspects of impression management by taking a desirability perspective on
interfaces that might be considered “cool” or “trendy”. These derivatives of TAM
share the assumption that individuals tend to consult their social network in order
to reduce anxiety towards adopting an innovation [KSC99]. All those models have
in common that they describe a causal relationship between TAM’s (or UTAUT’s)
factors (PU, PEOU, SI) and the user’s decision making process.

There are clear parallels between technology acceptance as described by TAM /-
UTAUT and a human-machine interface’s social acceptance as discussed above:
both describe a decision making process with the user’s intention to use as central
element. As noted by Hornbeek et al. [HH17], TAM and its derivatives do not
account for negative emotions and psychological needs. On the other hand, social
acceptability is typically defined through negation, specifically the absence of
social disapproval (c.f., APA Dictionary of Psychology [Van07]), and the need
for social approval respectively. The concept of social acceptability based on the
human-machine interaction’s effect on impression management includes both,
positive feedback (social approval) and negative feedback (social disapproval).
Using a scale metaphor (see Figure we can describe TAM/UTAUT and social
acceptability /impression management as complements. The decision process
to use (or keep using) is influenced through TAM’s factors PEOU and PU on
one side (encouraging, left), and negative social judgment, i.e., a lack of social
acceptability, on the other side (discouraging, right). In addition, positive social
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Figure 2.4: The relationship between TAM/UTAUT factors and social acceptabil-
ity can be illustrated using a scale metaphor. Factors encouraging interaction (PU,
PEOU, SI) on the left, factors discouraging interaction (negative social judgment)
on the right. Both positive feedback (social influence, SI), and negative feedback
(or social judgment) can be present in the process of impression management.

influence (SI) can be ascribed to the positve, encouraging side. It is present
in both, UTAUT [MG99; and impression management [Gof59]: positive
feedback encourages the user to start or keep interacting and indicates social
acceptance of interface usage. Moreover, we note that discouraging factors (right)
are not necessarily confined to negative social judgment, but may include further
negative impact from interface usage, as e.g., comprised by Suh et al’s user burden

scale [SSH™16).

In summary, the joint consideration of TAM/UTAUT and impression man-
agement illustrates that the decision to (not) interact with a device is typically
a result of weighing benefits: perceived usefulness, perceived ease of use, and
positive social influence act encouragingly, negative social judgment (i.e., a lack of
social acceptance) acts discouragingly. We note however, that actual or perceived
utility (as in TAM) can have an influence on (negative) social judgment, which will
be more attenuated if it is understood that “the user needs the device” .
In consequence, while we do not explicitly include work on TAM in the subsequent
literature analysis (Section [2.2), elements of TAM/UTAUT are present in some
measuring instruments, or constructs used by the selected papers. TAM factors,
specifically perceived utility, are also present to some extent in the remainder
of this thesis, e.g., in the ranking of factors influencing adoption presented in
Section (3.2 (ranking of influencing factors) and (design of user studies).
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2.2 Review of Existing Research Practices

There is a lack of agreed-upon methods and measures to evaluate and quantify the
social acceptability of an interactive system. Simultaneously, social acceptability
is often encountered as a by-product during user studies, and often only become
apparent through its absence e.g., when interfaces are not interacted with during in-
the-wild experiments or not adopted on their market entrance. Design strategies
for increasing an interface’s social acceptability have been employed and in
parts empirically verified for individual interface types, interaction paradigms, or
application areas, but so far not holistically appraised and evaluated.

With this section, we contribute a holistic view of the current perspective
HCI research takes on social acceptability. Specifically, we conduct a structured
literature review (N=69) to answer the research question

RQ1: Which methods, measures and design strategies are employed to evaluate,
quantify, and influence the social acceptability of human-machine interfaces?

We make the following three contributions: First, we analyze how the social
acceptability of interactive systems has been evaluated in HCI. We outline and
discuss methods and measures in terms of their distribution, replicability, internal,
external and ecological validity. Second, we provide an overview of design patterns
that have been employed to increase the social acceptability of interactive systems.
In particular, we discuss to what extend they have been empirically confirmed.
Third, we identify methodical gaps concerning social acceptability in HCI, and
discuss challenges and opportunities to guide future research in this area.

Selection of Papers

Informed through the approach taken by prior literature reviews in HCI [HH17
SEUT18; [PMH19], we employed a process of browsing, screening, backward-
chaining, and final appraisal. We used the ACM Digital Library (ACM-DL)
as initial outlet where we conducted a keyword search using variants of the
word combinations social acceptability and social acceptance, including different
grammar forms as in Figure We conducted our search in Q1/2019 and
limited it to publications between 2000 and 2018, which yielded 164 entries in the
ACM-DL.

All query results were screened according to 4 inclusion respectively exclusion
criteria, namely: (1) the work is original, peer-reviewed research; i.e., we excluded
workshop proposals, newsletter, commentaries and summaries, as well as student
theses. The work (2a) contains a formal or informal evaluation or measurement
of social acceptability, or (2b) names social acceptability as design goal for a
presented prototype or interface, or (20) names design recommendations for
socially acceptable interfaces. (3) the work covers the social acceptability (from
user and spectator perspective) of a user’s interaction with a system, interface
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"query": {("social acceptability"; "social unacceptability";
"social acceptance"; '"social unacceptance"; "social
nonacceptance"; "socially acceptable"; "socially unacceptable")}
"filter": { Publication Date: (01/01/2000 TO 12/31/2018), ACM
Content: DL }

Figure 2.5: Search query used for key phrase search in the ACM Full Text
Collection (matches “any field”); Publication years 2000-2018.

or technology; i.e., we excluded work on virtual agents or (humanoid) robots.
We explicitly did not target autonomous systems that aim to achieve sociable or
socially acceptable behavior by adopting or mimicking (human) behavior. These
include (humanoid) robots [TTZ17] or autonomous cars [CTST17]. For a survey
in the context of social robotics, we refer to Savela et al. [STO1§].

Screening was conducted by two researchers separately based on the aforemen-
tioned criteria, paper titles and abstracts and by skimming the paper’s full texts.
Their 88% accordance indicates a substantial inter-rater agreement |[LK77] with
Kk =.72 (95% C1,.60 to .84). Discrepancies were discussed on a per-paper basis,
resulting in an initial set of 47 papers.

To account for publication venues not included in the ACM-DL, we employed
backward-chaining, i.e., we additionally evaluated all papers referenced by the
works selected in the previous step against the inclusion and exclusion criteria
(snowballing principle). This yielded 23 additional papers.

For final appraisal we considered again all resulting full texts. At this stage, we
excluded one paper ([NJO§|) that contained social acceptability in the abstract,
but its remainder focused on the TAM factors perceived ease-of-use, perceived
usefulness without addressing (positive or negative) social influence. The final
set (N=69) included conference papers of varying length (n=>55) and extended
abstracts (n=10) as well as journal articles (n=4). A majority of papers was
published at CHI (n=20), followed by MobileHCI (n=10), UIST and TEI (n=4
each), and ICMI, and ASSETS (n=3 each). The 69 reviewed papers are marked
with bold labels in the reference list.

Analysis and Synthesis

We identified 46 (67%) papers that presented a formal or informal evaluation or
measurement of social acceptability (2a). 52 papers suggested or employed design
strategies to increase the social acceptability of an interaction or interface (2b).
29 papers contained both, user studies and design strategies (see Figure for
an overview). Only 7 papers named concrete design recommendations (2c).
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’ 69 papers meeting the inclusion criteria ‘

Evaluation: 17 Evaluation & design strategies: 29 Design strategies: 23

Analyzed for study methods & measures: 46
Analyzed for employed design strategies: 52

Figure 2.6: We analyzed the overall 69 papers for methods and measures (46
papers) and for design strategies (52 papers).

We employed a strategy of clustering, and additional closed coding for methods
and measures, respectively open coding for design strategies. We furthermore
grouped all papers according to their research contribution based on [WK16],
and study type as defined and discussed by Kjeldskov et al. [KP12; KS14].
For papers that contained multiple subsequent studies or experiments, we only
considered those that evaluated social acceptability. Mixed method approaches or
combinations are counted for each study type.

In the following, we outline the results of this analysis, specifically, in terms if
methods and measures (46 papers), and design strategies (52 papers). We name
and discuss benefits and disadvantages of each method, particularly with regard
to ecological, internal, and external validity, as well as reliability, and applicability.
We highlight that each of the analyzed methods and study designs, despite having
both advantages and disadvantages, provides a valuable contribution that helps
to better understand social acceptability issues with human-machine interfaces.
Thus, instead of singling out flaws of individual studies, or designs, we aim for a
more holistic view of how social acceptability is addressed in current HCI research.
By mapping methods and design strategies this overview paper provides a basis
for identifying best practices.

In particular, we point out research gaps, both in terms of methodical contribu-
tions and study methods, and under-evaluated aspects of socially (un)acceptable
designs, that will allow for a more nuanced view of study methods, and create a
valuable basis for future research.

Limitations

The use of the ACM-DL as initial outlet may induce certain limitations. Querying
only titles and abstracts yielded only 20 publications (all included in the analysis).
Thus, we expanded the scope of the query to include further fields. As also noted by
Pohl et al. [PMH19] a query in the ACM-DL yields different results when applied
to “full-text” respectively “any field”. While we used the latter, similar to
Pohl et al. [PMH19], we also did find no apparent evidence for a systematic bias
introduced through this procedure. However, persistence of meta-data is indeed
a common issue with digital libraries [MGO1|. In consequence, a search query
can yield slightly divergent results depending on the time of search; for instance
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due to adaptation of retrieval and ranking algorithms in the digital libraries back
end. For this reason, we employed backward-chaining to rule out systematic bias
introduced through the ACM-DL’s organization of meta-data.

2.2.1 Methods and Measures

In this section, we only consider the 46 (68%) papers that contained a formal or
informal evaluation of social acceptability, all of which empirical, i.e., user studies.
Of this subset of 46, 35 papers evaluated the user’s perspective, 17 the spectator’s
perspective; 14 included both, the user’s and the spectator’s perspective. Only 8
papers evaluated general views, neither explicitly user or observer. In the following,
we detail on study settings, procedures, and employed scales and measures.

Staging Experiments: Online, Lab & Field

Social context is typically mediated through location. Thus, we first report on
the study settings and locations where the analyzed user studies were conducted.

Figure 2.7: We analyzed current practices in researching social acceptability in
HCI.Common study settings include online surveys (right), e.g., collecting ratings
of video prototypes [RB10a], and field experiments with the researcher present,
e.g., in public indoor locations |[AHI14] (mid left) or outdoors [LV14] (mid right).
Only few studies simulate social context in laboratory experiments [TBS18] (right).

Surveys

Social acceptability largely depends on subjective perception and individual opin-
ions. Thus, it is not surprising that a popular way to evaluate social acceptability
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are surveys (n=16), of which a large number were conducted online (n=11 online,
n=>5 in the lab). We found a large variation in the number of survey participants
(M=254, SD=382): from 20 in [GLVT17] to 1200 in [PAFT16]. Only a small
number of the analyzed surveys were purely textual questionnaires [MAFT17;
OSPT17; NBA17; |Cam07; GLV™17|. The majority of both surveys conducted
online, and surveys administered on-site, use videos (n=7), animations (n=2) or
still imagery (n=3) to present the (remote) participant with a fictive scenario in
which the interface would be used. Except in [FBL14] where remote participants
were asked to try out gestural interaction as shown in the videos contained in
the online questionnaire, participants in the analyzed studies were not explicitly
encouraged to interact. In consequence, imagining themselves in the user role, e.g.,
performing unfamiliar interactions, often required guesswork by the participants.
Although less severe, this imaginary component, which requires the participants
to put themselves into a situation potentially never experienced before, might also
affect questionnaires completed from a bystander perspective. While this lack of
firsthand usage experiences has been criticized, e.g., by Ahlstrom et al. [AHI14],
there are indicators that (crowdsourced) surveys can still be a viable alternative to
laboratory experiments when evaluating social acceptability [ANST18b]. In addi-
tion, surveys administered online may also allow for larger, and more regionally or
culturally diverse samples [LHF17], and thus can support generalizability [FH03].

Lab Experiments

A large portion (n=16) of the user studies included in the analyzed paper set was
conducted as lab experiments (defined according to [KP12]), i.e., in controlled
laboratory environments involving one or more experimental conditions. All 16 lab
studies asked the participant to either interact with a prototype or device, or to
act out some kind of interaction, e.g., a gesture or voice command: “Participants
watched a video of an actor performing panning and zooming gestures in front of a
wall and then performed themselves the same gestures 3 times” [SEI14]. Naturally,
the increased level of control comes at the cost of a decreased ecological valid-
ity [KS14]. In a controlled, less vivid laboratory setting, devices and interaction
styles might appear more salient than when tested in the field.

Field Experiments

In order to increase ecological validity, another large portion of studies (n=13) was
conducted in natural settings, under controlled but realistic conditions with the
researcher(s) present. Following the classification of research methods by [KP12]
these studies would be classified as field experiments. A common practice for
field experiments on social acceptability seems to be to choose highly frequented
public locations as study setting, such as shopping malls [AHI14; |AF18], urban
parks |[AF18; [LV14], cafés or restaurants [HSPT08; [LLST18; THW " 15|, bus stops
or public transport [MCPT04] and pavements at busy streets [RB10bj [Willl;
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LV14], but also locations on campus, such as university atrium [ANS™18b|, or
university cafeteria [HSP™08; PKR™17].Lucero et al. [LV14] designed a walking
route that included a busy main road, urban parky, crossing a bridge over a river,
walking past a pub terrace, and near a kids’ playground. They argue that this
allowed the participants, with the researcher following a couple of meters behind,
to experience a range of casual audiences (c.f., Figure mid right).

The choice of easily accessible public locations (e.g., cafés) has a number
of advantages, including convenience, naturalness, and a large casual audience.
However, experimental control is limited. In contrast to lab studies, busyness
of places might not be constant, having potential effects on replicability and
comparability. This is notable, as only very few papers contain information
about presence and number of casual bystanders and passers-by (e.g., Lucero et

al. [LV14)).

Field Surveys

Only three of the analyzed papers presented field surveys, which we define following
Kjeldskov and Paay [KP12] as natural setting research where data collection
methods such as diaries, log files, interviews etc. are used, instead of the researcher
being present in the field. For example, Hikkild et al [HVCT15] employed
the Experience Sampling Method (c.f., Larson and Csikszentmihalyi [LC14]) to
evaluate a smart glasses prototype in terms of privacy and social acceptability with
regard to different contexts and interaction modalities. During a 5-day diary study,
participants were prompted per text message, and asked to describe their current
context (e.g., “Approzimately how many people were around you? What was their
reaction?”) along with imagined uses of the smart glasses device. On the first
two days of the study, participants carried a smart glasses prototype with them
that they put on as soon as possible when prompted. Williamson et al. [WCB11]
measured participant’s interaction rates and subjective experience with regard
to sensory determined context and activity (walking, using public transport)
while interacting with a multimodal RSS reader during their daily commute.
Another work by the same authors [WBV13|, participants were encouraged to
play a gesture-based mobile game in daily live while collecting usage logs, and
user-reported data on location and user experience. While these methods are
inevitably costly and time-consuming, they also provide a high ecological validity,
and are able to uncover unanticipated motives, biases, and social acceptability
issues [KS14].

Creating User Involvement: Study Procedures

Social acceptability is to a large extent experiential, and an aspect of social life
that participants will typically be familiar with. Creating different types of user
involvement as part of the study procedure can account for this.
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Experimental Control and Stimuli

We found the analyzed studies to employ different stimuli and forms of experimen-
tal control. 59% of user studies included hands-on experiences (n=27) either with
a prototype or off-the shelf device, or by trying out an interaction method. In the
latter case, user interfaces were imagined, i.e., participants were instructed to act
out the interaction (e.g., gesture or voice command) without a device or interface
present. A small number of studies also provided the opportunity to observe other
participants (n=5) while performing. Only one paper (Monk et al. [MCP™04])
involved only the researcher interacting with an interface. We further found that
videos (n=14) have been re-occuringly used as stimuli in both, online surveys and
lab experiments (here partially for instructory purpose). However, the extend
to which the videos are shot in a way that depicts realistic interaction scenarios
varied: while some studies purposefully aimed for neutral videos, e.g., an actor
in front of a white wall [RB09; |SEI14], others were shot to depict scenarios as
realistically as possible, e.g., at a bus stop [PAFT16] or at varying locations,
including a café, library, or street [RHK™07].

Co-creation and Discussion

Only a small number of papers actively involved their participants in the design
process. Five papers presented guessability-style elicitation studies (n=5), and
three papers reported having conducted focus groups (n=3). Except for where
general HCI research practices can be applied (c.f., Wobbrock et al. [WART05|
for elicitation studies) there is no established procedure on how to co-create ideas
for socially acceptable interactions or interfaces. Lee et al. [LLST18] suggest:
“To focus the study on social acceptability, we further adapted typical elicitation
methods. To improve the ecological validity of the proposed actions, the study was
conducted in a busy public place — a coffee shop”. This illustrates that there is no
existing guidance or practice on how to integrate the users’ (or bystanders’) views
on social acceptability more directly in the design process (yet).

Quantifying Social Acceptability: Scales, Questions, & Measures

As social acceptability is largely determined by the user’s personal experience and
how they subjectively perceive feedback from a present or imagined audience, it
is not surprising that the majority of studies is based on subjective-quantitative
(n=31), or subjective-qualitative (n=26) measures, where the latter is typically
obtained from qualitative interviews, or open-ended survey questions. Only five of
the analyzed papers (all of which focused on gestures) explored objective measures,
such as interaction rates [WBV13; WCB11], or interaction parameters such as
duration, amplitude, or energy [WMS14; THW™15; RB10b|. We also found a
small number of study designs, where nominal data on social acceptability was
collected, e.g., when participants had the choice to reject certain interaction areas
or styles for social or personal reasons [KWL™11].
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While a majority of studies used self-defined questionnaires (n=30), or made
use of the audience-location axes introduced by Rico et al. [RB10b] (n=15), we
found only two papers that employed cross-validated scales, namely the WEAR
Scale [KG16] and the I-PANAS-SF [VBS15]|, a (international) 10-item scale
assessing positive and negative affects [Tho07]. A questionnaire developed by
Profita et al. [PAF*16] (c.f., Figure[2.10) was taken up by one other work [SRR*18].
In the following, we go further into detail on how subjectively perceived social
acceptability is quantified using questionnaires. In particular, we discuss the use
of single-/multi-item scales, paraphrases for socially acceptable, and the use of
audience and location as a proxy for social acceptability.

How would you feel using this menu on the scale of 67
(1-Embarrassed to 6-Comfortable)

How would you feel watching someone other using this menu on the scale of 67
(1-Foolish to 6-Sensible)

Figure 2.8: Considering both the user’s and the spectator’s perspective; Two 6-pt
Likert scales by [VBS15].

Single-/Multi-Item Scales and Periphrases

Direct inquiry, using a single-item scale is the most simplest way to approximate
how socially acceptable a device or interaction method is perceived: e.g, Kim et
al. [KSPT06] ask “Social acceptance: is it acceptable to wear it in daily life?”.
In [KACT18| the authors employ a combination of two items, namely comfort
(“How comfortable would you feel performing this gesture in an everyday public
setting, such as a busy sidewalk?”) and social acceptability (“How acceptable
would it be to perform the presented gesture in public?”) to assess both user’s and
more general /bystanders’ perspectives (5-pt. Kunin scale). Similarly, Pearson
et al. [PRJ15] employ a 5-pt. Likert scale from 1 (“completely unacceptable”)
to 5 (“completely acceptable”) to determine how participants rated the social
acceptability of peeking at one’s own/another persons watch during face-to-face
conversations. These two examples are representative for quantifying social
acceptability on 1 to 5 or 1 to 7 scales using Likert [Lik32] or Kunin scales [Kunb5].
But we also found studies to use other types of response options, e.g., single-
or multiple-choice answers. For example, Ronkainen et al [RHK™07] combined
aspects of desirability and willingness to use (“Would you use this feature in your
phone?”) in a single-choice question providing different reasons for a yes/no
decision (c.f., Figure . Similarly, Ahlstrom et al. [AHI14] employ multiple-
choice options featuring a range of reasons and impressions (e.g., “I thought it
looked fancy”). While questions asked this way yield only nominal data, and thus
have limited statistical power, they can help to better understand how users or
observers feel about a given situation. Nevertheless, the fixed number of response
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options, and the way how they are phrased, might also introduce bias, and skew
the given answers towards the given responses |[GFC™T09).

Would you use this feature in your own phone?
Yes, it’s fun / Yes, it’s useful / Yes (other reason) / No, it looks silly / No, it’s
not useful / No (other reason)

(a) Single-choice questionnaire used by Ronkainen et al. [RHK'07] in an online survey. It
combines aspects of impression management and perceived usefulness.

What were you thinking watching me gesturing around my phone, the way I just
did? Select one or more items from the list below.

O I was wondering what you were doing O I thought “what a weird behavior”

B 11 i) sngis ittt e ) sewsh i O I thought it looked stupid/strange

O I thought it was annoying
/disturbing O I thought the movements were in-

O I thought it looked fancy/interesting appropriate

O T thought/my impression was:

(b) Multi-choice question asked to interested bystanders of a staged interaction [AHI14].

Figure 2.9: Social acceptability is often paraphrased using a range of adjectives;
Single-choice (top) and multi-choice variants (bottom).

As also illustrated by these examples, socially acceptable human-machine in-
teractions are often described or paraphrased using a range of adjectives that
relate to impression management, occasionally combined with aspects of perceived
usefulness or perceived utility. This approach can be beneficial, as it might be
unclear, what socially acceptable means to a user, and whether study participants
understand social acceptance the same way as the researchers. We provide an
overview of adjectives employed to paraphrase socially acceptable in Table [2.1]
Many of those adjectives are loosely tied to impression management, or how a
user’s interactions might be perceived by others. However, conceptualization
attempts (as discussed in [KOM™19|) are only sparsely present in the analyzed
set of papers. There is (so far) limited knowledge on how individual adjectives
or items might cohere, or relate to superordinate constructs. We find a strong
focus on adjectives with a negative connotation (e.g., weird, annoying), which
reflects social acceptance being typically defined through negation, or an absence of
negative judgment (c.f., Section [2.1)). We also found a similar choice of adjectives
to be used to replace socially acceptable — socially unacceptable in rating scales
(e.g., Likert scales). Examples include e.g., embarrassed — comfortable, foolish —
sensible [VBS15]; c.f., Figure Similarly, semantic differentials, i.e., sets of
multiple, bipolar pairs of adjectives (c.f., [MR74; BL94]) have be used to measure
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the emotional response of participants, more specifically their attitude towards an
interaction with a device in a certain situation or scenario [KKM15; KEC™17].

Summing up, in terms of single- or multi-item scales, there is no agreed upon
way to ask for social acceptability. Although there are questionnaires that have
been re-used [PAFT16; SRR 18], as well as sets of cross-validated items that have
been proposed [KG16; [VBS15], evaluations largely depend on self-defined, custom
questionnaires. These practice induces a couple of potential issues, including
low comparability and potential bias or skew. In addition, questions are often
phrased to exactly match the to-be-evaluated prototype or interaction style. In
consequence, they are often not well transferable and do not well generalize. The
practice to use adjectives to paraphrase social acceptability can be beneficial in
terms of illustration (e.g., Figure , but might induce the danger of a reduced
reliability due to untested selectivity/separation effects between adjectives if used
as single choice questions. It is furthermore unclear to what extend the selection
of used adjectives overlaps with other constructs that might or might not correlate
with social acceptability, e.g., hedonic quality [HPB™00; [Has04|. These aspects
illustrate the difficulty of creating a set of questions/items that provides a reliable
and transferable measure of social acceptability. The use of audience-and-location
axes to proxy social acceptability, which we will discuss in the next section, seems
to be a popular way to circumvent these.

Audience-and-Location Axes

Although the use of location to describe social occasions as a proxy measure
for the social acceptability of a human-machine interaction had already been
employed earlier [Cam07], Rico’s and Brewster’s “audience-and-location” axes,
as first presented in [RB09; |RB10a], were the most widely used quantitative
measure for social acceptability in the pool of analyzed papers (n=15). Their
selection of audiences (alone, partner, friends, family, strangers, and colleagues),
and locations (at home, while driving, as a passenger on a bus or train, on the
pavement or sidewalk, at a pub or restaurant, and at the workplace) has been
taken up, employed, modified and extended by numerous researchers. Depending
on the evaluated interaction methods and evaluation context, some of them ex-
cluded “while driving” [BMR'12; HJO" 16| or added locations, e.g., “museum”
and “shop” [AHI14]. Other authors grouped audience and location into plausible
“social situations”, e.g., Home, family; Work, colleagues |[FBL14}; SEI14]. The
questionnaire has been adapted for different types of interactions including wear-
able devices and sensing [BMR™12; |GLV 17|, on-body or textile input [OF14;
PCG™13], and employed in lab (n=6), online (n=5) and field (n=>5).

At first, the audience-and-location axes were phrased as multiple choice ques-
tions: In which locations would you use this gesture?, and Who would you perform
this gesture in front of?, respectively. This yielded binary ratings for each loca-
tion/audience; results were then aggregated as scores (or “acceptance rates”),
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Statements about the interaction:

1. It looked awkward when this person was using the wearable computing device.
(Awkward)

2. It looked normal when this person was using the wearable computing device.
(Normal)

3. It was appropriate for this person to use the wearable computing device in
this setting. (Appropriate)

4. Tt was rude for this person to use the wearable computing device. (Rude)

5. I felt uncomfortable watching this person use the wearable computing device
(Uncomfortable)

6. I would be distracted by this person if I were at the bus stop with them.
(Distracting)

Statements about the user:

7. This person seemed independent. (Independent)

8. This person needed help. (NeedHelp)

9. This person needed the wearable computing device. (NeedDevice)
10. This person looked cool. (Cool)

11. This person looked nerdy. (Nerdy)

Statements about the device:

12. The wearable computing device seemed useful. (Useful)

13. The wearable computing device seemed unnecessary. (Unnecessary)

Figure 2.10: Multi-item questionnaire, designed by Profita et al. [PAF'16|; also
used as a slightly modified version by Schwind et al. [SRRT18|.
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Table 2.1: Adjectives used to describe or paraphrase social acceptability in questionnaires. Asterisks in brackets (*) indicate the use of a
negation, e.g., ‘not weird’. Negative adjectives (right) are more frequently used than positive (left) or neutral (middle) adjectives, which
reflects how social acceptability is often defined through the absence of negative feedback.
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typically calculated as a percentage of positive responses [FBL14; RB10a; HJO™16;
LLS™18]. To increase explanatory power, the questionnaire was later adapted
by other researchers using various Likert scales: for example 5-pt. [ANST18b;
ANS718a), as listed in Figure [2.11] or 10-pt. scales [BMR¥12].

The audience-and-location axes have the advantage of a clear discriminatory
power, and are easy to understand (for both researchers and participants) and
easy to use. They do provide a very useful metric for an interaction’s overall
social acceptability, based on the fundamental question “would the user be willing
to interact with the system?”. On the other hand, they only provide a somewhat
“absolute” measure of social acceptability. Albeit the choice of independent
variables (e.g., by evaluating different variants of an interaction) can provide
some indication, the measure itself does not provide insights about what factors
contribute to an interaction being more or less socially accepted. In particular,
audience and location do not provide insights about the experience, or emotional
response, to the evaluated interactions.

In principle, “acceptability scores” could be compared across multiple studies.
However, this is not easily possible with the present set of studies: different
works compute scores differently, e.g., as percentage of positive responses per loca-
tion/audience |[AHI14; RB10a], or as the percentage of selected audiences/locations
per experiment condition [LLS™18]. Moreover, only few papers reported all ob-
tained scores [FBL14; HJO™16; OF14]. Instead, most of the analyzed papers
only reported selected scores (e.g., for one specific gesture), or used bar bar-chart
representations to illustrate relative scores (e.g., of different experiment conditions)
without providing actual numbers. In consequence, comparability of scores is (so
far) limited. Most notably, there is — to the best of our knowledge — no work
on the measuring instrument itself. Albeit results seem to be consistent across
studies (as noted by Freemann et al. [FBL14]), the audience-and-location axes
are not (yet) validated in a strict sense. Specifically, it is so-far unclear what
constitutes an “acceptable” social acceptability score: while a low score indicates
that an interaction technique or interface will most likely have social acceptability
issues in the field, it is unclear if a high score, although promising, can predict or
guarantee socially acceptable interaction in the field; An uncertainty which is not
unique to the audience-and-location axes, but had , for instance been noted on
the system usability scale (SUS) [BKMOS].

2.2.2 Design Strategies

Improving social acceptability can motivate designing an interface or interaction
technique in a specific way. Similarly, certain design features can turn out to
hinder or promote social acceptability. While not all of the analyzed N=69 papers
elaborate on how social acceptability can be influenced (either positively or nega-
tively) through the design of interface or interactions, we found design strategies
to increase social acceptability to be a re-occurring theme (n=>52). Twenty-nine
papers discuss or present design strategies as a result of their empirical research.
Seven of them provide concrete design recommendations or best practices [AHI14;
ANS™18a; FBL14; [KKM15; RB10a; SW11; WCB11|, all of which empirically
backed. In addition, we found 23 papers to employ design strategies to increase
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On a scale of 1 to 5 (with 1 being very socially uncomfortable, and 5 being
very socially comfortable), how do you feel performing Voice Commands
input in the following locations, please rate the following locations you prefer?

1 2 3 4 5

Very socially Very socially

Uncomfortable Comfortable
On the sidewalk O O O O O
At home O O O O O
Public transportation O O O O O
Workplace O O O O O
Shopping mall O O O O O

Figure 2.11: Quantifying social acceptability: Alallah et al. [ANST18b; |ANST18a]
use a combination of audience (not listed) and location (see example above)
adapted from Rico and Brewster [RB10b] based on a 5-pt. Likert scale.

social acceptability in research prototypes (or modified consumer devices, c.f.,
Profita et al. [PSM™18]). Surprisingly, only 9 of them evaluate the effect of those
strategies. In the following, we go into detail on which design strategies were
suggested or employed, the contexts in which they were tested with users, and
then combine and discuss the results comprised by all 52 papers.

Subtlety, Unobtrusiveness and Avoiding Negative Attention

The most popular strategy to create socially acceptable human-machine interac-
tions is subtlety (n=32). In fact, as Pohl et al. [PMH19] note “[t/here is a common
underlying assumption that systems that are hard to detect by others increase
social acceptability”. While subtle can (in principle) be used to describe secretive
or deceptive interactions [AGW™15; [PMH19|, the analyzed set of papers displayed
a general tendency towards unobtrusive, but visible and revealed interactions
as opposed to hidden interactions (c.f., Reeves et al. [RBOT05]). Choices of
subtle (or unobtrusive) interactions were prevalently motivated by the designer’s
choice to “de-emphasize” |PFC15|, or the users’ desire to “blend in” [KHB17],
“not draw attention” [OF14], or “not advertise” device usage [PFC15|, as well as
be non-disruptive. For example, Paay et al. [PKR™ 17| found participants to be
conscious about not impairing others’ physical space while (gesturally) interacting
with large public displays, and to prefer techniques involving smaller movements.
Similarly, in the context of around-device gestures, Ahlstrom et al. [AHI14] showed
that small gestures, and gestures with a short duration were significantly more
socially acceptable than more expansive, and more time-consuming gestures, as
these avoid negative attention.

On the other hand, Rico et al. [RB10a] also note that “the ability to disquise
[some] gestures as everyday activities appears to make them more acceptable”.
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They exemplify foot tapping as a gesture that despite requiring relatively high
energy to complete (i.e., having a large movement amplitude), is perceived as
socially acceptable, due to its resemblance to tapping a rhythm while listening
to music. Similarly, trouser pockets were appropriated to make interactions
with interactive textiles less conspicuous and more natural [KWLT11]. Further
elaborating on this approach, Lee et al. [LLST18] identify miniaturizing, obfus-
cating, screening, camouflaging and re-purposing as design strategies for subtle,
socially acceptable hand-to-face (gestural) input, and ask participants to come
up with matching gestures. This procedure also illustrates, that in the context
of social acceptability, subtlety is often understood as a prerequisite rather than
a design strategy: “Participants were [..] instructed to generate unobtrusive or
subtle actions, suitable for use in the public setting of the study”. We found 32
papers discussing or employing subtlety as a design strategy, but only 18 (56%)
providing some (quantitative or qualitative) verification of the strategy’s effect. In
consequence, there is the risk that subtlety might be seen as universal remedy to
social acceptability issues — while effective in some, also in cases where it is not.

Avoiding Suggestiveness & Misinterpretation

As impression management is largely concerned with how users expect to and want
to be perceived by others, it becomes highly relevant how interaction techniques
might be interpreted when observed. In consequence, the potential of a specific
interaction to be misinterpreted can influence social acceptability. There is a
multitude of scenarios, where an interaction with a device might be mistaken as
(non-verbal) communication targeted at bystanders, e.g., insults (c.f., Serrano
et al. [SEI14]) or could (potentially) be misinterpreted in a way that impairs
the user’s public image, e.g., scratching (c.f., Weigel et al. [WMS14]) as sign of
poor body hygiene. Prior research in the area of gestural interaction confirmed,
that commands that (inherently) emphasize that they are directed towards a
device, are socially more acceptable than interactions that do not [RB10a; [FBL14;
MAMT™10|. Rico et al. hypothesize: “/U]sers are more willing to use a gesture if it
provides visual cues that explain their behavior” |RB10a]. Making the interaction
context, e.g., the type of application or the user’s intention, clear and observable
can further avoid misinterpretation and increase social acceptability [KACT18].
In the context of on-body and textile input, suggestiveness of certain body-areas
can cause an interaction to be perceived as obscene or sexual. In the analyzed
set of papers we found groundwork providing body maps [DPZ"14] as well as
indications for e.g., gestures or body-areas that might be problematic [HSPT08;
KWL™11; PCG™13|, and reports of gender effects, e.g., different perceptions
regarding the chest area [DPZ"14; PCG™13].
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Accessory-like Shapes & Familiar Styles

Style of dress and impression management are tightly related. Similarly, wear-
able computing devices have traditionally aimed to emulate shape and styles
of non-digital accessories. In consequence, the use of accessory-like shapes and
familiar styles has been recognized and discussed as technique to increase social
acceptability early on. Rekimoto et al. [Rek01] note: “In other words, we believe
‘unobtrusiveness’ of input devices is essential for them to be used in everyday
situations. One possible way to design such devices is to embed input sensors to
conventional wearable items, such as wristwatches or clothing”. In our analysis,
we found these design strategies to be present in 12 papers of which half provided
empirical evidence for its effectiveness (50%, n=6).

The use of familiar styles resembling non-digital accessories has been argued
e.g., for (smart) glasses [HW17; MSO™16|, finger rings [OSO™12| and smart
watches [MLL™"11] or wrist bands [OSM™13]. Dierk et al. [DSNT 18] explore hair
as interactive material for inputs and outputs. They argue that “[t/he surreptitious
nature of the interface allowed a user to take an action without offending a friend or
acquaintance” and report that participants “preferred the more subtle possibilities
for technology embedded in something as ubiquitous as hair”. This shows parallels
to the appropriation of familiar, and thus perceived less obtrusive gestures [RB10a;
KWLT11} [LLS™ 18], as discussed in the previous section.

In the context of assistive devices, resemblance to non-digital accessories as well
as non-assistive consumer devices has been reported to minimize stigmata [SW11].
Nanayakkara et al. motivate: “The finger-worn device [..] follows this design
paradigm: it looks and offers the same affordances and mode-of-use to both sighted
and blind users in a self-sufficient way” [NSYT13]. In this context the resemblance
to consumer devices can also be understood as a kind of unobtrusiveness or
inconspicuousness, as it causes the device, and in consequence its user, to stand
out less [PFC15]|.

Candidness, Transparency & Justification

The visibility of effects and manipulations, as formalized by Reeves et al. [RBO™05],
has been frequently linked to an interaction’s social acceptability. While, as
discussed in the previous sections, some prior work promotes inconspicuous, i.e.,
subtle or unobtrusive interactions, other researchers suggest to provide some
explanation along with the interaction. Ens et al. [EGA™15| promoted the social
acceptance of their prototypes by making effects of the manipulations more
observable, i.e., candid. While not as frequently employed as design strategy as
unobtrusiveness, with only 4 papersﬂ employing candid designs [EGAT15; JP14;
PF16; [PSM™18], we found candidness to be backed by multiple empirical studies
(n=7).

3 There is additional work employing candid designs, namely [KWHT19], and [SKHT19], that is
not included in this analysis, but partially motivated by it and included in this thesis.
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Referring to Reeves et al’s classification of interfaces along the axes of hidden or
revealed manipulations and effects (illustrated in Figure , interactions could
be secretive, magical, expressive or suspenseful [RBOT05]. Ens et al. hypothesize
that suspenseful interactions (revealed or amplified manipulations, hidden effects)
tend to be socially awkward [EGAT15]. This suggestion is backed by earlier
findings: For example, Montero et al. found magical (hidden manipulations,
revealed or amplified effects) to be more socially acceptable than suspenseful
gestures [MAM™10]. A similar effect had been observed even earlier by Monk et
al. who compared the annoyance caused by overhearing a mobile phone call to
overhearing a face-to-face conversation: social acceptance decreases when only half
of the dialogue is audible [MCPT04]. Interestingly, the hypothesis that candidness
increases social acceptability holds from both users’ and bystanders’s perspectives.
Hikkild et al. [HVCT15] report that in their studies, participants indicated a
desire for justification: they were concerned about “assumptions other people might
be drawing about the expected use of the device. Several participants mentioned
nearby people would think them doing something unethical or forbidden”.

Most notably, the question “what is done?” respectively “what is the purpose of
the interaction?” has been shown to have a significant effect on social acceptability
as seen from a bystander’s perspective [KKM15; PAFT16|. In addition, social
acceptance can depend on utility, i.e., how helpful for the user the device is expected
to be |AF18; PAFT16]. Profita et al. found that smart glasses used by a visually
impaired person were perceived significantly more socially acceptable when the
disability was disclosed [PAFT16]. In addition they found that social acceptability
was affected positively when it was communicated “how the device was used”.
More specifically, the interaction was rated with a higher social acceptability
when the device was described as being used for an assistive purpose, and more
negatively when being used for a personal purpose, or when no usage intention
was specified. Similar effects have been described by Alharbi et al [ASVT18] and
Ahmed et al. [AKP"18| in the context of wearable cameras. While these two
studies do not focus on social acceptability and thus are not part of the analysis,
they also illustrate that aspects of justification intensify (as suggested by Profita
et al. [PAFT16]) where technologies are used that may affect bystanders more
directly, e.g., those involving recording or sharing of information.

Finally, it has to be noted that a preference for candid or transparent design
strategies does not necessarily imply that bystanders would be informed about
all details of the interaction. It is rather about providing bystanders with a
broad notion of what manipulations mean (as also suggested by Montero et
al. [MAMT™10]). Nevertheless, how this could be achieved by design is only
sparsely covered in literature. Particularly the creation of a balance between
privacy [EGAT15] or stigmata [SW11; PSM™18| and justification or bystander
awareness [KWBI18§| seems to be a challenge for future research.
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Figure 2.12: Interactions may hide or reveal manipulations and effects; Dimen-
sions according to Reeves et al. [RBO™T05|. Social interactions can be classified
as magical, expressive, secretive and suspenseful. Interpretations of “subtle”
vary [PMH19], whereas candid interactions are typically expressive [EGAT15].

2.2.3 Discussion

In this section, we reflect on our structured literature analysis, and discuss the
impact of current practice and distribution of research and design approaches.
We identify methodical gaps, and argue for a shift in direction to better address
these gaps.

For more User Involvement, Ethnography & Co-creation

Social acceptability arises everyday, with digital and non-digital objects and
with established and novel human-computer interfaces alike. Thus, we might
expect users to be experts in impression management and social acceptability.
However, we found that only 8 of the analyzed papers (12%) actively involved
participants in the design process (c.f., the section on Co-creation and Discussion,
and Figure . Only one paper looked into existing practices (glancing at one
others watch, Pearson et al. [PRJ15]), albeit in a laboratory environment. None
employed ethnographic methods, e.g., observational approaches in naturalistic
settings. Instead, in the majority of studies, participants were asked to rate a
pre-defined set of options (e.g., commands) or indicate how socially acceptable
they perceived interacting with a research prototype. In the latter case, we also see
a tendency to focus on “successful” evaluations, i.e., utilizing user studies to show
that a specific interaction technique or research prototype meets social expectations
or scores higher than a hypothesized “social acceptability level”. While those
summative evaluations are important to assess an interface’s internal and external
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effects under realistic conditions, they come late in the development process where
design-related social acceptability issues might be costly to resolve. In contrast,
elements of ethnography, participatory design and co-creation can inform and
shape designs, as illustrated by examples of elicitation studies [LLS™ 18], and focus
groups [RB10b; WMO19]. Their more formative approach could contribute to
design processes that consider social acceptability, alike user experience, from the
beginning and not as an afterthought. There is a significant body of work that
may serve as inspiration: participatory design methods have been comprehensively
used to design sociable robots [AFC16; LSC*17]; Social Impact Statements have
been proposed as a tool to engage public participation, and to address potential
negative influences of computing on society and the self-image of individuals [SR96].
Research on Value Sensitive Design proposed methods for eliciting the users’ values,
and for addressing the involved risk of unintentionally stating one’s own (the
researcher’s) values, as if they had been articulated by the participants [BM12].
In summary, there is an existing knowledge base that can be adapted and made
use of to address social acceptability issues in early development stages.

Gap 1: To date, social acceptability is only sparsely considered during
early development stages. We need to increase both user and bystander
involvement and consider their views on social acceptability earlier, during
phases of requirement analysis, design and prototyping.

For Diversifying the Set of Methods

There is a bias towards study types with high levels of experimenter control, i.e.,
experimental settings where one or more researchers are present at all times (c.f.,
Figure . More precisely, social acceptability issues are commonly evaluated in
lab (n=14), or field experiments (n=13). Similar to Kjeldskov [KS14], we found
different understandings of what constitutes a “field setting”, but most works
opted for relatively easy to control, confined settings with moderate throughput of
passers-by, and a range of casual audiences, such as cafés, or university cafeterias.
These locations, while offering a contextual (social) backdrop, provide only limited
social context, e.g., in terms of user-bystander relationships, and typically cover
only a section of potential usage scenarios.

In addition, survey-style research administered online or in lab/classroom
settings (n=15), is highly popular. There, participants typically rate pre-defined
scenarios based on visual stimuli, e.g., videos. Evaluation methods with low
experimenter control, e.g., where participants exploratively try out interfaces and
record experiences during everyday activities are much less common (field surveys,
n=3). From our perspective, this constitutes a significant weak spot in today’s HCI
research on social acceptability. This also reflects in current study approaches being
frequently criticized for containing an “imaginary” component, i.e., participants are
asked to imagine how they would feel in a certain social situation, instead of being
in that situation. Complementing controlled experiments with studies in more
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naturalistic, unconstrained settings would help to obtain a more comprehensive
image, including unanticipated social acceptability issues.

HCT literature and practice provides a rich fund of methods, including field
trials where participants act as investigators [BRS11|, cultural probes |[GDP99],
various forms of technology probes [HHR 03| and experience sampling [HVC™15;
LC14]; with collected data ranging from system logs [WCB11], user interviews,
and observations or video vignettes [RCTT07]. We should make good use of it!

Gap 2: To date, social acceptability is mostly evaluated in highly to moder-
ately controlled settings. We need to show courage to tackle more naturalistic
study settings and embrace mixed method approaches more, where controlled
and unconstrained study settings can be complimentary.

For Closing the Loop

There is a mismatch between papers that present design strategies as results of
empirical studies (n=29) and papers that employ design strategies to enhance the
social acceptability of artifacts they create (n=23). In addition, only 9 of the latter
works confirm the effectiveness of the employed strategies empirically. Ideally,
results from the first group of papers (empirical studies on social acceptability)
would inform the creation of artifacts (second group of papers). Then, created
artifacts would be empirically evaluated to supplement or confirm the assumptions
made based on the initial set of empirical results (in principle, what HCI and
human-centered design is best at [ISO19]). Yet, in practice insights on what
might improve social acceptability are often overly simplified when fed back into
the creation of research prototypes: for example, subtlety (or unobtrusiveness)
is often equated with going unnoticed, i.e., the use of secretive interactions or
small devices. However, empirical work shows that, in fact, interactions that do
provide an explanation (c.f., Williamson et al. [Willl]) but (being subtle) do not
call (negative) attention to it are likely to be better acceptable than fully hidden
and unnoticeable (e.g., suspenseful) interactions [MAM™10; MCP*04]. In this
context, subtlety is rather understood as non-intrusive, or non-disruptive. In
addition, as noted by Pohl et al. [PMH19| there are the still to be investigated
(social) costs of a secretive interaction being uncovered. Thus, creating interactions
to be unnoticeable for bystanders would not be an cure-all remedy in terms of
social acceptability, but would rather disregard aspects such as authenticity and
honesty (justification), helpfulness (utility) and the avoidance of misinterpretations
that have been shown to be relevant to social acceptability. Admittedly, there
is limited knowledge how this balance between different design strategies (e.g.,
unobtrusiveness and candidness) can be achieved in practice, and a lack of best
practices, and concrete ideas on how those design strategies could and should be
implemented. These will have to be provided by future work.
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Gap 3: To date, there is a gap between recommendations for socially
acceptable interface design based on empirical studies, and design strategies
employed in the creation of prototypes. We need to bridge this gap by ideating
concrete designs that fulfill these requirements, and implement, test and verify
them in research prototypes.

For Measures beyond Audience & Location

There is a lack of established, standardized questionnaires that measure different
facets of social acceptability. We found 15 studies that used the audience-and-
location axes originally suggested by Rico and Brewster [RB09;|[RB10a]. While this
may indicate a consensus or local standard, audience-and-location only measures
social acceptability by proxy. Namely, whether user’s would be willing to perform
an interaction in front of a certain audience or at a certain location. This approach
allows to efficiently compare different options, but lacks the ability to directly pin-
point issues: design aspects that positively or negatively affect social acceptability
have to be backtracked from the provided options. More precisely, the use of
audience-and-location does provide a utile estimate of “total” social acceptability,
but does not split up into sub-concepts. In consequence, the measure’s ability to
provide insights about what could be improved about a design is limited. The
development and use of (validated) subscales (c.f., NASA-TLX [Har06]) to capture
different aspects of the experience could aid to parse design-relevant aspects (e.g.,
product qualities) apart, and provide clearer staring points for improvements.

So far, work on scale development and validated measures, as e.g., by Kelly
et al. [KG16], has not been re-used, evaluated, or extended by other researchers.
Instead, evaluations largely depend on self-defined, custom questionnaires, which
impairs comparability, and — potentially — validity. Our analysis showed that
in questionnaires social acceptability is often described or paraphrased using a
wide range of different adjectives (see Table . There, we find parallels and
overlaps with existing measures and models: The set of adjectives includes aspects
of perceived usefulness or perceived utility (as e.g., in TAM [Dav86]), as well
as impression management and social norms (e.g., “inappropriate”, “impolite”,
or “intrusive”). We furthermore find overlaps with the previously discussed
design strategies (e.g., “noticeable”). Moreover, Table illustrates how social
acceptability measures fall into line with research on experienced qualities of
human-machine interfaces: “stylish”, and “fashionable” relate to prior work on
aesthetics and attractiveness [QT10], and notions such as “coolness” had been
researched comprehensively in the context of user experience [STW14; BRK™16;
RBK™17]. These adjectives also show parallels to the anchors used by Hassen-
zahl [Has04] to determine hedonic quality-identification, e.g., isolating — integrating
(HQI_1), gaudy — classy (HQI__3), unpresentable — presentable (HQI__7). This
illustrates that our understanding of what makes up social acceptability is still
evolving. In consequence, developing a measure that reflects the construct social
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acceptability most adequately (i.e., has high validity) requires more than well-
phrased items and suitable scales. It needs further community-wide discussion and
conceptualization of social acceptability, and a better understanding of individual
factors that increase and /or decrease social acceptability. Also, social acceptability
should not be viewed in isolation from other qualities and affects connected to
user experience. Instead, future work should aim to determine where existing
constructs overlap, complement or contradict with social acceptability measures,
or also strive to identify social factors that act as hygienes or motivators (c.f.,
Tuch and Hornbaek [TH15]|). We believe that our analysis of adjectives/items that
are already in use can provide a valuable starting point for these efforts.

Gap 4: To date, social acceptability is mostly measured in a simplified,
proxied fashion using audience and location. We need to develop mea-
sures (e.g., questionnaires) that differentiate design-relevant aspects of so-
cial acceptability, and that allow to evaluate interfaces in a more diagnostic,
and problem-oriented way.

2.2.4 Summary

In this work, we reviewed papers on social acceptability in HCI. During the
nearly 20 years covered by our analysis, a significant amount of contributions
to a better understanding of social acceptability (and impression management)
in HCI were made. However, we also identified gaps in the distribution of
research approaches. In particular, ethnography, participatory design and field
research in naturalistic settings without the researcher’s presence were only sparsely
employed. Moreover, we showed that the consideration of social acceptability,
while frequently named as design goal, and also often measured and discussed, is
not yet interwoven with the whole design process: results from empirical work on
social acceptability do not propagate to the creation of socially acceptable designs
or prototypes. With this work we motivate a stronger interlacing between empirical
and artifact-creating approaches of social acceptability in HCI, and contribute to
a stronger integration of social acceptability considerations during all phases of
a human-centered design process. Last but not least, we discussed the current
lack of established, standardized questionnaires quantifying social acceptability
in a non-proxied fashion, and highlight the need to develop differentiated and
truly operational measures. We hope to inspire more discussions about what
constitutes social acceptability in HCI [KOWT18; KOM™19], what constructs it
might comprise (e.g., “coolness” [BRK"16; RBK™17]), and how design activities
can be proactively oriented toward influencing social acceptability.
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2.3 Human-Centered Design as an Approach to Social Acceptability

Human-Computer Interaction (HCI) and design research are closely related. In
fact, “[d]esign-oriented HCI may conceptually be thought of as a commitment to
technology and technological development that goes beyond critique” [Fal03]. How-
ever, as the foregoing literature analysis (see Section demonstrated, current
research practice in HCI does only sparsely approach social acceptability issues
from a design perspective. Instead, effects on social acceptability are empirically
measured, analyzed, described, and criticized after prototype completion, e.g., to
verify an interaction technique is, in addition to being usable and efficient, also
socially acceptable. Moreover, social acceptability considerations do motivate
design, but are often not considered at all subsequent stages of the design process,
e.g., interaction techniques are designed subtle (to increase social acceptability),
without further differentiation or empirically confirming the effect. In contrast,
this work explores how (human-centered) design can serve as an approach to social
acceptability, and how social acceptability considerations can drive the design
process as a whole, specifically a human-centered design process (c.f., Figure .

2.3.1 Theoretical Foundations

This section motivates why a human-centered design process and participatory
design methods, in combination with aspects from design thinking were chosen as
approach for the work presented in this thesis. Essentially, all three of them are
design philosophies that put the human in the center, and — drawing, among others,
from the social and cognitive sciences, and engineering — are interdisciplinary in
nature. While those design philosophies might in fact have more commonalities
then differences, there is ongoing discussion about differentiating an ever increasing
variety of both competing and complementary approaches and methods that are
discussed elsewhere [San01]. Yet, there are two intersecting dimensions, illustrated
by Sanders’ map of design research, Figure that allow to visualize how the
individual studies presented in this thesis are situated, and how the work as a
whole progressed and evolved (see Section . Specifically, one can distinguish
between an expert mindset (left), and a participatory mindset (right). While
the former focuses on designing for people, the latter rather takes the course of
designing with people, where users are seen as active co-creators, and are considered
true experts on their reality of life. Furthermore, one can distinguish between
design-lead and research-lead approaches, where (in a broad sense) design-lead
work focuses on the creation of artifacts, and research-led work on gaining insights,
i.e., creating knowledge. Both dimensions are intersecting, and depending on the
individual design approach and motivation, methods may shift, e.g., creating new
or larger overlaps. Most importantly it has to be noted that this landscape of
design disciplines is also constantly evolving, and re-negotiated. In consequence,
instead of providing a complete discussion of these design philosophies, this section
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rather provide outline and starting points, and serves to situate the research efforts

presented within this thesis as part of a larger design research landscape.
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Figure 2.13: Mapping of design research types along two intersecting dimensions:
expert mindset — participatory mindset (left to right), and research-led — design-led
approaches (bottom to top), according to Sanders [San01].

Human-Centered Design

Human-centered (or user-centered) designﬁ is characterized by putting the human
in the center, by involving their perspective during all phases of a design process.
One formal definition is provided by ISO 9241-210 [ISO19]:

Human-centred design is an approach to interactive systems development
that aims to make systems usable and useful by focusing on the users, their
needs and requirements, and by applying human factors/ergonomics, usability
knowledge, and techniques. This approach enhances effectiveness and efficiency,
improves human well-being, user satisfaction, accessibility and sustainability;
and counteracts possible adverse effects of use on human health, safety and
performance.

ISO 9241-210:2010(E)

4 Human-centered and user-centered design are often used interchangeably. However, the more
general notion, human-centered design (as in the revised ISO standard [ISO19|), is commonly
preferred to acknowledge the existence of additional stakeholders that are not users |Riel&;
Soal6|; Thus, this thesis uses the term human-centered design to stress the inclusion of both,
users and bystanders.
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While ISO 9241-210 also does provide a design process model (see Figure ,
including the phases “Understand and Specify Context of Use”, “Specify User
Requirements”; “Produce Design Solutions”, and “Evaluate Designs against Re-
quirements”, HCI knows a variety of design process models that are human-
centered [Cro08; [Dix10; [PRS15]. While they all share a process that starts out by
understanding requirements, and then moves forward over generating designs that
meet the requirements to creating prototypes while iteratively evaluating against
the set of requirements, nomenclature and boundaries of phases may vary. For
example, Dix et al. [Dix10] “What is wanted”, “Analysis”, “Design”, “Prototype”,
“Implement & Deploy”. In the context of these design process models, design is
typically understood as “Design-as-Engineering” (c.f., Wright et al. [WBMOG6]),
where the design goal is to create a product or service that meets the user require-
ments. Based on an expert mindset, they often follow research-led approaches, and
collect, analyze, and interpret data as part of requirements engineering [San01].
Wright et al. criticize “fi/n this account design is seen as going from a fized
problem statement (or requirements specification), to an abstract specification
of the solution that is then refined down into an actual implemented solution
through a sequence of well-prescribed steps”, and argue that this approaches ne-
glect experiential, e.g., emotional or sensual aspects of the interaction [WBMOG|.
In contrast, design thinking, which can also be described through a number of
similarly structured process models [Bro08; [Has10; IDE15; Panl6] focuses on
understanding user needs through empathy, and on creating innovation based in
ideation through creativity methods that foster divergent and convergent thinking,
i.e., “thinking out of the box”. Thus, its methods and tools are well suited to
understand human experience, emotions, and — as relevant for social acceptability
— concerns. Overall, human-centered design and design thinking are different
design philosophies that share a similar, user-oriented iterative process model:
understanding and observing users to determine problems, design and ideation,
prototyping and testing [PM18§|. In combination they allow to draw from a fund of
complementary methods that allows to transfer insights from empirically measured
user (or bystander) impressions into concrete design suggestions.

Participatory Design

Participatory design actively involves stakeholders, such as users, in the design
process. It thereby blurs the distinction between user and designer through mutual
learning, and initiates a process of co-creation and problem solving. Here, the
role of the researcher transforms from being investigator to being partner and
facilitator [San01]. Participatory design synergizes a variety of methods including
storytelling, workshops, and the creation of artifacts [MD09]. These methods
typically rely on hands-on exploration (e.g., through prototyping) and intensive
face-to-face interaction. The use of physical artifacts (e.g., LEGO’s serious playﬂ
or Vaajakallio et al’s Make Tools [VMO7]|) or prototypes as tools to visualize ideas,

5 https://www.lego.com/en-us/seriousplayl accessed 2019
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Figure 2.14: Human-centered design process as suggested by ISO 9241-210 [[SO19].

illustrate concepts, and to stimulate discussion (see also subsequent section) is
one of the key characteristics of participatory design [San01].

2.3.2  Approach

The main part of this thesis is dedicated to the design of socially acceptable
body-worn cameras. It investigates how human-centered design (HCD) can aid
to mediate between two groups of stakeholders: users and bystanders. In other
words, it explores HCD as answer to R2:

RQ2: How can we meet both the user’s and the bystander’s needs, goals, and
values while designing socially acceptable body-worn cameras?

To this aim it organizes a series of user studies conducted as part of this PhD
(Chapters |3 to @ along the five phases of an exemplary HCD process, namely (1)
Observe & Understand, (2) Ideate & Design, (3) Prototype, (4) Test & Evaluate,
and (5) Implement & Deploy (see Figure [2.15)). The chosen approach combines a
number of design-led and research-led practices (c.f. Figure and puts the
human (i.e., users and bystanders) in the center. The processes structure, with 5
phases, is based on IDEQO’s human-centered design process , with elements
of the Design Thinking process by Standford’s d.school [Has10]. It deliberately
deviates from the structure suggested by ISO 9241-210 [ISO19|, and puts a stronger
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focus on ideation and design (phase 2) as well as prototyping (phase 3) which are
contained in the standard in a more condensed way: “Produce Design Solutions’
(ISO 9241-210, phase 3), c.f., Figure It furthermore includes deployment
(phase 5) as part of the design process, instead of considering it distinct from
it. We motivate this through through the observation that social acceptability
issues (e.g., with Google Glass) have often been uncovered only on deployment
in the past. We believe that occurring issues with already deployed products or
prototypes should in fact feed back into the design process.
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Figure 2.15: We use human-centered design (HCD) to design socially acceptable
body-worn cameras. This work is organized along a HCD process, including
5 phases: Observe € Understand (Chapter , Ideate & Design (Chapter E[),
Prototype (Chapter |5)), Test & Evaluate, and Implement & Deploy (Chapter @

2.3.3 Methods

In this section we outline the methods that are used throughout this thesis. A
PhD is as much about writing as about developing further as a researcher. Hence,
while some of the earlier work presented in this thesis uses methods that are
well established in researching of social acceptability issues with human-machine
interfaces (e.g., focus groups and scenario-based surveys as suggested by Rico
et al. [RB10a; RB10b|), some of the later studies are more explorative. This
later choice of methods evolved based on the experience from conducting the
earlier studies, and naturally progressed from viewing the participant as subject
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or reactive informer (Section to viewing them as co-creator (Sections
and , or co-investigators (Section .

Focus Groups

Starting point for the research presented in this thesis was the observation that
smart glasses were ascribed a lack of social acceptability, and discussed controver-
sially by various media outlets. We employed focus groups (Section , as this
method allows for an initial exploration of a new topic through group discussions
and had been successfully employed in prior work [RB10b|. In contrast to this ear-
lier work, we did not restrict the discussion to a fixed set of interaction techniques,
but structured the discussion around application scenarios of smart glasses of the
participants choice and imagination. Specifically, we elicited usage situations and
potential applications of smart glasses that were perceived controversial. Thus, at
this stage, tension between dissenting or concurring opinions where essential to
our research questions. Nevertheless, we also observed how participants expressed
their concerns emotionally, and how they struggled to settle conflicts within the
group. For follow-up research we thus decided in favor of more participatory and
constructive approaches, focusing on (co-)creation instead of exchange of opinions

and arguments (e.g., Sections and .

Interviews and Surveys

Interviews and surveys are used throughout this work to collect subjective impres-
sions and self reported user experiences. Both methods are well-established in
the social and political sciences, and also in human-computer interaction [LHF17].
We conducted surveys in both, online and laboratory settings. For the survey eval-
uating usage scenarios of smart glasses (Sections and we aimed to prevent
bias and to ensure that participants reported their initial impressions without
consulting their peers or media outlets before answering. Thus, we conducted
the survey in the more controllable, laboratory setting. As laboratory surveys
are typically restricted to participants that are on-site, we intentionally switched
to online surveys for some of the follow-up studies, as we required participants
that were regionally distributed, rare (i.e., hard to recruit), e.g., experts on smart
glasses (Section or users of lifelogging cameras (Section . With the crowd-
sourcing approach presented in Section [£.2] we were furthermore able to recruit a
relatively large number of participants from specific regions using quota sampling.

In the surveys, most responses were quantified using Likert or Kunin scales
which allows for the quantitative comparison of results, and high statistical power.
To complement these qualitatively, we used open ended questions, or asked for
free-text explanations of provided quantitative ratings. Yet, they typically restrict
the respondent to the themes covered by the questionnaire. Thus, in the evaluation
of prototypes, we opted to conduct semi-structured interviews with open ended
questions (Sections and : in contrast to questionnaires, or fully structured
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interviews, their strength is to not impose ideas, or restrict the respondent to
pre-defined themes.This interview method furthermore allows for a more in-depth
exploration of user accounts (as the interviewer can ask the participant to elaborate
on selected aspects), and helps to surface unexpected issues [LHF17]. In one
instance, we decided to employ fully structured interviews (Section . In this
study, HCI and UX experts were asked to evaluate low-fidelity artifacts against
a pre-defined set of criteria: here, they were not reporting on their personal
experiences, but acted as “double experts” with their expertise covering both, the
evaluated interface, as well as its users, thus providing a more diagnostic survey
perspective on the artifacts. The choice of fully structured interviews allowed to
compare the individual experts accounts with each other in the analysis.

In short, this dissertation combines a range of survey and interviewing techniques.
This method mix allows to provide strong empirical evidence through larger scale
quantitative surveys, while minimizing the risk of imposing too much of the
researchers own assumptions or limited views through combination with open,
explorative interviewing techniques.

Co-design Workshops

Both, social acceptance (as important aspect of social life), and concerns about
surreptitious recordings, are themes that study participants are familiar with.
While this is advantageous for survey-style research on their opinions, it makes it
more difficult to take them out of their familiar mind sets and activities and into
active co-creation. Similarly, designers are often strongly rooted in established
design strategies (e.g., LED status lights) when it comes to familiar hardware
such as cameras. Co-design workshops are an established method in participatory
design that invites both designers and non-designers to co-create ideas, concepts
or designs. One of their key characteristics is that they transcend conventional
working practices, by employing novel procedures or tools, which allows to breach
entrenched thinking patterns [MDO09]. Thus, they are a promising method to
approach conflicting user and bystander needs through collaboration between
designers and non-designers, were the latter become active co-creators instead of
reactive informers. In this work, we report on co-design workshops with citizens,
where a purposefully designed card deck is employed as facilitator to generate
concepts out of existing technologies that meet the participants expectations
(Section . In addition, we employed co-design methods in design sessions with
experts focusing on innovating existing design strategies (Section . For the
latter, we combined a structured brainstorming approach with a more designerly
way of conducting idea generation through building tangible artifacts. Similar to
Vaajakallio et al’s. Make Tools this allowed to focus ideas, criticize concepts and
speed up the HCD process [VMO07]|.
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Elicitation Studies

Systems that provide notifications or controls to bystanders need to communicate
via an interface that (ideally) does not require learning or only minimal prior
knowledge. This is relevant, as bystanders might encounter the system only once.
In consequence, a design goal is to maximize guessability, which (in HCI) is
understood as “[t/hat quality of symbols which allows a user to access intended
referents via those symbols despite a lack of knowledge of those symbols” [WAR™T05].
To this aim, this work employs a guessability-style elicitation study (Section , a
method which has been successfully used in prior research, specifically to generate
easy to learn and remember gesture vocabularies [PLHT14; [LLS™18; |SEI14;
THW™15; WLB™15|. Similar to participatory approaches, it allows to involve
users already in the early stages of concept development, and thus supports the
consideration of social acceptability early in the design process.

Diary Studies

As outlined in Section [2.2] field surveys are an underrepresented study form in
the evaluation of social acceptability, which negatively impacts ecological validity.
The presented work contributes to addressing this issue, by conducing a diary
study as field survey. Diary studies have been recognized a means to close the gap
between observation in naturalistic settings, controlled laboratory experiments and
surveys [LHF17]. They allow for the direct collection of user accounts without the
researcher present in the field (i.e., in field surveys, c.f., Kjeldskov et al. [KP12]).
We used this form of data collection in the field survey presented in Section [6.1],
where we asked participants to document their experiences during a 2-day field
text of a body-worn camera. This allows to gather (hyper-)subjective experiences
during a wider range of daily activities, and include (social) settings typically
neglected by other study types.

2.3.4 Summary

Human-centered design, design thinking and participatory design provide the
theoretical underpinnings for the work presented in the subsequent four chapters.
The work presented therein exemplifies how social acceptability can be considered
as part of user experience throughout all phases of a human-centered design
process, instead of only at the entry (as requirement) and in the beginning (to
be verified). To this aim, we employ and combined a variety of both research-
led and design-led methods (e.g., various types of user studies), and artifacts
(e.g., prototypes); listed in Table . As the research approach and method
themselves progressed and evolved during the design process (and PhD), studies
conducted early in design process adhere more to established methods, while
studies conducted later on are more explorative. Specifically, we chose to explore
approaches (e.g., participatory design) and methods (e.g., co-design workshops,



‘ Artifact(s) Research Method ‘ Primary Contribution ‘ Publication
Overview and discussion of current research
2.2|| -/- Structured literature review (N=69) | practices in HCI with regard to social ac- | |[KAB20]
ceptability.
3.1| | 84 illustrated usage scenarios. Focus group (N=7) and lab survey Iflentlﬁcatlon of factors influencing user at- [KKM15)
(N=38) titudes towards smart glasses.
Lab survey (N=118) and online sur- | Identification and ranking of factors imped- —
3.2(| -/- . . . |IKEC™17
vey (N=51) ing or supporting smart glasses adoption. ]
Co-desien workshops as desien-in- Card deck. Insights about expectations to-
4.1| | Deck of 34 illustrated cards g. = & wards body-worn cameras in public spaces. | [KB19]
Use studies (N=26) . X . :
Identification of two design challenges.
. Guessability-style elicitation study | Insights about suitability of gestures for T
4.2 | 18 gestures as video prototypes. (N=15) and online survey (N=127) | Opt-in and Opt-out controls. [KACT18]
Co-design workshops (N=16) and . . g
4.3| | 8 low-fidelity artifacts. fully structured interviews with ex- 3 design recommendations of status indica- |[KWB18]
tors for body-worn cameras. ]
perts (N=12).
- Variety of high- and low-fidelity Annotated portfolio Over\'zlew and discussion of prototyping [unpublished]
prototypes. techniques for smart wearable cameras.
Eye tracking-enabled, privacy- | Dataset annotation (N=17), evalu- PI‘O?f—Of—CODCGpt: e tre'mcklng based, auto-
L. . . . | matic de- and re-activation of a head-worn T
5.2| | sensitive smart glasses proto- | ation against ground truth. Semi- . . [SKH™19
. . camera featuring a mechanical shutter. In- ]
type. structured interviews (N=12). . .
sights about user perception.
Chest-worn camera prototype Assessment of bystander reactions to screen-
6.1[ | with screen-based status indica- | Field survey, diary study (N=9). based status indicators. Insights about so- | [KWH™'19]
tor (“MirrorCam”). cial acceptability evaluation in the field.
6.2|| -/- @il ey (W=1107) Inmghts about the usage behavior of lifel- [KHB17]
ogging camera wearers.

Table 2.2: Overview of research artifacts and research methods covered by the main part of in this thesis, along with chapter, publication
(where available) and primary contributions. For completeness, we also list the structured literature analysis presented in Section
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and field surveys) that had been identified as underrepresented, but promising
by the analysis of existing research practice (Section . We provide a critical
reflection on these methods in Chapter [7] Table furthermore lists the main
contributions of each work, along with the corresponding chapter and (where
available) publication, intended to provide overview and guidance to the reader.

2.4 Summary and Conclusion

Fractions of the HCD process
substantially covered

by current research

practice

Implement &
Deploy

Observe &
Understand

Test &
Evaluate

Ideate &
Design

Prototype

Coverage of the HCD
process explored and
discussed in this thesis

Figure 2.16: In the first part of this chapter, Section , we reviewed current
practices of tackling social acceptability issues in HCI. We found the majority of
reviewed prior work to cover only a fraction of the human-centered design process.
In contrast, this work covers the whole HCD process.

In this chapter, we provided an inventory of current practices around social
acceptability in HCI. Specifically, we looked into present definitions of social
acceptability and social acceptance, as well as how both terms are commonly
understood and used in HCI (RQO). In the HCI context, we distilled an interaction
model based on the user’s impression management (Figure and provided a
working definition of socially acceptable human-machine interaction for the scope
of this thesis. In addition, we conducted a structured literature analysis, and
analyzed existing work in terms of methods, measures and design patterns (RQ1).
We uncovered that current research practices prevalently focus on Observing
& Understanding social acceptability issues, or complement Test & Evaluation
of existing prototypes with (single-item) questions assessing social acceptability.
Most importantly, participatory design, and approaches where users act as co-
creators are underrepresented, field surveys rarely employed, and design strategies
derived from empirical studies do not fully propagate into prototypes. From
our perspective, these constitute significant methodical gaps. In the subsequent
section , we outline how this thesis approaches these previously identified
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gaps by considering the social acceptability of body-worn cameras at all stages of
an exemplary human-centered design process. We establish this design process

as illustrated in Figures and and with a strong focus on the Ideate &
Design and Prototype phases.
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Concerns about novel technologies or unfamiliar user interfaces are highly complex
and may not fully generalize over device types. Otway and Winterfeldt note
“Although opposition [to novel technologies] itself is not new, the reasons for it have
differed from case to case, reflecting a complex mizture of concerns related to morals,
religion, political ideologies, power, economics, physical safety and psychological
wellbeing” [OvWS82|. In consequence, the first step towards designing socially
acceptable body-worn cameras must be to closely observe and understand the
concerns involved and uncover reasons for opposition or non-usage.

In this chapter, we investigate smart glasses, head-worn computers resembling
prescription glasses, that are publicly well-known due to media coverage, and may
possess an “always-on” camera. Based on a focus group (N=7) and a lab survey
(N=38), we show that smart glasses are expected to be always recording, and
that user and bystander attitudes differ significantly. Most notably, our findings
provide evidence that communicating the intention of use can increase social
acceptability (Section . In addition, we evaluate whether user attitudes change
over time, and gather expert opinions on factors influencing the adoption of smart
glasses (Section . We identify the level of unobtrusiveness and the question
to what extend social acceptability can be influenced through design as relevant
further research questions for the remainder of this thesis.

With this chapter we implement HCD’s
Observe & Understand phase. From a method-
ical perspective, it builds upon prior work on
social acceptability and user attitudes in the
field of HCI. We employ different scenario de-
pictions to evaluate smart glasses in different
social contexts — a technique that is widely and
successfully used in related work on the social
acceptability of other types of interfaces [DW09;
RB10b; RHKT07; SRR™18]. We innovate this
technique by using abstract, sketched imagery
to reduce bias. We further utilize user attitudes
as proxy for social acceptability and measure Figure 3.1: Human-centered De-
them using a semantic differential. This pro- sign Process. This chapter imple-
vides an advantage over measuring social ac- ments the Observe & Understand
ceptability via audience and location (resulting phase.
in one single percental acceptability score), as
it increases granularity and explanatory power.

Implement &
Deploy

Observe &
Understand

Test &
Evaluate

Ideate &
Design

Prototype
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3.1 User Attitudes: A Proxy for Understanding Social Acceptance

One of the most widely discussed commercialization attempts of a smart glasses
device was Google Glassﬂ However, when in April 2013, the first few thousand test
users, called “Explorers” hit the streets, reactions — at this time channeled through
various media outlets [Kell3; Art13] — were prevalently negative: smart glasses,
and Google Glass in particular, were criticized for their lack of social acceptability,
including their unusual looks, interference with face-to-face interactions and threat
to bystander privacy.

The observation of the aforementioned critical media reactions sparked the
research questions addressed by the subsequent chapter. Namely, what factors
influence user attitudes towards smart glasses. In the presented research, we
utilize user attitudes as a proxy to quantitatively measure social acceptance, as
they allow for a more granular differentiation than the audience-and-location
axes [RB09; RB10b| popularized by prior work (c.f., Section . The inclusion
of both perspectives, user and bystander, allows concluding from user attitudes
to social acceptability (c.f., Section .

3.1.1 Contributions and Related Work

This section presents a two-step user study that investigates scenario-related social
acceptability of smart glasses and contrasts it with more established devices such
as smart phones. Starting from a focus group discussion (N=7) we designed a
scenario-based questionnaire that was filled out in a user study with 38 participants.
Our study design adds a novel approach to the body of related work, by using
abstract pictographs (c.f., Figure instead of real-world footage which avoids
cultural or gender bias as well as brand-specific effects. As an additional advantage
this technique is well repeatable and measurements can be reproduced to map a
development over time (c.f., Section .

We first present qualitative results of the focus group discussion and highlight
key findings. The quantitative results of the user study are presented and linked
back to the key findings from the focus group. Informed by our results, we provide
quantitative measures to substantiate our implications and point out factors that
can influence user attitudes. Promising application areas for smart glasses are
highlighted. In particular, our research provides first indicators that the course
towards professional use cases is promising. This finding aligns with Google’s
decision to discontinue Google Glass in its current fornﬂ and to focus on “some
specialized, even lucrative, uses in the workplace” [OMN14]. We conclude with
incentives for design strategies to improve the social acceptability of HMDs.

! Today, Google’ Project Glass continues as “Glass Enterprise Edition”, http://www.google,
com/glass/|, accessed 2019
?BBC News, http://www.bbc.com/news/technology-30831128, accessed 2019


http://www.google.com/glass/
http://www.google.com/glass/
http://www.bbc.com/news/technology-30831128
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Figure 3.2: We investigate how smart glasses usage is perceived by device users
as well as by their peers based on abstract, sketched scenarios. In particular,
we investigate how knowledge about usage intentions (indicated as “thinking
bubbles”) affects social acceptance. For illustration, the sketched depictions are
shown along with possible “real-world” equivalents. However, the actual study
only made use of the abstractions, to prevent e.g. cultural bias.

Related Work

Social implications of smart glasses might relate to acceptability criteria of other
portable and wearable information and communication devices. In this section, we
thus discuss related work in the field of mobile personal devices without limiting
our review to HMDs or smart glasses (also: data glasses) in particular.

Mobile device usage in social context

Social implications of human-computer interaction (HCI) and interaction styles
that are visible to the public have been particularly investigated within the context
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of gesture-based interaction with mobile interfaces (c.f., Section [2.2)). Researchers
addressed this topic aiming to determine the borderline between acceptable and
unacceptable gestural interaction. Ronkainen et al. [RHK™07] investigate the
user’s willingness to utilize a “tap-gesture” for interaction in different situations.
They presented video scenarios to their participants and asked them to imagine
themselves in the videos. For our study design, however, we decided for sketched
still images instead of videos to reduce distortion effects (e.g. gender bias) caused
by the depicted actors.

Rico et al. [RB10a] conducted a comprehensive evaluation of a body- and device-
based gesture vocabulary. They relate the acceptability of the used gestures to
a combination of audience and location. Device perception from an observer’s
point of view has also been tackled by Profita et al. [PCG™ 13|, who explore
non-traditional ways of on-body input. They present a survey of third-party
perceptions of user interactions with a wrist-worn interface. We present results
of first- and second-person perspectives, extending available knowledge. We
additionally provide qualitative and quantitative data, complementing existing
research. In our user study we take into account that the two influencing factors
presented by Rico et al., audience and location, are relevant to social acceptability.
We thus follow a scenario-based approach, where the choice and description of
scenarios comprises both place and social context. However, we do not particularly
focus on gestural interaction or other input modalities. Though input styles are
one important nuance of smart glasses usage in public, we decided in favor of a
deductive approach to allow for a broader, more general overview. In contrast to
existing work we do not limit our evaluation to the interaction with the device
but also investigate effects caused by its presence alone.

Device usage in professional environments

Our expectations with regard to confidentiality are particularly high in situations
where we need to unveil personal information to others that are neither family
nor friends. This might, for example, include a visit to the doctor or lawyer.

DeBlasio et al. [DW09| compare traditional (analog) and technology-supported
documenting methods in physician-patient interaction. They evaluate the quality
of care (QoC) based on a series of questionnaires that was filled out by the
participants after they had watched a video. Video-based studies allow to vividly
depict realistic scenarios, including e.g. non-verbal communication. Nevertheless
they also might be more prone to bias from e.g. gender, ethnical group or sympathy
that might interfere with mere effects from the used technology. For this reason,
we consciously decided against imagery showing real persons and for androgynous
sketched still imagery.

In a more recent study, Ziefle et al. [ZR10] in 2010 investigate acceptance
patterns of different concepts for e-health care systems, incl. smart mobile devices,
smart clothes as well as smart environments. In [WZ12], a focus group based
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evaluation of the perceived privacy and security of e-health systems is presented.
For a study presented by McNaney et al. [MVR™14], 4 Parkinson’s patients took
part in a 5-days field trial and used Google Glass during their everyday life. The
authors note that patients requested full control over detailed privacy settings
as well as the opportunity to create user-defined rules. They further present
experiences of the participants in several public situations, such as shopping,
driving and meetings with friends. While they focus on Parkinson’s patients as a
specific target group, the study presented here investigates the acceptability of
smart glasses on a more general basis. Moreover, we consider both users and their
social environment, such as e.g. friends or colleagues. In order to more closely
represent a larger group, we also decided for a gender-balanced sample.

User-centered aspects of HMDs

Albeit the major gain in public attention is very recent, effects of head-mounted
displays (HMDs) on user behavior have already been studied for several years.
Costanza et al. [CIPT06] presented eye-q, a peripheral notification display em-
bedded into the frame of consumer glasses. They evaluated the effectiveness of
smart glasses under real-world conditions. While focusing on ecological validity
and realism, they were able to show that smart glasses have the potential to be
used during everyday activities, even when mobile. However, at this time (2006)
the authors did not incorporate privacy or acceptability aspects into their study.

McAtamney et al. [MPO06| describe the effects of an HMD on informal face-to-
face communication. They present a between-subjects experiment, comparing
a “wearer-condition” with a “non-wearer condition”. The perceived impact of
an HMD on a conversation between two participants, one of each group, is
measured based on formal and informal feedback. In particular, they considered
how the users’ attentiveness, concentration, eye contact during conversation,
and the naturalness in their behavior was perceived by themselves (as “wearer”)
respectively by their counterpart (as “non-wearer”). Our study design builds
upon their work in terms of the comparison between the first-person view, where
the interviewee is wearing the device, and the second-person view, where the
interviewee is co-located with another person using the device.

In contrast to the previous work, we do not set up an artificial scenario in the
lab, but present the users with a range of abstract, but realistic scenarios. By
asking the users to imagine themselves in the depicted situations, we aim to rule
out potential bias from the artificial situation. However, we have to acknowledge
that our laboratory survey, in the style of [RHK 07|, also has their limitations
which we discuss at the end of this section.
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Social implications of video recordings

One particularity of smart glasses is that some of them possess the ability to
record video and/or audio. To novices it is often unclear if a device is able to
record, if it is recording and what is captured. The way smart glasses are worn
does not inherently communicate if data is captured. By contrast, users of mobile
hand-held devices, such as cameras or smart phones, convey the action of recording
to spectators by holding their device differently. Bohn et al. [BCL™T05] note how
the perception of privacy borders is influenced by our reliance on borders due
to ephemeral or transitory effects. It is characteristic for human information
processing that a large amount of small details passes away unnoticed, or is
forgotten after a short period of time. The authors note that technologies being
able to capture and prevail this kind of detailed information can potentially
affect our interpersonal relationships. It is further noted that the pure (potential)
existence of imagery, video or audio recordings, even if not disclosed to third-parties,
makes many people feel uncomfortable and thus affects the social acceptability of
such capturing devices.

More recently, these aspects have been reconsidered within the topic of lifelogging.
Hoyle et al. [HTA T 14] evaluate dedicated lifelogging devices, such as the Narrative
Clip, the Autographer, and smart glasses with lifelogging functionality (c.f.,
Section with regard to application scenarios, usage and sharing of the collected
data as well as privacy perception. Denning et al. [DDK14] conduced “Paratyping”-
style interviews with bystanders of smart glasses in cafés. They investigated in
which way the interviewees expected the presence of the device to change the
bystander experience. They further analyzed the factors contributing to the
participants objections to being recorded and collected their ideas on imposing
restrictions on recording. As one of the influencing factors the “place as a social
construct” was identified. Their results add to implications obtained from previous
research [NBB™11] on CCTV that found the acceptance of being recorded varying
by location. With our study, we build upon these results to provide a deeper
understanding of space- and context-based perception of smart glasses usage in
public.

3.1.2 Focus Group

We conducted an initial focus group discussion to better understand in which
occasions, situations and locations the usage of smart glasses is (in-)appropriate or
discussed controversially. In particular, we aimed to identify reasons for positive
and negative reactions to smart glasses.

Seven participants, aged between 25 to 37 (M=32, SD=4), took part in a 40
min. focus group discussion. The participants (4f, 3m, 0d) were researchers
with different areas of expertise. None of them had a background in computing
science or HCI. They were recruited from two universities, unequal to the authors’
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affiliation. Two of them were experienced with smart glasses in a broad sense, i.e.
they had tried HMDs once to a few times. They did not consider themselves as
regular users. The remaining 5 had never used or tried such devices.

Method

The focus group discussion took place in a seminar room at TU Munich. At first,
the participants were asked to note down situations, in which smart glasses are
already used or in which they could imagine that smart glasses will be used in
the future. The participants had 15 min. time to reflect and note each item on a
separate card. In a second step, they were asked to group these situations into 3
categories using 3 separate pin boards based on an open discussion of 25 min.

Inappropriate the participants agreed concordantly that in these situations the
usage of smart glasses is not acceptable or should be restricted. (Inappropriate
Scenario, IS)

Controversial the participants were indecisive or disagreed on whether smart
glasses usage is socially acceptable or unacceptable in these situations. (Contro-
versial Scenario, CS)

Appropriate the participants agreed concordantly that in these situations the us-

age of smart glasses is both reasonable and acceptable. (Appropriate Scenario,
AS)

The participants were served with beverages and sweet buns. They did not receive
monetary compensation.

Discussed Items

The items named by the focus group indicate that the usage of smart glasses
in social contexts is perceived as highly debatable. Participants discussed a
variety of items, including potential usage situations as well as roughly defined
applications on smart glasses. For analysis, duplicates were removed and items
were summarized.

In summary, 26 different items were identified, of which 9 situations and 5
applications (cf. Table [3.1)