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Abstract

Telepresence research has focused on the ideal of recreating face-
to-face conversations via remote mediated channels — maximising
what has been termed social presence. A mostly overlooked as-
pect of communication is the simple sense of being together; the
ability to be close to someone without necessarily having to in-
teract consciously. Goffman [182] described this as copresence.
We propose a class of systems to specifically support this mode of
communication over a distance which we call subliminal copres-
ence systems (SCS); they fulfil the definition of calmness as coined
by Weiser [564]. We think such systems have the potential to fill
a gap that was left during the increase in technologically medi-
ated communication as a consequence of the rise in long-distance
relationships in recent decades [507] and the rapidly growing
importance of computer-based media in social interactions such
as e-mail and especially online social networks [154, 196, 323].

In this work, we explore SCS in terms of their user acceptance,
their effectiveness to convey information, their potential to influ-
ence and create feelings of connectedness and presence, and their
ability to do so without being annoying or distracting.

To this end, we implemented two proof-of-concept subliminal
copresence systems called FEELABUZZ and upstairs. In FEELABUZZ,
two unmodified smartphones are used to constantly transmit one
user’s movements to another user as vibration of the phone and
vice versa. In upstairs, two remote rooms are virtually stacked
so that it sounds as if Room A were located above Room B and
conversely, Room B were above Room A. For this, contact micro-
phones are used to transduce the structure-borne sounds of the
floor.

Three user studies were conducted to evaluate the effective-
ness of these systems. Firstly, FEELABUZZ was shown to recognis-
ably confer basic activity types. FEELABUZZ and upstairs were then
tested in two related, longitudinal studies to evaluate the systems’
capabilities to evoke a sense of copresence over a distance. Both
systems were shown to create copresence to a significantly lar-
ger extent than social presence. User acceptance was higher for



upstairs than for FEELABUZZ and upstairs incurred a significantly
smaller amount of cognitive load on its users.

To address remaining acceptance and cognitive load issues
brought up in these studies, we investigate the introduction of
automatic filters to reduce the necessity of interpretation by the
users. We explore context recognition in the area of subliminal
copresence systems and present two such systems — one using
instant messaging clients and another using mobile phones. Both
achieved good recognition rates but worrying about user accept-
ance of such black box systems whose subsymbolic models are
incomprehensible even for experts, we present a system that ex-
tracts symbolic rules from these models. We compare existing
methods for the extraction of such rules and also discuss different
ways to present rule sets to the users in order for them to modify
them and feed them back into the system. A partial prototype of
one such system was implemented and is also discussed.
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1 Introduction

1.1 Motivation

The predominant ideal of interpersonal communication as pursued by
fields such as telepresence research! and computer-supported cooper-
ative work (CSCW) is basically the situation of two or more people
sitting or standing together talking [39, 75, 481, 494, 543] which is usu-
ally simply called face-to-face communication. The ultimate goal of the
research on telepresence systems for connecting people thus is to duplic-
ate this rich and dense interaction for people who are physically remote.
We do not want to argue against the importance of pursuing this goal
and we acknowledge the need for much further research towards it. We
do want to highlight, however, that it misses some maybe less obvious
but nevertheless important aspects of what it means to share a physical
space — aspects such as simply recognising the other person’s presence,
getting frequent simple cues about their activities, or being together
in what is called companionable silence [462, 512, 529]. To illustrate,
consider the following scenario (cf. Figure 1.1 on the next page):

Susan and Geena are sitting in the same room, doing differ-
ent things on their own. Both are fully immersed in their
particular task. However, when one decides to seek to
communicate with the other, she can mostly assess the in-
terruptibility of the other quite easily. There are also subtle

1 Telepresence also includes fields like teleoperation; as will be elaborated later on,
social presence is the less well-known but more precise term.
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[ —————

Figure 1.1. Physical proximity enables subliminal cues while allowing concen-
trating on separate tasks.

cues to seek attention without interrupting too much [135].
Conversely, when one of the two needs attention, possibly
due to an emergency or simply because she desires to com-
municate, this urge comes to her friend’s attention quite
easily. Usually, an attempt to interrupt can be ignored. This
depends, however, on the urgency of the request and the
degree of immersion in the task. Finally, switching from
unconscious to deliberate communication is also easier
and more seamless for both since the sense of closeness
in an emotional way is much stronger when people are
just sitting close to each other, even if they do not interact
consciously.

Additionally, even at times when they are not in the
same room but in nearby rooms within the same house or
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flat, Susan and Geena still perceive each other’s presence
through subliminal noises through the walls such as the
clattering of plates, footsteps or muffled talking.

We propose that all of these subliminal cues are very important
for a feeling of connectedness and presence over extended periods
of time as well as to be able to escalate to more elaborate and full-
fledged forms of communication as the ones traditional social presence
aspires to achieve. We therefore propose a novel class of systems we
call subliminal copresence systems (SCS).

1.2 Research Context

The mode of communication SCS provide has been largely neglected,
not only in research but even in fiction [339]. There is one area of
research, however, which set out with a very similar motivation and
similar aims. This is the research into so-called awareness systems [350,
457]. The older and maybe better known media spaces [44] are a sub-
class of these [457]. Our subliminal copresence systems are a subset
of awareness systems by definition but surprisingly, the concrete in-
carnations of awareness systems built or proposed so far have mostly
been using the visual channel or speech-dominated audio, despite an
emphasis on multimodality when motivating awareness systems [350].
This is why we emphasised the subliminality when naming our new
class of systems.? We furthermore named them copresence systems
instead of awareness systems because of the various problems with the
term awareness and the fact that even in awareness research, connec-
tedness and copresence are acknowledged as a more precise and better
fitting term and measure (see Chapter 2 on definitions and discussions
of these concepts and an overview of the discussion in the literature).

2Considering that we actually almost exclusively use Weiser’s term “calmness” in
this work, one might ask why we did not choose calm copresence systems as a more
appropriate name. The answer to this fair question would be that we did not perceive
“calm” as a readily understood term out of context, even though it is more well-defined
within the scope of this work.
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Figure 1.2. Pointing, touching, gesturing ...and sharing coffee and biscuits [494] — where talking is concerned, there is nothing that
comes close to face-to-face interaction. ® Photographed by Chris JL, published under the Creative Commons by-nc-nd licence on Flickr.



http://www.flickr.com/photos/chrisjl/
http://creativecommons.org/licenses/by-nc-nd/2.0/deed.en

1.2. Research Context

Similar to calmness, privacy has been emphasised for awareness
systems but the very choice of video or voice as channels oppose
this goal 3

Section 1.5 elaborates on the difference between conventional
awareness systems and subliminal copresence systems. The two are
close, though, and much can be learnt from the thoughts and invest-
igations that took place in that field.

Markopoulos et al. [351] for example stated about awareness sys-
tems that they “can bring about important, if subtle, benefits, such as
increasing the effectiveness of collaborative work, fostering social rela-
tionships and improving the general well-being of individuals”, which
we find equally apt to describe SCS.

While awareness systems research is the field that is closest to the
research presented here, similar ideas and concepts had been around
before.

Kuwabara et al. [312], for example, suggest connectedness-oriented
communication as an alternative to what they call content-oriented
communication. Connectedness-oriented communication is to be un-
derstood as focusing on the social relationships instead of on the
message content and is characterised as being low-bandwidth. While
this, too, sounds very similar to our concepts above, the concrete in-
formation to share is symbolic presence and status information.

Nowak and Biocca [401] distinguish telepresence, social presence
and copresence. They describe telepresence as the sense of immersion
in the simulation of a remote place. Copresence, as defined by Goffman
[182], refers to the ability to perceive others and a sense of someone
else’s ability to perceive oneself, and is described by Goffman as a
very basic form of interaction (twice called “mere copresence” [182])
as opposed to states he calls focused interaction or full scale coparti-
cipation. For social presence, Nowak and Biocca [401] highlight the
definition of Short et al. [494] who define it to be “the degree of salience
of the other person in the interaction and the consequent salience of the

3 Although not all researchers go so far as e. g. Tee et al. [528] whose system shares
the contents of one’s own screen.
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interpersonal relationships”. As the term “salience” at least suggests a
conscious aspect, we could declare that our goal with SCS is to be able
to achieve a maximum of copresence and connectedness without sim-
ultaneously and inevitably increasing social presence (cf. Definition 8).
Isselsteijn et al. [258] argued similarly for awareness systems that the
level of social presence will be low, but the “sense of connectedness,
the feeling of being in touch, can be strong”. Definitions of these terms
in the literature vary, though [39], so before we formally define these
concepts for the context of our work in Chapter 2, it is maybe safer
to just declare our goal to be achieving remote copresence that can
work on a subconscious level and focuses on systems that can run in
the background over prolonged periods of time. Chapter 2 also takes a
deeper look at the presence concepts we just described, as well as at
other concepts such as connectedness and awareness.

There have been a number of both academic and commercial sys-
tems that are stated to be or could be seen as promoting copresence
or the feeling of connectedness. Most approaches are very explicit
in that they need deliberate action to communicate through them or
they translate implicit actions into more or less artificial symbols or
cues to represent them on the other end of the communication [36,
72, 131, 191, 204, 281, 404, 554] (cf. Section 3.2). While there is
not necessarily anything wrong with this approach, our focus lies on
ways of communication that are as subconscious and thus implicit as
possible at both ends of the transmission. This means we want to take
something that people do anyway and present it to the other interactant
in as natural a manner as possible.

There are many conceivable actions that can be exploited for such
systems and there are a number of systems that have already transmitted
such actions. Among activities that can be transmitted are

— the interactants’ movements, transmitted audibly as if a floor or
wall was between the interactants [50] (cf. our upstairs system,
Chapter 5), or tangibly as in FEELABUZZ [326, 546] (cf. Chapter 4),
although there, the translation is at least somewhat artificial due
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to hardware constraints, or visibly, for example as shadows,*

— usage of objects, acoustically for example with connected ward-
robes, kitchen closets or desks, or through changing inherent
properties of objects [111],

— induced temperature changes, such as the warmth of a chair or
sofa from the touch of the remote interactant, and even

— involuntary movements such as breathing [225] or the heart-
beat [570].

Section 3.2 gives a more detailed review of previous related systems and
Chapter 3 discusses general aspects and guidelines when designing sub-
liminal copresence systems. Section 8.2 goes into more detail regarding
ideas for future SCS. We think that due to the fact that each channel on
its own only transmits a limited amount of information and most sys-
tems have “blind spots” in that there exist situations when they cannot
transmit any useful information at all (when the user does not move,
does not interact with a smart object, does not trigger a sensor etc.), the
most effective strategy might be to use a large number of such channels
together. Of course we cannot test this hypothesis since we only actu-
ally implemented two such channels. Future smart homes, however,
might greatly facilitate the creation of many channels based on the
principles stated in Chapter 3 without introducing many new artifacts
which would raise problems of user acceptance, obtrusiveness and cost.

1.3 Preliminary Considerations

All examples we mentioned in the previous section fall into one of two
categories that might have different implications: 1) systems that try
to emulate a presence behind a wall, door, window, floor or ceiling,
and 2) those that introduce effects of a sender’s presence within the
same space as the receiving person without of course providing a
simulation of the cause of these effects.Therefore there might be an

4A student project called Window?, supervised by Till Bovermann and René Tiinner-
mann implemented a video connection between two rooms in such a way, allowing the
signal-to-noise ratio of the link to be regulated using a simple knob.
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Box 1: Digressions

Throughout the text, there will be grey boxes like this one. They
discuss topics and concepts that expand on things covered by the
main body of text but that are not necessary to understand further
passages, so feel free to ignore these little digressions.

uncanny poltergeist or intruder kind of effect or simply a more intrusive
perception of the systems. On the other hand, the increased spatial
proximity might be perceived as favourable for very close relationships.
Increased proximity might also increase longing though. We will begin
to investigate these questions in Section 6.5.1.7.

The best studied kind of long-distance relationships (LDRs) is the
long-distance romantic relationship (LDRR). It is also the one that might
profit the most from suchlike systems and it is one that is growing in
number [507] with increased mobility and an explosion in media use
such as e-mail, instant messaging (IM) and especially online social
networks (cf. Foster [154], Gross [196] and Lee [323], and Figure 1.3
on the facing page) and to some degree even traditional media such
as the telephone [228]. In any case, such systems offer opportunities
for many kinds of investigations.

It is interesting to note that people in LDRRs have been found to
report similar levels of satisfaction with their relationship as people in
proximal romantic relationships (PRRs) [466, 467]. Although different
reasons have been suggested, it is in this regard important to highlight
that, generally speaking, PRRs compared to LDRRs trade desirable
proximity for freedom.” Therefore, systems that aim to deliver a sense
of proximity or togetherness but by doing so also bear the danger
of limiting personal freedoms, have the potential to fare worse than
either unaided LDRRs or PRRs. Conversely, they could — if done right
— even improve satisfaction over both types or they might not change
the particular measure of satisfaction with the relationship at all. In
any case, this example shows how potentially crucial the right kind of

5Section 2.5 elaborates on LDRRs and their advantages and disadvantages compared
to PRRs.
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Figure 1.3. Development of monthly active users of Facebook over time, super-
imposed with an 7th order polynomial trend line. Source of data: Foster [154]

communication channel at the right time might turn out to be. This is
another question we set out to investigate in Chapter 6.

There can be situations, however, when a constant stream of sub-
symbolic information is not desirable, even when respecting the design
guidelines detailed in Chapter 3, especially when many such channels
are active at the same time as suggested earlier. It might then increase
calmness to automatically select subliminal channels based on the
status of the users (especially their cognitive load and privacy concerns).
The effectiveness of such measures critically depends on how well the
system can identify the user status and react to it accordingly. As it is un-
likely that a classifier that is not personalised will yield good results other
than for the most commonplace situations a lot of initial training data
would probably be needed to get good results for the varied everyday
situations people find themselves in and therefore calmness would quite
likely suffer greatly. It would be very helpful to use the world knowledge
of the users about their own routines and preferences but it can hardly

9
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be expected that end users manipulate the subsymbolic and intranspar-
ent inner parameters on which all high-performing modern machine
learning algorithms rely, such as neuron weights or support vectors.
An automatic system would preferably learn from user behaviour
but would also take explicit statements in order to produce less errors
that had to be corrected. There are many situations that can be easily
described by simple rules of thumb but that would require many training
examples. More fine-grained approximations of the desired behaviour
could then be derived from such rules of thumb through data from cases
where they do not apply. Such a “best of both worlds” approach seems
very desirable to us for such systems. Additionally, learning systems
that control important everyday applications should not be the black
box systems most sophisticated trained machine learning models are.
We therefore decided in favour of a closed loop of a subsymbolic
state-of-the-art machine learning system and a rule extraction mechan-
ism that produces a simplified symbolic rule set from the subsymbolic
model. This rule set ought to be comprehensible by non-expert end
users and give them an insight into the most important dependencies
that govern their personal trained model while at the same time, the
system gives them a possibility to edit this rule set or add new rules to
anticipate and prevent prediction errors when a user does not follow a
daily routine (see Figure 7.21 on page 255 to see how these classifica-
tion errors occur in case of week-ends after learning the working day
routines). Finally, the system closes the loop by having a knowledge
insertion part that feeds the changes on the symbolic user interface
side back into the subsymbolic system so that the predictor adheres to
them in future unless many contrary training data defy the user’s maybe
overly generic statements. We designed and began to implement one
such a system called Umber which we will describe in Chapter 7.
The aim of a constant subliminal connection immediately raises
questions about privacy. Even though we often enjoy sharing a room
with someone we like, we at times just as much enjoy being able to close
a door between us and this other person in order to put a wall between
us. More generally, we prefer to adjust the amount of information we
share [414]. The perfect system therefore would enable us to adjust the

10
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kind and amount of information that is being transmitted. It would also
allow users of the system to monitor what is transmitted of and by them.
In principle, it is thereby possible to exhibit much more fine-grained
control over the kind and amount of information transmitted than it is
possible by closing a door and this manipulation of outgoing information
can be done differently on different channels and modalities.

This could be called an adjustable door or maybe an adjustable
wall and can in its most simple form be imagined as a kind of commu-
nication gradient that runs from a full-blown audio-visual connection
(which we call high-level channels), perhaps augmented by new sup-
porting channels, down to very basic channels that transmit very little
information and are thus more likely to be accepted as running all the
time (low-level channels).®

Defining such a one-dimensional gradient has the advantage that it
could be navigated relatively easily by the users themselves, i. e. with a
simple knob or slider. On the other hand, it is a simplified construct
that can never hope to actually adequately reflect reality [110]. A more
fine-grained control is probably impractical to do manually the whole
time though. This is where we envision our Umber system to be useful
(cf. Chapter 7).

Another level of privacy concern is also addressed by using low-
level channels in that we expect them to depend largely on context
information because they must not be complicated to process for the
human brain (i. e. have a low cognitive load), even though this does
not mean that it is not possible for users to extract complex information.
It helps that humans usually have very little problems integrating a very
rich context to interpret data at hand. This context dependence means
that only knowing a person quite well (for example their schedule or
habits) will enable the interpretation of ambiguous data to turn it into
useful information. This helps to ameliorate any privacy intrusion in
that when the wrong person gains a handle on the data stream, it will
not reveal much actual information to such an eavesdropper.

6See Definition 10 and its adjoining remarks for definitions and a brief discussion of
the terms high-level and low-level channels.

11
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To take FEELABUZZ as one example, Geena might not perceive more
than rapid bursts of acceleration but because she knows a lot about
Susan producing the movement, she immediately realises that she is
running to catch the bus to be there in time (cf. Section 6.5.2.2 for
real-world examples of this). Such examples can be given for most
of the described systems — context produces an additional layer of
expressiveness and ease of interpretability that the data itself lacks.”

Thirdly, the persisting ambiguity helps to maintain the important as-
pect of plausible deniability. See Chapter 2 for an explanation and
a definition of plausible deniability (Definition 13) and of privacy
(Definition 12).

The importance of context also means, however, that we do not
believe that using subliminal copresence systems exclusively would
work for an extended period of time. In order to get the context inform-
ation one needs to make proper sense of the SCS, it is mandatory to
perform explicit, symbolic communication (e. g. language) and richer,
more obtrusive forms of communication (audio or audio-visual links or
of course real life conversations). We expect this to also be important
for the emotional dimension that is an important part of SCS — we
actually postulate that both implicit and explicit communication will
play their part and that stripping one or the other from an interpersonal
relationship will impose serious strain to it although we acknowledge
that explicit without implicit communication is arguably the more usual
and less devastating form of constriction than the other way around.

Besides the LDRRs we already briefly mentioned, and will discuss
to some extent in Section 2.5, some other examples of such constricted
interpersonal relationships that are interesting to consider are solitary
confinement, annoying neighbours heard through thin walls or through
the floor, pen pals or relationships described in epistolary novels, and
e-mail and web forum conversations that regularly run out of control
and end in so-called flame wars.

7For more on context, refer to Section 7.4.
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1.4 Scope, Objectives and Method

The aim of this work and the research presented in it is to explain and
explore a new class of awareness systems called subliminal copresence
systems. Two exemplary systems are presented in concept and as im-
plementations and they are both tested to show that they effectively
accomplish their desired functionality. These systems are also used
to test some hypotheses regarding the effect of subliminal copresence
systems on romantic relationships. For this, a series of questionnaires
are developed and the effectiveness of their different scales is measured.

Partly based on the experiences from these evaluations, the need
for an automatic but comprehensible filtering is argued for and one
such system is detailed and partly implemented.

This work also aims to be a useful guide for the design and devel-
opment of additional subliminal copresence systems.

The methods used include a systematic survey and consolidation of
the available literature on awareness systems and neighbouring fields,
case studies including implementation and evaluation, discussions with
peers and researchers from other fields as well as study participants
in order to profit from their first-hand experience with the systems,
and statistical reliability tests to improve our questionnaires for future
deployment.

1.5 Contributions

While awareness research has been creating systems to support peri-
pheral awareness of remote communication partners in one way or
another for two decades, these systems have almost exclusively been
using visual cues and speech audio [350]. In this work, we present
subliminal copresence systems as a new class of systems whose key
properties are calmness (following the definition of calm technology
by Weiser and Brown [566]) and a preservation of richness in the trans-
mission that we call directness (cf. Definition 11).
In the following chapters, we

13
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— define the new class of awareness systems we call SCS and discuss

14

its design considerations,

showcase — through implementation and case studies — two sys-
tems derived from our design considerations,

develop questionnaire-based measures specifically targeted at
SCS and apply them to our systems, and

propose a workflow and implementation to enable symbolic
presentation and manipulation of subsymbolic automatic filters
to manage the diversity of data flows from awareness systems and
thereby enhance their calmness.



2 Relevant Concepts

There are a lot of technological, psychological and sociological con-
cepts that are used in awareness systems and (tele-)presence research
and that are in turn relevant for the class of systems called subliminal
copresence systems (SCS) we propose. Awareness and presence are
terms that are accompanied by a huge cloud of related terms and con-
cepts; frustratingly, one of the strongest common links between these
terms is that their definitions, understandings and interpretations vary
— sometimes greatly — from researcher to researcher, even within the
same field [11, 38, 39, 321, 350, 360, 440]. For presence-related terms,
Lee [321] attributes this at least partly to the great number of discip-
lines that are investigating presence, naming business, communication,
computer science, education, industrial engineering, psychology, and
sociology. Reis et al. [440] similarly attribute the remarkable influx of
new constructs in the relationship literature to the great number of fine
distinctions between concepts that are in principle related and the exam-
ination of different aspects of the same phenomena. The consequential
diversification of the literature itself has led to definitions and theories
that are similar but nevertheless hard to relate to each other. Aron and
Mashek [11] make out such a problem of a fragmentation of definitions
and interpretations even for core concepts and terminology in their

"These include telepresence, copresence, telecopresence, social presence, virtual
presence, mediated presence, remote presence, objective and subjective presence, phys-
ical presence, self presence, immediacy, intimacy, mutual awareness, connected presence,
connectedness, social connectedness, interpersonal connectedness, togetherness, engage-
ment, and involvement.

15



2. RELEVANT CONCEPTS

Presence
Copresence

Presence

Copresence

Social
Presence

Social
Presence

(@ (b)

Figure 2.1. Illustration of presence, copresence and social presence as used
in this work. These distinctions can be seen as classes (a) or as points on a
continuum (b).

field (in their case intimacy and closeness).

We will not be able to solve this conundrum here but we will
nonetheless try to present some of the more relevant and most com-
monly found terms. We will also at least partly alleviate the problem
by focusing on those aspects that are most relevant to SCS and by liber-
ally brushing over some of the finer details and distinctions that might
arguably not be as important to this work.

2.1 Definitions

We will define presence/telepresence, social presence and copresence
separately in the following, with remote presence being used synonym-
ously with telepresence. Take Figure 2.1 as a first overview that is going
to be explained in more detail after the definitions. Figure 2.4 on page 35
is a much more comprehensive overview of all of the concepts presen-
ted in the following which also includes awareness, connectedness,
immediacy, closeness, and intimacy.

Telepresence
Telepresence is a term invented by Pat Gunkel and publicised by

16
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Minsky [380] in 1980 while the idea itself goes back at least to works
Raymond Goertz did in the mid-1940s [493]. Minsky described
the concept that users of teleoperation systems were to have the
impression of actually being at the remote site when operating their
particular manipulator. Motivations ranged from hazardous envir-
onments over the global availability of rare expertise (such as in
remote surgery) to the sheer comfort of telecommuting. Later authors
kept the basic definition but often dropped the association with tele-
manipulation? and extended the term to virtual environments [371,
401, 439, 445, 499], even though Sheridan [492] tried to establish
the term virtual presence for these cases.

Another term used synonymously with the latter definition of telep-
resence is mediated presence, used in communication research to
empbhasise that physical presence should not be a subject matter of
presence research [38, 321]. Lee however argues in his much re-
garded review article that even physical presence involves some form
of mediation and that there is no fundamental difference between
natural perception and virtual experiences [25, 337, 343]. This means
that it is advisable to pay close attention to this distinction when
studying the presence literature because the views that presence —
as opposed to telepresence — refers only to the direct and unmedi-
ated presence in an environment [517] or that presence works as
superordinate term including natural and technologically mediated
presence (telepresence) [474] can also be found.

In this work, telepresence is used interchangeably with remote pres-
ence. Both terms are qualifiers for presence to emphasise the lack of
co-location of the interactants.

Presence

Presence, as just indicated, is a term on whose exact definition,

2While Schloerb [474] argues that some form of teleoperation is a prerequisite of what

he calls subjective telepresence, i. e. the feeling of being at a remote place as opposed to
objective telepresence which is defined by the mere fact of a “causal interaction” with a
remote place.

17
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judging from the literature, there does not appear to be a consensus
within presence research. It is interpreted in widely varying ways, to
the extent of even being charged metaphysically [321]. The closest
to a consensus definition was issued by the International Society for
Presence Research [262] in 2000. They define presence in the very
first sentence of their “Explication Statement” to be “a shortened
version of the term ‘telepresence’” but qualify this statement a para-
graph later, saying that natural perception of the world constitutes
“a broader conception of the term ‘presence’ — i. e., not a shortened
version of ‘telepresence’”. They still narrow the understanding of
presence and all its aspects to that part of perception (of a real or
simulated environment) that is mediated by technology and in fact
it is essential for presence that “part or all of a person’s perception
fails to accurately acknowledge the role of technology in her/his
perception”.

The International Society for Presence Research [262] lists a num-
ber of dimensions that constitute presence. These are a) immersion,
b) perceptual realism, c) social realism (believability of social in-
teractions encountered), d) social presence (convincing illusion of
a two-way communication where it is only one-way?), e) copres-
ence (see below), and f) the somewhat abstract “medium as social
actor” which describes the believability of an agent or a similar
technological entity.

In any case, the subtle differentiation of what constitutes presence
and especially whether it is different from telepresence is not needed
within the scope of this work. Therefore, we content ourselves with
the term’s meaning in standard English:

Definition 1 (From the Oxford Dictionary of English): Presence is
“the state or fact of existing, occurring, or being present” [410].

The multi-volume Oxford English Dictionary slightly expands on this
definition, in that there, presence is the “fact or condition of being

18

3Note that this is of social presence is utterly different from what we discuss below.
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present; the state of being with or in the same place as a person or
thing; attendance, company, society, or association” [412].

The definition from Merriam-Webster’s dictionary reads quite similar
since there, presence is “the fact or condition of being present” [188].
These definitions are neutral to any kind of mediation. Whether or
not presence is equivalent to telepresence or a subordinate to it is
not relevant with regard to our understanding of copresence and
social presence. This is illustrated in Figure 2.1 on page 16: presence
includes both social presence and copresence (and indeed every
other form of “-presence”).

Copresence

Copresence has also seen its fair share of definitions. The aforemen-
tioned International Society for Presence Research [262] define it
very broadly and say: ““Co-presence’ [occurs] when part or all of a
person’s perception fails to accurately acknowledge the role of tech-
nology in her/his perception that the person or people with whom
s/he is engaged in two-way communication is/are in the same phys-
ical location and environment when in fact they are in a different
physical location”. Rogers et al. [452] define it completely differently,
as the possibility for co-located people to share an interface. While
the other differentiations are more or less nuances, this is a com-
pletely different conception of copresence and it has to be watched
out for when reading the literature. Sometimes copresence is also
used synonymously with social presence [38, 548].

Regarding copresence as a form of telepresence however, Biocca et
al. [38] conclude: “Of all the work defining co-presence, Goffman’s
is by far the most subtle, elaborated, and developed even though [it]
dates back to [the] early 1960s.”

As briefly mentioned in Chapter 1, the term copresence was in-
troduced to the field of sociology by Goffman [182] in 1963 and
describes the ability to perceive others and a sense of another’s abil-
ity to perceive oneself. It is described by Goffman as a very basic
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form of interaction and he opposes copresence to what he calls
focused interaction or full scale coparticipation.

The subtlety Biocca et al. [38] mention probably stems from the
fact that Goffman discusses many interesting examples, including
different modalities and conditions of voluntarily or involuntarily
asymmetric presence perception. We will not repeat all these con-
siderations here but to retain said subtlety, we will quote Goffman
in some length in the following. Goffman [182] leads up to the term
by writing:

First, sight begins to take on an added and special role.
Each individual can see that he is being experienced in
some way, and he will guide at least some of his conduct
according to the perceived identity and initial response
of his audience. [...] Further, he can be seen to be seeing
this, and can see that he has been seen seeing this.

Goffman’s concentration on the visual modality can also be seen in
the following quote, where he differentiates between focused and
unfocused interaction, saying that

unfocused interaction, that is, the kind of communication
that occurs when one gleans information about another
person present by glancing at him, if only momentarily,
as he passes into and then out of one’s view. Unfocused
interaction has to do largely with the management of
sheer and mere copresence. The second step deals with
focused interaction, the kind of interaction that occurs
when persons gather close together and openly cooperate
to sustain a single focus of attention, typically by taking
turns at talking.

This is a distinction that we follow closely with the concepts of
copresence and social presence (see below).
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However, Goffman also generalises copresence to other modalities;
he writes the following after having a passage on the lack of a good
word to describe perception regardless of the senses involved.

The full conditions of copresence, however, are found in
less variable circumstances: persons must sense that they
are close enough to be perceived in whatever they are
doing, including their experiencing of others, and close
enough to be perceived in this sensing of being perceived.

Later in the same work, he talks about the sometimes fuzzy border
between simple copresence and more involved forms of interaction
that — as already hinted at — we will be calling social presence:

| have suggested that a face engagement is a sufficiently
clear-cut unit that an individual typically must either be
entirely within it or entirely outside it. This is nicely borne
out by the trouble caused when a person attempts to be
half-in and half-out. None the less, there are communica-
tion arrangements that seem to lie halfway between mere
copresence and full scale coparticipation, one of which
should be mentioned here. When two persons walk si-
lently together down the street or doze next to each other
at the beach, they may be treated by others as “being
together,” and are likely to have the right to break rather
abruptly into spoken or gestured communication, although
they can hardly be said to sustain continuously a mutual
activity. This sense of being together constitutes a kind of
lapsed verbal encounter, functioning more as a means of
excluding nonmembers than as a support for sustained
focused interaction among the participants.

We recognise this lack of clear borders between different kinds
of presence in Figure 2.1(b) on page 16. Such verbosity as used

21



2.

RELEVANT CONCEPTS

by Goffman in discussing copresence can be somewhat unwieldy
though, so we will define copresence in the context of this work
in @ much more compact form. We chose to adapt the definition
by Youngblut [585],* because to our minds it covers the essence of
copresence and we can take advantage of the work Youngblut did
on how to measure this concept.

Definition 2: Copresence is the subjective experience of being to-
gether with others who are situated at different physical loca-
tions.

This is obviously a definition that equates copresence and telecop-
resence. If one wanted to distinguish the two, however, it would
work equally well if the latter part about physical co-location were
omitted.

Zhao [591] suggested a taxonomy of copresence (shown in Table 2.1
on the facing page) but their understanding of copresence seems
to be extremely general while at the same time focused on human-
computer interaction (HCI).

Social Presence

Social presence is no less diverse in how it is defined than the previ-
ous concepts were but Biocca et al. [38] made out certain clusters.
They summarise social presence definitions by providing a list of

" ou

words that are synonyms under each definition: “co-presence”, “co-

" ou

location”, “apparent existence, feedback, or interactivity of the other”,

" ou

“sense of being together”, “perceived access to another intelligence”,
“salience of the other”, “mutual understanding”, and “interdepend-
ent multichannel exchange of behaviours”. Biocca et al. continue
by pointing out some limitations of the previous definitions and

conceptualisations.

4The original definition in the work of Youngblut [585] is: “Copresence is the sub-

jective experience of being together with others in a computer-generated environment,
even when participants are physically situated in different sites”.
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Interactant
Location

Mode of Physical Proximity Remote Location

Presence

Corporeal Copresence  Corporeal Telecopres-

in Person

(face-to-face) ence (face-to-device)

Virtual Copresence Virtual Telecopresence
in Simulation thysmal simulation: gdlgltal simulation:

instrumental robots, intrumental agents,

communicative robots)  communicative agents)

Table 2.1. Basic categories of copresence after Zhao [591]. The table header
names are slightly adapted for brevity.

Following closely the early definition of Short et al. [494],> we define
social presence as follows:

Definition 3: Social presence is the degree to which a person is feel-
ing involved in a particular interaction with another person or
agent and the consequent perceived intensity of the interper-
sonal relationship.

We concur with Short et al. that social presence is a subjective
property of the medium and that it depends on objective qualities of
the medium and on the user. It is therefore not an objective measure.

While achieving social presence is the goal of most mediated com-
munication techniques, it is not always desirable. There are obvious
privacy concerns but beyond that, social presence uses cognitive
resources, even when the individual is not actively communicating

5Short et al. [494] define social presence to be “the degree of salience of the other
person in the interaction and the consequent salience of the interpersonal relationships”
(cf. Section 1.1). We want to avoid the term “salience” because it has different mean-
ings in different disciplines and replace it by the more universally accessible notion of
involvedness.
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but occupied with other tasks and moreover even when the link is
only unidirectional [53].

Awareness

24

Awareness, again, is a word that has been associated with a wide
variety of meanings. Schmidt [477] criticises that the “very word
‘awareness’ is one of those highly elastic English words that can be
used to mean a host of different things. Depending on the context it
may mean anything from consciousness or knowledge to attention or
sentience, and from sensitivity or apperception to acquaintance or re-
collection”. He even goes so far as to say that in the context of CSCW,
“the term ‘awareness’ is being used in increasingly contradictory ways.
[...] In fact, it is hardly a concept any longer”. Rettie [443] also refers
to this passage but tries to order different definitions regardless. She
quotes an early and — according to Nova [400] the best-known —
definition by Dourish, Bly and Bellotti [124, 125] which is that
awareness is “an understanding of the activities of others, which
provides a context for your own activity”. Rettie then highlights
work by Christiansen and Maglaughlin [81] who identified a total
of 41 different awareness phrases whom they categorised into four
types: workplace awareness, availability awareness (where “availab-
ility” means the availability of people and objects), group awareness,
and contextual awareness. Rettie [443] concludes that a central ele-
ment of awareness is being synchronous or near-synchronous which
is a surprisingly fuzzy criterion. She however points out that the
concept of connectedness is more well-defined and should therefore
— counterintuitively — be preferred over awareness when evaluating
awareness systems. This is a view that IJsselsteijn et al. [257] seem to
share since a main focus in the questionnaire they developed to eval-
uate awareness systems is connectedness. Romero et al. [457] call
their concept of connectedness a consequence of their research on
peripheral awareness of close family members. Dey and de Guzman
[114] relate awareness and connectedness by saying that awareness
is “often a means to an end, with researchers actually being inter-
ested in how to support increased feelings of connectedness between
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people.”

Markopoulos et al. [351] regard the critique by Schmidt — that aware-
ness is used in contradictory ways — as met by the subsequent
concretisation of the meaning of awareness in the respective fields
that had each overloaded the term. They redefine awareness them-
selves in the context of awareness systems. While acknowledging
earlier definitions as well as aspects such as situation awareness as
studied in the field of human factors® they shift their concept of
awareness to suit awareness systems, focusing on “the social interac-
tions between individuals and groups”:

Individuals may seek awareness for their own sake, as a
means for understanding their own self, reflecting on rela-
tions with others or simply as a means for engaging with
their social network. At work they may seek awareness of
the social context, giving rise to informal and serendipit-
ous interactions [125] and knowledge sharing. At leisure
they may seek the formation and strengthening of social
ties [352] or provide affective support to each other [457].

Contrary to the assumptions underlying the notion of situ-
ation awareness, accuracy and completeness of awareness
is not the golden standard to strive for. Full knowledge
of activities of others is usually not at all desirable, with
people preferring to control the flow of information from
others [414] or preferring to cooperatively agree on set-
ting limits to this awareness in order to facilitate social
processes and allow equivocation and politeness [8].

[The citations in the quotation were adapted to match this document’s referencing scheme.]

This notion of incompleteness of awareness is (literally) best illus-
trated by the focus and nimbus model of awareness by Rodden

6One of the definitions for situation awareness they highlight is the one by Endsley
and Garland [132] who define it to be “the perception of the elements in the environment
within a volume of time and space, the comprehension of their meaning and the projection
of their status in the near future”.

25



2.

RELEVANT CONCEPTS

26

[450], shown in Figure 2.2 on the next page. Rittenbruch and Mc
Ewan [447] describe this model as “regarded as influential” but “not
widely adopted”. We regard this model as useful and will define
awareness in a way that is compatible with it while still maintaining
applicability to Rettie’s [443] notion of including objects as well as
people as subjects of awareness. We do this because it facilitates
some comparisons between mediated communication and ambient
displays.

Definition 4: Awareness is a person’s perception of cues that are
relevant for a certain activity.

Based on this we can define peripheral awareness or peripheral
attention as follows:

Definition 5: Peripheral awareness is awareness that happens with
minimal or completely without distraction.

Gross et al. [197] further divide awareness into five categories they
call group awareness, social awareness, task-specific awareness, situ-
ation awareness and objective self-awareness. See Table 3.2 on
page 54 for a short overview and their speculations on the best
technological means to influence these types of awareness.

Awareness systems are defined by Markopoulos et al. [351] as “sys-
tems intended to help people construct and maintain awareness of
each others’ activities, context or status, even when participants are
not co-located”.

This term has also suffered from being applied very generally. Marko-

poulos et al. [351] and Rittenbruch and McEwan [447] even describe
e-mail and instant messaging as awareness systems.

Markopoulos [348] describes the goal of awareness systems as very
similar to that of SCS:

A common denominator for research in [the field of aware-
ness systems] is the ambition to go beyond means for rich
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Figure 2.2. Illustration and varnished Venn diagram of the set-theoretical focus
and nimbus model of awareness by Rodden [450], based on the more specialised
coMIC model by Benford and Fahlén [33].

The nimbus Nj(t) is the information that is in principle perceivable of a person
B at time t and the focus F,4(t) the information perceived by person A at time ¢,
restricted by their attentional capabilities (adapted from McEwan and Greenberg
[366]). The awareness is then W,_g(t) = Fa(t) N Ng(t). The focus is explicitly
not restricted to the visual modality, even if this abstracted illustration might
suggest otherwise.
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and efficient information exchange and onto supporting
sustained and almost effortless communication between
individuals or groups. Such sustained communication, it
is hoped, will enable users over time to build up and
maintain an understanding of the activities of each other.
Awareness of others can directly address social and affect-
ive needs, or, less ambitiously, act as a trigger and frame of
reference for communication through other media [457]
that are better suited for addressing these needs.

[The citation in the quotation was adapted to match this document’s referencing scheme and
punctuation was silently corrected.]

This means that — even though the motivations for awareness systems
and SCS are very similar — not only are the types of systems built so
far different (cf. Chapter 1) but so is the immediate goal: awareness
systems try to create an awareness of the other person in whatever
way while subliminal copresence systems specifically try to create
a sense of copresence. Abstraction is a perfectly adequate device
in awareness systems [422, 423] whereas interviews with the parti-
cipants of our study described in Chapter 6 indicate that SCS rely on
a feeling of immediacy.

Nevertheless, most definitions of awareness systems implicitly in-
clude SCS as a sub-category (cf. Section 2.3).

Connectedness

So
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cial Connectedness

Connectedness, also sometimes called social connectedness, is among
the more recent concepts described here. Although it has seen an

increased usage in recent years, it has not been studied as extensively

as most other concepts and there is also no great number of defin-
itions to choose from. Markopoulos [348] defined it broadly and

somewhat indirectly as “an assessment made by individuals regard-
ing their emotional distance from others”. The most cited definition

is the one by van Baren et al. [549] who define connectedness as

“a positive emotional appraisal which is characterized by a feeling
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of staying in touch within ongoing social relationships”.” Romero
et al. [457] say that connectedness is characterised by a persistence
beyond the duration of the actual social interaction. |Jsselsteijn et al.
[257] describe social connectedness as an alternative measure to
social presence since they also postulate that awareness systems do
not promote social presence because they lack the informational
content or “media richness” as they put it. Social connectedness is
proposed as a measure that can capture the emotional closeness that
can nonetheless be promoted by awareness systems.

The Cambridge Business English Dictionary [67] defines connected-
ness as “the state of being connected and having a close relationship
with other things or people”.

In social psychology, the seeking of connectedness is one of the
three basic motivational principles [500].2 This is defined as people’s
“attempt to create and maintain feelings of mutual support, liking,
and acceptance from those they care about and value”.

Based on these definitions an attempt of a consensus definition can
be made by unifying most of the properties mentioned:

Definition 6: Connectedness is the mutual feeling of support, liking,
acceptance, caring, valuing, staying in touch and a lack of emo-
tional distance that can persist beyond the duration of the actual
experience of presence.

The actual relative and absolute importance of each of these proper-
ties would have to be determined by future research in this area.

Immediacy
Immediacy is a concept that is related to closeness (see below). It is
defined as follows.

7Van Baren et al. [549] attribute this definition to IJsselsteijn et al. [258].
8The other two are the striving for mastery and the valuing of “me and mine”.
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Definition 7: Immediacy is the psychological distance speakers put
between themselves and their listeners [258, 494].

The role of the concept in language has been explored extensively
by Wiener and Mehrabian [575] and Short et al. [494] summarise
the extensions of Wiener and Mehrabian’s work by other authors.

Closeness

Closeness is defined in the influential work by Aron et al. [12] in a
somewhat behaviourist manner as the inclusion of someone else’s
resources, perspectives and identities in oneself (conjointly called
inclusion of other in the self or 10S).

Aron and Mashek [11] structure the definitions of closeness they
perceived in three groups: closeness as intensity and frequency of in-
teractions, closeness as mutual influence, and closeness as cognitive
connectedness (this includes 10S).

Closeness seems a very similar concept to immediacy, especially
since the definition of immediacy above can be restated in a se-
mantically equivalent way as the “amount of psychological closeness”
between two people. What can generally be seen in the literature is
that authors who use immediacy as a well-defined term tend not to
use closeness or only use it in a loose understanding. If one was to
differentiate the two concepts, one could argue that closeness is a
quality of a relationship between two people that works on a longer
time scale than immediacy. For this work, however, the two terms
can be seen as synonymous.

Intimacy

30

We will not use the concept of intimacy in any formal sense in this
work but since it is a frequently used concept in related work, it
is helpful to understand how it has been used and how it relates
to the concepts we already discussed. Intimacy is a quality of a
relationship that is created, for example, by self-disclosure or joint
activities [141]. At this point it should not come as a surprise that
there is no consensus in the literature on an exact definition [288,
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426, 431]. However, Prager and Roberts [433] consolidate and build
upon previous work [333, 432, 441] when they define intimacy us-
ing the following three conditions: self-revealing behaviour (possibly
including nonverbal and physical interaction), positive involvement
with the other person (i. e. a positive regard of and undivided atten-
tion towards one another) and shared understandings. Prager and
Roberts describe the latter point in a way similar to the description
of inclusion of another’s perspectives in the self by Aron et al. [12]
and the criterion might indeed be more comprehensively and more
concisely be described as closeness.

As they did for closeness, Aron and Mashek [11] again make out
several broad classes into which all definitions of intimacy fall: in-
timacy as moments of felt connection and mutuality, intimacy as
self-disclosure and vulnerability, intimacy as mutual responsiveness
and felt concern for the other’s welfare, and intimacy as physical
touch and sexuality.

One can also often find an understanding of intimacy that is based
on the influential early work of Argyle and Dean [10]. They argue in
their Intimacy Equilibrium Model that interaction partners seek to
keep the amount of intimacy during a conversation at a certain level
that, amongst other things, of course depends on their relationship.
They do so using verbal and non-verbal means. If the intimacy level
deviates from the optimum in either direction, this is perceived
as unpleasant. This understanding, although often mixed up with
the previous one, seems to work on a different time scale and the
intimacy of a relationship under the former set of definitions can
maybe be compared to the optimum amount of intimacy under the
Intimacy Equilibrium Model.

Subliminal Copresence Systems
With the above terms discussed and — where necessary — defined,
we have not only laid the groundwork for further discussion but we
also have all parts in place to formally define subliminal copresence
systems.
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Awareness

Social Presence

Figure 2.3. Relationships between awareness, social presence and connected-
ness as an Euler diagram after Rettie [443].

Definition 8: Subliminal copresence systems are systems that con-
nect two or more people in a way that aims to increase copres-
ence and connectedness while minimising any concomitant
increases in social presence and distractions, even during pro-
longed use.

The exact implications for the design of such systems are not trivial
and will be discussed in detail in Chapter 3.

2.2 Relationships Between Concepts

In the following we will try to draw parallels and connections between
the various terms presented above and put them in relation to each other.

With the definitions used in this work, both social presence and
copresence are a kind of presence and copresence is a more basic
concept than social presence. Social presence and connectedness are
both subsets of awareness and are not disjoint [443]. These relations
are shown in Figures 2.1 and 2.3. Since awareness in the wider sense
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also encompasses the awareness of objects as well as people [443],
awareness can in turn be declared a superset of presence. More formally,
it can be said that

awareness 2 presence 2 copresence 2 social presence (2.1

and

awareness 2 social presence
awareness 2 connectedness (2.2)
connectedness N social presence + .

Nowak and Biocca [401] give an overview of the usage of the three
presence terms that are important in the context of this work. They
distinguish telepresence, social presence and copresence. Telepresence
is defined as the sense of immersion in the simulation of a remote
place. For social presence, Nowak and Biocca highlight the definition
of Short et al. [494] who define it to be “the degree of salience of the
other person in the interaction and the consequent salience of the in-
terpersonal relationships”. The usage of the term “salience” points to a
conscious aspect; this is why we could declare that our goal with SCS is
to be able to achieve a maximum of copresence without simultaneously
and inevitably increasing social presence (cf. Definition 8). However,
considering the large number of varying definitions of each of the pres-
ence terms, this concise statement is in danger of being misunderstood
when taken out of context.

Rettie [443] compares social presence, awareness and connected-
ness, calling connectedness “a more fundamental concept” than the
other two in the context of awareness systems. She especially remarks
that with awareness systems “there may be virtually no social presence,
i.e. little salience of the other person, and no access to their intelli-
gence, intentions or sensory impressions, however, at the same time
there may be a feeling of psychological involvement and experience
of connectedness.”
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Short et al. [494] explain the difference between immediacy through
the use of a certain medium (so called technological immediacy) and
social presence by using the example of someone who uses a telephone
to call his colleague in the adjacent office instead of walking over. This
creates a psychological distance and thus non-immediacy between the
two but does not affect the social presence which is solely a function
of the medium. Similarly, when the physical distance between two
people makes a telephone call an option that in itself does not decrease
immediacy, an interlocutor might still speak in a manner that puts
distance between the two, still without influencing social presence.

As mentioned earlier, closeness and immediacy are very similar
concepts and based on the definitions, connectedness and immediacy
also have a large overlap. Connectedness is actually one of the classes
of definitions Aron and Mashek [11] identified for closeness and they
say this includes their own influential definition called 10S [13]. It is
therefore probably safe to say that closeness, immediacy and connec
tedness are very related concepts. In this work, for the sake of simplicity,
we will predominantly use the term connectedness because it is the
most prevalent in the awareness systems literature.

From the definitions above also follows that intimacy is a superset
of closeness:

closeness C intimacy 2.3)

Figure 2.4 on the next page is extending the Euler diagrams® of Fig-
ures 2.1 and 2.3 and combining them with the conclusion drawn in
the last paragraphs in an attempt to unify all concepts presented in
Section 2.1. Contrary to Equations (2.1) to (2.3) and the relations shown
in Figures 2.1 and 2.3, this unified Euler diagram is not completely
backed by the literature though and details might therefore be subject
to discussion and change.

9Euler diagrams are a generalised form of the better known Venn diagrams. Venn
diagrams show all 2" intersection between the sets depicted while an Euler diagram
shows only the relationships that actually represent the reality it is meant to illustrate [21,
451]. Venn diagrams must use shaded areas to mark those subsets that are empty because
they cannot omit them.
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The definitions above and also Figure 2.1 on page 16 might suggest
that presence is a prerequisite for copresence and indeed this has been
hypothesised [69, 455, 498, 537]. Yet of all the studies reviewed by
Youngblut [585]'° only Slater et al. [498] have actually found a correl-
ation between presence and copresence that was independent of the
medium while Axelsson et al. [16, 17] found a correlation between
presence and copresence that disappeared when a less immersive dis-
play was used. If confirmed, this could be good news for everyone
trying to create copresence without wanting to recreate a maximally
immersive experience such as shared virtual environments or highly
realistic videoconferencing.

Similarly, Thie and van Wijk [530] were the only ones who reported
on the relationship between presence and social presence according to
Youngblut [585] although they did indeed find a significant relationship
between the two. This is coherent with the association of immersion
with social presence but a single study is of course not enough to draw
any reliable conclusions.

Youngblut [585] conclude that current evidence is not sufficient to
either assume nor dismiss any general relationship between presence,
copresence and social presence.

Jsselsteijn et al. [258] argue that supporting immediacy and intimacy
is especially important to promote social presence.

2.3 Awareness Systems

Driven by the findings of Kraut et al. [306] on the importance of informal
communication and physical proximity, media spaces set out to mitigate
the drawbacks of being physically remote and enhance collaboration
over a distance and especially facilitate the opportunistic communica-
tions that often initiate collaborations in the first place. Although they
were successful in enabling brief unplanned communication, they fell

10These are Axelsson et al. [16, 17], Basdogan et al. [28], Bystrom and Barfield [65,
66], Casanueva [69], Romano et al. [455], Schroeder et al. [482], Slater et al. [497, 498],
Steed et al. [514], Whitelock et al. [572] and Widestrom et al. [574].
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Box 2: Speculations on Serendipity

Many authors emphasise the importance of serendipitous encoun-
ters — the benefits of just bumping into someone — yet they struggle
to replicate these benefits with mediated communication. We
would like to take a little detour to speculate on possible reasons
for this.

We would argue that several factors might be responsible for the
effectiveness of serendipitous interactions: these events’ relative
rarity, the (almost automatic) interruptibility of the persons involved
and the availability of social cues to ensure this availability, and
the implicit provision of context and memory aid. When you
serendipitously meet someone in a corridor, you usually are not
occupied with something else, you can use social cues to see if
the other person is (e. g. when they appear particularly hurried or
preoccupied), and the very fact of bumping into someone reminds
you of points you wanted to address in relation to that person.
These encounters are also relatively rare, so they automatically
encourage interactions because they cannot be postponed without
a certain insecurity as to when the next opportunity arises.
Whittaker et al. [573] tried to emulate serendipitous interactions
by randomly connecting two people with each other. This violates
the principles of interruptibility, though, and social cues are not
available before the interaction starts. Similarly, media spaces, de-
pending on what types of rooms are connected, do not provide
interruptibility and artificial scarcity of events. In fact, what might
work best conceptually is virtually connecting two corridors al-
though technically this would be much harder to implement given
screen size constraints and the difficulty of where to place the
cameras.

short when it came to emulating the kind of opportunities that ran-
domly “bumping into” someone create [573], a mode of interaction
called serendipitous interaction [132, 246, 353] (cf. Box 2 above).

Awareness systems were then designed to surpass media spaces
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with regards to calmness and peripheral awareness and to tackle the
lack of “informal awareness” between people [366].

SCS are even below awareness systems in the sense that they try to
transmit emotion more than content. While working on an emotional
level is also the aim of some awareness systems, they usually work on
a level of content transmission that is still much nearer to face-to-face
communication than SCS are. However, given that there were no real
examples of SCS prior to this work, it might well be that the terms are
going to merge in the future. Either way, we deem it safe to consider
SCS one type of awareness systems for now. The only occasion where
someone provided a definition of awareness systems that excluded SCS
was Markopoulos [348] who said that a defining property of awareness
systems is social translucence [135]: awareness of what the interaction
partner is aware of. He calls systems lacking this social translucence
monitoring systems. While it might be desirable for a particular SCS
to have this property, we do not require it in general.

While Section 2.1 took a look at definitions of awareness systems
and tried to pinpoint the difference between them and SCS, Section 3.2
lists some awareness systems built or conceived so far.

2.4 Measures of Presence and Connectedness

To evaluate and assess the efficacy of SCS and awareness systems, it
is crucial to have reliable ways to measure the concepts we discussed
in the previous sections. This is a particular challenge since many of
the scales and methods developed over the years rely on spoken or
at least deliberate communication. We will therefore take a look at a
variety of scales used by other authors to measure connectedness and
different forms of presence in particular, and then develop our own
questionnaire, using as much of this prior work as possible to ensure
a certain amount of consistency and comparability but also to profit
from the considerable work and number of development cycles that
went into some of these questionnaires. However, our own modifica-
tions, additions and recombinations are based on purely theoretical

38



2.4. Measures of Presence and Connectedness

considerations which we will be put to a first practical test in Chapter 6.

Van Baren and lJsselsteijn [548], Youngblut and Huie [586], Young-
blut [585], Schuemie et al. [483] and the Measures Statement and
Compendium by the International Society for Presence Research [261]
provide the most comprehensive overviews of presence measurements
to date. Although they are all mostly concerned with virtual environ-
ments or conventional media usage, they are still a good basis to develop
presence measures for SCS because of the large amount of research
that has been done, often with many studies and a large number of
participants for each measure.

Van Baren and lJsselsteijn [548] give a comprehensive overview of
all kinds of subjective and objective presence measures, including a
total of 24 questionnaires, qualitative measures such as the autocon-
frontation method, ethnographic observations, focus group explorations,
free-format self-reports and interaction analysis, psychophysical meas-
ures, and subjective corroborative measures of mental processes related
to physical presence on the subjective side and psychophysiological
measures (cardiovascular, skin conductance and skin temperature meas-
urements, eye tracking, pupil response, and facial electromyography),
electroencephalogram (EEG), functional magnetic resonance imaging
(fMRI), behavioural measures (facial expressions and postural, reflex
and social responses), and task performance measures on the objective
side. Most of the objective measures are focusing on physical presence.

Although van Baren and IJsselsteijn describe the ability of each
measure to discriminate between different levels of presence (called
sensitivity), the exact definition of these different levels varies a lot and
is often not well defined or not easily generalisable. The paper only
discriminates between what is called “physical presence” and “social
presence”, with copresence being treated as a kind of social presence.
Physical presence is defined as “the sense of being physically located
somewhere” and is therefore a concept that is very much related to
virtual reality environments.

A further criterion for tests alongside sensitivity is called reliability
and describes the stability and consistency of a test over time. The most
common metric for questionnaires is the internal consistency of scales
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which is almost always measured using either the average inter-item
correlation or — even more commonly — Cronbach’s a which is defined
as follows [112, 311]:

k 1 ¢
_ _ 2
a(S) = (1 U§§ asl.) (2.4)

i=1

with a(S) denoting Cronbach’s a for ascale S = {Sy,..., 5}, k =
|S| being the number of items in this scale, 02 the variance between
participants of the total test scores of all k items'" and 02 the variance'?
of the ith item S;. Every mentioning of an « value in the following will
refer to this Cronbach’s a unless otherwise noted. The parameter S is
almost never written but was included here for the sake of clarity.

We would like to highlight a few of the many questionnaires presen-
ted by van Baren and lJsselsteijn [548] that were especially interesting
for SCS in terms of sensitivity and the kinds of presence measured.

The Networked Minds Questionnaire [39, 40, 41] measures so-
cial presence defined as “the moment-by-moment awareness of the
co-presence of another sentient being accompanied by a sense of en-
gagement with the other. It is an outcome of cognitive simulations of
the other’s cognitive, emotional, and behavioural dispositions” [41]."3 It
also identifies different factors called copresence (divided in isolation/in-
clusion and mutual awareness), psychological involvement (consisting
of mutual attention, empathy, and mutual understanding), and beha-
vioural engagement (behavioural interaction, mutual assistance, and
dependent action) [548]. The standardised internal consistency ranged
between a = .69 and a = .87 with an average of a = .77

"This could be denoted as 02 := s2(X), X = {¥_ &, Sy, ip="T...., n} if the re-
sponse of participant p to item S; is called S;, and s2(X) is the sample variance of X.

'2Using the above notation this would be 02 = s3(Y), ¥ = {S;, :p=1,...,n}.

13Despite the mixing up of social presence and copresence in this definition, the
subsequent additions make it still conform broadly with our own definition of social
presence, merely at the same time claiming that copresence is a prerequisite of social
presence and the amount of copresence is positively correlated with social presence.
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The questionnaire by Nowak and Biocca [401] measures telepres-
ence, copresence and social presence by combining previous question-
naires by Short et al. [494], Burgoon and Hale [63] and Lombard et al.
[338]. The internal consistency scores of the different scales ranged
from a = .78 to @ = .90 with an average of a = .85. Some items of
the questionnaire were eliminated after a first round of consistency
measurements.

Basdogan et al. [28] also measured “the sense of being together”
(and did so in the context of touch which is interesting for our FEELA-
BUZZ system detailed in Chapter 4) but did not re-use any existing scales
nor provided any measure of internal consistency for their questions.

The survey paper by Youngblut [585] also focuses on virtual en-
vironments but is still more useful for SCS since it divides presence
into place presence (roughly what van Baren and IJsselsteijn [548] call
“physical presence”), copresence and social presence.

Youngblut makes out a distinct lack in the number of copresence
questionnaires (and a total lack of other methods to measure copresence)
but lists nine of them' and highlights the one by Casanueva [69] as
the most comprehensive and as the only one to report a reliability
score (Cronbach’s a of .79). He draws a lot on Slater et al. [498] in
his questionnaire.

In the table provided by Youngblut [585], Schroeder et al. [482]
also stand out due to the number of studies conducted; they measure
presence and copresence among other things.

Concerning the measurement of social presence, Youngblut [585]
observes that all questionnaires are derived from Short et al. [494]
(who present some direct questions as well as a set of items using the
semantic differential technique developed by Osgood et al. [409]) with
the exception of Bailenson et al. [20]. For the latter — while having an
internal consistency value of a = .83 — concerns about the face validity
are raised, i.e. whether the questionnaire actually measures social

T4described in these works: Axelsson et al. [16, 17], Basdogan et al. [28], Bystrom and
Barfield [65, 66], Casanueva [69], Romano et al. [455], Schroeder et al. [482], Slater et al.
[497, 498], Steed et al. [514], Whitelock et al. [572] and Widestrom et al. [574]
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presence. We share this concern on the basis of questions regarding
awareness and being in the same room which resemble very much
questions that are otherwise used to measure copresence.

Regarding the fundamental choice between self-reports and object-
ive measures, Biocca and Harms [39] argue that self-reports are more
meaningful than methods that do not have access to introspection. Other
authors disagree, however, and think of objective measures as a reason-
able or even necessary addition to questionnaires [256, 548, 585].

2.4.1 Questionnaire Design for Subliminal Copresence
Systems

For the studies conducted for our systems FEELABUZZ (cf. Chapter 4)
and upstairs (cf. Chapter 5) that we present in Chapter 6, we designed
a custom questionnaire based on several of the questionnaires men-
tioned above [13, 39, 69, 257, 401, 494, 498, 550, 584]. The studies
were conducted with native German speakers so the questionnaire was
written in German, too. We used or adapted existing and validated
translations where available. In particular, we used the adaptation of
the Networked Minds Questionnaire by Biocca and Harms [39] by
Blicker-Dielmann [43], the translations done by Doll et al. [118] and
partially by Asendorpf et al. [15] of the attachment styles and relation-
ship questionnaire (RQ) by Bartholomew and Horowitz [26] which
was in turn based on Hazan and Shaver [217], and the German social
desirability scale by Stéber [518].

Other questionnaires used and translated by ourselves were the
Affective Benefits and Costs of Communication Technologies Ques-
tionnaire (Adult ABCCT) by Yarosh [584] which uses many sources but
is mainly based on the very similarly named Affective Benefits and
Costs of Communication Questionnaire (ABC-Q) by IJsselsteijn et al.
[257] and the social connectedness questionnaire derived from it [550].
The ABC-Q tests for affective benefits, including “a feeling of having
company, a stronger group attraction, a feeling of staying in touch, of
keeping up-to-date with other people’s lives, and a sense of sharing,
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belonging, and intimacy”, while the four cost scales are called oblig-
ations, expectations, threats to privacy and process effort [257, 258].
Isselsteijn et al. [257] identify emotional involvement, thinking about
each other, and staying in touch as measures of connectedness and
address them with appropriate scales.

Both the Networked Minds Questionnaire and the ABC-Q (after its
first extension) and its derivatives make use of reciprocity in their ques-
tions, i. e. extending self-assessment questions with analogue questions
about the interaction partner.

The ABC-Q contains an effort scale which is, in principle, very
interesting with its approach of differentiating between effort that the
interaction partner appreciates (personal effort) and that which the
other person is ignorant of (process effort). We felt, though, that the
manner of asking for these kinds of effort does not translate well to SCS
because they are supposed to primarily use input that is not explicit
but the secondary result of a primary task (cf. Section 3.1.2). This is
especially the case for the personal effort. Two items from the process
effort subscales could be adapted into our new cognitive load subscale
that we added to the costs part of the ABCCT.

Paas et al. [413] showed that self-reports of perceived mental effort
are a valid measure of cognitive load and DelLeeuw and Mayer [108] in
principle support this, although they hold a somewhat more compli-
cated view: they provided experimental support for the older idea that
there are different kinds of cognitive load for which different measures
are adequate. Lewis [329] states that preference to subjective measures
should be given preference when user satisfaction is the primary goal
while objective measures are more important where increased perform-
ance is paramount. Rating scales to assess cognitive load are usually
built after Paas et al. [413] and take the form of a difficulty rating of
any given task [551] although in HCI measures such as ease-of-use and
likability have been used [6, 329].

When reusing scales and questions, social presence was the most
problematic measure. Maybe unsurprisingly, most of the scales and
questions to measure social presence rely on the existence of a full-
fledged dialogue or other kind of social interaction that SCS cannot
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provide. Therefore we had to leave out most items to the point that
the face validity of the social presence measure can no longer be
undoubtedly assumed.

The specific difficulties when trying to apply existing scales from
awareness systems and presence and connectedness research to SCS can
be seen as another indication that SCS were not a class of systems that
most past researchers had in mind, despite the surface-level similarities
between awareness system and SCS definitions.

2.5 Long-Distance Relationships

We believe a kind of relationship that is especially suitable to examine
the effects of subliminal copresence systems are long-distance rela-
tionships (LDRs) and — as a special subclass — so called long-distance
romantic relationships (LDRRs).!> This is because of their almost total
dependence on mediated communication as opposed to proximal ro-
mantic relationships'® (PRRs) and the intensity and long-term nature
of the relationship compared to short-term lab experiments or studies
with less intense kinds of interpersonal relationships.

Conversely, we believe SCS might be of special interest to LDRs and
LDRRs as well, for the reasons already mentioned but also because
continuous telepresence provides means to decouple variables that are
otherwise tied to physical presence and therefore allows researchers to
test hypotheses that are otherwise difficult to examine. What this means
in detail will be further explained in the following sections.

LDRs and especially LDRRs have become a topic of intense research
in the last two decades (cf. the preface to Stafford [507]) which is why

5] DRRs are sometimes further subclassed in the literature. As college students ap-
pear to be a frequent object of studies (and maybe a particularly bad one according to
Guldner and Swensen [201]), long-distance dating relationships (LDDRs) is a term one
will encounter quite often. LDDRs are contrasted to adult romantic relationships or adult
romantic LDRs, with further subtyping into long-distance marriages and dual career, dual
residence (DCDR) types of relationships.

16j_e. romantic relationships that involve the availability of physical presence most of
the time
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a look at the results of this research can inform the development and
exploration of SCS. Although we are going to focus on LDRRs in this
work (because of the large body of research to build on), we think SCS
might be of equal relevance for any strong emotional bond. As Fehr
[141] summarises, while romantic partners often have the “deepest,
closest, most intimate” relationships, this is not always the case and the
bonds people form with friends and family can also be very significant.

2.5.1 Overview of Research on Long-Distance Romantic
Relationships

One particularly interesting aspect of LDRRs that may defy first in-
tuition is that very few differences were found between LDRRs and
PRRs' in terms of various relationship satisfaction measures [449, 466,
467]. Relationship stability was repeatedly found to be even higher in
LDRRs than in PRRs [442, 508, 515] although it has to be said that
elevated levels of depression, detachment and resentment are also well
documented in LDRRs [200, 557].

Mashek and Sherman [361] write generally about the desire for
less closeness in intimate relationships and Le et al. [318] found the
experience of missing a partner in an LDRR to be only weakly correlated
with loneliness but strongly with commitment and attachment. Knox et
al. [292] received mixed reports after five months of separation, with the
80 % of surviving relationships '8 being equally often described as having
improved as they were as having worsened from the separation. College
students in LDRRs were also found to be better rested and perform
better than those in PRRs [507] and working LDRR couples were more
satisfied with their work [62]. People generally seem to focus more on
school and career when separated and more on their relationship when
temporarily reunited and seem to appreciate this duality [173, 507].

17Geographically close dating relationships (GCDRs) are the equivalent counterpart
to LDDRs.

18 As compared to 100 % of LDRRs and 74 % of PRRs still being intact after six months
in a study by Reske and Stafford [442].
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A certain amount of such temporary reunions has also been shown
to be positively correlated with trust among the partners; too much
face-to-face contact in LDRRs, however, seems to decrease satisfaction
and the chance of relationship survival [510].

Indeed, permanent reunion (i. e. an LDRR becoming a PRR again)
ended a third of relationships within three months in a study by Stafford
et al. [509]. Reasons reported by the participants were the loss of
autonomy, including increased control and monitoring (one participant
was quoted: “[now that we live in the same city] | have to check
everything | do with her.”), time rescheduling difficulties, increased
awareness of negative character traits (although the opposite happened
as well), presumably because of the previous maintenance of an ideal-
ised image of the partner and the facilitated perpetuation of a positive
self-presentation [508, 509],'® and — surprising to us — increased jeal-
ousy. As much as 85 % of participants reported to have missed at least
one aspect of the LDRR after their reunion. Stafford et al. grouped these
aspects in five categories they called closeness via distance, quality
time, anticipation/novelty, autonomy, and time management ease. The
first describes the fact that the spatial distance made some couples feel
closer emotionally. The next two categories sum up comments that
indicated an increased incentive to make good use of the face-to-face
time that was given to the couples and a heightened relishing and
anticipation of these moments. The last two categories describe the
increased difficulties to find time for oneself and one’s own interests,
friends and family, and for each other.

On the positive aspects of PRRs, Stafford et al. found primarily the
increased time spent together, quoting one participant: “We finally got
to do all the ‘little’ things we’d been wanting to do for so long; we get

19 Although it has to be said that idealisation of the partner is normal in a relation-
ship [559] and is not necessarily a bad thing either [227, 378, 464]. Stafford [507] argues,
however, that the increase in idealisation in an LDRR is bad even though it promotes
satisfaction and longevity of the relationship — or precisely because of this. She argues
that the delusional views the partners uphold of each other and the lack of information
on the partner’s bad traits could simply defer the development and eventual termination
of a relationship and should in this case not be considered a good thing [98].
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to hold each other, wake up next to each other, eat together, etc.”

As Roberts and Pistole [449] point out, intimacy and commitment
were not found to be any different between LDRRs and PRRs [201,
552]. However, the higher relationship stability of LDRRs that was
found at least for college students [507] could in turn lead to a higher
relational satisfaction [484]. Whether satisfaction itself was higher in
LDRRs or PRRs varied from study to study [201, 507, 552] but the more
recent work by Roberts and Pistole [449] looked at this question much
more scrutinously. The increased freedom and autonomy in LDRRs that
counterbalances the lack of physical closeness had previously been
one of the main reasons brought up to explain the satisfaction with
LDRRs [467]. Roberts and Pistole [449] presented a more differentiated
model based on character traits.

Existing studies on the effect of different media on LDRRs have
naturally focused on telephone, letters and written communication over
the Internet (mainly e-mail and instant messaging). Dainton and Aylor
[103] found that the telephone was positively correlated with relational
commitment and satisfaction, and the use of written communication
over the Internet had a positive association with trust. Stafford and
Reske [510] found letters to be more highly correlated with feelings of
satisfaction and love than telephone or face-to-face contact; the Internet
was not an important factor at the time of that particular study (1990).
A similar effect was found by Guldner [200] who reported the chance
for long-distance couples of staying together to be higher when they
exchanged letters.

Gerstel and Gross [173] found varying results for the use of tele-
phone by married commuters whose reports ranged from an increase
in connectedness to an increase in loneliness, whereas letters are seen
more uniformly positively [511]. Stafford [507] attributes this to the
non-real-time nature of letters which allows to choose tone and content
more carefully. On the other hand, this does not seem to translate as
easily to comparable forms of communication on the Internet [459],
even though the opposite had been suggested [428].

Jacobs and Hicks [267] found that soldiers during deployment re-
ported the possibility of regular communications with their partners
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at home to be important with regards to a feeling of intimacy. Interest-
ingly, it was found to be the case that the availability of communication
possibilities made the separation less difficult, regardless of whether
these possibilities were used or not [454].

Much research has been done and is still ongoing on how to measure
relationship quality and even on what constitutes a healthy relation-
ship [507]. The overview of Roberts and Pistole [449] on methods to
measure relationship quality uses the Relationship Questionnaire (RQ)
by Bartholomew and Horowitz [26], the Relationship Closeness Invent-
ory (RCI) by Berscheid et al. [34], the Inclusion of the Other in the
Self scale (10S) by Aron et al. [12, 13] which also measures closeness,
and the Dyadic Satisfaction subscale of the Dyadic Adjustment Scale
(DAS) by Spanier [506].

2.5.2 Potential Effects of SCS on Long-Distance Relation-
ships

The results of the research presented above suggests some influence
SCS might have on LDRRs on various levels. On the one hand, they
could support them by increasing presence (presumably copresence
to be precise), either overall or in-between other forms of communic-
ation. They could also simply provide one of the “creative ways of
communicating while at a distance” that Westefeld and Liddell [571]
suggested to develop in order to help maintain an LDRR or even open
up new maintenance strategies usually related to physical proximity
that were impossible to study for LDRRs before. A mitigation of the
increase in depression, detachment and resentment found in some
LDRRs would of course be ideal.

On the other hand, long-term communication as provided by SCS
could have a negative effect on the formation and maintenance of the
positive illusions and idealisation that Stafford [507] proposed as the
main mechanism behind the deleterious effects of face-to-face inter-
action and permanent reunion on relationships. This possibility exists
because the maintenance of illusive self-presentation should become
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more difficult over prolonged periods of time as opposed to the very
short-lived episodes of high-level communication. It is of course not
clear to what extent the systems presented in this work can have a detri-
mental effect on positive self-presentation at all. Plausible deniability
might be reduced under certain circumstances though (upstairs might
reveal actual household activity to name just one example).

It would also be interesting to see if any effect of SCS on LDRRs
correlates with the chance of a given relationship to survive permanent
reunion. This hypothesised effect of SCS might go so far as to strengthen
relationships that would survive a reunion while having a detrimental
effect on those that do not (making the measurements of relationship
quality changes even more challenging).
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3 A Design Framework for
Subliminal Copresence Systems

3.1 Awareness Systems Taxonomy

In Chapters 1 and 2, we introduced the concept of subliminal copres-
ence systems (SCS), looked at important concepts and measures used
in related fields and defined what we mean by SCS through the goals
these systems are supposed to achieve (Definition 8). In this chapter, we
will take a look at the design decisions and derived goals and concepts
that follow from these goals, possible channels SCS can exploit, and
similar systems built so far that might inspire future SCS. While we
will take a closer look at systems that are similar to those we already
implemented and are going to present in Chapters 4 and 5, we intend
this chapter not only to bolster and motivate our own decisions but
to be a helpful reference for anybody intending to explore this new
field with their own systems and ideas.

While we do not want to deny the possibility that SCS might be
useful in a work-related setting, conditions and goals are very differ-
ent in work compared to home environments [169, 392, 447], so the
following design considerations do not focus on collaborative or task-
centred applications. Specialised awareness-related design frameworks
for computer-supported cooperative work (CSCW) exist [203, 429].
Greenberg et al. [191] give a good overview of some particularities of
ambient displays for the home environment and a breakdown of the
three different social groups that one encounters there (called home
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inhabitants, intimate socials and extended socials) and their charac-
teristics and communicative needs.

3.1.1 Related Taxonomies and Design Guidelines

As a basis for our taxonomy of SCS, we will take a look at taxonomies
in related fields. Maybe one of the more obvious of those after the
discussions of Chapter 2 is the taxonomy of copresence proposed by
Zhao [591]. It proposes four basic categories for copresence systems
that are shown in Table 2.1 on page 23. They are of limited use for
this work, however, since all discussed systems here would fall in the
corporeal telecopresence category. More relevant are the properties
Zhao calls “interface parameters”. These are embodiment, immediacy,
scale and mobility. We adopted immediacy and scale below, while
embodiment is implicit for corporeal telecopresence and mobility is
discussed under group configuration.

Mobility and immediacy are concepts that were already brought
up under the same names in the telecommunications taxonomy by
Cleevely and Cawdell [82] which we do not further discuss here because
it focuses on technical aspects while at the same time predating the
World Wide Web. Tsui et al. [543] use only two axes, interactivity
and personalness.

In the related field of ubiquitous computing, Scholtz and Consolvo
[480] reviewed different taxonomies that had varying focus areas [32,
158, 269] and aggregated them into a taxonomy of their own. Of particu-
lar note is the approach by Friedman et al. [158], who define the ethical
dimensions human welfare, ownership and property, freedom from
bias, privacy, universal usability, trust, autonomy, informed consent, ac-
countability, identity, calmness, and environmental sustainability [480].
We have a comparatively long discussion of calmness below and also
mention privacy. Universal usability (accessibility) is of particular im-
port for unusual modalities and hardware. While, in principle, new
systems can be good or bad news depending on particular disabilities
of an individual, it is important to keep in mind that there has been con-
siderable development time and market pressure for standard computer
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Desirable aspects

Satisfying Helpful Fun

Enjoyable Motivating Provocative
Engaging Challenging Surprising
Pleasurable Enhancing sociability Rewarding

Exciting Supporting creativity ~ Emotionally fulfilling
Entertaining Cognitively stimulating

Undesirable aspects

Boring Unpleasant Frustrating

Patronising Making one feel guilty Making one feel stupid
Annoying Cutesy Childish

Gimmicky

Table 3.1. Goals as to what a user experience should and should not be like
according to Rogers et al. [452]. The authors themselves state that this list is not
exhaustive. It also seems subject to cultural and individual differences in the
perception of certain aspects as desirable or undesirable.?

aSee for example the discussion of cuteness by Kinsella [286].

usage which newly developed systems tend to lack.

The framework developed by Scholtz and Consolvo [480] called
ubiquitous computing evaluation areas (UEASs) is hierarchical in nature
and quite extensive. For example, trust is a UEA containing the metrics
privacy, awareness and control. The UEAs range from technical prop-
erties of a specific implementation such as application robustness and
aesthetics, over social properties such as cost and status gain to more
conceptional properties such as attentional overhead. On the other
hand, the detailedness of their framework reduces the transferability
out of the area of HCI on to awareness systems and SCS.



Type of Awareness Recommended Means Expected Benefit

Group awareness Provision of information for Establishment of transactive memory system facilitating collaboration
task completion and increasing group satisfaction (particularism)
Provision of simultaneous Symmetry of awareness
source of information
Social awareness Visualisation through dia- Provision of information about one’s own appearance enabling feed-
grams or symbols (2D, 3D) back on the effect of the appearance on other group members
Context-sensitive feedback Reflection on communication rules through feeding back on one’s
mechanism own or other experience from another group member Establishment
of sense for community (informal awareness)
Mutual sensing of presence Respect of other’s spheres or interaction spaces (peripheral awareness)
Motivation for and control of Each member is heard and can be brought into the group
engagement
Task-specific awareness Visualisation: bar charts, flow  Mutual transparency of working process leading to increased under-
diagrams standing of group members
Situation awareness Extrapolation tools Provision of explicit projections into the future of collaborative activit-
ies leading to increased understanding of individual behavior of group
members and allowing sound revision of individual expectations
Feedback provision at an in- Improving the sense of community
formal level
Presentation of group mem- Improving the spatial feeling of community (location awareness)
ber’s location
Objective self-awareness Mirroring video camera Increased awareness of oneself leading to accurate support of self-
reflection

Table 3.2. Kinds of awareness by Gross et al. [197].
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In 1994, Grudin [198] proposed his “eight challenges for groupware
developers”. Among these, disparity of work and benefit and disruption
of social processes seem especially relevant to SCS.

Gross et al. [197] classified awareness-related CSCW systems from
a social sciences point of view. They tried to consolidate awareness
research in CSCW and results from small group research and found five
types of awareness that presented common themes: group awareness,
social awareness, task-specific awareness, situation awareness and ob-
jective self-awareness (cf. Table 3.2 on page 54). They suggested that
social awareness — which includes a “mutual sensing of presence” —
and situation awareness provide especially fertile and versatile oppor-
tunities to support them technologically.

Markopoulos [348] developed a design framework for awareness
systems in which they motivate awareness systems using the basic social
needs from social psychology, citing Kenrick et al. [285]. They discuss
how awareness systems can help people to address these needs, which
Markopoulos presented as

— to affiliate with others,

— to obtain social information and present oneself,

— to attract and retain mates, and

— to protect ourselves and those we value.

While the works of Markopoulos and the others who take a broader
perspective on the topic are a good reminder that a deeper sociological
or psychological understanding of the needs one wants to address can
often be helpful and we would therefore recommend reading them
to anyone interested in such matters, we do not think that a design
framework should necessarily try to list all needs that might be addressed
by such a class of systems or differentiate between basic social needs
and those that are specific to a certain culture or other social group.

The work by Markopoulos [348] also includes an excellent discus-
sion of design dimensions and challenges for awareness systems. He
says himself that he focuses on important design decisions instead of
a classification of awareness systems for which he referred to Gross
et al. [197]. He defines his design space for awareness systems along
the following seven dimensions.
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56

— Awareness of place versus awareness of people covers the con-

text of communication and raises questions we discuss with our
dimensions of group configuration, scale and privacy.

Precision is the information content of a channel which can be
deliberately reduced through degradation (e. g. blurring or distort-
ing) or abstraction to enhance privacy or — especially in the case
of abstraction — reduce cognitive load.

Accuracy is the reliability of the information provided by a chan-
nel which should be balanced against the often opposing goal of
precision. It can again be used deliberately to provide privacy and
plausible deniability but too much user control over the reliability
of a channel’s data can severely endanger the trust users put in
the system.

The notification level was introduced as interruption dimension
by McCrickard et al. [365] and further developed by other au-
thors [362, 430]. This concept describes a classification of different
levels at which a system can grab the attention of a user when
information changes, ranging from active polling by the user to
interruptions that cannot be ignored. Since SCS generally transmit
information continuously, these categories are less relevant to
them than other aspects of calmness but we will come back to
these distinctions in Chapter 7.

Input automation means the distinction between explicit versus
implicit input. We discuss explicit versus implicit communication
in Section 3.1.3. Markopoulos points out that implicit input can
be error-prone when it involves automatic pattern recognition
and does not convey intentionality. Directness as discussed below
can help with both of these concerns.

The private versus shared nature of awareness displays consider-
ations focus more on the factual than on the intentional side of
input and output devices than the earlier aspect of place versus
people but touches upon similar areas and finally

the level of user control over information flows is discussed and
classified in four gradations, which are 1) switching all streams of a
system on and off as a whole or 2) individually (publish/subscribe),
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3) filtering information streams or 4) providing even more flexible
control. Markopoulos raises the point that more flexibility also
means a much greater overhead for the users. Again, this is a
topic that we will further discuss in Chapter 7.

From these design dimensions, Markopoulos derives seven chal-
lenges for designers of awareness systems. These are:

1. minimising the procedural effort (which refers to the overhead of
operating the system as opposed to the effort of communication
itself),

2. supporting transitions to other media,

3. designing agency in awareness systems (meaning that a sense of
human agency and intentionality should be preserved instead of
too much automation),

4. upholding reciprocity and an equity of costs and benefits of the
communication between the participants,

5. balancing accountability and autonomy (under this topic, Marko-
poulos discusses the need to provide plausible deniability and
possibilities to deceive a system but balance them with the ne-
cessary trust in the system),

6. seamful design [71] (designing with useful and usable transition
between media in mind, instead of trying to cover them up), and

7. data proportionality [251, 252, 349], i. e. being reasonable with
regard to the privacy intrusions introduced.

In the overarching field of interaction design, Rogers et al. [452]
define a range of “user experience goals” in the form of desirable
and undesirable aspects. These are listed in Table 3.1 on page 53.
They have a complementary list of items they call “design principles”
which are 1) the visibility of functions, 2) feedback to user actions,
3) reasonable constraints as a means to unclutter an interface and
to avoid bad input, 4) consistency of the interface, and 5) usage of
affordances (as popularised by Norman [398, 399]).

"Markopoulos actually thinks of the personal effort of communication as a positive
thing as he says that is generally appreciated by the recipient. Clearly we pursue a
different strategy with SCS, though, where any effort should be minimised and not only
the procedural effort.
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McEwan and Greenberg [366] define eleven design principles for
their Community Bar system that was intended to facilitate and spur in-
formal, spontaneous and serendipitous interaction between colleagues.
For this system, McEwan and Greenberg drew on the Locales Frame-
work by Greenberg et al. [190] (see Box 3 on the next page) and the
focus/nimbus model of awareness by Rodden [450] shown in Figure 2.2
on page 27 in Section 2.1 as a theoretical basis. The design principles
that came out of this research were:

1. Information should be permanently visible at the periphery and it

should be kept up-to-date. It should not interfere with other tasks.

2. Interaction in small groups should be supported.

3. Switching from the peripheral awareness of people to interacting
with them should be easy and quick (“lightweight”).

4. There should be rich information sources and channels to provide
many different cues.

5. The “informal awareness and interaction tools” should support
the different social contexts (or locales, see Box 3 on the next
page) between which people switch constantly and

6. they should provide ways to organise and relate these locales to
one another.

7. The tools should allow customisation and

8. allow to manage the interactions as they evolve over time.

9. The users should be able to change their focus (cf. Figure 2.2 on
page 27) and

10. control their nimbus (ibid.).
11. A change in the focus/nimbus combination should be represented
in the information display and interaction affordances.

Of course, goal 1 is at the centre of our own work but it is im-
portant to note that much further elaboration is needed on how to
pursue this goal. In fact, the things we can process subconsciously
are very limited [334], they vary from person to person [330] and the
mere expectation that we might be interrupted by something from the
periphery already has the potential to decrease someone’s ability to
concentrate [266].

Many of the other items are either very generic and apply to HCl in
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Box 3: The Locales Framework

The Locales Framework was developed by Greenberg et al. [190]
and forms a quite comprehensive framework of awareness and con-
text. Rittenbruch and McEwan [447] describe it as “revolutionary”
and “unique in its coverage”. They also acknowledge its limited
impact in the field of CSCW, though, and try to explain this by its
complexity and its “descriptive rather than prescriptive nature”.
The Locales Framework consists of social worlds that describe
different social contexts that people organise themselves in. This is
related to social roles [181] and in fact aspects in Diaspora [248] or
the better known circles in Google+ [536] could even be described
as an implementation of these social worlds. There is one important
difference, though, which is that social worlds are fuzzy so that
people are not either in a certain social world or not but can rather
be closer to the centre where they are more involved or they can
be at the periphery when they skip group activities and just do not
participate as much in that particular social world.

Social worlds are connected to sites and means in an n-to-m fashion
by locales. Sites are places — either real or virtual — where the social
worlds perform their activities and means are the tools (or artifacts
in a wider sense) used to do so. All components are modelled as
being dynamical and their changes over time are called trajectories.

general or they are rather specific to the Community Bar system. What
McEwan and Greenberg call richness in item 4 resonates with SCS
though and we explore this a bit further under the keywords of signal
resemblance and directness. We discuss the lightweight switching to
conversation under complementarity.

We do not see focus and nimbus so tightly coupled when it comes to
design aspects and subsume focus issues under calmness while control
over one’s nimbus is discussed under the keyword of privacy.

For ambient displays, de Guzman et al. [105] mark out the three
design objectives aesthetic appeal, ease of interpretation and minimal
distraction.
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Important Aspects of Subliminal Copresence Systems

Calmness Complementarity
Directness Signal Resemblance
Privacy Plausible Deniability
Information Capacity Relevance
Affectiveness Scale

Immediacy Group Configuration

Trustworthiness

Table 3.3. Tabular overview of all the concepts defined in this chapter.

Pousman and Stasko [430] assign values to a number of systems for
the four dimensions information capacity, notification level, represent-
ational fidelity and aesthetic emphasis and mark out four categories
of systems. They call these four ambient display design archetypes
symbolic sculptural displays, multiple-information consolidators, in-
formation monitor displays and high-throughput textual displays. The
high-throughput textual displays (for which a web-based feed aggregator
is named as an example) and the multiple-information consolidators
(with the Mac OS X Dashboard? being an example here) might not
meet our definition of calmness as described below, however.

3.1.2 Definitions and Terminology

We will in the following present, define and discuss concepts that we
deem of particular import to the area of subliminal copresence systems.
See Table 3.3 for an overview.

Calmness
Weiser and Brown [565, 566] coined the term calm technology back

2The Dashboard is an easily accessible desktop overlay that displays a number of
user-configurable apps.
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in 1995 in the context of the then-dawning area of ubiquitous and
pervasive computing. They define calmness through what they call
the periphery, which is a term to denote the things people can process
subconsciously and effortlessly, without drawing our attention when
not needed.? According to Weiser and Brown, it is also a property of
calm technology to ease the transition between peripheral processing
and back.

The idea is very much entrenched in the area of pervasive com-
puting, even when often called differently. Saha and Mukherjee
[465] for example speak of applications that should “disappear into
the environment” and of “invisibility” as a desired property, as do
Scholtz and Consolvo [480]. Scholtz and Consolvo also notably
name customisability an aspect of invisibility.

Awareness systems share a lot of aims with pervasive computing
and ambient displays in particular. It is interesting to note, how-
ever, that the awareness systems literature only rarely refers back to
Weiser.? It is instead mostly understood that the term awareness or
peripheral awareness, depending on the definition, implies calmness
(cf. Section 2.1).

Therefore no definition of calmness that is specific to communication
systems could be found and we describe calmness in the context of
this work to be more specifically relevant for SCS.

Definition 9: A system is calm to the extent that it does not intrude
into the daily lives of users through unwanted distraction or

3Weiser [564] attributes the term “periphery” to his coauthor in Weiser and Brown

n ou

[566] and equates it with the terms “compiling”, “tacit dimension”, “visual invariants”,
“horizon”, and “ready-to-hand” by other authors.

41t is in this context interesting to note that Weiser and Brown [566] themselves

mentioned video conferencing as an example of a technology that was more calm than
the traditional telephone conference. This was asserted on the basis that an additional
video signal provides more cues that can be processed peripherally, namely nonverbal
communication cues. Clearly though, this is not the concept of “calm” communication
that this thesis aims to explore or awareness systems research for that matter.
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the introduction of obtrusive hardware, cognitive or temporal
burden or unfamiliar concepts.

This means that a calm system should be unobtrusive where its
output is concerned and the input should happen implicitly, during
actions users perform independently of the system.> Where possible,
the output of a system output should be processable subconsciously
by the users without requiring a long familiarisation period. An
already familiar metaphor such as a simulated or transmitted real-
world phenomenon is therefore preferable. From the definition also
follows that the number of artifacts added to the environment should
be minimised. Using already existing artifacts not only decreases
the burden of additional visible hardware and takes away the need
to learn to interact with new objects, it also takes away the need
to interact with more objects than before in the first place and lets
the system make use of already existing interaction patterns which
means the communication is implicit rather than explicit and one
cannot simply forget to use a new communication device or refrain
from using it because it is too cumbersome to integrate it into one’s
routines. Hindus et al. [235] found with their Presence Light, however,
that intentional presence indicators can be more desirable than
implicit ones (cf. Section 3.2).

In light of the fact that no one communication system is ideal for
every communication requirement (cf. complementarity below),
changing communication media and systems should be fluent and
effortless.

Aesthetics can also form an important part of calmness. Although
often seen as a goal in itself, aesthetics also are functionally important
for systems that are continually present in the vicinity of the users
and whose signals are also meant to be perceived incessantly [430].
This means that those hardware parts of a system that are visible
should look nice in that particular environment and that whatever

5Even though this in no way rules out the possibility to use the system for intentional

communication as well (cf. Section 3.1.3).
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output modalities are used, the stimuli should be pleasing to the
respective senses.

The doctrine of calmness follows from the intent to create subliminal
systems, i. e. those that do not draw attention to themselves and their
mode of communication except under very special circumstances
that indicate that special attention to the interaction partner is indeed
required.

Complementarity

This describes the notion that calmness is not always desirable in
systems. Weiser and Brown also expressed this in their original work
on calm technology [566] and mention the example of a “calm video-
game” which they say would be pointless. For awareness systems,
we believe something similar to be true. lJsselsteijn et al. [258] put
it like this: “awareness systems are not seen as replacing existing
communication means, but rather as enriching them, strengthening
existing social bonds and enabling new kinds of interactions.”

What is more, we are convinced that using a subliminal commu-
nication channel exclusively for a prolonged period of time without
complementing it at least from time to time by a channel that is
less calm but richer in information and that is potentially language-
dominated (most likely telephone calls, video conferencing or real-
world encounters; but maybe even IM or microblogging [293]), incurs
significant drawbacks. This is the result of an extensive discussion
we® had at Aalto University’s Media Lab in Helsinki in 2011 and
that is backed by the proven role especially the telephone plays in
the maintenance of long-distance relationships (LDRs) [103]. To sub-
stantiate, consider our application called upstairs (cf. Chapter 5) that
records footsteps and other structure-borne sound from the floor of
one room and transmits them to the ceiling of another room to make
it sound as if both rooms were atop one another. As we had already
conjectured earlier, we believe that without an intrinsic interest in

%my colleagues Till Bovermann, René Tiinnermann, and myself
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the other person, this would just be perceived as annoying rather
than desirable.

Definition 10: A high complementarity in an SCS means that the
system is able to make good use of context provided by high-
level channels or that conversely the system is able to provide
context for such higher-level channels.

As a shorthand, we will call the channels that are less calm, more
information-dense, and that tend to be short-lived and often language-
dominated high-level channels and the channels provided by SCS
conversely low-level channels. Because they are more dense in in-
formation, the former most likely are more apt at providing the context
that is crucial for any communication system [130] and that we deem
important for the lower level channels and other key concepts such
as privacy. Note that the terms high-level and low-level relate to the
concept of richness in media richness theory [100, 101]. However,
media richness tried to pack together even more different aspects of
media in one measure (richness meant the ability to convey natural
language instead of just numeric information, a greater ability to
convey nonverbal channels, the ability to personalise a message, and
less lag [110]) and after it seemed not to live up to its promises [110],
Dennis et al. [109, 110] proposed a more fine-grained alternative.
However, we think that while such a coarse term like richness or high-
level channels does not do justice to the complex interrelationships
between the various properties of awareness systems and media in
general mentioned above, it can still be useful to use such broader
terms to convey certain ideas as long as one is always weary of the
shortcomings of these terms.

As already mentioned under calmness, from the notion of comple-
mentarity also follows that escalating to higher-level channels should
be easy and dropping in and out of such additional streams should
be quick and seamless.”
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Directness
Signal Resemblance

These two related terms describe the idea that we are used to very
rich interactions and the equally rich stimuli these interactions pro-
duce, often for more than one of our senses at the same time. By
refraining from automatic interpretation of the signals produced by
various activities, the richness of the signal is not lost and users can
use their naturally acquired repertoire of interpretation abilities as
well as context [123]. This concept is also tightly linked to calmness,
as stimuli that people are used to are more easily interpreted subcon-
sciously (in the periphery) and might be perceived as less alien. It
should be mentioned, however, that Hudson and Smith [246] argued
that a higher information content also means a greater interruption
and thus less calmness, a design principle that was also used in
the AROMA project [422, 423] which was based on abstraction and
symbolic representation. We would count information content only
among one of the factors at play here, however, along with the fa-
miliarity of the stimulus facilitating its cognitive processing and the
potential annoyance an information-poor and thus highly repetitive
stimulus might bring with it3

Definition 11: Directness is the extent to which a communication
system preserves all features the signal produced by the sender
originally had — not only the features the system designer had
in mind — and the extent to which the receiver can interpret
these features using the same capabilities that could interpret
the original signal. Signal resemblance additionally describes
the extent to which an output signal feels familiar with regard
to the original signal.

This distinction between directness and signal resemblance might
seem subtle but take a visual link as an example. Depending on

which Weiser and Brown [566] also believed to be generally true.
8Privacy and plausible deniability (see below) surely benefit from abstraction and
the stripping away of information, though.
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the transmitted images, an inverted or colour-shifted signal might
be as easy or even easier to interpret than the original signal and
thus the transformation does not affect directness (unless the image
contents can possibly change to something where the transformation
does interfere, such as faces) but it does affect signal resemblance (cf.
Figure 3.1 on the facing page). Both directness and signal resemb-
lance are anthropocentric features, so inverting an audio signal for
example would affect neither of the two.

An obviously related aspect is the modality of the input and the
output (cf. Section 3.1.4). Both should ideally match or at least be
related in some way to facilitate the processing in specialised areas
of the brain (directness) and reduce the alienness of the stimulus
(signal resemblance).

Uninterpreted subsymbolic signal transmission also allows users to
become creative with the way they use a channel that is given to
them. We distinguish two basic ways such a channel can be used,
called explicit communication and implicit context communication.
These terms are explained in Section 3.1.3.

It has to be said, though, that there are actions or signals that are
symbolic in nature and therefore signal resemblance in these cases
deviates a lot from the above understanding of the term. From the
premise that symbols tend to be interpreted consciously, it follows
that it is especially challenging to keep such a display in line with
the notion of calmness. Warnock et al. [563] found little difference,
however, when comparing the interruption potential of notifications
using different modalities, including symbolic and subsymbolic ones.

Privacy
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Privacy is of particular importance for systems that transmit continu-
ously from private places, both from an ethical point of view as well
as most likely in terms of user acceptance.

There are different aspects to privacy and following from that different
threats to it.
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(a) The Messier 45 star cluster in a normal visible light photograph and the
same image inverted. ® Photographed by Fred Locklear, published under the Creative
Commons by-nc-sa licence on Flickr.

(b) An audio signal and its inverted form. While arithmetically the difference
is very large, they both sound exactly the same. ®Recorded by Herbert Boland,
published under the Creative Commons attribution licence on Freesound.

Figure 3.1. Illustration how the same transformation does not affect directness
regardless of modality but does affect signal resemblance in the visual domain.
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Gilbert [177] gives a good overview of the privacy discussion and
mentions several aspects to privacy: “privacy as confidentiality: we
might want to keep certain information about ourselves, or certain
things that we do, secret from everyone else or selected others”, “pri-
vacy as self-determination: we might consider some of our behaviour
private in that it is ‘up to us’ and no business of others (where those
‘others’” may range from the state to our employers)”, “privacy as
freedom to be ’left alone’, to go about our business without being
checked on”, and “privacy as control of personal data: we might de-
sire the right to control information about us — where it is recorded,

who sees it”. A right to anonymity is also mentioned.

Solove [503] created a complete taxonomy of privacy that features
four main ways in which privacy can be compromised. These are
called information collection, information processing, information
dissemination, and invasion. Each of these four aspects is broken
down into several subaspects. A summary of this structure can be
found in Solove [504].

Gaver et al. [170] highlight four aspects of privacy they see as im-
portant for media spaces: control over surveillance, knowledge of
surveillance, knowing the intention of a privacy intrusion, and the
ability to avoid disturbance.

Among the theoretical models of awareness, the focus/nimbus model
of awareness is especially suitable to model privacy by representing
the amount of shared information as nimbus, the scope of queried
information as focus and the overlap between the two as awareness
(cf. Figure 2.2 on page 27).

Patil and Kobsa [419] discuss privacy with special regard to awareness
systems. They distinguish between normative, social and technical
privacy as different concepts that come with different threats and
solutions, some of which they list but do not further discuss.

For the scope of this work, however, we believe two broad aspects
are a sufficient approximation of the complex and politically charged
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problem that is privacy. The two aspects are taken from the Merriam-
Webster dictionary [189], where they are expressed as follows.

Definition 12 (From Merriam-Webster’s Dictionary):
Privacy is “the quality or state of being apart from company or
observation” and the “freedom from unauthorized intrusion”.

Since the first aspect is in essence about the feeling of not being
observed [29, 140, 276], reliable knowledge of observation is an
important part of this aspect of privacy (while Gaver et al. [170]
called this a separate dimension).

Directness and context-dependence have the potential to alleviate
the second aspect to privacy when they mean that the transmitted
data itself is harder to interpret automatically and without knowing
the necessary context (something also noted by some participants
of our FEELABUZZ study; cf. Section 6.5.2.2). Still, when designing
a system it is worth considering what exactly is transmitted, how it
can be misused, and how the misuse can be prevented or how the
usefulness of the data to a third party can be diminished.

Regarding the first aspect of privacy, it is then to consider how users
feel about the data sent away, even in the case that this data only
reaches the desired receiver. We generally believe it to be important
that a user of an SCS must be able to monitor their own signal
to learn what they are sending off. This can simply be seen as an
implementation of the design principle of feedback after Rogers
et al. [452]. Closer to the actual case, we argue that while with
unmediated interactions, there is usually no “remote end”, with SCS
there is. Although traditional telecommunication systems have a
spatial divide between cause and effect of an action, the individual
connection is short-lived. Furthermore, in the real world (and also
with usual communication systems), although we might not always
have the possibility to monitor what others perceive from us, we have
a vastly larger number of samples of interactions to mostly give us a
good notion about what other interactants perceive. There can be
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misjudgements and false assumptions — a wall might be thinner than
expected or people where we thought none to be — but in general
most people do not feel insecure about such matters. On the other
hand, an environment equipped with sensors whose characteristic we
have no way of knowing and whose data is processed by a mapping
we might not fully comprehend poses a different kind of challenge for
our self-assessment. We postulate that without providing a possibility
for monitoring directly what the effect of our actions on the remote
end are, it is much more difficult for people to feel comfortable with
the privacy aspect of such a constantly running system.” McEwan
and Greenberg [366] implemented this quite naturally as part of their
nimbus control.

Of course a user must be able to switch off a system at any time. This
does not free a system designer from considering privacy aspects
though, as the act of switching off a system that is otherwise constantly
running also tells the remote end something. A possible remedy
would be the option to send a dummy signal but this might endanger
the trust in the system itself which is why the introduction of such a
possibility has to be considered carefully.

Privacy has also been much discussed in the context of media spaces
where it is seen as a good that has to be traded off against functionality
while the most commonly suggested solutions are a symmetry of
communication and the ability to switch the system off [48, 170,
447]. Relying on social norms is also mentioned by Gaver et al.
[170] as a way to cope with the issue although a potential difficulty
to scale up this approach is admitted. To inform users of privacy
intrusions, Gaver et al. [170] found auditory icons [55, 305] with a
nonpercussive envelope to be accepted best. Theoretical work has
been done by Palen and Dourish [414] who based their model on the
social psychologist Altman [4, 5]. Palen and Dourish [414] describe
their work closely following Altman as follows:

9However, as we will see in Chapter 6, users actually did not care about privacy that
much, nor did they use the self-monitoring feature we built into the system ever again
after the initial setup phase.
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As a dialectic process, privacy regulation is conditioned
by our own expectations and experiences, and by those
of others with whom we interact. As a dynamic process,
privacy is understood to be under continuous negotiation
and management, with the boundary that distinguishes
privacy and publicity refined according to circumstance.

The work the most praised by Rittenbruch and McEwan [447] is that
by Boyle and Greenberg [51] though. Boyle and Greenberg combine
environmental psychology and CSCW research to build up a vocabu-
lary to describe privacy and its constituents, especially in the context
of video media spaces. Their work is very detailed but they charac
terise three main ways individuals interact with their environment
that are aspects of privacy. They call these solitude, confidentiality
and autonomy and describe them as (in this order) the control over
social interactions (e. g. whether or not to communicate or be the
focus of attention), the control over information access (e. g. what
personal information others have access to) and the control over how
the individuals themselves behave and express their identity. Any
technological influence on one of these interactions of individuals
with their environments constitutes a possible privacy violation that
a designer ought to be aware about and ought to balance against the
potential gain.

Technical aspects that are loosely tied to privacy but that should
at least be briefly mentioned are authentication (identity verifica-
tion), authorisation (permission and access control) and encryption.
These might or might not play a part during the conceptualisation
of a system but they almost certainly should play a part during the
implementation phase of a production-ready system. More of such
technical aspects that might help with privacy protection are listed
by Patil and Kobsa [419].

Data economy and data proportionality [251, 252, 349] are import-
ant aspects of privacy. Data that is never produced is a more effective
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privacy measure than any security measures that follow. So if a sys-
tem does not need a camera, it should not have one. If it does but the
video features are extracted in-camera, the raw video stream does
not have a chance to leave the system even in case of a compromised
main system.

One should not forget to consider physical properties of systems as
well. A flap in front of a camera is more immediate, transparent and
trustworthy than any software system can ever be.

Plausible Deniability
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Another possibility to mitigate the effect of privacy intrusions is the
transmission of data that allows for plausible deniability. Plausible
deniability is a term that was first used in the context of the CIA during
the Kennedy era [68] but has come to be used in many different fields
and with varying meanings and connotations [259, 347, 594]. The
Oxford Essential Dictionary of the U.S. Military defines plausible
deniability “with respect to clandestine operations” as “the state of
being capable of being denied by those in authority” [411]. Zurunkel
[594] describes the essential aspect of plausible deniability in a
political context to be the “condition in which a subject can safely
and [believably] deny knowledge of any particular truth that may
exist” while Mao and Paterson [347] summarise the understanding
of the term in the context of network protocols as the situation when
“an adjudicator might reasonably conclude that it is plausible that the
entity denying involvement in a protocol run is telling the truth”. For
Bradner [52], plausible deniability is a social affordance in mediated
communication and he seems to use the term in the same sense we
do but he does not define it. Following this informal usage within
the context of privacy and HCl [e. g. 8, 319, 350, 393], we define
the term where communication systems are concerned as follows:

Definition 13: Plausible deniability is the extent to which an in-
dividual at the transmitting end of a communication system
generally can deny an interpretation of this system’s signal by
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the receiver.'?

This means that an ideal system in this regard will let the receiver
come to the right conclusion about the source of the transmitted
signal as often as possible but will at the same time let the person who
was the cause of that signal provide plausible — while not necessarily
true — alternative explanations for the signal.

It is clear that these two goals are in conflict with each other though,
as well as with the perceived soundness, expressiveness and trust-
worthiness of a system. We nonetheless believe it to be an important
aspect of privacy to be able to have some degree of interpretive
influence on the effects of one’s actions — which goes as far as being
able to believably lie if necessary.

Bradner [53] found plausible deniability to be an important factor in
the readiness of users to adopt new technologies and one that was
ignored in the turn-of-the-century media theories.

For LDRRs in particular, preservation of a positive self-presentation
through a high plausible deniability might be an important factor in
prolonging relationships — for good or for bad (cf. Section 2.5 and
Stafford [507]).

It is not clear whether a system that produces symbolic output from
a subsymbolic signal and thus one that provides a ready-made in-
terpretation of a signal performs better or worse regarding plausible
deniability than a system that follows our notion of directness. This
would most likely depend on the perceived reliability of the auto-
matic classification but other factors such as memory plasticity might
play a role [35, 167, 301, 372, 581].""

10As this definition makes plausible deniability an extent, a better term would argu-

ably be something along the lines of denial plausibility but for the sake of established
terminology, we will stick with this semantic inconvenience.

"That is to say the more an individual trusts their own sensory and episodic memory

and the less willing they are to adapt their recollection of events, the less they are willing
to accept an alternative interpretation of a direct signal.
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Information Capacity
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Pousman and Stasko [430] distinguish between the information ca-
pacity as the number of information sources an ambient display can
show and the representational fidelity which is related to feature
degradation and feature abstraction by Matthews et al. [362] and en-
compasses five categories from indexical to symbolic. Markopoulos
[348] distinguishes between the precision and the accuracy of a
channel. Accuracy describes the reliability of information whereas
precision can mean actual numerical precision, granularity or the
amount of information delivered and can be artificially diminished
through degradation or abstraction as described by Matthews et al.
[362].

An orthogonal, more direct approach to information capacity would
be to measure the channel bandwidth or throughput, for example as
the bit rate of the modalities involved [377].

However, we believe that in the context of SCS, the information a
channel can transmit should always be seen as the actual meaning
a user perceives as a function of the cognitive load the necessary
processing to extract this meaning invariably induces. Here, a sym-
bolic representation of something does not need to be more difficult
or time-intensive to process than the thing itself [520]. Furthermore,
information can be amplified by context information the commu-
nication participants already possess and it should be differentiated
from the affective function a channel might have in addition to the
actual information. Information that has no relevance to the recipient
should not be considered. We therefore define:

Definition 14: The relative information capacity is the amount of
relevant factual information a user can extract from the output
of a system (called the absolute information capacity) in relation
to the cognitive load the user incurs through this extraction.

While maximising the relative information capacity is clearly an
important aspect of SCS, it is very difficult to measure with the means
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we developed in Section 2.4. Therefore, we will in this work mostly
talk about cognitive load and about various measures of effectiveness
for SCS, such as copresence. Relative information capacity, on the
other hand, can be seen as a measure of efficiency for SCS.

Relevance

Demanding the relevance of the transmitted information sounds
like a trivial design principle for a communication system and it
is indeed quite fundamental as we are going to explain but still it
is worth considering how a designer can maximise the probability
that the transmitted information is relevant. The transmitted signals
should be produced while performing activities that are frequent or
important for the goal of the connection (such as a feeling of con-
nectedness). The channel should provide the feeling of participating
in the interaction partner’s life, which is also linked to the aspect of
affectiveness. Everyday activities are therefore an important source of
signals that can be transmitted via SCS which also further strengthens
the argument made for calmness.

Relevance is indeed fundamental as it is one of the four so-called
Gricean Maxims that underlie any reasonable conversation according
to Grice [194]. These are the Maxims of Quality, Quantity, Relevance
and Manner.'? We believe the Maxim of Relevance also applies to
SCS even though they are in general not meant for carrying out
conversations. The other principles, which could be restated as
truthfulness, brevity and clarity in this order, are harder to apply
as such. Truthfulness and clarity contradict our own principle of
plausible deniability but could be related to directness and a sys-
tem’s trustworthiness. Brevity goes against the premise of systems
that run indefinitely and is therefore clearly not applicable here, as
one would likewise not think of applying the Maxim of Quantity to
body language either.

2Together these maxims comprise the so-called cooperative principle that was for-
mulated by Grice as follows: “Make your contribution such as it is required, at the stage
at which it occurs, by the accepted purpose or direction of the talk exchange in which
you are engaged.” [194]
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Affectiveness

Affectiveness can be defined as follows:

Definition 15: Affectiveness is the capability of systems to work on
an emotional level.

This might or might not be a desirable property of a system as a
high affectiveness might reduce calmness. On the other hand it can
be a design goal for an SCS to increase the emotional content of a
connection since there is in general less symbolical content than in
other communication systems. It was also one of our motivations for
SCS in the first place to heighten the feeling of connectedness, so
again, working on an emotional level might be of special importance.

Modality can be an important aspect in this regard [415], as can be
the aesthetic design [397]. We do not think informational capacity to
necessarily be a factor though. Imagine for example how a letter from
someone dear to us or a piece of clothes a beloved person once wore
or a place at which he or she used to sit can make us feel just because
that person touched it [533]. Often, the less sensory stimuli there
are, the more room is left for imagination. Instead of transmitting a
certain reality with as much sensory bandwidth as possible, it might
therefore often be more effective and more compatible with the other
goals to give users something to build upon and depend on their
minds to add in all the details.

Scale
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Scale, as defined by Zhao [591], “refers to the number of people
enabled by a given interface to interact with one another”. For Zhao
all copresence is at least bidirectional although we do not see a
reason to exclude unidirectional modes of operation out of principle.
For higher scales, the classic distinctions of one-to-many and many-
to-many can be made.

We say of a system that can act on a wide range of scales to have a
high scalability.
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Scale and scalability also have practical relevance where the adop-
tion of a system is concerned. The more participants are needed to
derive a real benefit from a system, the more difficult it becomes to
acquire this critical mass in the first place [130, 198, 354].

Immediacy

Zhao called immediacy “the speed at which messages travel back
and forth between copresent individuals”'? [591] and Cleevely and
Cawdell [82] described it as a binary property that can take the values
“real-time” and “delayed”. Ehrlich [130] distinguishes the requirement
for speed from the differentiation between synchronous and asyn-
chronous media. The definition by Zhao however does not specify
whether the speed is limited by technological reasons (latency) or
behavioural reasons. Were it only for infrastructure and software
usability, there had to be no reason why email should be much
slower than instant messaging. While there are small differences
where the GUI and the application layer of the network architecture
are concerned, the real difference between the two are user habits
and consequently user expectations. So while there are still media
that are inherently real-time and synchronous (telephone would be
the classic example) and others allow varying degrees of delays to
respond, these delays are more cultural and conceptual in nature
and we think the technological distinction is better described by
persistence.

The interviews with participants of our upstairs study (cf. Chapter 6)
indicate that latency at least with this channel is not felt to be a prob-
lem but the feeling that the copresent person immediately caused the
signal was said to be important. It is therefore likely that asynchron-
ous media, persistent ones or those with extreme lag have more
difficulties in creating a sense of copresence than volatile real-time
channels. Work in telepresence systems has also shown that the
amount of latency that is tolerable varies hugely from application to
application [90].

3This is not to be confused with the concept of immediacy from Definition 7.
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The evaluation cycle done by Hindus et al. [235] led away from
synchronous to asynchronous channels. We do not believe this to
be the case invariably, though, and the first results with our upstairs
system seem to corroborate this belief (cf. Chapter 6).

Group Configuration

Rittenbruch and McEwan [447] distinguish private setups from semi-
public (i.e. public areas of the workplace), co-located, partially
distributed (i. e. a co-located group that is extended by a few re-
mote individuals) and mixed presence ones (i. e. setups where each
participant has co-located and remote communication partners).

McEwan and Greenberg [366] emphasise the importance of the
possibility to communicate within groups in an ad-hoc manner.

From the peer discussions on upstairs (Section 5.3), we differentiated
between the requirements arising from different kinds of places the
system is used in. More precisely, we differentiated between public
spaces (like city squares or entrance areas of museums), working
environments (like workrooms, the area around specific desks, or
recreation areas such as lunch rooms), and private spaces (either the
whole area of apartments or parts like hallways that are regularly
frequented).

Hindus et al. [235] say that the point that “homes are a distinct
domain [...] cannot be emphasized enough.”

Mobile systems are special with regards to group configuration. While
they are usually the most personalised of all kinds of systems, they
are also used in a range of situations, locations and with a varying
number of bystanders of different closeness.

Trustworthiness
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By “trust” we in this case do not mean the trust between the com-
munication partners but the trust the users put into the system itself.
Dimensions of trust according to Schneider [478] comprise correct-
ness, security, reliability, safety, and survivability. Mostly, system
designers try to maximise all of these aspects as much as possible
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given the circumstances. Markopoulos [348] remarks that trust can
also be deliberately traded off against other aspects such as privacy
and plausible deniability by reducing what he calls the accuracy of
the system.

Our experiences with the FEELABUZZ system showed that trust in
the form of reliability is an important aspect for the calmness and
general effectiveness of a system and can be especially challenging
to achieve for mobile systems (cf. Chapter 6).

3.1.3 Consequences of Directness

The information conveyed by SCS that follow the directness paradigm
as explicated above can be split into two parts that we call explicit
communication and implicit context communication.

3.1.3.1 Implicit Context Communication

The original idea of directness was the transmission of implicit context
in a calm way. These can either originate from the users or from the
environment, as already proposed by Murray-Smith et al. [390].
Using the example of our FEELABUZZ system (cf. Chapter 4), the
time-series data in Figure 4.2 on page 103 show that different kinds of
activities by the users of — in this case — mobile phones lead to the very
different acceleration profiles that are displayed in the plots.
Likewise, sitting in a driving vehicle will lead to an acceleration pat-
tern that is notably different from those caused by human movements.
Note that none of this has to be detected by pattern recognition
software. There are no predefined classes. Instead, we expect the in-
terpretation of many movement patterns to come quite naturally (cf.
Section 4.3) and involve all the rich context information and world
knowledge humans have. Additionally, we expect the sophistication
of the interpretations to be able to fluently increase with the user ex-
perience. As there are rarely class boundaries in the real world that
are not artificially drawn, we want to enable the perception of trans-
itions between different types of movement in all their ambiguity and
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fuzziness in a near-analogue fashion without the need to make clear
distinctions. While regression models could do so as well, the sub-
sequent mapping back to artificial vibrotactile stimuli in a way that
allows intuitive access as well as in-depth learning of subtle features
that are possibly unknown to the system designer would be a major
challenge. Relying on the human'’s long-evolved ability to interpret rich
real-world data streams to us seems to be a more promising way in
terms of effectiveness and a much more interesting way in terms of
unintended uses and exploration by future users.

3.1.3.2 Explicit Communication

Providing users with a new communication channel that is not pre-
interpreted enables them to develop their own unintended uses. While
the main idea is to have a channel that is processed subconsciously by
the users, the idea of calmness does not exclude the notion of using the
same channel for intentional, symbolic and conscious communication.
For the systems upstairs and FEELABUZZ that we present in Chapters 4
and 5, the possibilities for readily understood signals are limited though.
Apart from knocking to do simple things such as requesting attention,
synchronising or timing pre-decided behaviour, or giving short binary
feedback, few intentional tactile or audible communication events
will be understood by the naive user. Although there are sophisticated
means of communication through such narrow channels, most notably
Morse code, we expect those to be employed only by experts and not
to become widespread. Instead, we rely on people’s ability to develop
their own adapted communication strategies using a mixture of implicit
and explicit negotiation. Quite complex and effective communication
systems can emerge via such mechanisms [37, 165, 183, 218, 283, 488]
and language itself is thought to have evolved this way [80, 139, 210].
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3.1.4 Modality
3.1.4.1 Input Modalities

Regarding the goal of calmness, nonverbal communication cues seem
the most likely candidates for SCS. Knapp and Hall [290] compiled an
exhaustive list of such nonverbal communication channels of which
an aggregation follows to give a broad overview of cues that can be
transmitted in principle by SCS. Their taxonomy includes body mo-
tions and reactions such as hand and head gestures, including touching,
movements of other body parts like legs, feet, shoulders or the torso,
facial expressions, in particular gaze direction and length, posture and
vegetative reactions like pupil dilation, rubescence or perspiration, pros-
odic features such as voice pitch, loudness and tempo, rhythm and
syllable length and voice timbre, other nonverbal vocal cues such as
laughing, crying and moaning to name a few and parts of the lexicon
usually not considered to be words (like “uh-huh” or “um” in English),
interpersonal distance (proxemics), and finally even the presentation of
objects such as cloths, make-up, accessories and furnishing.

Other cues are conceivable that do not serve a purpose of commu-
nication Knapp and Hall [290] might have had in mind but still might
have emotional or informational value such as someone’s whereabouts,
movement and object usage.

Of course, which of these features are practical to use for SCS is ulti-
mately limited by the availability of adequate sensors and the processing
capabilities, both of which are changing rapidly and constantly.

In 1976, four years after the first edition of Knapp and Hall’s book,
Short et al. [494] had put together an overview of nonverbal commu-
nication with a special focus towards telecommunication, although for
them at the time this predominantly meant comparing telephone to
early video conferencing and consequently they mainly discussed prior
research on the role of nonverbal signals in face-to-face communication
(such as Birdwhistell [42] and Argyle [9]).

Summarising Argyle [9], they name six functions of nonverbal chan-
nels for face-to-face communication: 1) feedback on mutual attention
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(using gaze direction, head gestures, hand gestures, and non-word
utterances; posture might be added [316]), 2) turn-taking control (us-
ing gaze direction and head gestures, although more cues could be
added [120, 344, 405]), 3) feedback on content, 4) illustrations and em-
phasis (cues are likely to include gaze direction, hand gestures and facial
expressions), 5) nonverbal parts of the lexicon such as head shakes or
symbolic hand gestures, and 6) interpersonal attitude (using all possible
nonverbal cues, including proximity, hand gestures, facial expressions,
and gaze direction). Their list seems to focus on the social functions
of face-to-face communication and therefore does not highlight more
task-oriented aspects such as joint attention.

Short et al. continue by describing the effects of certain groups
of nonverbal channels in some detail with regard to telephony and
videotelephony. They also warn, however, not to “attempt to predict the
effects of media by extrapolation from the know qualities of the medium
and the known functions of non-verbal cues”. For this they name four
main arguments: 1) the redundancy between several channels and cues,
combined with 2) the adaptability of people to the media they use,
3) a change of people’s expectations and of social norms depending
on the media, and 4) the general lack of the studies underlying the
knowledge on the roles and functions of nonverbal cues to account for
interpersonal complexity that goes beyond their usually simplistic setup,
especially where some kind of performance measure is used — some
important aspects of communication are hard to measure in this way.

It is important to note that Short et al. use these shortcomings to
introduce their concept and subsequent measure of social presence.
We, however, add copresence as a layer below social presence that
Short et al. did not have in mind because they did not consider SCS.

3.1.4.2 Output Modalities

Arroyo et al. [14] compared the disruptiveness of five different modalit-
ies: heat, smell, sound, vibration and light.'* They found no statistically

"4The concrete stimuli were a heat lamp directed at the user’s hand, a scent dispenser
delivering the smell Elmer’s glue and soy sauce, a phone ring sound file, a vibrating chair,
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significant difference in their small sample size but concluded from
the large variations in the data that individual differences and exper-
iences play a large role in their perception of the disruptiveness of
different stimuli.

Bodnar et al. [46] compared smell, colour and sound'® in a setup
similar to Arroyo et al. [14] and with the same number of participants.
They, however, found various differences between the modalities in
terms of disruptiveness and effectiveness (error rate when responding
or not responding to the stimuli depending on its kind, as well as self-
reports). The olfactory stimuli were found to be the least disruptive
but also the least effective.

Kaye [280] provide a good theoretical backing for the use of olfactory
cues in HCI, describing amongst other things the fundamental issues
with the huge dimensionality of scents compared to other stimuli, some
dispersion methods, cultural issues and come to the conclusion that
olfactory displays are best suited for data that change slowly and have
a medium amount of persistence.

Sallnas [468] looked specifically at the effect of tactile feedback
on presence and social presence in collaborative virtual environments.
She found a significant increase in perceived social presence when
verbal communication was not possible but found no such effect when
voice communication was enabled.

Warnock et al. [563] found that the modality of interruptions had
no effect on the decrease in primary task performance caused by the
interruptions. They compared a total of eight types of stimuli: writ-
ten words, spoken words, pictograms, colour, earcons, auditory icons,
vibrations, and smell.’®

To summarise, there seems to be more research needed in this area
and it might well be that the individual, the interrupted task, the social
context, and the exact way of delivery of a stimulus have as much of

an influence as its modality.
and indirect light via spotlights andya screen.

15They chose cloves and mint as scents, an on-screen coloured rectangle as the visual
stimulus, and two different bell-like sounds as auditory cues.

T6For a list of the 24 stimuli used in total, please refer to Table 1 in Warnock et al.
[563].
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3.2 Related Systems

3.2.1 Calm Information Displays

There is a large body of work on ambient displays, also called peripheral
displays, notification systems, or ambient information systems. While
these are not SCS or even real predecessors, they share the core goal
of finding calm ways to convey information, although it is not data
about another human being (or if it is, we will look at these systems
in Section 3.2.2). Such ambient information displays exist in a huge
variety of shapes and forms, from simple lamps [111] over informative
installations [172, 223] to dynamic paintings [192, 206, 438, 513].

Ishii and Ullmer [264], Ishii et al. [265] and Dahley et al. [102]
did seminal work in tangible interaction that inspired many later sys-
tems [128] but they did not focus on tangible computer-mediated
communication between people as did the systems described in Sec-
tion 3.2.3. Dahley et al. [102] in particular developed some early
ambient displays, however. One of them was an array of pinwheels
whose rotation was controlled by data-driven airflow, the other was a
lamp that shone through a water surface that was disturbed by falling
drops to convey information (Figure 3.2(0) on page 90).

Eggen and van Mensvoort [128] proposed a number of related
systems that primarily display information in a calm and integrated way,
e. g. as fountain height (Figure 3.2(f) on page 89) or bird song.

Gandhi et al. [166] developed and marketed several ambient dis-
plays, including the Ambient Orb, a lamp that can display various data
by changing its colour (Figure 3.2(e) on page 89). In their more recent
focus on awareness of energy consumption, they developed a very sim-
ilar device with an embedded display called Energy Orb (Figure 3.2(h)
on page 89), possibly indicating that a mere colour change was not
perceived as a rich enough data channel.

Energy awareness is also the goal and motivation of the power-aware
cord by Gustafsson and Gyllensward [202] that uses the power cord
itself to display glow patterns that are a function of the current that
flows through it (Figure 3.2(c) on page 89).
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However, Consolvo et al. [89] found in their study with an ambient
picture frame that the emittance of light was not a desirable property
for their ambient display; at least not when it does not adapt itself
to low-light conditions because it then drew to much attention and
therefore “stopped being ambient.”

3.2.2 Calm Communication

There have been quite a few systems exploring alternative ways to com-
municate and more specifically, to communicate in a less obtrusive way.
Chang et al. [73] developed a picture frame where a user could

touch one and the other would light up (Figure 3.2(l) on page 90).

A common way to let people know of each other in a non-obtrusive
way is to use status information, mostly IM status because it is read-
ily available.

Dey and de Guzman [114] suggested a whole range of devices
displaying IM status. Quoting their suggestions and descriptions in
full, these were:

PresenceStool a “plastic stool that changes colors to reflect a loved
one’s online presence” (Figure 3.2(k) on page 90)

PictureFrame a “picture frame holding a picture of a loved one, that
displays a physical icon to current presence”

StatusGrid a “photo wall in a grid pattern, with colored lights for each
photo of a person indicating presence”

StuffedAnimal a “stuffed animal or pillow that changes color or tem-
perature and vibrates to reflect presence”

ScentsOfPresence a “small toy that releases different scents providing
a reminder of a loved one, when that person’s presence status
changes”

AugmentedMirror a “mirror augmented with colored lights and phys-
ical icons to indicate [a] loved one’s presence”

RotatingLights a “floor lamp with multiple bulbs that flash in different
patterns to reflect a loved one’s status”

InformationAppliance “augmented displays of information such as
thermometers or clocks that use color to reflect presence”
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Chime a “wind chime that chimes at different frequencies to indicate
presence status”

PhotoDisplay a “copy of a personal photograph where the background
imagery is replaced with a translucent background that changes
colors to reflect changes in presence status”

Based on preferences expressed in focus group studies, they chose

to implement the picture frame and the mirror as prototypes. In the

subsequent study they found that these prototypes did increase the
awareness of the remote person’s online status and the self-reported
feeling of connectedness.

De Guzman et al. [105] implemented four prototypes displaying IM
status. These were Expanding Ball, a plastic toy Hoberman sphere [237]
(cf. Figure 3.2(n) on page 90) that opens and closes according to the
status of the remote user, Spinner, a blue box with wheels that would
spin a picture of a contact when they change their status, IMFrame, a
digital picture frame displaying someone’s online status, and Chime, a
wind chime with colour LEDs, displaying status and status change with
light and sound. Initial results from focus groups were mixed.

Kuwabara et al. [312] transmit status information via an ambient
display in form of a plant with an integrated fibre optic lamp.

Bhandari and Bardzell [36] suggested a series of systems transmit-
ting voluntary but non-verbal information. These were the MatchUs
Board, a synchronised touch-enabled drawing program (Figure 3.2(q) on
page 90), the Together Aquarium, a synchronised aquarium simulator,
CanCan, a button on a watch or similarly worn object that signals a
short “talk to you later” to the partner, and Audible Gifts, an artifact
that enables voice messages, that are artificially restricted in length to
increase their perceived value.

Go et al. [180] suggest a family of devices they call Familyware,
intended to provide “support for small and intimate communities”, and
more specifically friends and family. They propose three exemplary
systems, two that connect a toy (a teddy bear and a rattle) to a digital
photo frame, changing the picture when the toys are used, and one
more symmetrical concept, designed for adult users that consists of two
paired necklaces, each holding a stone with temperature readings and
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the ability to control its own temperature so that one user holding their
necklace in their hand will trigger the stone of the paired necklace to
grow warm (Figure 3.2(d) on page 89).

Mynatt et al. [392, 461] also developed a system based on a digital
photo frame, intended for family watching after an elderly relative who
is living alone. In their case, they use activity data to change the border
of the frame to a number of icons that each represent a day’s worth
of activity (Figure 3.2(g) on page 89).

Hindus et al. [235] developed several concepts and prototypes in
their Casablanca project, namely CommuteBoard and MessageBoard,
both of which are shared electronic sketch pads, ScanBoard, the same
idea using scanning instead of pad input, RoomLink, a shared audio
space using a permanent audio connection, and inTouch, a pair of
tokens where touching one lets another vibrate, light up or become
warmer (Figure 3.3(d) on page 97).

PresenceLight was another concept presented by Hindus et al., a
light whose brightness is determined by the activity at a remote place.
The focus group feedback actually led to the renunciation of activity
sensing because it was perceived as too intrusive and too imprecise and
to the development of the Intentional Presence Lamp where presence
had to be actively indicated. A very similar concept was implemented
by Deschamps-Sonsino [111] (Figure 3.2(j) on page 90).

Light is also used in some concepts by Tollmar and Persson [533],
including a branching lamp where each branch represents one person
and is touch-sensitive, and a light sculpture where each individual
lamp’s brightness is determined by remote movement and the amount
of energy and water used.

McEwan and Greenberg built a system they dubbed Community
Bar [366, 367, 456] (cf. Figure 3.2(p) on page 90). It is a software
component that runs on the users’ desktop and shows a small window
that serves as a monitor bar of one’s contacts and integrates different
channels like video and chat. Escalation to audio links or better video
connections is done very easily. Users can also use a slider to change
their nimbus and focus (cf. Figure 2.2 on page 27 and Rodden [450]).
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Gibbs et al. [176] presented a design sketch for an example of what
they called phatic technology. They use the following definition:

Phatic technologies are technologies specifically designed
to sustain social interactions, rather than convey information.
Phatic technologies are not concerned with the utility of
the interaction, the usefulness of the information, nor the
ease-of-use of the device — although each of these may
be important for end-user experience. Phatic technologies
should be judged by the degree to which they contribute
to a feeling of ongoing connectedness. Technologies that
support phatic exchanges are similar to devices that support
peripheral awareness [however] phatic interactions are not
limited to being peripheral.

What Gibbs et al. [176] actually propose is a palm-mounted device
that will indicate the fact that a remote person is composing a text
message to the wearer through visual and haptic cues. So it uses implicit
input — the sender would write the message anyway — but none that is
continuous. Assessing the obtrusiveness of the output is difficult without
studies or even a prototype device but it appears similar in nature to
notifications in general, although checking them would be easier with
the palm-mounted design than with a phone in your pocket, more akin
to wrist-top computing that is gaining popularity [145].

There are also a number of commercially available or announced
products that enable novel ways of communication.

Nabaztag, with the successor now called Karotz [204] (Figure 3.2(b)
on the facing page), were amongst the early commercially available am-
bient displays. They were little rabbit-shaped devices that could signal
to the user through sound, lights and movable ears. The Nabaztag could
function as an ambient display for arbitrary information, including in-
formation about interpersonal communication such as e-mail, SMS and
phone calls. They also introduced the novel communication channel
of mirroring the movable ears between devices so one user could see
when the remote communication partner moved an ear.
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Kowalski et al. [303] proposed a system they called "Cubble”, expli-
citly designed to support long-distance romantic relationships (LDRRs;
cf. Section 2.5). They use a hand-holding metaphor by having both
users touch their respective devices. These can interchangeably be a
base station or a smartphone (Figure 3.3(b) on page 97). The device
will display colours and also give tactile feedback.

A project called Pillow Talk [384] is being prepared for a crowdfund-
ing campaign at the time of this writing. It is a pair of pillows where one
lights up when the other is being laid on. Additionally, the other person’s
heartbeat is recorded using a wristband and replayed acoustically.

Kaye [281] explored the use of minimal communication in a desktop
context. Users could click a circle which would colour in this circle at
the remote end. This colour would fade over time. They found that users
would ascribe a lot of meaning to this minimal channel, depending on
their knowledge of the other person and the specific context. Kaye and
Goulding [282] had previously designed three more physical concepts
for LDRR couples; How do I love thee are connected abacuses, Hand
Holding are two design variants using warmth to convey remote hand-
holding, and Love Egg, an egg that you can speak into to leave a message
which triggers the remote egg to roll around in the dish it lies in.

Sound was also explored as an output modality. Isaacs et al. [263]
used earcons [370] to convey activities, deliberate predefined short
messages and the identity of the sender. Mynatt et al. [391] tried different
approaches, namely a soundscape enriched with auditory icons [55],
musical earcons, voices and a hybrid approach to convey information.
Tinnermann and Bovermann [49, 544] developed a technique called
auditory augmentation by which data modulate sounds that are already
present in the environment, a concept which Tiinnermann et al. [545]
later expanded to their broader concept of blended sonification that
also includes our upstairs system.

While communication systems are almost exclusively understood as
remote communication systems, attempts to calmly improve face-to-face
communication have been made. Mertes et al. [116, 375, 376] called
this artificial communication channels and proposed or built several
systems that use augmented reality technology to overlay someone’s
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surroundings with another person’s attentional focus while both were
sharing the same physical space (cf. Figure 3.2(r) on page 90).

3.2.3 Tactile Communication

Because one of our SCS is FEELABUZZ, a tactile way to communicate, we
will at this point take a closer look at other systems that experimented
with tactile or haptic communication.

Brave and Dahley [54] already proposed a system for haptic com-
munication in 1997 called inTouch. It consisted of two paired devices,
made up of three rollers that transmit all movement to the paired device
where it is reproduced (Figure 3.3(d) on page 97).

Other early work in this area was done by Strong and Gaver [519].
They developed three prototypes called Feather, Scent and Shaker.
While the first two are not haptic and basically unidirectional,'” Shaker
is @ more symmetrical design (Figure 3.3(a) on page 97), consisting
of a device that physically translates movement into a current and a
receiver that translates this current back into movement. Each partner
has one such pair of devices. Strong and Gaver mention themselves
that it would be better to have both functions in one device but the
analogue nature of their prototype made this impractical.

Smith and MaclLean [501, 502] tested a prototype where users
handled knobs that were each connected to a motor that could measure
how the user turned the knob but could also act as a force-feedback
device to mirror the actions performed on the other end (Figure 3.3(e) on
page 97). Users were separated by a wall. Smith and MaclLean wanted to
find out how effectively certain emotions could be transmitted through
such a tactile link. They found that participants were much better than
chance when presented with a known set of four emotions but still a
long way from 100 % (cf. Table 3.4 on page 94 for exact results).

7Feather and Scent use a picture frame as the sender and as the receiver a tall
transparent cone with an air current supporting a feather in Feather and a fragrance oil
burner in Scent. Handling the picture frame will cause the feather to be blown up or
fragrance oil to be heated.
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Sent Emotion

Perceived Emotion Angry Delighted Relaxed  Unhappy
Angry .62 .09 .03 .06
Delighted 23 .49 A5 15
Relaxed .07 .25 .57 31
Unhappy .08 16 .26 .48

Table 3.4. Data from Smith and MacLean [502] on the ability of their tactile
link to convey certain emotions. The confusion matrix shows the portion of
trials in which the emotion in the rows was perceived when the emotion in the
columns was sent. The cell colouring is detailed in Box 4 on page 149.

Chang et al. [72] developed concept and prototype for vibrotact-
ile communication that is meant to accompany spoken language. In
their ComTouch system, each finger has one button to measure pres-
sure, one point where the same finger gets feedback on the resulting
vibrotactile signal and a second point where the vibrotactile signal of
the partner can be felt. The ergonomic design Chang et al. envisioned
is shown in Figure 3.2(s) on page 93. The evaluation of their one-finger
prototype focused on how vibration can augment or replace spoken
communication.

Sommerer and Mignonneau [505] developed two paired hand-held
devices that transmitted heartbeat and breath as an art project. The
heartbeat was conveyed visually and as a tangible pulsing, the actuator
for the breath was a small ventilator (Figure 3.3(c) on page 97). Such
involuntary cues such as the heartbeat [570] (Figure 3.2(x) on page 93)
or breathing [224, 225, 226] (Figure 3.2(w) on page 93) have been
used in other systems as well.

Oakley and O’Modhrain [403] built a prototype they called Contact
IM which focused on the ability to convey haptic communication in
an asynchronous way. The tactile information itself was the movement
of throwing a ball over a virtual tennis court, recorded and replayed
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either by force-feedback joysticks or a Phantom device.'®

Kaerlein [275] built a small anthropomorphic robot to be used as
a tactile communication device (Figure 3.3(g) on page 97).

Eichhorn et al. [131] developed prototypes of hand-held devices,
featuring a knob that would act as both input and output. The devices
were covered by fabric to make them more comfortable (Figure 3.2(t)
on page 93).

O’Brien and Mueller [404] designed and implemented a series of
devices that were to imitate different styles of holding hands but do
so remotely. An early design probe intended for data collection can
be seen in Figure 3.3(h) on page 97 but these were found to be too
conspicuous and so the participants of an early study rejected them for
social reasons. Later models were therefore built to be more discreet.
Figure 3.3(i) on page 97 shows one of three mock-ups that were used
to investigate what style of holding hands people preferred. One result
from O’Brien and Mueller that is interesting with regard to our FEELA-
BUZZ system is that participants generally objected using a dedicated
device for the tactile communication and one participant mentioned
“that she wanted something she could relate to personally, and not
‘everyone has the same yellow ball.””

Fogg et al. [151] developed a few prototypes they called Hand)ive.
They consisted of two balls that could be moved along one axis which
would then translate to a movement of the corresponding ball on the
paired device but along an orthogonal axis so that users would not
struggle for control of the ball position. Fogg et al. also tried to estab-
lish a simple form of symbolic communication they called “Tactilese”
(cf. Figure 3.3(f) on page 97) but unfortunately did not pursue this
much further.

Adcock et al. [2] developed a belt buckle that simulates tugging
someone’s shirt (Figure 3.2(v) on page 93).

Goodman and Misilim [184] presented a pair of beds where an
array of pressure sensors and heating pads would indicate the position
of one partner as warmth in the remote bed. Dunne and Raby [127]

8http://geomagic.com/en/products/phantom-omni/overview

95


http://geomagic.com/en/products/phantom-omni/overview

3. DESIGN FRAMEWORK

did something similar with public benches which people were uncom-
fortable with, demonstrating that mediated intimacy can be perceived
in similar ways to physically close intimacy [168].

Rosella and Genz [458] developed a shirt that transmits hugs as part
of their fashion collection, a concept similar to one of the prototypes
developed by Vetere et al. [554].

Gorilovsky et al. [186, 187] at the time of this writing are taking
preorders for a wristband that transmits to touch and tapping through
a capacitive sensor and an accelerometer and makes a paired wrist-
band vibrate.

Mobile phones with their built-in vibrotactile actuators have also
been used for tactile communication. Crossan et al. [96] implemented a
multimodal contact list that includes vibrotactile feedback. The contact
list presents context information similar to the earlier unimodal work
by Siewiorek et al. [495] but also provides a tangible mood vector and
then allows users to contact the people on the list via bidirectional
vibrotactile messages. Hoggan et al. [239] transmit vibrotactile signals
called pressages during phone calls when the side of the phone is
pressed while Park et al. [417] use touch input for the same purpose in
their system called CheekTouch. Kontaris et al. [300] pursue a similar
approach but use special hardware to be used during Skype sessions
(Figure 3.2(y) on page 93).

There is also a considerable amount of work that focuses either
on the recognition of haptic gestures or on mapping non-haptic cues
to haptic feedback [58, 106, 133, 460]. Murray-Smith et al. [390] de-
tect footsteps through accelerometer data and turn it into vibrotactile
feedback on a remote device to help gait alignment during mobile
phone conversations.

Finally, there are also a number of haptic and otherwise unconven-
tional remote communication devices that are quite forthright about
targeting a more specific use case for couples [57, 225, 382, 576].
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4 FEELABUZZ — A Vibrotactile
Smartphone-Based Link

The idea implemented in our system called FEELABUZZ is to use smart-
phones as a widely available, in fact almost ubiquitous platform to
transmit and convey movement. We do so by mapping the accelero-
meter of one phone to the vibration motor of another phone as illustrated
in Figure 4.1 on the following page. This principle was implemented
on Openmoko,! WebOS? and Android.?

The choice of modality was made because touch is arguably the
most immediate, the most affective and intimate, and — when it comes
to media — one of the most overlooked modalities used for human
communication. It can convey emotions and feelings on a direct and
primordial level [131, 221, 383, 554] and plays a crucial role in human
social interaction [87, 290]. It is also one of the modalities people being
apart miss the most, not only for couples but also with friends [406].
These circumstances support our goal of affectiveness while the choice
of unmodified smartphones as a platform goes along with the notion
of calmness (cf. Section 3.1.2).

We gave an overview of previous work on tactile communication
in Section 3.2.3. What can be seen by looking at these approaches is a

Thttp://www.openmoko.org/
2https://developer.palm.com/
3http://www.android.com/
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4. FEELABUZZ

Figure 4.1. Schematic illustration of FEELABUZZ. The change of movement of
one mobile phone as detected by its built-in accelerometers is mapped to the
vibration motor of another phone.

focus on specialised devices and on an event-based nature of communic
ation, often lacking richness and therefore directness. With FEELABUZZ,
we did not want to use additional hardware and we wanted to provide
a rich, continuous communication stream. Additional hardware is cum-
bersome and intrusive, and we believe that the lack of directness comes
at the cost of feelings of immediacy and connectedness.

A system with somewhat similar goals is Shoogle [579] which uses
techniques from model-based sonification [231] to generate rich vi-
brotactile interaction and exploration possiblities for data on mobile
devices.

The effect on connectedness by any comparable systems has not
been investigated so far but Sallnis et al. [469] looked for an increase
in perceived social presence using haptic force feedback devices. They
could not find a significant effect but their setup was very different
from the SCS presented here (i. e. very explicit communication, force
feedback instead of vibrotactile feedback, no mobile devices).

The choice of modalities for FEELABUZZ may seem obvious because
both acceleration and vibration are available on about every modern
smartphone. The accelerometers are normally used for nothing else than
to rotate the screen according to the direction of gravity, although in
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recent times, motion controls for games have become another important
use for these sensors. Vibration, on the other hand, has been available
since way before the smartphone era, serving as a silent alternative to
ring tones. However, the choice of vibration as an output modality not
merely stems from the prevalence of this unobtrusive stimulus on the
chosen platform and its availability and discreetness when carrying the
phone in one’s pocket but also from the fact that movement is naturally
transformed into vibration and similar tactile feedback in the real world.
Everyday examples include footsteps on the floor, multiple persons using
one stair rail, someone stirring next to you on a sofa or even the feeling
to one’s own hand when stroking something. In fact, feeling vibrations
is vital to the ability to discern fine surface textures by touch [274].

A maybe more subtle advantage of mobile phones other than their
virtual omnipresence and the availability of the sensible combination
of sensor and actuator just discussed is that they are usually perman-
ently with their users wherever they go and are thus a kind of constant
companion that is able to record movements without any setup time
or danger of forgetting an extra device. Not having to buy and to carry
around an extra piece of hardware is also an important property. Us-
ing phones also makes it easier to integrate the new haptic channel
with existing auditory, visual and maybe textual channels in the future,
thereby extending the phone’s capabilities as a communication device.
As we have our phones with us or nearby most of the time, they are well
suited not only for explicit communication but also for implicit context
communication (e. g. walking or riding the bus). These concepts are
detailed in Section 3.1.3.

Additionally, when considering to call someone, it would be helpful
to know the callee’s current context. Parts of the context can often be
guessed or are already known to the caller. This is for example the case
when someone calls someone else to make sure they are already on
their way to an appointment, or when somebody calls their partner
to see whether he or she is still on their way home from work or has
already arrived. At the time of this writing, there is no easy way of
acquiring that kind of information without actually calling someone
and thereby risking to interrupt that person, although attempts in that
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direction have been made [96, 107, 495].

As modern mobile phones gather a lot of data that can be used
as context information, attempts have been made to transfer this data
in one way or another [96, 435, 495]. This can be quite an intrusion
into one’s privacy though. We believe that movement data is relatively
harmless here, as opposed to for example location data, an assessment
that our preliminary results from Chapter 6 seem to support.

Related work by Haverinen [216] provides additional motivation
for the explicit communication aspect of FEELABUZZ. Haverinen chose
to use explicitly triggered smartphone vibrations called pressages to
augment phone calls. In her evaluation, she states the following:

When directly asked whether the pressage feature could
be useful, both couples were quite doubtful. On the other
hand, the participants mentioned some interesting ideas
how the vibro-tactile messages could be used. The first
couple suggested that pressages might be more interesting
and usable if they were not mixed with the voice.

For FEELABUZZ, we opted for a direct transmission of acceleration
data in accordance with the directness paradigm (cf. Definition 11).
With the first two prototypes, this transmission was permanently active.

With the Android GUI, a new interaction mode was created where
User A can touch the entry of User B on the contact list upon which
the activity of User B is rendered as vibration of User A’s phone. This
is supposed to further strengthen the metaphor of touching another
person and feeling their movements.

We generally hope that the tactile nature of the link — in addition
to providing useful context information — serves to create an increased
sense of connectedness through the basal nature of touch, thereby
providing the affectiveness called for in Section 3.1.2. First results from
our user studies were very promising with regard to the creation of an
emotional connection (cf. Figure 4.16 on page 126 and Section 6.4.2).
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Figure 4.2. Raw 1-DoF accelerometer data of different activities recorded with 100 Hz. The ordinate is deliberately kept unit-less and serves only

to show that the maximum of the scale is equal for all plots.
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4.1 Goals and Challenges

Albeit the vibrations today’s mobile phones can make are a poor sub-
stitute for the actual touch of another person, we believe that the
knowledge that it is the very movement the other person is doing
in that very moment that makes a user’s phone vibrate in a certain way
can give them a real feeling of presence and intimacy. As we argued
in Section 3.1.2, a large sensory bandwidth is not needed to achieve
the goal of affectiveness; the only thing needed is something for the
users’ imagination to build upon.

Still, how much is there to really build on? Figure 4.2 on page 103
shows accelerometer data for different activities. It is not necessary to be
an expert to distinguish these four sample activities. We are optimistic,
though, that people will become experts in a sense, in that they will
learn to pick up even the comparatively subtle cues that separate the
way of movement of close persons from everyone else’s way. Provided
that a strong social tie is a profound enough motivation to train their
sense of touch to achieve this, we think the actual sensitivity of touch
is often underestimated [179].

Figures 4.2(a)—(c) on page 103 show acceleration data of different
activities that would serve to transmit implicit context as defined per
Section 3.1.3. Figure 4.2(d), on the other hand, shows a tapping with
the palm on a mobile phone resting in one’s pocket, representing an
activity that would fall under explicit communication. We believe that
people might become quite creative once given such a straightforward
tool as FEELABUZZ and could for example develop their own signals to
quickly inform someone about things without even taking their phones
out of their pockets (cf. Section 3.1.3.2). In this example, it is evident
that the sensor had been tapped on first four times, then three times,
then twice and finally once.

The challenge now is to find a mapping from acceleration data to
vibration output that makes it as easy for the users to discern all of these
kinds of patterns with their skin as it is to tell them apart visually in
the graphs and to deduce the underlying activity in an intuitive way,
relying as much on pre-existing world knowledge on part of the user
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Figure 4.3. Step response to the rectangular signal m(t). There is a linear inter-
polation between samples for the sake of a smoother rendering.

as much as possible. The mapping also needs to take the inertia and
limited fidelity of the mobile phone actuators into account.

4.2 Implementation

As mentioned above, we implemented FEELABUZZ on three different
platforms. The first was the open platform Neo FreeRunner (GTA2) [386]
running Openmoko SHR [385]. The complete openness of this plat-
form allowed for very easy prototyping. This first implementation was
followed by an adaptation for the WebOS platform Palm Pre [486]
and then a reimplementation for Android [185] on HTC Desire smart-
phones [332].

When choosing a mapping from acceleration to vibration strength,
we followed the notion of signal resemblance as closely as possible
(cf. Section 3.1.2). Heikkinen et al. [221] additionally provided some
insight into general expectations of users towards haptic communication
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which include varying intensities of touch and poking and knocking
as metaphors.

4.2.1 Signal Processing and Vibrotactile Mapping

Let s(t) = (s1(t),s2(t), ..., ss(t)) be the readings of the S accelero-
meters at time step t, where s;(t) € [0, Spax], and y(t) € [0, ymax] be the
output in form of the vibration strength sent to the vibration actuator,
i. e. the target speed of the vibration motor.* The mapping from s(t)
to y(t) consists of several steps. First, we compute the magnitude of
the vector of sensor values.

m(t) = plis(t)l| = @.1)

with p being a normalisation factor:

= Ymox 4.2)

P= 55,

Now an RC high-pass filter [291] is applied to the sensor values with
the decay constant aj

by(t) = ah(bh(t—1)+ (m(t)—m(t—1))) (4.3)

which gets rid of the gravitational acceleration and other constant or
long-term acceleration influences® without losing as much inertia as
a simple derivation would.

“4For the specific values that S, spax, Ymax and other constants take, please refer to
Table 4.1 on the facing page.

>When using the maximum sample rate of 30 Hz on the Palm Pre it is possible to
shake the phone so hard that the accelerometers will register a constant acceleration. The
100 Hz of the Neo FreeRunner were enough to circumvent this phenomenon. To prevent
the high-pass filter from eliminating the constant maximum acceleration on platforms
that cannot read from the sensors fast enough, it turned out to be painfully inelegant
yet obscenely effective to artificially set the sensor value of one time step to 0 when a
threshold number of successive near-maximum acceleration frames is exceeded.
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ap =0.99 B.=3 a, = 0.967 Bs=5

ap = 0.05 Bbh =2 Q= 0.157 Bbh =2

o =04 By, =3 0 = 0.4 By, =2

n="1 S=3o0rb6 n=25 S=3

Ymax = 255 Smax = 2268 Ymax = 100 Smax = 2
(a) Neo FreeRunner (b) Palm Pre

Table 4.1. Constants used on the (a) Neo FreeRunner (sensor sampling rate
100 Hz) and the (b) Palm Pre (sampling rate 30 Hz). The plots in this chapter
all use the Neo FreeRunner constants because its higher sampling rate is less
prone to artifacts.

Subsequently, an exponential smoothing is applied with smooth-
ing factor «;:

b(t) = aulby(t)| + (1 — ) by(t — 1) (4.4)

This is important in order to give more inertia to the system in a con-
trolled way so that a lot of activity from the sender will add up to give
an increasingly strong signal on the receiving end (cf. Figure 4.4 on
the next page). This turned out to be what best matched our intuitive
a-priori expectations of how the system should behave. The effect of this
is that one can “charge” the system by prolonged high-energy shaking,
feeling a bit like spinning an unbalanced flywheel faster and faster.

If we were to output b(t) as vibration, it would feel quite unre-
sponsive and slow, however. The low-pass filter has the drawback of
levelling out all of the more impulse-like parts of the signal which are
a salient feature and also quite important for signalling. To preserve
these impulse components, we add them back in with a simple kind of
spike detection. This also has the benefit of making the system more re-
sponsive to quick accelerations as the then-detected spike will kick-start
the acceleration motor.

For this, we compute the moving average over the last n time steps,
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Figure 4.4. Filter response y(t) to a burst of delta pulses m(t). No interpolation
has been applied in order to preserve the form of the Dirac deltas; the back-
ground pattern marks samples alternatingly to give a better impression of the
discrete nature of the t axis.

defined for any function x(t) as
1 n—1
MA (x, 1) = - ;x(t — i) (4.5)

and check if the high-pass-filtered signal b, (t) exceeds the threshold of
B, times the moving average. In less rigorous terms this means that a
spike is a sample that is significantly higher than its local neighbourhood.
If this is the case, we perform an exponential mapping of the spike
signal and add it back to the low-pass-filtered signal with the adjusting
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Figure 4.5. Screenshots of the WebOS dialer application. The interaction is
illustrated in (b): the activity of a remote contact is rendered to the vibration
motor when this contact is touched (blue circle). Additionally, a call icon is
displayed. By moving the finger and releasing it on the icon, a call to the contact
is initiated. Pictures by Sebastian Hammerl

coefficients By, and By,:

Ymax
0 else.

y(t) = min(n(K(t) + B bi(1)). Yo 4.7)

gnow (24220) i ba(t) > BMA (b1, 1),

k(t) = (4.6)

We used a moving average window of n = 5. The normalisation con-
stant i is necessary on some platforms to linearly correct for sensor or
actuator sensitivities that are too low. For the Palm Pre we found a value
of n = 2.5 to work well. For the Neo FreeRunner, no such constant is
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needed. Finally, the output is cropped to yqx. For the Neo FreeRunner
we noticed that vibration strengths of y(t) < 30 are not noticeable so
we set them to 0 to not unnecessarily strain the battery (this cutoff is
not included in Equation 4.7 nor in Figures 4.3 to 4.8).

In the following, we plot several filter responses to artificial input
functions to illustrate various properties of the above transformation,
including intermediary steps where this helps to understand what is
happening. Figure 4.3 on page 105 shows a step response, with the
intermediary steps b(t), bi(t) and k(t). The high- and low-pass char-
acteristics of by (t) and by(t) can clearly be seen. The output signal y(t)
subsequently shows an immediate response as well as a strong inertia
that can be configured independently from b,(t). Functions y(t) and
k(t) are clipped to yua which obviouslydistorts their shape. In Fig-
ure 4.4 on page 108, a burst of delta pulses increasingly excites the
system and this excitation takes a comparatively long time to wear off.
At the same time, the pulses themselves are perfectly preserved and
amplified. They are also clearly high-pass filtered as made apparent by
the downward spikes that help them stand out in noisier signals.

4.2.2 User Interfaces

Our first prototype platform, the Neo FreeRunner, had no graphical
user interface whatsoever. The transmitting and receiving IP addresses
were hard-coded into the Python code that ran on both phones.

The Palm Pre implementation had the user interface that can be
seen in Figure 4.5 on page 109, although it was mostly static and the
contact list could not be changed at runtime. It served to demonstrate
the concept and the interaction indicated in Figure 4.5(b) on page 109.
The application shows a short activity level history from all available
contacts. The contact overview serves as a visual representation of the
users’ accelerations. Thereby a user can quickly see which contacts
show interesting activity patterns at any time. The visual overview also
serves as a chat room in which all users can simultaneously see and
react to each other’s activity patterns. It would also be easy to discern
similar acceleration patterns arising from joint activities (e. g. sitting in
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Figure 4.6. Filter response to bursts of Dirac deltas with varying frequency. The first (degenerated) burst gets the maximum input value m(t) = 255
at every sample; the delay between delta pulses increases by 5 samples for every subsequent burst. The time between beginnings of bursts is
500 samples. The maximum length of a burst is 100 samples but bursts can be shorter when 100 is not a multiple of the pulse interval. The
horizontal lines show the non-spiking maximum of the output signal y(t) for each burst. It can be seen that the output value depends on the
number and frequency of previous delta pulses. Linear interpolation has been applied to reduce line overlap and because — at most resolutions —
the spikes will appear more realistic like this.
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Figure 4.7. Filter response to bursts of Dirac deltas with varying intensity. All bursts consist of 10 Dirac deltas with a frequency of 1 pulse every
11 samples. With each burst, the amplitude of the pulses in the input signal m(t) is decreased by one sixth of the initial value and is then halved
for the last two bursts. This plot shows the dependence of the low-pass activation and to a lesser degree the spiking height in y(t) on the input
intensity. Please note that contrary to other plots, m(t) was moved to the foreground to see it more clearly. Linear interpolation has been applied

to reduce line overlap and because at most resolutions, the spikes will appear more realistic like this.
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Figure 4.8. Filter response to a rectified sine wave of continuously decreasing frequency. Note especially how the input signal m(t) =

alsin(2t7(10 + %)71 )|, where a is a gain factor, initially puts enough energy into the system to make the amplitude of the output y(t) quickly
build up. This is driven by the low-pass system b,(t) whose curve shows the same hump as y(t). When the frequency then drops below a
threshold (in this case at about a wavelength of 12 samples) the low-pass system loses its energy. Also notice how each each cycle of the input
signal causes two cycles of the output signal (one per edge), with the abrupt change in direction because of the rectification being imparted as a
peak to the output as well.
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Figure 4.9. Initial concept of a FEELABUZZ Android app.

the same accelerating vehicle or doing sport together). An additional
audification [119] of the current history upon selecting it might also be
useful for an eyes-free interaction. Preliminary tests indicate that such
acceleration data can be quite characteristic when played back as a short
sound snippet, too. The history can also function as an activity footprint,
although surely this raises privacy concerns which need to be addressed.

Some of these ideas have been realised in the Android implementa-
tion. Its basic design is the same but it features a full user management.
The users can also use the contact list to configure their privacy set-
tings. They can for example decide to which contacts they want to
transmit their activity. The transmission of a random baseline activity
that would not reveal that activity transmission has been disabled has
been discussed but it has been decided that this would undermine the
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Figure 4.10. Finished Android app in use, showing the contact list screen. Photo
courtesy of Falk Olaf Altheide, Sebastian Kahl and Fabian Vohl.

trustworthiness of the system too much.

For the study described in Section 6.3.2, we went back to a much
simpler GUI and a hard-coded phone-to-phone link. This later app just
showed a static image of a mobile phone to indicate that the phone was
still running. The screen was maximally dimmed to conserve battery
life. Showing anything at all turned out to be necessary because we
were forced to turn off all interactivity of the phone, including touch
screen and power button so that the app could not be accidentally
switched off while the phone was in the pocket. Having a phone with
a black screen that does not react to any user input at all is essentially
indistinguishable from a phone that is switched off or out of battery.
This irritated even us during our test runs so we introduced the static
display to give our participants at least a rudimentary status indicator.
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feelabuzz

relay
server

Figure 4.11. Network connection schema for the second iteration of the WebOS
implementation. Each phone opens two connections to the server, using one for
sending and one for receiving. The firewall prohibits connections from phone
to phone and from server to phone, ruling out easier variants.

4.2.3 Technology

Both the Openmoko and the WebOS implementations are written
in Python and are restricted to one-to-one connections. Both initially
relied on Open Sound Control (OSC) [582] over UDP where each
sensor value was transmitted as soon as it was recorded and processed.
This was well-suited for demonstrations within one room and network
as these implementations are very low-latency but also prone to packet
loss and latency jitter. The software coped with the undetectability of
a connection loss by cutting the vibration strength in half for every
500 ms without any new packets.

A change in university wireless network policy made this direct point
to point UDP connection no longer an option and we reimplemented
the network module for the WebOS application. We experimented for
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a while with a Point-to-Point Protocol (PPTP) [208] VPN to circumvent
these new firewall restrictions but had to give this up eventually due
to a buggy PPTP implementation in WebOS.

We then opted for a stateful connection relayed by a server to
break through our university network’s firewall, using only outbound
TCP connections because inbound connections were also not allowed
(cf. Figure 4.11 on page 116).° Because of the increased overhead of
TCP, sending values individually was no longer practical and so we
introduced buffering. The buffering brings with it some necessary design
decisions, especially in unreliable networks, of how to keep latency
low, handle disconnects and irregularities in the update rate, while at
the same time discarding as few samples as possible.

Figure 4.13 on page 119 shows a recording of the actual number of
data points remaining in the input buffer on the receiving end. When
setting the accelerometer update frequency to “as quickly as possible”,
we measured an average sensor update frequency of 38 Hz so this is
what is assumed on the receiving end. We did not want to send a
timestamp with each data point for reasons of bandwidth and imple-
mentation complexity. However, the update rate on the receiving end
is dynamically adapted depending on the amount of data received in
order to keep the buffer within a certain fill level corridor. In Figure 4.12
on the following page it can be seen that if more than one second worth
of data is available, the wait time between updates is linearly decreased
until it reaches zero at two seconds worth of data. If more than three
seconds of data are available, the oldest data points are silently dis-
carded. The latter case happens especially right after a connection is
established or re-established. The relay server had time to buffer a lot
of data in these cases and discarding most of it is necessary in order
for the time delay not to become too large.

Figure 4.13 on page 119 shows that these strategies seem to be
effective in keeping the buffer length in a certain corridor, despite a
slight jitter in packet reception times. Subjectively, the variations in

%Note that TCP connections allow bidirectional data exchange once they are estab-
lished.
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Figure 4.12. Time slept between updates by the thread that updates the vibration
strength from the pool of received values, depending on the number of samples
left in the queue (here shown in seconds as determined by the nominal update
rate, not number of samples). An update rate of 38 Hz is used here but the
qualitative behaviour is always the same: up to a buffer of one second, the sleep
time is determined by the nominal update rate, ignoring processing time. With
a growing queue, the sleep time drops linearly until samples are used up as
quickly as possible once the buffer reaches two seconds. Beyond a buffer of
three seconds, samples are silently dropped from the queue. See Figure 4.13
on the facing page for the effect of the behaviour described above.

update frequency were not noticeable to us.

Employing these strategies to circumvent the university firewall came
in handy when we decided to use 3G UMTS in the user study described
in Section 6.3.2 instead of WLAN because of its much greater reach
and issues with reconnects due to WLAN roaming that caused frequent
interruptions in connectivity between the devices [171].

The Android [185] application was a complete reimplementation in
Java, developed as an undergraduate project supervised by my colleague
René Tunnermann and myself. Unfortunately, the tactile rendering did
not reach the same maturity as with the other prototypes and could
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Figure 4.13. The effect of the delay variation shown and described in Figure 4.12
on page 118. Roughly every 38 samples, a new set of 38 samples is received.
Initially, a much larger amount is received, most of which is discarded right
away. Note how the buffer length is kept in a narrow corridor and irregularities
in reception are handled well. Also note the linear look of the segments, even
though the behaviour of the first derivative is non-linear due to the constant
regulation of the delay.

therefore not be used for studies, even though the greater availability
of the hardware would have made this an appealing option.

The Android implementation uses XMPP [254] over TCP as the
transport layer. Also, sensor values are bundled before they are sent
away, which increases latency but also reduces network load, which
is especially important regarding the move from the stateless UDP to
TCP with its acknowledgement packets.

XMPP already provides many of the features we need such as contact
management, session management and dynamically connecting phones
from arbitrary networks. The XMPP extension XEP60 [427] is used to
provides a publish-subscribe pattern and server-sided buffering of recent
activity which is needed when freshly tuning in to a contact or rendering
the overview visualisations from scratch.

Regarding the vibration output, Android has the special difficulty
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that its APl does not provide a call to control the strength of the vibra-
tion motor. The only call that can be used is android.os.Vibrator.
vibrate(pattern, repeat) where pattern is an array describing
the pattern of the vibration in the following way: the first value is the
number of milliseconds for which to activate the vibration motor; the
second value is the number of milliseconds of inactivity following that.
The third value then describes a period of activity again and so forth.
This makes it possible to emulate a command to control the vibration
strength using a crude pulse-width modulation. Although the switching
frequency for this is very low with only 100 Hz, the inherent inertia of
the vibration motor will low-pass filter such a pattern into the semblance
of a variable-strength vibration feedback.

4.3  Evaluation

We did a preliminary evaluation whose primary goal was to determine
how well basic activity patterns can be discerned and recognised with
the given hardware and mapping. However, we also used the occasion
to get a first impression of the success of the affectiveness and calmness
aspects that can be expected from our system.

For a study that looks at actual copresence through longer-term
use, see Section 6.3.2.

4.3.1 Method

Ten participants took part in the study, 5 male and 5 female. The
participants went through the study in pairs who were known to each
other. The participants’ phones were bidirectionally transmitting the
acceleration data. As the first step of each trial, the general idea and
basic properties of the acceleration-vibration mapping were explained
to the participants. Each participant was then given the opportunity to
familiarise him- or herself with both phones at the same time to get
a better first impression of the mapping. When they both felt familiar
with the system, they split up the phones so that both participants had
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one of them. They were again asked to explore the system until feeling
familiar with it. They were then explained the following procedure.

The two participants were separated so that they could no longer
see or hear each other. One of them was asked to perform one of three
activities while wearing the telephone in their pocket: resting, walking
or running. The other participant was instructed to guess, on the basis
of the vibration they felt, which of these activities was being performed,
holding the telephone in their hand. We asked the participants to guess
as often as necessary. Auditory communication between the separated
participants was never direct but mediated through the experimenters
who were using a telephone line. This step was repeated ten times before
the roles were switched between the two participants. The schedule of
activities each participant had to perform was randomly generated in
advance and different for each participant. The study was conducted
using the Neo FreeRunner prototype.

Finally, the participants were asked to fill in a questionnaire. The
questionnaire we used is based on the Computer System Usability
Questionnaire (CSUQ) by Lewis [329]. We removed or adapted ques-
tions that did not make sense in our scenario and ended up with 12
multiple-choice questions using a 7-point Likert scale (cf. Figure B.5 on
page 444). We also added six free-response questions.

4.3.2 Results

The results of the activity classification can be seen in Table 4.2 on the
next page as a confusion matrix. All four misclassifications occurred
between the classes “running” and “walking” and only when a parti-
cipant was first confronted with one of these activities (i. e. it was the
first activity to be performed or it was preceded by “resting”).

The most favourably answered items were “It was simple to use
this system.” and “It was easy to learn to use this system.”, both of
which were “strongly agree”d upon by all participants (average 1.0).
The items that scored worst were “I believe | would use this system on
a regular basis.” with an average of 3.7 (cf. Figure 4.16 on page 126)
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actual activity

resting walking running

9 resting 35 0 0
1 walking 0 29 2
= running 0 2 32

Table 4.2. Class confusion matrix of the participants’ activity recognition. The
overall misclassification rate was 4%, all examples of which occurred when the
classes walking or running first occurred for a given participant.

and “This system has all the functions and capabilities | expect it to
have.” with an average of 3.714.

Figure 4.16 on page 126 shows the responses to four of the questions
as histograms. It includes a question “This system created a sense of
connectedness” which we added to the questionnaire to get a first
estimate regarding the affectiveness of the system and “I believe | would
use this system on a regular basis” which was intended to hint at the
unobtrusiveness of FEELABUZZ.

We regard the responses to the affectiveness question as obviously
very promising and those to the calmness question as somewhat lacking
although not utterly hopeless.

It must be emphasised, though, that this study did not include any
reliable measure of either the affectiveness or the calmness aspect of
FEELABUZZ. The study described in Section 6.3.2 was conducted to
make more reliable claims regarding these questions.

4.3.3 Outlook

One of the main obstacles towards an application of FEELABUZZ beyond
the lab is the restricted battery run time. We are going to take a brief
look at possible angles for optimisation.
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WebOS feelabuzz CPU Usage

pdk_accel hidd
2%

feelamove.py 4%

makeabuzz.py
7%

LunaSysMgr
10%

Figure 4.14. CPU Usage for FEELABUZZ, averaged over three 30 s measure-
ments. Values are only approximations because of slight top? measurement
inconsistencies.

2http://en.wikipedia.org/w/index.php?title = Top_(software)&oldid =557693140

On the Palm Pre platform, we measured an average ARMv7 Processor
usage’ of about 26 % while FEELABUZZ was running.2 As can be seen

7The CPU frequency could scale from 125 MHz to 1 GHz but remained at 125 MHz
while running FEELABUZZ once we had adapted the CPU governor setting to conservative
and the upscaling threshold to 80 %.

8The attentive reader will find that this percentage and the idle percentage from
Figure 4.14 do not add up to 100. This is due to a mismatch between the measured sum of
CPU usage of all processes and the sum of user and system CPU usage over the same time
interval. These measurement inaccuracies caused the overall CPU usage to overshoot 100
by a couple of points. Because of this comparatively small effect, we chose not to investigate
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4. FEELABUZZ

in Figure 4.14 on page 123, the LunaSysMgr, which is the WebOS
process that does the main app execution, is the process that uses the
most CPU. It is followed by the two Python processes that are responsible
for processing and sending of the sensor data (feelamove.py) and the
reception and actuator control (makeabuzz. py) which take up about an
equal share of the CPU. This latter fact is somewhat surprising since all
the processing logic described in Section 4.2.1 is done in feelamove. py
without this showing in the CPU usage. So even though the signal
processing could surely be optimised on many levels, it remains to be
seen if this significantly reduces the processing time needed. Obviously
reimplementing both Python scripts in a faster language would almost
certainly reduce the CPU usage.

While pdk_accel — the process that reads out the accelerometer
and which is already written in C — causes about 69 wakeups per
second and thus many more than the sampling rate would make one
expect, these are only about 10% of the total wakeups and therefore
the optimisation potential is probably limited at this point.

The vast majority of wakeups are caused by generic general purpose
timers and the OMAP? interrupt. It is possible that switching off the
screen could not only safe energy in itself but also reduce the load
caused by the LunaSysMgr or the OMAP device but, as stated above,
we found that completely switching off the screen, combined with the
inability to interact with the phone, was highly confusing. We therefore
maximally dim the screen and only show a static image but the screen
never switches off. Restoring interactivity with the device while making
sure that the application cannot be switched off accidentally would
therefore have a high potential for prolonging battery life.

Reducing the number of wakeups might be an important step to-
wards a less power-hungry app. We suspect this because the overall
CPU usage is not unreasonably high, even though it might surely be
improved. However, Figure 4.15 on the facing page shows that the
CPU only resides in its deepest sleep state a quarter of the time and

the reasons for this any further.
http://en.wikipedia.org/w/index.php?title = OMAP&oldid = 558389536
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4.3. Evaluation

WebOS feelabuzz CPU Sleep States

Figure 4.15. CPU sleep states for FEELABUZZ, measured over the course of a
300s interval. C5 is the deepest sleep state. C1 and C2 were never used.

is actually running in CO almost half of the time.

Reducing the power drain by display and CPU probably will only go
so far, though. Real-time data processing, continuous sensor readings
and wireless activity, and using the vibration motor a significant fraction
of the time are all inherently power-hungry tasks on current-day hard-
ware. For the future, however, one can with some confidence expect
an increase in the prevalence of sensor coprocessors such as the Apple
M7 [561]. Then, the CPU could be put to sleep for most of the time
and together with an optimised network protocol that only actually
transmits data when the vibration motor in the remote device would be
active, a significantly extended battery life could be expected.
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Overall, | am satisfied with this system.

strongly agree 1

2
3
4
5
6

Response Option

strongly disagree 7
N/A

0 4 6
Number of Responses

| liked using this system.

strongly agree 1 #‘

strongly disagree 7.

Response Option

4 6
Number of Responses

| believe | would use this system on a regular basis.

strongly agree 1

strongly disagree
N/A

Response Option

4 6
Number of Responses

This system created a sense of connectedness.

strongly agree 1 f

strongly disagree 7
N/A

Response Option

0 4 6
Number of Responses

Figure 4.16. Responses to four of the questions in the questionnaire. The average
values (also indicated by the red horizontal line in each plot) for these questions
from top to bottom are 2.25, 1.8, 3.7 and 2.4.
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5 upstairs — Acoustic Adjacency
Simulation of Remote Rooms

5.1 Introduction

The idea for upstairs is directly related to the scenario presented in
Section 1.1 of two people sharing a space and the notion of an adjustable
wall (cf. Section 1.3) following from this scenario. What upstairs does
actually is to simulate a wall — or more precisely a ceiling — that connects
two rooms as if they were adjacent. There has been extensive research
in the field of media spaces (cf. Section 2.3) where the goal was to
connect two remote spaces as if they were one single space [45, 143,
270]. Unobtrusiveness was paid little attention to, though. Maybe for
this reason, there was also little notion of not only connecting spaces
with technical means but also separating them at the same time.

As illustrated roughly in Figure 5.1 on the next page and more
detailedly in Figure 5.12 on page 140, upstairs connects two rooms
by virtually stacking them mutually atop each other. It will appear to
Person A that Person B lives upstairs and vice versa.!

Anecdotal evidence of people getting a good grasp of the daily
routine of their upstairs neighbours even without other forms of com-
munication was part of the inspiration for upstairs. We still believe,
however, that complementarity as per Section 3.1.2 is crucial to make

"Note that the sound is always coming from above — and not from above for one
user and from below for the other as would be the case with the real physical analog of
two actual rooms one atop the other.
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Figure 5.1. Schema of two rooms being connected via upstairs. The setup for

each individual room can be seen in Figure 5.5 on page 133. Picture by Till
Bovermann

<=
5.

real use of a system that simulates the noises diffused through walls be-
cause we do not think that without context and background knowledge
there can be any long-term interest in the other person.

In fact, during initiatory discussions with colleagues and people
from other backgrounds, the concern was frequently raised that people
were already fairly annoyed by the upstairs neighbours they actually
had and wondered why anyone would want such a system. We believe,
though, that it is indeed the lack of interest and the lack of context
information about the actual neighbours that are responsible for the
annoyance in the first place.? It is a well-known phenomenon that
noise perception depends largely on the personal feelings towards the
source of the noise [271, 396, 421, 527]. If the upstairs neighbours
were people they cared about and they knew enough about to deduce
useful information about their activities from the sparse information

2Especially since the circumstance that neighbourhood relationships are prone to
conflict has been true for a very long time as Cockayne [84] showed at least for Britain —
probably without loss of generality though.
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5.2. Hardware Setup

that the signal holds per se, then they would appreciate the auditory
link. The positive first reactions we received for our example SCS in
Section 6.5.1 and especially the cognitive load that was significantly
less than what people anticipated beforehand could be interpreted as
supporting this hypothesis.

5.2 Hardware Setup

Transmitting footsteps and other contact sounds is a four-step process:
the sound must be 1) captured, 2) filtered, 3) transferred over the network
and 4) eventually played back (cf. Figures 5.5 and 5.4 on page 133).2

We experimented with different kinds of floors and flooring materi-
als. Hard concrete or stone floor (cf. Figure 5.6 on page 134), soft vinyl
flooring (cf. Figure 5.2(a) on page 131) and the very flexible and elastic
floor of a shipping container office transmitted footsteps very poorly:
footsteps could only be heard up to 40 cm away from the microphone
for concrete and even less for the elastic floor. Carpeting, even thin one,
even worsened the situation considerably. We found wooden floor to
work best; the only real loss of energy seemed to occur at plank bound-
aries (cf. Figures 5.7 on page 135 and 5.2(b) on page 131). Laminate
flooring also worked quite satisfactory (cf. Figure 5.6 on page 134). All
in all, we observed that the perceived loudness of the footsteps in the
room itself is not a measure for the amount of acoustic energy that is
transmitted to and by the floor.

Common means to insulate against noise transmission to adjacent
rooms have little effect on the walking noise within the room* [174] or
on the effectiveness of our sound recordings with contact microphones.
In fact, when we used a sheet of felt between the laminate and the
concrete floor (cf. Figure 5.6 on page 134), even soft movements without
shoes became audible and sounded surprisingly natural.

3For additional photos and a detailed technical description
see http:/tai-studio.org/?page_id =808

4In German, the former is called Trittschall, the latter Gehschall. The structure-borne
sound upstairs uses does not directly correspond to either, though.
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The capturing of the contact sound was done with capacitive contact
microphones (depicted in Figure 5.2(a) on the facing page). We used
AKG C411 microphones® because of their qualities in both capturing
performance — especially a low signal-to-noise ratio — and physical
robustness. Their capacitive recording principle required phantom
powered microphone input channels which in our earlier test setups
we provided with RME® or MOTU interfaces that used IEEE 1394 to
connect to the computer that did the further processing. Due to hard-
ware availability, we used Yamaha MG 102 C mixers® (cf. Figure 5.10
on page 138) and an analogue sound input to the built-in audio ad-
apters of the laptop computers that did the sound processing for the
later setups (cf. Figure 5.11 on page 139) and for the user study (cf.
Figure 5.9 on page 137).

We experimented with variations in the number of microphones for
stereo or multichannel sound but found that in all our more conventional
setups no spatial resolution was achieved. Only the setup shown in
Figure 5.7 on page 135 was able to deliver convincing spatial audio.
There, the two microphones were spaced over 3 m apart in an even
larger room, allowing movement beyond the stereo base.’

To create the illusion of sound travelling through floor and ceiling,
we used a band-pass filter'® with cut-off frequencies at about 50 Hz
and above 300 Hz.!" The processing was done using the SuperCollider

Shttp://www.akg.com/pro/p/c411group
bhttp://www.rme-audio.de/en_index.php
7 http://www.motu.com/audio

8http://uk.yamaha.com/en/products/music-production/mixers/mg_series_c_
models/mg102c/

9Recordings from this stereo setup can be found e. g. at
https://soundcloud.com/Ifsaw/2011-walkingonwood02?in = Ifsaw/sets/test-recordings-
for-the-shared and
https://soundcloud.com/Ifsaw/2011-22in = Ifsaw/sets/test-recordings-for-the-shared. Even
in this generous hallway setup, a relatively sharp transition from one stereo channel to
the other can be perceived.

Omore specifically the combination of SuperCollider’s second-order Butterworth
low-pass and high-pass filters

" These numbers were determined empirically. We had first tried a low-pass filter only
but this did not sound satisfactory. Measuring the actual filter characteristics of different
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5.2. Hardware Setup

(a) Contact microphone on vinyl (b) Contact microphone on wooden
floor. floor. Photo by René Tiinnermann

Figure 5.2. Contact microphone on different types of floor.

programming language.'?

For the network transmission, we used the open source streaming
software Darkice' and an Icecast2'* server, configured for minimum
latency (e. g. approximately 1s in contrast to the usual 3-55s). Since
latency was only of moderate importance to us because it is import-
ant but not as crucial as e. g. in bidirectional speech transmission, we
did not go to any greater lengths to optimise it (for example by us-
ing a low-latency audio codec — we used MP3 instead for maximum

ceilings could be a future step towards an even more convincing sound.
2http://www.audiosynth.com/
3 http://code.google.com/p/darkice/
http://www.icecast.org/
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Connections - JACK Audio Connection Kit
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Figure 5.3. Screenshot of the Jack connections on the laptops used during the
studly.

compatibility). The Jack'® patching to connect the different software
components is illustrated in Figure 5.8 on page 136 and directly shown
in Figure 5.3.

We played back the resulting HTTP audio stream on the receiving
end using a software audio player, again with a cache size configured for
minimum workable latency (although this minimum obviously depends
on the network quality). As the type of loudspeakers plays an important
role for the perceived sound due to the two factors frequency response
and radiating properties, we adapted filter parameters accordingly. This
turned out to be a crucial factor in the system that needs to be tweaked
depending on the specific installation location. By facing the speakers
upwards, the sound was distributed towards the ceiling so that the first
reflections are heard most prominently. The resulting large emitting

> http://jackaudio.org/
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.)/\@ )

Mic Bana- Network  Speaker
Pass

Figure 5.4. Essential steps of the upstairs data flow.

loudspeaker l\\\\

contact microphone .

Figure 5.5. Schema of the upstairs setup in a single room. Two rooms are then
connected as shown in Figure 5.1 on page 128. Picture by Till Bovermann

angle helped to increase the illusion of the whole ceiling giving off
the sound. The wider the emitting angle of the speakers to begin with,
though, the better the overall result that was achievable.
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Figure 5.6. Construction of one of the upstairs test setups. The partial felt padding can be seen. Photo by
René Tiinnermann



Figure 5.7. Stereo upstairs hallway test setup from above.
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darkice
mplayer

Figure 5.8. lllustration of the connections between the software components
used. Picture by Till Bovermann

5.3 First Impressions

To spark some fruitful discussion beforehand, we confronted people
from various backgrounds with the system, ranging from interaction
design over interactive media art to photography and sound design. They
were asked for their general impression of the system, their opinions
towards it and how they think it could be improved.

In these discussions, one person reported that, although he rarely
meets his upstairs neighbours, his knowledge about the daily routine
of them is more detailedly than that of his friends. Another person
suspected that, when having this system installed in his home, he
would be more self-conscious about coming home late.

A question that arose from the discussion was on how to differ-
entiate between the system-induced auditory illusion and the sounds
actually originating from the neighbours living above the user. Also,
people mentioned that many environments already suffer from a lot of
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Figure 5.9. Two setups of upstairs by participants of our study (cf. Chapter 6). To
get the speaker as close to the ceiling as possible, either a 165-350 cm speaker
stand or available furniture was used. Photographed by the participants.

environmental noise and asked how we intended to deal with this.

Along the same lines, people emphasised the importance to add
self-monitoring possibilities and to let users adjust the system in terms
of overall amplification and filter parameters. Another suggestion that
came up during the discussion was to augment only certain spots of
places instead of covering the whole area.

These inputs and our own long-term test of the setup in our own
offices over a couple of months were quite valuable for the user study
we then conducted (cf. Chapter 6).
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@ YAMAHA

wxwe consoe MIG102C

Figure 5.10. Mixer as used during the user study. The multitude of knobs and
sockets had the potential to overwhelm less tech-savvy users. On the other
hand, this way users did have the possibility to do some adjustments to filter
settings if necessary.
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Figure 5.11. Office setup of upstairs.
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Figure 5.12. Upstairs setup connecting two offices in Helsinki and Bielefeld. Diagram and Helsinki photo by Till Bovermann
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6 Exploring the Effects of Subliminal
Copresence Systems

The systems upstairs and FEELABUZZ presented in the two preced-
ing chapters are examples of subliminal copresence systems (SCS).
In Chapters 1, 2 and 3, we postulated a number of effects SCS might
have. We conducted a study where participants used FEELABUZZ for
only a couple of minutes while performing mandated activities (cf.
Section 4.3). That study was thus not designed to investigate how the
system works on an emotional level, possibly affecting connectedness,
presence or even relationship quality. It was also not designed to verify
our important design goal of SCS having a low cognitive load so that
they can be running over extended periods of time. For these reasons,
we wanted to conduct a study whose participants had to use a given SCS
for days instead of minutes. In the following, we are going to present
the studies we conducted — including our expectations, method and
results — and finish with a discussion of these results, even though the
iterative nature of the exploratory part of our analysis blurs the line
between method, results and discussion somewhat.

6.1 Expectations
We expect both our SCS to induce a high amount of copresence while

maintaining a lower level of social presence. Accordingly, cognitive
load should be low and people should find it convenient to have the
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6. EFFECTS OF SUBLIMINAL COPRESENCE SYSTEMS

system running continuously. Ideally, the effects of the SCS should
occur without the participants even immediately noticing them or at
least without them being distracted from other activities.

If telepresence is a prerequisite for copresence as some authors have
said [69, 455, 498, 537] (cf. Chapter 2), one might expect telepresence
to measure at least as high as copresence, even though nobody ever
undertook any means to actually calibrate the different presence scales
in relation to each other so this and other similar statements are only
approximate and speculative.

As detailed in Section 1.2 and Section 2.5, SCS could have the
potential to increase or to decrease relationship quality. However, given
that transmitting movements of a partner seems like an insignificant
thing compared to the noticeable alteration of the quality of a relation-
ship, it is hard to be optimistic about any measurable and definitive
change in relationship quality over the two-week study period. In any
case, we expect relationship quality to be a factor that is particularly
prone to variations that we cannot control for, so any fluctuations that
we might see are hard to link back to the system itself, especially given
the small sample size of the studies (cf. Section 6.3).

If connectedness is a better measure for the effectiveness of aware-
ness systems than awareness itself as has been suggested (cf. Chapter 2)
and upstairs and FEELABUZZ are effective awareness systems, then they
should rank high on the Connectedness scale.

Among all the positively connotated scales present on the question-
naires we will present in the following section, we especially hope to
find a low Cognitive Load and a low Threat to Privacy since this would
correspond with our postulates from Section 3.1.2.

We would also like to get an indication towards the validity of
the relations between the various concepts presented in Chapter 2
postulated by ourselves or other authors. This means especially that
we would like to confirm or reject at least part of the overall picture
shown by Figure 2.4 on page 35.

Generally however, it should be noted that both studies have very
small sample sizes compared with the complexity of the questions raised
and the tentativeness of the results can therefore not be overemphasised.
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The upstairs study will be mainly exploratory and hypotheses-generating
in nature, while the FEELABUZZ study will be confirmatory in as far as
it is able to be.

6.2 Hypotheses

Putting the expectations from the previous section more formally, these
are the hypotheses we want to test:

(H1) Copresence ratings are better than Social Presence ratings.
(H2) Copresence rates no better than Telepresence.

(H3) Relationship Quality before system use differs from afterwards.
(H4) Social Connectedness is better after system use than before.
(H5) Cognitive Load is low.

(H6) The perceived Threat to Privacy is low.

(H7) The measure of Copresence is better than the scale centre.

(H3) and (H4) can not be tested for FEELABUZZ since the question-
naire before system use did not comprise the necessary questions.

See Table 6.3 on page 150 for an overview, including the results
from Sections 6.4.1.1 and 6.4.2.1.

6.3 Method

The two small-scale studies we conducted in order to get a first in-
dication regarding the effect of upstairs on couples in long-distance
relationships and to collect some user experience from people using
our SCS upstairs and FEELABUZZ over a longer period of time were con-
structed similarly. The FEELABUZZ study was in essence a shorter version
of the upstairs evaluation — by this allowing more people to take part.
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Sample Statistic  Population Parameter  Description

X u Mean
SD o Standard Deviation
Md - Median

Table 6.1. Frequently used symbols. Since there are no symbols for these
concepts that are used consistently across disciplines, we define them in a way
that should minimise the risk of confusion.

6.3.1 upstairs

We evaluated upstairs by giving two connected setups to couples liv-
ing in a long-distance romantic relationship (LDRR) who installed the
systems in their homes (cf. Figure 5.9 on page 137). There were three
couples, making for n = 6 participants in total. Each couple was sup-
posed to use the system for two weeks but in one of the couples, one
partner moved to a new flat without the necessary wooden or laminate
floor before this two-week period could be finished.

Participants were asked to complete two basic types of question-
naires before, during and after the study: a detailed one once a week
(called Qg, Q, and Qg,) and a simpler one every second day (called
Q. and Q,; all the questionnaires are shown in full in Appendix A.1).
Before the start of the study, a baseline period took place in which
participants were asked to answer the applicable questions from the
simple questionnaire (Q,).

The baseline period took place for all participants simultaneously
but since there was only one set of hardware, the time between baseline
and actual study period varied.

See Table 6.2 on the facing page and Figure 6.1 on page 146 for
an overview of the study structure and for a detailed description; Sec-
tion 2.4.1 describes the design of the questionnaires.

The participants were all heterosexual couples and two of the three
were married. The participants were between 29 and 35 years old
(x =31.3a, SD = 2.1a, Md = 31 a). The length of their relationships
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Icon Names

Q(X! Q:;(
(alter-
nate
days)

&

Op
(be-
fore

system
use)

Qy
(half-
time)

QBV
(final)

Z

Number
of ltems

14, 30

93

89

128

Measures/Influences

inclusion of other in the self [13],
copresence (aloneness, mutual
awareness and closeness) [39, 401],
social presence [494], affective costs
and benefits [584], technical issues, free
answers

social desirability [518], relationship
closeness [34], relationship quality [26],
connectedness [550], affective costs and
benefits expectations [584]

presence [498], copresence [39, 401],
social presence [494],
connectedness [550], affective costs and
benefits [584]

presence [69, 498], copresence [39,
401], social presence [494],
connectedness [550], affective costs and
benefits [584], relationship
closeness [34], relationship quality [26],
system satisfaction

Table 6.2. Legend for Figure 6.1 on the next page. The icons are licensed under the
GNU Lesser General Public License since being derived from the Oxygen icon set.

ranged between 5.3 and 12.8 years (x = 9.2a, SD = 3.4a, Md =
9.5 a) while the part of the relationship that they themselves considered
to be an LDRR' varied between 41 days and 3.5 years (x = 1.7 a,

TStafford [507] proposed to prefer such subjective self-reports over objective but
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Figure 6.1. Schedule of the phases of the upstairs study and the questionnaires that were used. All participants had to complete the 14-item
questionnaire Q, every other day for one week as a baseline measurement. After a variable period of time, participants got the setup and before
using it for the first time had to fill in another baseline questionnaire Qg with 93 items which also included a social desirability scale [518].
They then used the system for two weeks, filling in Q’, every other day which was an extended 30-item version of Q,, a 89-item evaluation
questionnaire Q, after a week and finally Qg, which added one more item to Q, and combined it with Qg (omitting the affective costs and
benefits expectations from Qg in favour of the actual affective costs and benefits from Q,) for a total of 128 items. A small 8-item questionnaire
asking for some demographic data had to be completed after the baseline period. The questionnaire colour coding used in the icons is explained
in Table 6.2 on page 145. This image is licensed under the GNU Lesser General Public License due to using the Oxygen icon set.
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6.3. Method

SD = 1.4a, Md = 1.8a). These self-reports were not exactly the
same between partners but reasonably close (with an average standard
deviation of 26 days and an average coefficient of variation? of .04).
Regarding the separation-reunion cycle [507] at the time of the study,
all participants said to meet their respective partner two to three times a
month. Participants were also asked for their experience with computers
and how much they would consider themselves to have a disposition for
technology. All participants rated themselves within the two response
options signifying the most experience and disposition for technology
on a 7-point scale.?

Additionally to completing the Qg, questionnaire (cf. Figure 6.1 on
page 146) at the end of the usage period, an unstructured interview was
held with each participant to also get subjective feedback, reflecting
the exploratory stage of this research.

The questionnaires were anonymised by using code names,* and
randomly permuting the data rows and stripping the timestamps from
them before analysis.

The last couple were also given the opportunity to use the system
longer than we asked them to do. This was part of the evaluation
without the participants knowing this. We wanted to find out if the
participants used upstairs only because we asked them to or if they
liked the system so much that they used it for as long as they could.

arbitrary criteria in order to determine whether a relationship is long distant. As for
objective measures, the participants lived between about 250 km and 760 km driving
distance apart.

2The coefficient of variation is the standard deviation normalised by the mean, i. e.
cv=2,

3We actually required the non-local participants to have at least some technical
background because setting up the prototype was not trivial (cf. Figure 5.9 on page 137
and Figure 5.10 on page 138).

4To avoid impersonal and easy to forget numbers, the participants were given a
pool of fictional movie couples from which they could choose without the experimenter
knowing the association between actual and fictional couple. Every proposed name
was unique. This had the advantage that the gender was implicitly coded in the token,
as well as the information which two partners belonged together. The questionnaire
was programmed to recognise these names and adapt the gender-specific wordings
accordingly.
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We deemed this a more reliable method to assess the motivation of the
participants than asking them whether they liked using the system or if
they would use it if they had the opportunity to do so (which we also
did). Unfortunately, the schedule did not allow for the other couples
to be given this opportunity unsuspectingly.

6.3.2 FEELABUZZ

The studies for FEELABUZZ only went for two days per pair of parti-
cipants and being in an LDRR was not a prerequisite for participating.
Consequently, all questions assessing the relationship quality and sim-
ilar measures were removed from the questionnaires (except for a single
I0S item on the pre-study questionnaire) because any change here
due to the system was deemed virtually impossible. There also were
only two questionnaires: one very short questionnaire before using the
system and a longer one after having used it (cf. Appendix A.2).

Two questions were additionally removed because they did not
apply to FEELABUZZ, “l was disappointed when my partner wasn’t there
when | tried to contact him/her using the system” from the Unmet
Expectations scale and “I had the impression that my partner actually
lived upstairs” from the Telepresence scale.”

The study was completed by 7 couples, where one participant failed
to complete the post-study questionnaire in a timely manner, leaving
us with n = 13 participants.® There were 2 more couples that aborted
the study because one of the partners found the vibrating phone too
distracting. From those participants who completed the study and both
questionnaires, 7 were female and 6 male. Their relationship had lasted
between 5 months and 9 years (x = 3.74a, SD = 3.15a, Md = 2.5a).

5The latter question actually accidentally remained on the questionnaire and was
ignored in the subsequent evaluation. It might be a troubling testament to the impression
the long final questionnaire left with the participants that actually not a single one of
them complained about this nonsensical item.

6We decided that we could still use the data from the partner that did fill in both
questionnaires because we do not use any metric that associates partners with one another
in this study.
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Box 4: Remarks on the Analysis

The following statistical analysis was done using SPSS? version
20 and the high-precision spreadsheet [3] Gnumeric? in versions
1.10.17,1.12.1 and 1.12.6.€

Tabular data is almost always augmented by an automatic table
cell colouring. The cell value is mapped to a luminance—saturation
scale in accordance with the findings of Rogowitz and Treinish
[453]. The scale, direction and extreme values used are usually
apparent from the kind of data displayed. Usually, this will be
either a scale ranging from white to yellow for data in [0, 1]
(or [—o0, 1] for Cronbach’s a, with the cell colour being white for
any value < 0) or vice versa (e. g. for p-values), or a scale from
blue over white to yellow for data in [—1, 1] or sometimes [1, 7]
for results on the 7-point scale that was used almost exclusively
on the questionnaires (in this case, the neutral white point is at
4). The scales yellow—white—yellow and blue-white—blue
also sometimes occur when the magnitude is the only measure
for the value of an entry but direction is too interesting to discard
the sign altogether (e. g. for correlations or factor loadings). When
there is no natural or mathematical boundary for the content, the
extremes used for the colour scales are given in the caption.
Unless otherwise noted, the questionnaires used 7-point scales
ranging from “1 — | agree strongly” to “7 — | disagree strongly”.
Additionally, items were reversed in such a way that a small scale
result represents a positive result for the system while a large value
is a negative result. This means the common expectation that a
high scale result means a high expression of its face value is only
met for cost scales but not for benefit scales. See Table B.1 on
page 432 for a full reference of which items were reversed.

We used an alpha level of .05 for all statistical tests.

2http://www-01.ibm.com/software/analytics/spss/

bhttp://projects.gnome.org/gnumeric/

€Almiron et al. [3] advise not to use spreadsheets for nonlinear regression and
Monte Carlo experiments but found Gnumeric to deliver exact results for the kinds
of calculations we used it for.

149


http://www-01.ibm.com/software/analytics/spss/
http://projects.gnome.org/gnumeric/

6. EFFECTS OF SUBLIMINAL COPRESENCE SYSTEMS

Hypothesis  Summary upstairs FEELABUZZ
(HT) Copresence < Social Presence v v

(H2) Copresence > Telepresence

(H3) Relationship quality changes

(H4) Connectedness increases

(H5) Cognitive Load < 4

(H6) Perceived Threat to Privacy < 4

(H7)

NN N N X
AN N S N

Copresence < 4

Table 6.3. Overview of upstairs hypotheses. v' means that the hypothesis can
be confirmed,® X signifies that the relationship in the data is opposite to the
one in the hypothesis, and ? means that no statistically significant statement on
the hypothesis is possible.

2meaning that the null hypothesis assuming no change or difference was rejected
with p < .05

All couples were heterosexual and unmarried. The participants’ age
ranged from 20 to 29 years (x = 25a, SD = 2a, Md = 25a). Self-
assessed experience with computers was x = 5.85, SD = .99 and
disposition for technology was x = 6.31, SD = .85 when given on
a scale from 1 as the minimum and 7 as the maximum experience
or disposition respectively.

Because the code name scheme for anonymisation needs coordina-
tion between all of the participants without the experimenter orches-
trating this, it was impractical for this larger study. We therefore used
conventional numerical tokens for the participants. Forgetting the token
was less of a potential issue because of the much shorter time span.

6.4 Results

In the following we will, for each system separately, first test the hypo-
theses from Section 6.2 and then go into a more exploratory analysis
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of the results, seeing if there are any patterns that we did not expect.
For FEELABUZZ, this part will be less extensive since we will focus on
verifying the patterns that appeared in the upstairs data.

We will also take an especially close look at the Cognitive Load
scale because it is the one scale that is not entirely or for the most
part adapted from scales other authors already tested and analysed.
We therefore want to analyse it in more detail than the other scales.
It is also a relatively large scale and could profit from some reduction
in the number of items.

A summary of the results of the hypothesis tests can be found in
Table 6.3 on page 150.

6.4.1 upstairs
6.4.1.1 Hypothesis Testing

The Overall” Copresence (x = 3.26, SD = .59) is significantly higher
than the Overall Social Presence (x = 4.04, SD = .99); paired one-
tailed t(5) = —3.32, p = .011. Cohen’s d indicates a large effect size
(d = —.96) [85]. This confirms (H1) and the non-parametric Wilcoxon
test corroborates this result, Z = —1.99, p = .023. Low values on these
scales always signify a high presence (cf. Box 4 on page 149).

The Overall Copresence is significantly higher than Telepresence
(x = 4.03, SD = 1.43); paired one-tailed t(5) = —2.52, p = .027 with
a large effect size (d = —.84), rejecting (H2) (Z = —1.99, p = .023).

Relationship Quality (H3) could not be compared before and after
system use (cf. Section 6.4.1.2 below).

The Overall Social Connectedness before and after system use does
not differ significantly overall or on any subscale (cf. Table 6.7 on
page 162), so (H4) can not be confirmed.

The Cognitive Load self-reports (x = 3.38, SD = .33, low values
mean a low cognitive load) are significantly lower than the scale centre

7See Table 6.4 on page 155 for an overview of which scales are fused to form
combined scales based on their common face value. See Figure 6.6 on page 160 for the
internal consistencies of these combined scales.
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Figure 6.2. Response rates for the upstairs questionnaires. 100 % would have
been the number of questionnaires completed by three couples running the
study for the full three weeks each and filling in all questionnaires. This is the
second number in the columns of the plot. The first number is the number of
questionnaires actually completed. Questionnaires are either counted or not
counted for this plot; there are no partially completed or counted questionnaires.

of y = 4, paired one-tailed t(5) = —2.68, p = .022 with a large effect
size (d = —1.69), confirming (H5) (Z = —2.00, p = .023).

The perceived Threat to Privacy (x = 2.13, SD = 1.35, low values
mean a low perceived threat) is also significantly lower than the scale
centre, paired one-tailed t(5) = —3.93, p = .006 with a large effect
size (d = —2.48), confirming (H6) (Z = —2.20, p = .014).

Overall Copresence is also significantly higher than the scale centre,
paired one-tailed t(5) = —2.36, p = .032 with a large effect size
(d = —1.49), confirming (H7) (Z = —1.78, p = .038).

6.4.1.2 Exploratory and In-Depth Analysis

The response rates for some of the questionnaires were quite low (in
part due to the couple that aborted the study prematurely and therefore
could not complete the later questionnaires) as is shown in Figure 6.2
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on page 152. The overall rate of completed questionnaires compared to
three full runs was 71 % with the lowest rate for a single questionnaire
being 33 % for Q,. Only one couple completed all the questionnaires.

Many items could therefore not be evaluated. Q,, @, and Q, could
not be used at all and planned comparisons between Q, and Qg, could
also not be performed.

Figures 6.3 and 6.7 (as well as Figure B.1 on page 433) show con-
fidence intervals for questions from the final questionnaire Qg, and
Figures 6.4(a) and 6.5(a) also indicate confidence intervals, here from
Qpy in comparison to Qg. These intervals represent the range in which
the true mean of the population would fall in 95% of cases, assuming
an underlying normal distribution [121]. This can be nothing more than
an approximation of course, since we cannot assume a normally distrib-
uted process given the limited and discrete choice of answers a 7-point
scale provides. A Shapiro-Wilk normality test [489, 490] rejected 33.9%
of the 127 7-point items of the final questionnaire and the usually less
powerful [516] Lilliefors test [331] (a modified Kolmogorov-Smirnov
test) rejected 29.9%.8

The significance tests we did were performed on the scales instead
of the individual items though, for which only 10.7 % failed the Shapiro-
Wilk test and 17.9%? the Lilliefors test (5 and 3 in absolute numbers).

On many occasions, we provide the more intuitively understood con-
fidence intervals in addition to (or sometimes — as for example in plots
— instead of) the usual measures like mean and standard deviation. The
margin of error for the confidence intervals was computed as follows:

8 Although the numbers seem similar, only 22.1% of items were rejected by both tests
compared to 41.7 % of items that were rejected by at least one of the tests. See Figure B.2
on page 434 for a more detailed picture of these results.

9not counting derived scales

10These were Shared Understandings and the Relationship Closeness Inventory on
Qp, to fail both tests, Knowing Each Others’ Experiences on Qg, to fail Shapiro-Wilk
narrowly (W(6) = .79, p = .048), and Emotional Expressiveness and Engagement &
Playfulness on Qg, and Feelings of Closeness on Qg to fail only the Kolmogorov-Smirnov
test.
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Social Presence Responses from Final upstairs Questionnaire

private public
meaningful meaningless
warm cold
sensitive insensitive
sociable unsociable
personal impersonal

4
Responses

95% Confidence Intervals for Responses
Median of Responses

Figure 6.3. Responses from the final upstairs questionnaire (Qg,). These are
social presence items from Short et al. [494] using the semantic differential
technique [409]. The bars indicate the 95 % confidence intervals. The crosses
additionally mark the median of the responses.

5 Jn (6.1)
where ®~ is the inverse of the normal cumulative distribution function,
y = 0.95 is the confidence level, n the sample size and o2 the sample
variance or the variance of the n mean responses per participant when
computing the confidence of a whole scale instead of individual items.

Scale means and medians were computed according to Table B.1
on page 432 except for the comparisons between Qg and Qg, (Fig-
ure 6.4 on page 157 and Figure 6.5 on page 159) where the items that
were not used when creating Qg were not included in the Qp, scales
either. For the social presence scale that uses the semantic differential
technique [409, 494] (Figure 6.3), all items were used except for the
private—public dichotomy which was taken from the Privacy scale in
Short et al. [494]. The resulting means and medians can be found in Fig-
ure 6.6 on page 160 and Table B.3 on page 436 for Qg, and in Figure 6.4

Margin of Error = ¢~ (M) g
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Combined Scale Substituent Scales

Isolation/Aloneness, Mutual
Overall Copresence Awareness, Perceived
Other’s Copresence

Networked Minds Isolation/Aloneness, Mutual
Copresence Awareness

Relationship Salience,
Shared Understandings,
Knowing Each Others’
Experiences, Feelings of
Closeness

Overall Social
Connectedness

Perceived Emotional
Emotion Transmission Contagion/Empathy,
Emotional Expressiveness

Presence in Absence and Presence in Absence,
Staying in Touch Staying in Touch

Social Presence (Direct
Questions), Social Presence
(Semantic Differential
Technique)

Overall Social Presence

Table 6.4. Composition of the combined scales used in Figure 6.6 on page 160,
Table 6.6 on page 158 and Table B.3 on page 436.

on page 157 and Figure 6.5 on page 159 for the comparisons between
Qg and Qg,. Some derived scales are developed in Section 6.5; their
composition can be found in Table 6.4 and Table 6.15 on page 176.

Cronbach’s « (cf. Equation (2.4) on page 40) was computed for all
scales as a measure of their internal consistency (Table 6.6 on page 158
and Figure 6.6 on page 160). Different sources assess various values
for a differently but one commonly found threshold for a good internal
consistency is a = .7 [289], so we highlighted the area under the
interval [.7,1] in our plots.

Social Connectedness after van Bel et al. [550] was compared before
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Preoccupied Fearful

Secure Dismissing
Secure 1.00
Dismissing .52 1.00
Preoccupied .62 .28 1.00
Fearful .26 1 .08 1.00

Table 6.5. Correlations between attachment types after Bartholomew and
Horowitz [26] but much unlike the findings of Asendorpf et al. [15].

and after the two-week system-use period (Figure 6.4 on the next page).
The expectations of the participants towards the system from Qg were
compared to the corresponding items asking for the actual experiences
from Qg, (Figure 6.5 on page 159). For both sets of comparisons, stat-
istical significance was tested with paired t-tests and, because of the
questionable normality and the small sample size [76, 137], we also
performed Wilcoxon signed rank tests as a non-parametric alternative.

All results can be found in Table 6.7 on page 162. The only statist-
ically significant difference between expectations and experiences is
found for the Cognitive Load scale. There, both tests revealed such a
statistically significant difference. The t-test shows a higher expected
Cognitive Load'" (x = 4.17, SD = .50) than the actually self-reported
Cognitive Load after using the system (x = 2.94, SD = 1.37), paired
two-tailed ¢(5) = 4.82, p = .005 with a large effect size (d = —1.83).
The Wilcoxon signed rank test shows the same better than expected

cognitive load z = —2.21, p = .030. The median response'? for the
expectations is higher (Md = 5) than for the self-reports (Md = 2) with
a large effect size (r = —.64).

"For the Cognitive Load scale, items were reverse coded in such a way that a higher
scale value means a higher cognitive load.

12The median scale response combines the responses in reverted form where indicated
in Table B.1 on page 432.
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Before-After Comparison of Social Connectedness (Means)

Relationship Salience
1

2

Feelings of Closeness p Shared Understandings

Knowing Each Others' Experiences B Mean After
Mean Before

(@) Means

Before-After Comparison of Social Connectedness (Medians)

Relationship Salience
1

2

Feelings of Closeness Shared Understandings

Knowing Each Others' Experiences B Median After

Median Before

(b) Medians

Figure 6.4. Comparison of four social connectedness scales
based on van Bel et al. [550] before and after using upstairs.
The mean plot additionally has confidence interval indicators
in the corresponding colour.



Cronbach’s @ Cronbach’s a

Scale .
upstairs FEELABUZZ

Relationship Salience .34 .80
Shared Understandings .00 .84
Knowing Each Others’ Experiences .76 .37
Feelings of Closeness —.94 —-.15
Overall Social Connectedness 71 .86
Relationship Questionnaire .76 —
Relationship Closeness Inventory .52 —
Isolation/Aloneness —.64 .00
Mutual Awareness .88 34
Perceived Emotional Contagion/Empathy .80 .38
Behavioural Interdependence A7 .69
Perceived Other’s Copresence .78 74
Telepresence .76 .59
Social Presence (Direct Questions) .82 .59
Social Presence (Semantic Differential Technique) .81 .86
Overall Social Presence .88 77
Emotional Expressiveness .86 .87
Staying in Touch .48 .79
Engagement & Playfulness —-1.33 .70
Presence in Absence .70 .76
Opportunity for Social Support .89 .84
Feeling Obligated .60 .22
Unmet Expectations A3 .48
Threat to Privacy .65 .80
Cogpnitive Load .50 .40
Vexatiousness .81 75
Ability to Ignore .65 .37
Overall Copresence .89 .70
Networked Minds Copresence .85 .24
Emotion Transmission .91 .52
Presence in Absence and Staying in Touch .81 .87

Table 6.6. Cronbach’s « values from Qg, and the final FEELABUZZ questionnaire.



Expectations-Experiences Comparison ABCCT (Means)
~Emotional Expressiveness
1

Vexatiousness ~Engagement & Playfulness
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Threat to Privacy ~Opportunity for Social Support

B Mean Experiences (After)
B Mean Expectations (Before)
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Unmet Expectations Feeling Obligated

Expectations-Experiences Comparison ABCCT (Medians)

-Emotional Expressiveness
1

Vexatiousness ~Engagement & Playfulness

Cognitive Load ~Presence in Absence

Threat to Privacy > —Opportunity for Social Support

M Median Experiences (After)
\ Median Expectations (Before)

Unmet Expectations Feeling Obligated

Figure 6.5. Comparison of the expectations regarding the af-
fective costs and benefits of upstairs (from Qg) and the actual
self-reports at the end of the study (from Qg,). The scales are
mainly based on the ABCCT [584]. The larger the area the better
(which means that the cost scales — from “Feeling Obligated”
to “Vexatiousness” — are reversed while the benefits scales pre-
serve 1 to be the strongest agreement). The markings in the
means plot represent the confidence intervals, based on the
variance of the mean scale response per participant. Tests for
statistical significance can be found in Table 6.7 on page 162.
Qg, scales exclude items missing from Qg so values can differ
from Figure 6.6 on the following page.
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Figure 6.6. Scales from the final upstairs questionnaire (Qg,). Networked Minds Copresence, Emotion
Transmission and all scales that start with “Overall” are combined scales. See Table 6.4 on page 155 for
details. All items and scales were reversed when necessary to ensure a larger area (smaller response
value) to mean a better result. To keep scale name semantics consistent during this process, benefit
scales are prefixed by - so a low value always means a high expression of the property described by
the scale name. See Table B.3 on page 436 for the exact results.



Selected Main Group ltems from Final upstairs Questionnaire
Aside from our contact via the system, | often feel connected with my partner.
| often felt as if | was all alone.
| think my partner often felt alone.
| often got the feeling of sharing a space with my partner.
| was often aware that my partner and | were at different places.
| often felt that my partner was aware of my presence.
| was influenced by my partner’s moods.
My partner was intensely involved in our interaction.
My partner communicated coldness rather than warmth.
| felt close to my partner.
| felt connected to my partner.
| felt as if | really was in the environment that | heard.
I'had very much the feeling of being with my partner.
| had very much the feeling that my partner was with me.
| had the impression that my partner actually lived upstairs.
Communicating with my partner using the system helped me tell how (s)he was feeling that day.
The system helped me to stay in touch with my partner.
| was excited about using the system with my partner.
| had fun with my partner using the system.
Communicating with my partner using the system helped me feel closer to him/her. |
Communicating using the system created a connection that lasts beyond the duration of the exchange.
Communicating with my partner using the system helped me feel more connected to him/her.
| worried that my partner felt obligated to contact me using the system.
| felt guilty if | didn't respond to my partner when | perceived something using the system.
When | tried to communicate with my partner using the system, | expected a response.
| was disappointed when my partner wasn't there when | tried to contact him/her using the system.
| was disappointed when it took my partner too long to respond over the system.
| worried that my partner might learn something using the system that | want to keep secret.
| worried that others might overhear something that my partner and | shared using the system.
| worried that | was violating my partner’s privacy during our contact using the system.
The system revealed more about my partner than (s)he might like.
| was mostly unaware of the system running.
| didn't mind that the system was running.
It was hard to concentrate while the system was producing noises.
It was easy for me to ignore what my partner was doing in any moment.
| payed close attention to my partner.
The system frequently drew all my attention to itself.
| frequently tried to actively contact my partner using the system.
| had the strong feeling that | heard an actual person over the system.
| liked using the system.

|
1
|
|
|
1
|
q

3 4 5
Responses (smaller means higher agreement)

| 95% Confidence Intervals for Responses Inverted Items Median of Responses

Figure 6.7. Confidence intervals and medians of selected items from the final upstairs questionnaire Qg, (cf. Figure 6.3 on page 154
for an explanation of the plot).? Items that were reversed in the scale computations are marked in with red spots. No items were

versed for this plot though, so they range from “1 — | agree strongly” to “7 — | disagree strongly” in all cases. For a full list and
pre-reversed items see Figure B.1 on page 433.

aBear in mind that ~ 2 of the 39 items in this plot can be expected to have a population mean outside the confidence intervals shown.




Wilcox-
on’s T

Scale

Relationship Salience 5 .000 1.000 .000 .000 1.000 .000
Shared Understandings 5 .000 1.000 .000 .000 1.000 .000
Knowing Each Others’ Experiences 5 .000 1.000 .000 —.105 .938 —.030
Feelings of Closeness 5 1.000 .363 —.263 —1.000 1.000 —.289
Overall Social Connectedness 5 236 .823 —.037 —.526 .656 —.152
Relationship Closeness Inventory 5 542 .611 —.136 —-.315 .813 —.091
Emotional Expressiveness 5 159 .880 —.077 .000 1.000 .000
Engagement & Playfulness 5 432 .684 —.308 —.647 .625 —.187
Presence in Absence 5 —1.222 276 .303 —1.051 344 —.303
Opportunity for Social Support 5 .689 .521 —.311 —.271 .875 —.078
Feeling Obligated 5 .830 444 —.485 —.944 438 —.273
Unmet Expectations 5 —1.750 A4 714 —1.625 .188 —.469
Threat to Privacy 5 .000 1.000 .000 —-.137 1.000 —.587
Cognitive Load 5 4.824 .005 —1.827 —2.214 .031 —.639
Vexatiousness 5 2.794 .038 .784 —1.841 125 —.531

Table 6.7. Wilcoxon signed rank test results [577] and paired two-tailed t-test results [521] of the social connectedness scales (and Overall
Social Connectedness) before and after upstairs use (Figure 6.4 on page 157), the RCl Strength subscale before and after system use
(Section 2.5) [34] and expectations towards the system versus the actual experiences (Figure 6.5 on page 159). For the cell colour of the
effect sizes d and r, the threshold value for “large effect” from Cohen [85] was used as the maximum intensity (i.e. |r| > .5 and |d| > .8).
The significance values p and T are coloured from 0 to 1.2 The column v/df shows the degrees of freedom for the t-tests.

2Yellow and blue are only used to increase the comprehensibility of the table by visually differentiating between significance and effect size. They do not
indicate a difference in judgement as in Table 6.9 on page 165.
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Pearson’s
Scale .

Relationship Salience .05

Shared Understandings 47
Knowing Each Others’ Experiences 27
Feelings of Closeness A3

Overall Social Connectedness .37
Relationship Questionnaire .58
Relationship Closeness Inventory .49
Emotional Expressiveness .45
Engagement & Playfulness 23
Presence in Absence .23
Opportunity for Social Support .45
Feeling Obligated .50

Unmet Expectations .65

Threat to Privacy .67

Cognitive Load 16
Vexatiousness —.03

Table 6.8. Pearson correlation of the Social Connectedness scales (and Overall
Social Connectedness) before and after system use (Figure 6.4 on page 157), the
RCI Strength subscale [34] and Relationship Questionnaire [26] before and after
upstairs use (Section 2.5) and expectations towards the system versus the actual
experiences (Figure 6.5 on page 159). For the cell colour, the threshold value
for “large effect” from Cohen [85] was used as maximum intensity (|r| > .5).

The Vexatiousness scale which is derived from the Cognitive Load
scale (cf. Section 6.4.1.3) achieved similar results with expectations
being higher (x = 3.83, SD = .41, Md = 4) than the post-hoc reports
(x = 2.50, SD = 1.26, Md = 2). This result is statistically significant
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according to the paired two-tailed t-test t(5) = 2.79, p = .038 but not
according to the Wilcoxon signed rank test z = —1.84, p = .125, even
though the effect size only indicates a medium effect for the difference
of means (d = .61) but a large effect for the difference of medians
(r = —.53) [85].

The Relationship Questionnaire [15, 26, 118] looks at different
attachment styles. Here, Asendorpf et al. [15] had previously found
a strong negative correlation between the secure and the fearful at-
tachment style, as had been suggested by Bartholomew and Horowitz
[26]. Contrary to the orthogonal model by Bartholomew and Horowitz
though, the supposedly uncorrelated axis dismissing—preoccupied was
found to have both poles negatively correlated with the secure type.
Table 6.5 on page 156 shows that our data matches neither model.
Because of these inconsistencies and the small sample size, we decided
not to regard this scale in any further analysis.

We also calculated the correlations between all the scales on Qg,
to find any striking patterns (Figure 6.21 on page 216) and since the
large number of 325 potentially interesting correlations' bore the risk
of actually masking relevant patterns, we additionally used subsets of
this correlation matrix, partially augmented by single items that seemed
relevant during the exploratory process described in Section 6.5. The
resulting plots are shown in Figure 6.17 on page 197, Figure 6.18 on
page 198 and Figure 6.19 on page 199. Since the correlations between
the Qpg, scales and the Social Desirability scale are more about the
confirmation that there does not seem to be a social desirability bias in-
stead of finding patterns and because there is only one relevant column
from the correlation matrix, we chose a tabular format for these results
(Table B.5 on page 438). Similarly, the correlations between expecta-
tions and experiences — as one measure of effect size — form a single
column which is presented in tabular form in Table 6.8 on page 163.

Bthe lower triangular part of the correlation matrix for 26 scales without the diagonal
2
elements: 2672*26 =325
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ltem-Total Cronbach’s

Correla- a without
tion Item

| was mostly unaware

of the system running. 2 2 o2

It was easy for me to push the

system to the back of my mind. 4 el 22

| had the feeling that the noises
produced by the system dis- 7 .70 .32
turbed my concentration.

The system frequently drew

all my attention to itself. || 52 39

It was easy for me to ig-
nore what my partner was 9 .49 .39
doing in any moment.

It was hard to concentrate while

the system was producing noises. © 23 48
I .payed close atten- 10 I =0
tion to my partner.

The system distracted 1 Y -

me from important tasks.

| often only realised in
hindsight that | had heard 12 —-.10 .54
something through the system.

| didn’t mind that the

. 3 —.28 .66
system was running.

Using the system was effortless. 8 -.30 .58

| recognised important events
with the system, even when | 5 -.32 .58
was not actively monitoring it.

Table 6.9. Cognitive load items sorted by their corrected item-total correlation.
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Item

| had the feeling that
the noises produced by
the system disturbed
my concentration.

| was mostly unaware
of the system running.

The system frequently drew
all my attention to itself.

The system distracted
me from important tasks.

| recognised important
events with the system,
even when | was not
actively monitoring it.

It was hard to concen-
trate while the system
was producing noises.

| often only realised
in hindsight that |
had heard something
through the system.

| payed close atten-
tion to my partner.

It was easy for me to ig-
nore what my partner was
doing in any moment.
Using the system

was effortless.

| didn’t mind that the
system was running.

It was easy for me to
push the system to

the back of my mind.

1 2
.93 —.30
.88 .34
.76 .09
.58 -1

—.26 —.83
.46 —.81
—.20 74
.39 72
.42 .47
A4 —.61
—.46 .51
.59 21

Component Component Component

3

A3

—.08

—.42

.07

.37

27

—.32

—.45

74

—.67

.62

.62

Table 6.10. Component matrix for the first three principle components of the

Cognitive Load scale on Qpg,.
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Component Component Component
1 2 3

| had the feeling that
the noises produced by

the system disturbed 2/ o
my concentration.
| was mostly unaware 38 14
of the system running.
The system frequently drew 35 _ 99

all my attention to itself.
The system distracted

me from important tasks. e
| recognised important
events with the system, pe
even when | was not '
actively monitoring it.
| payed close atten- 35

tion to my partner.

It was hard to concen-
trate while the system .51
was producing noises.

| often only realised
in hindsight that |

had heard something e
through the system.
.36
.20
—.51
.55

Table 6.11. Pattern matrix for the first three principle components of the Cog-
nitive Load scale on Qg, .
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Component Component Component

Item 1 5 3

| had the feeling that
the noises produced by

the system disturbed =24 L
my concentration.
| was mostly unaware 38 17
of the system running.
The system frequently drew 3 _ 6

all my attention to itself.
The system distracted

me from important tasks. 218
| recognised important
events with the system, — 19
even when | was not ’
actively monitoring it.
| payed close atten- 34

tion to my partner.

It was hard to concen-
trate while the system .53
was producing noises.

| often only realised
in hindsight that |

had heard something S
through the system.
.35
.21
—.52
.55

Table 6.12. Structure matrix for the first three principle components of the
Cognitive Load scale on Qpg,.
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Component

Table 6.13. Component correlation matrix for the first three principle compon-
ents of the Cognitive Load scale on Qg,.

6.4.1.3 Cognitive Load Scale

While most scales were at least in large parts taken or adapted from
previous works by other authors and thus already tested to some degree
with a much larger sample size, the Cognitive Load scale presented in
this work is new. We will therefore investigate it in more detail and
more scrutinously.

The scale as a whole has a poor internal consistency with an «
of .50. Although the very small sample size calls the attempt of a factor
analysis into question [88, 525], we will nonetheless do so with a
constant awareness of the tentativeness of any results and we will try to
use the FEELABUZZ study to test the plausibility of our results.

The item correlation matrix (Table B.2 on page 435) was subjected
to a principal component analysis (PCA) [243]. The scree plot in Fig-
ure 6.8 on page 171 shows the resulting components, sorted by their
eigenvalue [70]. However, the usual subjective criterion of an abrupt
change in steepness of the graph is rather inconclusive here since there
is no sharp bend at any component with a non-zero eigenvalue. More
objective criteria often applied include the Kaiser criterion which simply
discards all factors for which the eigenvalue A; < 1. This would yield
four factors, which is a lot for such a small sample. The Kaiser criterion
also has been criticised in the past as being too simplistic (e. g. Kaiser
[279], as cited in Ford et al. [152]). Horn [241] proposed a test that is
regarded as more adaptive which generates random data and compares
their eigenvalues with the data at hand. Normally, only eigenvalues that
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ltem-Total Cronbach’s

ltem Code ) Correla- a without
Loading .
tion ltem

Factor

| had very much the feeling
of being with my partner.

| often got the feel-
ing of sharing a space  MA1
with my partner.

| felt as if | really was in the
environment that | heard.

It was as if we were both
in the same environment.

| hardly noticed my partner.

The experience with the
system was very intense.

Table 6.14. Factor loadings for the first principal component of the combination
of Mutual Awareness and Telepresence scale on Qg,, along with the corrected
item-total correlation for this scale and the combined o without the item.
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Eigenvalue
Cumulative Variance

Factor

Cumulative Variance (Right Axis) Mean Eigenvalues of Random Data
95 % Percentile Eigenvalues of Random Data (Parallel Analysis) Kaiser Criterion
Real Data Eigenvalues (Scree Plot)

Figure 6.8. Scree plot for the Cognitive Load scale on Qpg,. The Kaiser criterion (discard factors with eigenvalue < 1) is indicated as a
lighter background and the average .95 quantile and means of the eigenvalues of 10 000 sets of randomly generated data are indicated
as additional lines (parallel analysis after Horn [241]).
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are larger than the respective 95th percentiles are considered but in
our case not a single factor meets this criterion. Using the means of the
random data eigenvalues yields the same factors as the Kaiser criterion.

In summary, these tests either argue for four or five components or
for none at all which is most likely an artifact of the small sample size
and the fact that we have fewer samples than factors. Looking at the
cumulative variance explained (Figure 6.8 on page 171), three factors
explain 81.4 % of the variance, so we chose to retain this still manageable
number of factors for further investigation (Table 6.10 on page 166).

Although the component matrix (Table 6.10 on page 166) already
seems to show a relatively clear structure in the factor loadings, a factor
rotation was performed to obtain factors that are easier to interpret. Be-
cause we do not expect the Cognitive Load factors to be independent,
we chose an oblique (non-orthogonal) rotation [136, 463]. A direct
oblimin transform [209] could be performed with a relatively high
parameter 0 = .4 [253] and still result in only weakly correlated com-
ponents (cf. Table 6.13 on page 169).'

Both pattern matrix' (Table 6.11 on page 167) and structure mat-
rix'® (Table 6.12 on page 168) show the same very clear attributions of
items to the three factors.!” All items load highly on one factor (with
the possible exception of “The system distracted me from important
tasks” with a loading of .58) and much less on the other two (here one
might call “It was easy for me to push the system to the back of my
mind” an exception which does not load much less on Component 1
than on Component 3). However, three items stand out by having a
high negative loading whereas the other factors in each scale load

4Russell [463] suggests to perform the orthogonal varimax rotation [278] first to see if
the assumption of correlated factors is correct. We did this and found that the average of
the off-diagonal elements of the factor correlation matrix (as shown for the direct oblimin
transform in Table 6.13 on page 169) is .20 for the varimax rotation as compared to .04
for the direct oblimin rotation.

15The pattern matrix contains the rotated factor loadings (i. e. the rotated principal
component coefficients) [142].

16The structure matrix contains the correlations between variables and factors [142].

7Expressed as item numbers, the three scales are 1,2, 7, 11; 5, 6, 10, 12; and 3, 4, 8,
9.
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Figure 6.9. Highest achievable & for all possible subscales of the Cognitive Load
scale with 2 < |P| < 6 (cf. Equations 6.3 and 6.4 on the next page).

positively. Reverting the coding of these items (or all other items for
that matter) does not seem appropriate from a semantic point of view.
Generally, the interpretation of the three factors found through the PCA
does not seem obvious.

As an approach from a different angle, we performed a global optim-
isation of Cronbach’s « to directly get the subscales with a maximally
high internal consistency. This is to say that we took all partitions of the
set of items where the smallest cardinality of any element of a partition
was 2 (to exclude single-item “scales”) and computed Cronbach'’s «
for each element in a given partition.

More formally, P is a valid partition of the set of all items in a scale
S if and only if the following three conditions are true:

Up=s
VABEP(ANB=g2) A+B 6.3)
VAE P (Al >2)

Then, the average « for a given partition was used as a metric for
the performance of this partition.
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Box 5: Optimisation Time Complexity

The naive approach we pursued to compute the maximum a by
generating all possible partitions P limits severely the size of the
scale that can feasibly be optimised. The time complexity of this
algorithm is O(B,) with B, being the nth Bell number and n being
the number of items on the scale that is to be optimised [134]. Bell
numbers can be recursively defined as

n—1
B,,:Z(”;1)Bk 6.2)

k=0

with By = 1 (cf. Weisstein [567]). As Figure 6.10 on the facing
page illustrates, this means that while our optimisation only took
about 12 minutes, a slightly larger scale would already have been
impossible to optimise using this approach. Optimising the RCI
Strength subscale from the Qg, questionnaire for example would
have taken 300 times the age of the universe on the same machine.
Clearly, one of the more sophisticated techniques from the arsenal
of computational optimisation is due if this method is to be applied
more generally.

Figure 6.9 on page 173 shows a comparison of the maximum achiev-
able average « for different numbers of factors (i. e. different cardinalities
of P). If we denote the average «a of a partition P as a(P), then using
Equation (2.4) on page 40 and P as defined above, we can write the
maximum & as follows:

ﬁ S a(A)) (6.4)

As can be seen in the plot, three and four factors yield the highest
value of @ = .71. We went for the smaller number of factors, again with
the small sample size in mind. These empirically found three scales
consist of item numbers 1, 2, 7, 8, 10, 11; 3, 4, 9, 12; and 5 and 6,

max a(P) = max
P P
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Figure 6.10. Log-lin plot of Bell numbers By to B3y, showing the overexpo-
nential growth of the Bell numbers that determine the time complexity of the
optimisation we performed.

with a values of .75, .65, and .74 respectively.'® When looking at the
associated questions, it is striking that the first scale mainly consists of
items that ask for how annoying the system is while the second scale is
mainly concerned with how well the user was able to ignore the system.
This is a subtle difference but these two constructs are not the same
thing and it is interesting that the a optimisation drew this line.
Given that these new subscales have a much better internal con-
sistency than the original scale and that they can be interpreted se-
mantically, we will define them as new scales called Vexatiousness
and Ability to Ignore. The third scale contains miscellaneous items
and we decided to move two items that ended up in the Vexatiousness
scale without sounding as if they belonged to this construct to that

18Cf. Table 6.9 on page 165 for the item numbering or Table B.1 on page 432 for all
items in the right order.
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Vexatiousness

The system dis-
tracted me from
important tasks.

| was mostly un-
aware of the system
running.

| had the feeling
that the noises pro-

duced by the system

disturbed my con-
centration.

The system fre-

quently drew all my

attention to itself.

Ability to Ignore

It was easy for me
to ignore what my
partner was doing in
any moment.

| often only realised
in hindsight that |
had heard some-
thing through the
system.

| didn’t mind that
the system was run-
ning.

It was easy for me
to push the system
to the back of my

mind.

Other/Miscellaneous

| recognised import-
ant events with the
system, even when

| was not actively
monitoring it.

It was hard to con-
centrate while the
system was produ-
cing noises.

Using the system
was effortless.

| payed close atten-
tion to my partner.

Table 6.15. Empirically found Cognitive Load subscales and suggested names

for these scales.

Miscellaneous scale, which actually improved the internal consistency
for the Vexatiousness scale (a = .81) while it naturally decreased the
a for Miscellaneous, actually quite drastically to « = —.07. This is
acceptable, though, because this scale is not meant to be regarded any
further — in fact, these items are good candidates for omittance in future
uses of the Cognitive Load scales.

It is a disadvantage of the a optimisation method that it does not
account for items that do not fit well with any of the scales because
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The system distracted me from important tasks.

| was mostly unaware of the system running.

| didn't mind that the system was running.

It was easy for me to push the system to the back of my mind.

| recognised important events with the system, even when | was not actively monitoring it.
It was hard to concentrate while the system was producing noises.

| had the feeling that the noises produced by the system disturbed my concentration.
Using the system was effortless.

It was easy for me to ignore what my partner was doing in any moment.

| payed close attention to my partner.

The system frequently drew all my attention to itself.

| often only realised in hindsight that | heard something through the system.

Inverted Items

[ | 95% Confidence Intervals for Responses

Cognitive Load Items

Median of Responses +

Responses (smaller means higher agreement)

Item-Total Correlation

Figure 6.11. Responses from the final upstairs questionnaire (Qg,) to the items of the Cognitive Load scale. Values are shown as given on the
questionnaire, i. e. lower values mean stronger agreement with a particular statement. Items that were recoded for the scale computation are
marked red. Item-total correlation was also given a measure of how strongly a particular item measures what the scale measures.
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it has to find a global optimum containing all items.'® This means
that such scales have to be tweaked manually, introducing the risk of
researcher bias.

In item number notation, the new scales are 3, 4,9, 12; 1,2, 7, 11;
and 5, 6, 8, 10. Table 6.15 on page 176 lists the items in these scales.

Looking back at the results from the PCA (Table 6.11 on page 167),
the newly defined Vexatiousness scale matches the first factor perfectly.
The Miscellaneous scale consists of the three items with high negative
loadings and “I payed close attention to my partner.”

6.4.2 FEELABUZZ

With FEELABUZZ, we chose not to perform non-parametric tests in
addition to the t-tests, mainly because of a lack of a non-parametric
alternative to the Welch test [568] that is not sensitive to differences
in variance [137, 138]. The FEELABUZZ sample size is only slightly
larger but even with the very small sample size of the upstairs study,
the differences between the t-tests and the Wilcoxon tests were not
dramatic in most cases (cf. Table 6.7 on page 162), so we felt confident
to rely on the usual t-tests only and drop the analysis that does not
require normality.2°

6.4.2.1 Hypothesis Testing

As seen in Table 6.3 on page 150, the results for the hypotheses from
Section 6.2 are identical, with the notable exception of (H5) that stated
that the Cognitive Load would be better than the scale centre. In fact,

19We tried to further adapt the method by ignoring one of the scales but this lead to
all but a few items being dumped into this ignored scale. We then weighted the scales by
their size which solved the problem but introduced the artifact of choosing a specific cost
function. Small differences here lead to vastly different results which is why we decided
not to pursue this further and stick with the method that introduces the least amount of
choice by the researcher and at the same time yielded results that are comprehensible
and largely semantically coherent.

20The relation between sample size and normality is given by the central limit the-
orem [539].
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Cognitive Load (x = 4.40, SD = .64) was significantly higher than 4
(two-tailed t(12.00) = 2.27, p = .043) with a large effect size (d = .93).
As with upstairs, there was more perceived Copresence (x = 3.47,
SD = .75) than Social Presence (x = 4.36, SD = .99); one-tailed
t(12.00) = 3.98, p < .001 with a large effect size (d = 1.05).

The result for (H2) was equally negative as it was for upstairs. Co-
presence (x = 3.47, SD = .75) was rated better than Telepresence
(x = 4.15, SD = 1.21); two-tailed t(12.00) = —3.06, p = .010 with
a medium effect size (d = .71).

The Threat to Privacy was again perceived as lower than the scale
centre (x = 1.52, SD = .78); one-tailed t(12.00) = —11.50, p < .001
with a large effect size (d = 4.69) and likewise, Copresence was rated
as better than the scale centre, t(12.00) = —2.52, p = .013 with a
large effect size (d = 1.03).

6.4.2.2 Scale Analysis

As Figure 6.13 on page 185 shows, overall, the scale results between
upstairs and FEELABUZZ were quite similar, with a strong correlation
between scale means,?! r(19) = .76, p < .001. There were some not-
able differences, though. Table 6.18 on page 183 shows how strongly
scales differed and with which p-value. In particular, the following
scales showed a significant difference between upstairs and FEELA-
BUzZ when performing an unpaired two-tailed t-test [568]. Mutual
Awareness was significantly worse for FEELABUZZ than for upstairs,
t(97.44) = —2.91, p = .005, with a small effect size (d = .26). Behavi-
oural Interdependence was also worse in FEELABUZZ t(26.77) = —3.10,
p = .005, with a medium effect size (d = .55), as well as Staying in
Touch, t(35.55) = —2.95, p = .006, with a small effect size (d = .42),
Presence in Absence, t(46.46) = —2.76, p = .008, with a small ef-
fect size (d = .37), Opportunity for Social Support, t(45.61) = —3.86,
p < .001, with a medium effect size (d = .57), and Cognitive Load,
t(164.49) = —3.60, p < .001, with a small effect size (d = .26) and

2T excluding combined scales and subscales
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Number of Users
Affected

Static (Rauschen) 4

Kind of Noise

Interruptions 3
Blips/Artifacts 3
Phantom Steps 0
Laptop Fan 1
Speech 1

1

Mobile Phone Interference

Table 6.16. Kind and frequency of noise reports for upstairs. Only reports in the
questionnaires are counted (either from the multiple choice or the free answers
— the latter are all entries below “Phantom Steps”). Cf. Table 6.17 on the facing
page for intentional sounds that were transmitted. Speech was heard by all
participants but only put down once on a questionnaire. A buzzing noise was
mentioned in one of the interviews but not put on a questionnaire.

its derivative scale Vexatiousness, t(57.22) = —2.51, p = .015 with
a small effect size (d = .29). Unmet Expectations was the only scale
that was actually significantly better for FEELABUZZ than for upstairs,
t(15.24) = 2.87, p = .012, with a medium effect size (d = .71).

The difference in this last scale seems to stem primarily from one
item, “I was disappointed when it took my partner too long to respond
over the system,” unpaired two-tailed ¢t(10.96) = 3.78, p = .003, with a
large effect size (d = 1.89). This disappointment was rated as negative
by our item reversion scheme (cf. Box 4 on page 149) but this was a
difficult call since these kinds of expectations also point towards an
emotional engagement.

The internal consistencies of the scales were also mostly similar,
although the correlation was less pronounced than for the scale means,??

22 All scales shown in Figure 6.13 on page 185 were included.
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Number of

Kind of Sound Mentions

Footsteps 6
Knocking

Door Sounds

Chair Movement

Other Impact Sounds with Floor

Rustling

Window Blind
Speech (unintelligible)

6
1
3
2
1
Impact Sounds with Furniture 1
1
6
Speech (intelligible) 0

2

Sneezing / Other Non-Structure-Borne Sounds

Table 6.17. Types of sounds transmitted by upstairs as reported by the parti-
cipants in the interviews. All mentions were spontaneous, therefore the true
numbers may be higher if the participants forgot to mention a certain type of
sound. Multiple mentions by one participant were only counted once. Noise not
transmitted but created by the system itself is not covered here but in Table 6.16
on page 180.

r(26) = .36, p = .057. Overall, more scales showed a value of a > .7,
possibly due to the larger sample size.3

Against the overall trend, the combined presence scales show lower
internal consistencies (cf. Table 6.6 on page 158) but except for the
Networked Minds Copresence, they are all still good. The latter shows a
marked drop to @ = .24 and no single item is to blame.?* Telepresence
also shows a drop to a = .59 but here, the reduction in size from five

23The median « is almost equal, though (.70 for upstairs versus .69 for FEELABUZZ).
24The greatest improvement is achieved by dropping “I often felt that my partner was
aware of my presence” but that also only raises the « to .42.
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to four items provides a possible reason [161].

Figure 6.13 on page 185 and Table 6.18 on the next page compare
the results of the final questionnaires of both systems.

The strong correlation between Social Connectedness and Presence
in Absence that showed up for upstairs could not be found in the
FEELABUZZ data, r(11) = .29, p = .336.

The question asking directly for a feeling of connectedness, which
looked good for upstairs, is significantly worse for FEELABUZZ (Clgs =
[3.31,5.46], Md = 4), unpaired two-tailed t(14.67) = —3.75, p = .002.

The Overall Social Connectedness did not look significantly dif-
ferent from the upstairs results (x = 2.34, Md = 2). Since there are
no two sampling points for Social Connectedness, we can not test our
hypothesis from Section 6.5.1.1.

The presence scales did not show any significant difference between
the two systems and they look virtually identical (cf. Figure 6.15 on
page 191). Correlations between the different presence scales look
very similar to Figure 6.18 on page 198 in that no particularly weak
correlations stand out (not shown). Indeed, 4 of the 10 correlations
now reach a significance level of p < .05.

6.4.2.3 Cogpnitive Load

Figure 6.16 on page 193 shows that the Cognitive Load items were
almost unanimously worse for FEELABUZZ than for upstairs, with an
average difference of scale medians of 1.5 and .91 for the means.

With the FEELABUZZ study, we now have enough participants to test
the suitability of the data for factor analysis, even though it is clear that
there are still by far too few samples to call the analysis anything but
tentative. Bartlett’s Test of Sphericity [27] reached statistical significance
(p = .008) while the Kaiser-Meyer-Olkin value was only .358 and
therefore below the critical value of .5 [99, 279].2°

The number of factors within the scale remains unclear, with the
Scree plot suggesting 5 factors, the Kaiser criterion 4, and the parallel

25For a detailed look at the items responsible for this low value, cf. Table B.6 on
page 439.
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Scale

Relationship Salience

Shared Understandings

Knowing Each Others’ Experiences
Feelings of Closeness
Isolation/Aloneness

Mutual Awareness

Perceived Emotional Contagion/Empathy
Behavioural Interdependence
Perceived Other’s Copresence
Telepresence

Social Presence (Direct Questions)
Social Presence (SDT)

Emotional Expressiveness

Staying in Touch

Engagement & Playfulness
Presence in Absence

Opportunity for Social Support
Feeling Obligated

Unmet Expectations

Threat to Privacy

Cogpnitive Load

Vexatiousness

Ability to Ignore

Overall Social Connectedness
Overall Copresence

v/df

54.548
54.972
57.479
32.160
19.435
97.444
21.363
26.774
107.122
49.040
45.002
87.033
28.704
35.553
48.745
46.464
45.611
45.864
15.245
38.190
164.494
57.221
51.382
186.276
213.566

t(v)

1.275
—.018
915
—.838
1.892
—2.906
—1.989
—3.098
.888
—.138
—1.583
.619
—1.051
—2.952
—-1.194
—2.757
—3.864
1.467
2.869
1.672
—3.599
—2.508
—.766
1.061
—1.635

p-Value

.208
.986
.364
.408
.073
.005
.060
.005
.376
.891
120
.537
.302
.006
.238
.008
< .001
149
.012
103
< .001
.015
447
.290
104

Cohen’s
d

217
—.003
154
—.259
429
—.262
—.536
—.550
.092
—.020
—.214
.081
—.215
=419
—.189
—.365
—.575
.201
.709
313
—.260
—.292
—.096
106
—.098

Table 6.18. Results of two-tailed t-tests for samples with unequal variances [568]
between the final questionnaires of upstairs and FEELABUZZ. For the cell colour
of the effect size d, the threshold value for “large effect” from Cohen [85] was
used as the maximum intensity (i.e. |d| > .8). The p-values are coloured from
0 to 1.2 The column v/df shows the degrees of freedom for the t-tests.

aYellow and blue are only used to visually discriminate between significance and
effect size. They do not indicate a difference in judgement as in Table 6.9 on page 165.

183



-Relationship
Salience

—Emotion Transmission

—-Presence in Absence and Staying in Touch

\

-Networked Minds Copresence \

—Overall Copresence

-Ability to Ignore

Vexatiousness —/

\\\\ :

—~Shared Understandings

X’/\
VZ

Median

Mean
Cronbach’s a
oa>.7

-Knowing Each Others' Experiences

-Feelings of Closeness

-lsolation/Aloneness

—Mutual Awareness

-Perceived Emotional Contagion/Empathy
0O /

—

Cognitive Load
Threat to Privacy

Unmet Expectations

Feeling Obligated

~Opportunity for Social Support

-Presence in Absence

-Engagement & Playfulness _Staying

o 7
'

N
\\\\

A

\

\

\

in Touch

§.>

—~Behavioural Interdependence

W,
\ -Perceived Other's Copresence
L )

-Telepresence

—Social Presence (Direct Questions)
0

\ ~Social Presence (Semantic Differential Technique)

—Overall Social Presence

-Emotional Expressiveness
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Figure 6.14. Scree plot for the Cognitive Load scale on the final FEELABUZZ questionnaire. See Figure 6.8 on page 171 for a more in-depth
description.




6.4. Results

analysis either 2 or 4 (cf. Figure 6.14 on page 186).2° The maximum
a = .67 was again achieved with 3 factors.

These difficulties and discrepancies point clearly to the need of a
more solid analysis based on a significantly larger sample size. How-
ever, checking if the subscales we suggested based on the upstairs data
remain at least plausible, Table 6.19 on the following page shows the
component matrix for 3 factors on the Cognitive Load scale. The items in
the first column are not coloured after the structure the matrix itself sug-
gests but after the subscales from the upstairs study in order to provide
a better comparison between the previously suggested subscales and
the performance of these same scales in the second study. There are
several items that could go either way according to their loadings but
even when placing them in scales in favour of the previously estab-
lished structure, things are not looking too rosy for those scales. The
Vexatiousness scale still has the firmest footing as its good «a already
implied (cf. Figure 6.13 on page 185) but the FEELABUZZ data strongly
suggests to also add “It was hard to concentrate while the system was
producing vibrations”?” to this scale. Note that “Using the system was
effortless” loads strongly but negatively so removing it from the scale
entirely remains a plausible choice (see also Table B.7 on page 442). “I
was mostly unaware of the system running” and even more so “I didn’t
mind that the system was running” do not load strongly on the scales
that they were put on after the upstairs study.

We performed a direct oblimin transform again but because of the
higher component correlations, we chose a smaller parameter 6 = 0.
While the rotation makes a simple structure more apparent as intended,
this structure is farther from our original subscales than the unrotated
factors (Table 6.20 on page 189 and Table 6.21 on page 190).

26|nterestingly, 4 or 5 were actually the number of suggested factors for the upstairs
study as well, even if we chose to ignore this fact.
27Note the slightly adapted wording.
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Item

The system distracted
me from important tasks.

| had the feeling that the
vibrations produced by
the system disturbed
my concentration.

The system frequently drew
all my attention to itself.

It was hard to concen-
trate while the system
was producing vibrations.

Using the system
was effortless.

| recognised important
events with the system,

even when | was not
actively monitoring it.

| was mostly unaware
of the system running.

| payed close atten-
tion to my partner.

Component Component Component
1 2 3

—.34 —.03
—.20 —.27
.08 42
—.10 —.40
.22 .00
.56 43 47
—.51 A 1
.25 24
.38 —.35
.29 .45
-7 =29
—.31 A5

Table 6.19. Component matrix for the first three principal components of the
Cogpnitive Load scale on the FEELABUZZ final questionnaire. The questions are
colour-coded to indicate the original subscale from the upstairs study. Light
blue is Vexatiousness and orange Ability to Ignore.



Component Component Component

Item 1 2 3

The system distracted
me from important tasks.

| had the feeling that the
vibrations produced by
the system disturbed
my concentration.

—.03 A2

It was hard to concen-
trate while the system
was producing vibrations.

Using the system
was effortless.

| recognised important
events with the system,
even when | was not
actively monitoring it.

The system frequently drew

all my attention to itself. e
—.26
.07
16
| was mostly unaware
. .04
of the system running.
| payed close atten-
. —.22
tion to my partner.
_ _.1 5

Table 6.20. Pattern matrix for the first three principal components of the Cog-
nitive Load scale on the FEELABUZZ final questionnaire. The colour-coding is
identical to Table 6.19 on page 188



Component Component Component

Item 1 5 3

The system distracted
me from important tasks.

| had the feeling that the
vibrations produced by
the system disturbed
my concentration.

14 A9

It was hard to concen-
trate while the system
was producing vibrations.

.27 —-.23

Using the system
was effortless.

The system frequently drew

all my attention to itself. .54 52

| recognised important
events with the system,

even when | was not
actively monitoring it.

—.08
18
32
| was mostly unaware
. 14
of the system running.
| payed close atten-
; —.20
tion to my partner.
_ _'22

Table 6.21. Structure matrix for the first three principal components of the
Cognitive Load scale on the final FEELABUZZ questionnaire. The colour-coding
is identical to Table 6.19 on page 188.



6.4. Results

Component

Table 6.22. Component correlation matrix for the first three principal compon-
ents of the Cognitive Load scale on the final FEELABUZZ questionnaire.

Telepresence
Bl Median upstairs 1

Mean upstairs
[l Median feelabuzz
Mean feelabuzz

Social Presence Copresence

Figure 6.15. Comparison of presence scales from Figure 6.20 on page 201
between upstairs and FEELABUZZ.
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6. EFFECTS OF SUBLIMINAL COPRESENCE SYSTEMS

Kind of Movement Numbgr of
Mentions
Walking/Bicycle Ride 11
Deliberate Shaking 3
(Uneasy) Sitting 5
Climbing Stairs 3
Getting Up 1

Table 6.23. Kinds of movements participants reported to have felt through
FEELABUZZ.

Kind of Glitch N 727 @)
Mentions
Baseline Vibration 1

Gaps/Discontinuities _

Vibration Pulses
Distortions
Phantom Steps
Vibrational Echo

Table 6.24. Kinds of glitches participants reported in the vibration patterns of
FEELABUZZ.
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Distraction from Tasks (CL1)
1

Retroactive Realisation (CL12) Unaware of System (CL2)

Attention-Grabbing (CL11) Didn't Mind (CL3)

Close Attention to Partner (CL10) Back of Mind (CL4)

Easy to Ignore Partner (CL9) Events without Monitoring (CL5)

[ Median upstairs
Mean upstairs

B Median feelabuzz Effortless (CL8) Hard to Concentrate (CL6)
Mean feelabuzz

Disturbed Concentration (CL7)

Figure 6.16. Comparison of all twelve Cognitive Load items between upstairs and FEELABUZZ (cf. Table B.2 on page 435 for the exact wording
for each item by abbreviation).




6. EFFECTS OF SUBLIMINAL COPRESENCE SYSTEMS

6.5 Discussion

6.5.1 upstairs

As can be seen in Table 6.2 on page 145 and Figure 6.1 on page 146,
the total number of items over the course of the study was quite high
and while the frequency of questionnaires was not raised as a concern
by the participants themselves, the length and redundancy of the longer
questionnaires was indeed mentioned during the interviews by most
of the participants, occasionally in a quite emphatic way. We knew
in advance that the high number of necessarily vague hypotheses and
the comparable lack of experience as to which scales were reasonable
and would give useful results were to make this study very arduous for
the participants. Even where we used existing scales, there was little
information in the literature regarding the influence of individual items
on the internal consistency of the scales used, their item-total correla-
tions or factor loadings and thus we had no valid basis to significantly
reduce the size of the scales we used.?8

The Social Desirability scale [518] results (cf. Table B.5 on page 438)
give no indication towards a notable social desirability bias since the
correlations between that scale and any other scale are not statistically
significant, with the exception of a strong negative correlation with
the Feelings of Closeness scale (r(4) = —.92, p = .010). A negative
correlation in this case means that the stronger the social desirability of
participants, the more feelings of closeness they will express.?? We can
offer no explanation as to why this one scale should be so much more
related to a tendency of participants to answer questions in a way that
they think others would approve of. We calculated the correlations for

28While we would love to provide such basis ourselves, we do not think the small
sample sizes of our studies is a solid enough foundation to base such decisions on.

29 ow values on the Feelings of Closeness scale mean a high agreement, while the
Social Desirability scale consists of a number of yes/no questions that results in a higher
value meaning a larger social desirability.
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6.5. Discussion

26 scales, so the probability of a chance occurrence at this significance
level is about 24 %.3°

6.5.1.1 Connectedness

Overall, the responses on the Social Connectedness scales based on
van Bel et al. [550] were positive (x = 2.47, Md = 2). Comparing the
two measurements before and after system use (cf. (H4) in Section 6.2),
the scales have exactly the same mean except for a slight difference in
Feelings of Closeness (overall d = —.04) and almost exactly the same
median (r = —.15) between before and after using the system as is
visualised in Figure 6.4(a) on page 157 and can also be easily seen by
looking at the first four rows of Table 6.7 on page 162. This does not
mean, however, that there was a huge consistency of the averaged items
between the two points in time on a per-participant basis (cf. Table 6.8
on page 163), even though the overall correlation on a per-participant
and per-item basis was relatively high (r(112) = .55, p < .001). As it is
not obvious which of the two correlations is more meaningful, it is not
clear whether or not there was a notable change in each individual’s
social connectedness but it is unmistakable that there was no difference
in the average amount of social connectedness.

However, when the participants were asked directly whether the
system made them “feel more connected” to their respective partner,
they on average did have this impression (confidence interval Clos =
[1.96,2.71], Md = 2). A possible explanation for this discrepancy might
be a different understanding of “feeling connected” by the participants
compared to the definition of social connectedness that underlies the
Social Connectedness scales.?! A second question — as the last one
coming from the Presence in Absence scale — might hint in this direction,
too: “Communicating using the system created a connection that lasts
beyond the duration of the exchange” was answered with a median

3022\/;01 p(1—=p)" =1 — (1= p)N for significance level p and N scales.

31 Although it is noteworthy that participants already felt quite often connected with
their partners without using the system (Clgs = [1.67,3.66], Md = 2.5; Figure 6.7 on
page 161).
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6. EFFECTS OF SUBLIMINAL COPRESENCE SYSTEMS

of only 3.5 and a confidence interval of Cl¢s = [2.47,5.53] (again cf.
Figure 6.7 on page 161) and the Presence in Absence scale itself shows
similar results (x = 3.63, Md = 3).

Social Connectedness, however, is often characterised by long-term
effects (cf. Definition 6) and the questionnaire by van Bel et al. [550] re-
flects this. In fact, the Presence in Absence scale has a strong correlation
with the Social Connectedness scale (r(4) = .92, p = .009, cf. Fig-
ure 6.17 on the next page) and many Social Connectedness questions,
especially from the Shared Understandings and Feelings of Closeness
scales, read a lot like relationship quality questions (cf. Table B.1 on
page 432), even though there is no strong correlation between them
and relationship strength as measured by the Relationship Closeness
Inventory (cf. Figure 6.17 on the next page3?). If this result should hold
with a more extensive study and other systems, this would suggest that
social connectedness as understood by van Bel et al. [550] is not a good
measure for SCS and it would therefore further mean that subliminal
copresence systems are not a subclass of awareness systems, at least as
understood by van Bel et al.33 In this case, the defining difference would
be that awareness systems work beyond the duration of the connection
while SCS do not (or to a lesser degree).

6.5.1.2 Presence

Copresence All Copresence scales yielded similar and moderately
good results (Isolation/Aloneness: x = 3.67, Md = 3; Mutual Aware-
ness: x = 3.56, Md = 3.5; Perceived Other’s Copresence: x = 2.83,
Md = 3) that were significantly better than the scale centre when put
together (cf. (H7) in Section 6.2). Combining the Perceived Other’s
Copresence [401] and the two Copresence scales from the Networked
Minds Questionnaire [39] into one scale reveals that these scales seem

32Shared Understandings r(4)
.886; Relationship Salience r(4)
r(4) = —.20, p = 711

33 An alternative conclusion would be that upstairs is not an effective awareness system
but this should be reflected on some other level such as cognitive load or user satisfaction.

.08, p = .885; Feelings of Closeness r(4) = .08, p =
—.18, p = .728; Knowing Each Others’ Experiences
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Presence in Absence

Figure 6.17. Correlations between Social Connectedness scales, Overall Social Connectedness, and
the Relationship Closeness Inventory. Thicker connections mean higher correlation. Matrix diagonal
elements (r = 1) are not represented. Only the following correlations reached statistical significance:
RS—SU, RS-SC, KE-SC, KE-PiA, PiA-SC (see Figure 6.21 on page 216 for a table of abbreviations).

Image created using Circos [310].




Telepresence

Figure 6.18. Correlations between different Presence scales. Only the correlation between Social
Presence (Direct Questions) and Telepresence reached statistical significance (r(4) = .90, p = .015).
Thicker connections mean higher correlation. Matrix diagonal elements (r = 1) are not represented.
No combined scales were included.
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Figure 6.19. Correlations between concepts from Figure 2.4 on page 35. “Subjective Closeness/
Connectedness Improvement” means the item “Communicating with my partner using the system
helped me feel closer/more connected to him/her” from Presence in Absence. Significant correlations
were SP1-TP, SC-TP, SC-SP1 and between the Social Connectedness scale and the above item.
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to measure the same construct (combined a = .89) which is not surpris-
ing since — other than the name might imply — the Perceived Other’s
Copresence scale is not mainly about gauging the partner’s state of
copresence feelings. The two Networked Minds scales3* also work
nicely together, (x = 3.58, Md = 3, a = .85).

The participants indicated that upstairs managed to create a common
space between the two remote locations (“ often got the feeling of
sharing a space with my partner.” Clgs =[1.98,3.69], Md = 2.5), even
though participants did not forget that the two locations were actually
separate (“l was often aware that my partner and | were at different
places.” Clgs = [2.31,4.02], Md = 3; cf. Figure 6.7 on page 161 for
both items).

Social Presence The social presence indicators are relatively low as
we had hypothesised, at least on the scale using direct questions (cf.
Table B.1 on page 432, x = 4.75, Md =5, SD = 5.03). On the scale
using the semantic differential technique [409], however, this is not the
case (x = 3.47, Md = 3, SD = 3.73; cf. Figure 6.6 on page 160). Both
scales feature a similarly good Cronbach’s @ > .8 and their combined «
is .88 whereas their correlation is only r(4) = .57, p = .237. However,
if the different means (paired two-tailed t(5) = 2.94, p = .032) and
the mediocre correlation should mean that the two scales measure
two different constructs, the item-total correlations and a PCA do not
support this view (Table B.4 on page 437).

The system failed to transmit the moods from one participant to the
other as shown by the combined Emotion Transmission scale (x = 5.17,
Md = 5.5) and in particular by items such as “I was influenced by
my partner’s moods” (Clgs = [3.87,6.13], Md = 5). This point was
further confirmed by all participants in the interviews. Participants felt
that there simply was not enough information about the emotional
state of the other in the signal and could not imagine there to be such
information with the exception of extreme rage.

34Isolation/Aloneness and Mutual Awareness; referring to the Networked Minds Ques-
tionnaire [39, 40, 41]
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Telepresence
1

2

3

Social Presence Copresence

B Median Mean

Figure 6.20. Excerpt from Figure 6.6 on page 160 showing only the Telepresence,
Overall Copresence and Overall Social Presence Scales of Qg,.

Without having been familiarised with any of the terms or definitions
of Chapter 2, one participant made a distinction between what she
called “closeness” and “presence” during her interview. The way she
used the terms she said that closeness was something upstairs could
not convey but only something like a phone call or a Skype connection
could, while a sense of presence was indeed conveyed by upstairs.

Telepresence The Telepresence scale (x = 4.03, Md = 4) seems se-
mantically related to the Mutual Awareness scale (x = 3.56, Md = 3.5).
The correlation between the two is strong even though only marginally
significant r(4) = .75, p = .083 (cf. Figure 6.18 on page 198) and they
have a common a = .90. As shown by Table 6.14 on page 170, there
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6. EFFECTS OF SUBLIMINAL COPRESENCE SYSTEMS

are two items in each scale that do not fit with the rest but otherwise
the two scales are virtually indistinguishable. The Perceived Other’s
Copresence scale shows no such obvious semantic similarities (but a
similar correlation r(4) = .81, p = .053, common a = .86) but this still
poses the interesting question if there really is a clear difference between
copresence and telepresence with SCS. It would stand to reason that for
systems that try to create the presence of a remote partner, the presence
in a common space with the remote partner and the presence of the
remote partner might be one and the same thing. Since, as opposed to
virtual environments, with SCS there is no sense of space other than
what is transmitted from the remote partner.

This would also be in accordance with the findings of Axelsson et al.
[16, 17], whose correlation between telepresence and copresence went
away when immersion decreased.

Relations Between Kinds of Presence To compare the three main pres-
ence types (cf. Figure 2.1 on page 16) as they present themselves with
upstairs in a more simplified picture than in Figure 6.6 on page 160,
we decided to only show the combined Social Presence and Copres-
ence scales alongside the Telepresence scale. The result can be seen in
Figure 6.20 on page 201. Still no clear picture emerges, however. Co-
presence is highest as we had hoped (cf. (H1) in Section 6.2) but there
is no hierarchy since Social Presence and Telepresence are practically
on the same level. Most notably, telepresence is not on a level with
copresence (cf. (H2) in Section 6.2) as suggested by the assumption that
telepresence is a prerequisite for copresence, as had been hypothesised
by different authors [69, 455, 498, 537]. This is all the more surprising
as we had just established that it is very difficult to draw a line between
copresence and telepresence with SCS.

In Section 2.2 a couple of Euler diagrams were shown. The study
presented can not determine their validity in either direction but we
will nonetheless see what the corresponding correlations in the data
look like. Figure 6.19 on page 199 shows all correlations between
items and scales that can be said to represent the concepts shown in
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Figure 2.4 on page 35 (using mostly combined scales to retain clarity
as much as possible).

Of course correlation can in no way be equated to conceptual
overlap but we would nonetheless be tempted to question whether
concepts with a very low correlation really can have a large conceptual
overlap. However, apart from the Strength subscale of the Relationship
Closeness Inventory (RCI) and to a lesser degree the Perceived Other’s
Copresence, no exceptionally weak correlations show up. This means
all proposed overlaps remain plausible. Concerning the existing weak
correlations, the interpretation we propose is that the Strength subscale
of the RCI, whose questions mainly revolve around the influence one’s
partner has on one’s own life (cf. Figure A.19 on page 405), simply does
not measure closeness as understood in Section 2.1 (as a more long-
term form of immediacy). Another aspect that might help to explain
the weak correlations is that the internal consistency of the RCl in our
study is poor (a = .52; the average inter-item correlation is .004) and
therefore a poor external correlation might not be that surprising.

The 10S scale that virtually is one of the definitions for closeness
(cf. Chapter 2) unfortunately could not be evaluated since it was only
part of the highly incomplete Q,/Q/, questionnaires.

We only briefly want to emphasise that the relation between social
presence and social connectedness that was proposed by Figure 2.3 on
page 32 and shown in Rettie [443] in particular also remains plausible
and the correlation between the Overall Social Connectedness and the
direct questions Social Presence is actually among the few statistically
significant correlations (r(4) = .87, p = .026).

6.5.1.3 Relationship Satisfaction

As just mentioned, we could unfortunately not reasonably evaluate
the Inclusion of Other in the Self scale due to too many gaps in the
relevant questionnaires. Other than with the RCI Strength subscale, we
did also not feel comfortable to compare single points in time because
of the considerable time that had passed for some couples between
the baseline period and the trying out of the system, increasing the
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chance that random fluctuations of relationship satisfaction significantly
affect the measurements that can occur due to various reasons we could
not control for. This would have been less of an issue with pairs of
complete time series to compare.

We therefore considered (H3) as not tested but as far as there is a
result with the RCI, Table 6.7 on page 162 clearly shows no statistically
significant difference between the two measurements and very small
effect sizes.

As indicated in Section 6.1, it is no real surprise that upstairs ap-
parently failed to significantly alter the relationship. Not only was it
a difficult target for such a system in the first place, it also becomes
more difficult with an already good relationship that has little room
for improvement.

6.5.1.4 Cognitive Load

The internal consistency of our new scale was initially poor. Although
the factor analysis was a far shot to begin with, given the ratio of samples
to items, and it did not turn up easily interpretable results following
the usual route, we managed to find a pattern in the data that actually
makes sense and that we had not thought of ourselves. While at first
glance it might seem the same thing if a system annoys the user or if
the user is able to ignore it, one actually can see these two constructs
as separate. Just because someone’s attention is drawn to a system does
not mean that they are annoyed or even distracted by this.

The reports from the interviews largely matched the data from the
Vexatiousness and Ability to Ignore scales.

The perception of cognitive load measured significantly lower than
the scale average, with the Vexatiousness scale being markedly lower
than the original scale or Ability to Ignore (Cognitive Load: x = 3.38,
Md = 3; Vexatiousness: x = 2.74, Md = 2; Ability to Ignore x = 3.71,
Md = 3; cf. Figure 6.6 on page 160 and (H5) in Section 6.2). So while
participants did not completely ignore the sounds produced by the
system, they did not distract or annoy them. This is best shown by the
item “It was hard to concentrate while the system was producing noises”
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which with all participants disagreed (Cl g5 = [5.62,6.72], Md = 6; cf.
Figure 6.11 on page 177).

This notion was also strongly emphasised in the interviews. Most
participants said that they were aware of the sounds but they did not
bother them in any way. One couple said that they often did not con-
sciously perceive the sounds and described them as being part of the
background. One participant described how he often only became
aware of the system’s output when the sounds had stopped because
his partner had gone to bed.

Many participants commented on the presence of unwanted noises
such as blips and static and described these as the most annoying
part of the system, even though none said to have been more than
mildly annoyed. One participant heard a constant low buzzing noise
which was the most annoying sound reported by any participant. See
Table 6.16 on page 180 for a quantitative assessment of these issues. The
intended sounds transmitted by the system were unanimously described
as pleasant. It is therefore our impression after the interviews that the
cognitive load would have been even better if the sound output had
been free from digital or analogue artifacts.

With the benefit of hindsight, we can try to explain why four of the
items on the Cognitive Load scale did not fare so well and ended up
in the Miscellaneous scale. “I recognised important events with the
system, even when | was not actively monitoring it” and “It was hard to
concentrate while the system was producing noises” semantically fall in
between Vexatiousness and the Ability to Ignore which might account
for their bad match with the other items. “Using the system was effortless”
is very vague, has no clear meaning and can be easily understood as a
usability question which — together with the challenging setup of the
system due to the mixer — might also explain why the item was answered
so differently from the rest of the scale (Table 6.9 on page 165). Finally,
“I payed close attention to my partner” also has a completely different
angle than the rest of the scale. It was the only item directly taken
from another questionnaire and given that the item was taken from the
Perceived Attentional Engagement/Attentional Allocation scale from the
Networked Minds Questionnaire, this is a hint that Cognitive Load as
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measured by our scale and Attentional Allocation as understood by
Biocca et al. [41] are quite distinct concepts.

6.5.1.5 Privacy

Since privacy was a concern that we ourselves had, it is good to see
that this was not perceived to be much of an issue, with the Threat to
Privacy being rated significantly lower than the scale centre (x = 2.13,
Md = 1; cf. (H6) in Section 6.2).

The only concern mentioned during the interviews was that a third
party might gain knowledge over when the participants are not at home.
Other concerns were not mentioned and most participants explicitly
said that they were not worried to inadvertently disclose anything to
their partner over the system. This is also strongly expressed in the
questionnaire item “l worried that my partner might learn something
using the system that | want to keep secret”, Clos = [6.07,7.26], Md =
7 (cf. Figure 6.7 on page 161. Some also mentioned, though, that
this might be different with people that they were not as close to as
their partner.

6.5.1.6 Emotional Value

All participants reported at least some moments in which upstairs cre-
ated a feeling of closeness and attachment towards the partner. For most,
this feeling was a constant sentiment throughout using upstairs while
for some it was confined to such singular moments. Many participants
reported feelings of sadness or sentimentality during the dismantling
of their system or a feeling of loss afterwards.

Although upstairs managed to play this emotional role for many
participants, as briefly mentioned in Section 6.5.1.2 the system appar-
ently failed to transmit emotions or moods experienced by the remote
partners themselves. This can be seen from the bad values on the highly
correlated (r(4) = .85, p = .033, common « = .91; Figure 6.21 on
page 216) Emotional Expressiveness (x = 5.22, Md = 6) and Perceived
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Emotional Contagion/Empathy (x = 5.08, Md = 5) scales (Figure 6.6
on page 160) and also from unanimous reports during the interviews.
Few participants saw any potential for such transmissions, no matter
what quality improvements would be made or how much time users
had to get used to the signals.

The reports from the questionnaires about the expectations towards
the partner regarding upstairs are a mixed bag; on the one hand there are
items like “I was disappointed when my partner wasn’t there when | tried
to contact him/her using the system” (Cl g5 = [1.86, 3.80], Md = 3) and
“I was disappointed when it took my partner too long to respond over the
system” (Clos =[1.76,3.91], Md = 2.5) from the Unmet Expectations
scale (x = 4.17, Md = 5),3> indicating that there is a certain emotional
investment in the system. On the other hand, “I worried that my partner
felt obligated to contact me using the system” (Clgs = [4.49,6.51],
Md = 6) and “I felt guilty if | didn’t respond to my partner when |
perceived something using the system” (Cl g5 = [4.66,7.00], Md = 6.5)
from Feeling Obligated (x = 3.04, Md = 2.5) seem to say that the
participants did not act on that emotional investment (cf. Figure 6.7 on
page 161 for a visualisation of the responses to the individual items
mentioned in this section and Figure 6.6 on page 160 for the scale
results). Similarly, some participants reported in the interviews that they
felt sad or disappointed when they used knocking as a direct way of
communicating through the system and their partner did not answer.

Depending on the interpretation, this emotional investment need
not be an entirely bad thing, even if it means that users are disappoin-
ted when their partner is not there or otherwise does not react. Seen
within the greater context of technology dependence, the new channel
becomes just another of those pieces of technology that we develop
some level of dependence on, exactly because they are useful.

35As a sidenote, the Unmet Expectations scale gets a dramatically increased o = .66
(new x = 5.17, Md = 5) if the poorly worded “I worried that | was not meeting my
partner’s expectations for our contact using the system” is left out (original a = .13).
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6.5.1.7 Discussion of Miscellaneous Results

As an interesting sidenote, the participants were either very bad at
assessing their own loneliness or their partner’s or both. “I often felt
as if | was all alone” was mostly rejected (Clgs = [5.28,6.38], Md =
6) while “I think my partner often felt alone” was mostly agreed to
(Clgs = [1.98,3.69], Md = 2.5). It is difficult to draw conclusions
from this without knowing the true amount of loneliness but this result
emphasises that self- and friend reports can diverge a lot even for
seemingly simple assessments.

Table 6.17 on page 181 summarises the types of noises participants
perceived via upstairs. As shown in Table 6.16 on page 180 and men-
tioned in Section 6.5.1.4, unwanted noises produced by the system
itself were mentioned by all participants with varying impressions on
how annoying they were perceived to be. For most of the participants,
though, solving the problems causing these acoustic artifacts was a
prerequisite for a hypothetical prolonged use of the system.

Some less technical problems with the usefulness of upstairs that
were mentioned during the interviews were the need to wear shoes,°
having the wrong flooring,3” and obviously the problem of not produ-
cing any sounds when not moving, especially for extended periods
of time.

The participants mentioned several possible improvements and
aspects to think of for the eventuality of developing upstairs into an
actual product. These were cost, power consumption, sound localisation
with multiple microphones and speakers,*® and extending the system
to multiple rooms.

36See Section 5.1 for a possible way to overcome this obstacle by padding the flooring
with felt, enabling even sneaking on socks to be heard. This is quite intrusive of course
so we did not require or even suggest this in our study.

37We required all participants to have wooden or laminate flooring. One participant
had different flooring in other rooms and thus effectively went silent on leaving the room.

380ne aspect that was brought up by a participant, is the fact that the loudness
depended too much on the distance from the microphone. This would also be alleviated
by a well-designed multi-channel setup since then, moving away from one microphone
would mean moving closer to another.
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All participants used explicit communication in addition to the im-
plicit context communication (cf. Section 3.1.3). The participants used
simple knocking patterns (e. g. three times in a row) and no more than
two semantically distinct patterns were used (for greeting and parting).

One couple had thought about using Morse code but ended up not
doing it, saying that there were better ways to communicate verbally
than upstairs. Another couple developed the knocking into a ritual that
they would perform each time one of the partners came home.

In the interviews, participants described the sounds transmitted by
the system as pleasant. One participant said she needed two days to
get used to this new sound source because she at first confused the
sounds with real neighbours or animals in the walls. Most participants
did not think that upstairs sounded like real upstairs neighbours but
this was not seen as negative. Some participants even said that they
found the quality of the transmission more pleasant than that of a real
ceiling as it was less muffled and more crisp while still being dampened
enough as to not be distracting. During the interviews, “fitting”, “right”
and “natural” were words used to describe how the footsteps sounded.
One participant called the sounds “80 % authentic.”

When asked to speculate on the effect of a system that simulated
footsteps within the same living space as opposed to the spatially separ-
ated one upstairs provided, some participants felt that the “poltergeist”
worries we raised in Section 1.2 were plausible but none came up with
those worries by themselves.

Most participants said they did not have the impression that upstairs
changed their communication behaviour with other media with the
notable exception of letting them know when their partner was home
so that it was worthwhile to call by phone.

All participants said that they would have used the system for longer
if they had been given the chance. The last couple who actually had that
chance continued using upstairs for several weeks and only stopped
doing so when one of the partners had a favourable opportunity to
personally bring the hardware back to us and used this opportunity.

One participant said that he would not want to use such a system
indefinitely because he liked being alone from time to time and with
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such a system he would never feel really alone.

Being asked if they could imagine using a visual analogue to upstairs,
participants dismissed the idea and said that not having to look some-
where to monitor the signal was crucial. The normal modus operandi of
upstairs as a system that was constantly running was very much appre-
ciated, too. One participant kept the system running even when leaving
home for the weekend. It was also emphasised that not having to adjust
any system parameters after the initial setup except for adjusting the
volume from time to time was very important. Nobody reported to have
used the possibility of self-monitoring after the initial setup phase.

The importance of directness (cf. Chapter 3) was also often high-
lighted. The knowledge that it was actually their partner whom they
heard was deemed important and when confronted with ideas of more
abstract, mediated or persistently direct systems (such as presence
lamps [111, 235] or footstep recognition [390]), participants rejected
them as much less appealing. The importance of the non-visual chan-
nel was also emphasised unanimously as a visual signal was felt to be
distracting or less persistent and easily forgotten.

As many participants used upstairs in the room they also slept in,
this was a recurring topic. One participant liked lying in bed in the
morning, hearing that her partner had already gotten up and also found
this a good motivation to get up herself. Two participants found it
comforting to hear their partners still being awake when falling asleep
themselves and one of them mentioned that she felt like not going to
bed alone when hearing her partner. Another mentioned a sense of
safety conveyed through the sounds of her partner. One participant
simply found it useful to hear when his partner had already gone to
bed so he could call her late without risking to wake her.

Finally, it is good to see that the system seemed to be enjoyable.
Even though the Engagement & Playfulness scale itself has an outright
abysmal internal consistency (@ = —1.33), its overall value is quite good
(x = 2.50, Md = 2) and there are encouraging items like “I was excited
about using the system with my partner” (Clos = [2.35, 3.65], Md = 3),
“l had fun with my partner using the system” (Cl g5 = [1.29, 2.04], Md =
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2), and “I liked using the system”3? (Cl o5 = [1.54,2.46], Md = 2).

In the interviews, using the system was described as “comforting”,
“fun”, “enjoyable”, “entertaining”, “pleasant”, conveying a “warm feeling”
and as an opportunity to be closer to the partner without having to

actively do something.

6.5.2 FEELABUZZ

If the choice of touch as a modality has any effect on the affectiveness
of the system as we had hypothesised in Chapter 4, this does not show
on the Emotion Transmission scale (x = 5.82, Md = 6) or one of its
constituent scales in any way, all of which show even worse results
for FEELABUZZ than for upstairs.

The scales that differ most strikingly between upstairs and FEELABUZZ
are Opportunity for Social Support and Cognitive Load, both of which
are worse in FEELABUZZ than in upstairs (cf. Figure 6.13 on page 185).
The lack of social support might be linked to a similar problem as the
emotion transmission has in that there is not enough information to
provide such a support using this link. This does not explain, however,
why FEELABUZZ performs so much worse in this regard.

The correlations between Telepresence and Mutual Awareness (r(11) =
.72, p = .006; common « = .70) and Perceived Other’s Copresence
respectively (r(11) = .69, p = .010; common «a = .82) are slightly less
strong but this time, both correlations are statistically significant, lend-
ing further credence to the hypothesis that there is no real difference
between copresence and telepresence for SCS at all.

There is no longer a statistically significant correlation between
Social Presence and Social Connectedness, r(11) = .36, p = .228.

Again, the relation between the two scales meant to assess social
presence remains unclear. The correlation is even weaker than for
upstairs, r(11) = .34, p = .258 and the means again differ significantly
(x = 3.54, SD = 1.47 for the SDT versus x = 5.38, SD = 1.96 for the

3910t part of the Engagement & Playfulness scale
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direct questions; paired two-tailed t(51) = —6.56, p < .001) but the
combined Cronbach’s a = .77 remains high.

6.5.2.1 Cognitive Load

Given how central the goal of calmness is for our understanding of SCS,
the bad performance of FEELABUZZ in terms of cognitive load is maybe
the most important result in comparison to the upstairs study. Not only
are the results of the Cognitive Load scale clearly worse than for upstairs
but two couples actually aborted the experiment because they found
the vibrations too distracting. We are going to dedicate Chapter 7 to
discussing the consequences and possible technical solutions to SCS
that fail to fulfil this central goal.

Other lessons can be learnt from the second round of the factor
analysis of the Cognitive Load scale.

One item whose bad factor loadings should be explicitly mentioned
is “I payed close attention to my partner” because this underpins our
hypothesis that Cognitive Load as measured by our scale and Attentional
Allocation as understood by Biocca et al. [41] are distinct concepts (cf.
Section 6.5.1.4).

In conclusion, it can be said that the scales we suggested definitely
need more refinement with better data but seemed to be a step in the
right direction; at least more so than the adventurous factor analysis
with n = 6 on a 12-item scale might have given us reason to hope.
The least it did was to identify some items that can probably be safely
omitted from future uses of the Cognitive Load scale (cf. Table 6.11
on page 167 and Table 6.20 on page 189).

6.5.2.2 Free Answers

Of the 13 participants, 5 wanted to continue using FEELABUZZ as it was,
while 5 more required improvements before being willing to use the
system. The top suggestions for improvement were a longer battery life
and reduced heat production, the ability to switch the system off, an
increased stability and reliability, and the integration of the functionality
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with the user’s regular phone. Three participants did not want to use
FEELABUZZ no matter what improvements were to be made to it. The
overall impression of the free answers on the FEELABUZZ questionnaires
compared to the upstairs questionnaires is that users were much more
critical towards FEELABUZZ and conversely more satisfied with upstairs.

Table 6.23 on page 192 shows how often different kinds of move-
ments were mentioned when participants were asked to write down the
kinds of movements they could make out through FEELABUZZ. However,
at least the 3 participants who mention deliberate shaking of the phone
are an underestimation because 8 of the 13 participants reported to
have used deliberate signalling (i. e. explicit communication; cf. Sec
tion 3.1.3.2) and asked for the kind of signalling, all of them said that
they shook the phone.

The sensitivity or definition of the vibrations themselves were differ-
ent for different people. While some described walking as a constant
vibration, others felt it as a rhythmic pattern.

Among the technical issues that affected the perception of vibra-
tion patterns, disconnects due to poor reception were by far the most
common, as shown by the responses to the corresponding item on the
questionnaire (cf. Table 6.24 on page 192) and by free answers. These
answers also show that this was the main issue that makes the system
impractical for many of the participants, along with the short battery
life. Distortions on the other hand were not a real problem, showing
that the techniques described in Section 4.2.3 seem to work.

Our hypothesis from Section 3.1.2 on complementarity, stating that
context plays an important part for these kinds of channels and that
contextualisation allows the recognition of otherwise unrecognisable
data is supported by the following two remarks:

[l couldn’t recognise] whole activities through the vibration
pattern alone. But yesterday, | knew he went grocery shop-
ping. | then felt how he was on his way, possibly waited in
line, and went back home again.

Walking was easy to recognise. | knew that she was out on
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her bike one day but couldn’t have recognised that without
already knowing it. Once | could deduct from the time of
day and the sequence “rhythmic vibrations—10 min pause
(tram)—rhythmic vibrations” that she was on her way home.

6.6 Conclusion

In spite of the limited sample sizes of the studies, we feel confid-
ent enough to say that it showed that permanent, synchronous, low-
bandwidth channels can be applied successfully in a personal and home
environment, a result that is complementary to the design process by
Hindus et al. [235] who moved away from synchronous to asynchron-
ous channels (cf. Section 3.1.2). They also found implicit presence
information not to be well-received by their focus group. With upstairs
we showed that people can accept implicit presence signals. From the
interview, the free answers and the comparison with the Presence Light
system presented by Hindus et al., we suggest that such systems should
be rich, specific (Presence Light reacted to pets as well as to humans),
unobtrusive, using the right modality and work as flawlessly as possible
which is a particular challenge for mobile systems. Hindus et al. also do
not focus on LDRRs but on general family members living elsewhere
and on a work—-home connection.

We have some evidence that copresence and telepresence are no
distinct concepts in the context of SCS, while copresence and social
presence behave the way we had hoped, with copresence being higher
than social presence and them not showing a high correlation.

Users of upstairs were extremely positive about its effect and all of
them wished to continue using it. For FEELABUZZ, feedback was more
mixed but still three quarters of the users said that they would want to
continue using the system, although half of those would only do so if
technical improvements were made. With the systems we built so far
— while they can have an emotional impact — the actual transmission
of emotion is low.
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Connectedness did not appear to be a good measure for the effective-
ness of either of our SCS, calling the classification of SCS as awareness
systems into question. It is too early, though, to call this question already.
It might just be that the Social Connectedness scales by van Bel et al.
[550] are not able to measure the subclass of awareness systems that
we call subliminal copresence systems.

Privacy was not a great concern for the users of our system, meaning
either that our measures to ensure data economy were effective or
simply that users did not care much for their data.

Maybe most importantly, the cognitive load of SCS can be kept low
but this varies strongly with the actual system and FEELABUZZ performed
much worse in this regard. Also, the users of upstairs experienced a
lower cognitive load than they themselves expected. When it comes
to measuring cognitive load, we proposed a new way to do so that is
applicable to SCS and does so with a good internal consistency, even
though further refinement of our scale is needed.
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RCI: Relationship Closeness Inventory
RS: Relationship Salience

SU: Shared Understandings

KE: Knowing Each Others’ Experiences
FoC: Feelings of Closeness

SC: Overall Social Connectedness

RQ: Relationship Questionnaire

IA: Isolation/Aloneness

MA: Mutual Awareness

EC: Perceived Emotional Contagion/Empathy
BE: Behavioural Interdependence

CP: Perceived Other’s Copresence

TP: Telepresence

SP1: Social Presence (Direct Questions)
SP2: Social Presence (Semantic Differential Technique)
EE: Emotional Expressiveness

SiT: Staying in Touch

EP: Engagement & Playfulness

PiA: Presence in Absence

SS: Opportunity for Social Support

FO: Feeling Obligated

UE: Unmet Expectations

P: Threat to Privacy

CL: Cognitive Load

I: Ability to Ignore

V: Vexatiousness

Figure 6.21. Correlations between all Qg, scales. Thicker connections mean higher correlation. Matrix diagonal elements (r = 1)

are not represented. The 37 correlations reaching statistical significance are not specially marked but |r(4)| > .81 < p < .05.
Image created using Circos [310].




7 Umber — Symbolic End-User
Interaction with a Subsymbolic
Black-Box Predictor

7.1 Motivation

The results from Chapter 6 show that not every subliminal copresence
systems (SCS) reaches its goal of being a piece of calm technology. While
it is of course advisable and even indispensable to design for calmness
in the first place, we believe that — depending on design constraints,
such as the constraint of using unmodified smartphone hardware in the
case of FEELABUZZ — it will not always be possible to achieve a level of
calmness that is acceptable in each situation or required by every user.
However, forcing the users to switch such systems on and off or even
tuning certain parameters is in itself a burden that might not be offset
by the usefulness or perceived usefulness of such background systems.
Additionally, as indicated in Chapter 3, SCS inherently and deliberately
have are subliminal and discreet and each system has a high likelihood
to have a number of blind spots regarding the types of user behaviour it
can monitor. Therefore, instead of relying on only one or two systems
to already work well, we expect it to be a good strategy to bundle a
larger number of SCS together in an environment to achieve a more
pronounced sense of copresence.! This in turn means, however, that

TOne project heading in this direction was the RemoteHome installation by
Schneidler et al. [479].
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the need to control so many individual devices in order to minimise
vexatiousness and privacy intrusion is a liability that seems especially
inconsolable with that primary aim of calmness.

Markopoulos [348] writes on the topic of seamful design [71] the
following:

Unless in very simple cases, one cannot assume that aware-
ness information presented is reliable. Erroneous informa-
tion or system behaviour can arise because of malfunction
of context sensing technology or a problem in the network,
etc. While one can hope that technology improvements
can reduce these problems, another source of erroneous
information is harder to prevent. In cases where context
sensing is involved for capturing awareness information, it is
typical that heuristics are applied relating what information
is sensed by technical means and what inferences need to
be drawn.

Investigating a similar line of thought, Romero and Greenberg [456]
found that providing fine-grained awareness controls (or rather focus
controls as the authors use the focus/nimbus model shown in Figure 2.2
on page 27) did not have a great success with the users of their system
because the distraction management did in itself distract and interrupt
too much. We believe this to be a general problem of complex SCS
and other ambient displays, as well as a problem for scenarios where
a large number of simple SCS with continuous, remotely controlled
or proactive behaviours are present. While in principle it is good and
important to design configurability into these systems, in practice it
is probably not feasible to fine-tune such calmness parameters all the
time without taking more time and effort than can ever be saved by
the better adjusted balance between calmness on the one hand and
bringing important information to the user’s attention on the other. We
therefore think that this is an area where automated system can help.

There is an additional obstacle, though. Although machine learn-
ing techniques exist to adequately assess a user’s status within a given
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domain [77, 107, 149, 312, 470, 593], these trained classifiers are usu-
ally black box models. The information they contain is hidden, mostly
these days in the form of support vectors or the weights of a neural
network. We believe that this can pose a problem when introducing
such systems into people’s daily lives and letting these systems decide
about such important matters as interruptibility and privacy. We there-
fore believe it to be important for these systems to be comprehensible
by the users. There are techniques to approximate the behaviour of
a subsymbolic black box classifier by a set of symbolic rules that are
then more likely to be understood by humans. These techniques are
called rule extraction (cf. Section 7.7.2).

Once we have this symbolic abstraction of a classifier, this opens
another very interesting prospect: using a technique called knowledge
insertion (cf. Section 7.7.3), users could be given the ability not only
to understand the black box model but also to manipulate it by ma-
nipulating the symbolic approximation. Such systems are called hybrid
transformation architectures (cf. Section 7.7). This would then form a
closed human-in-the-loop workflow between the symbolic and the sub-
symbolic domain, enabling the user to directly change or even prevent
undesired behaviour by the system, while the system can benefit from
the considerable world knowledge the users can provide (cf. Figure 7.24
on page 261 and Figure 7.23 on page 260). After all, it is their private
lives that the system is trying to get a handle on so they can safely be
called domain experts in this regard.

We believe that the lessons learnt from such systems might find
a wider application than SCS themselves. After all, people today are
indulged in an ever increasing flood of information we need or wish
to sort through. Who did not already wish for a secretary to presort
the important mail from the unimportant, the interesting news from
the noise and hold back calls until a later time when we can better
appreciate them — who but the lucky few who can afford one?

The idea to build software to do this job is of course not new and
fiction is ripe with agents performing their job perfectly [64, 487, 578].
However, fiction as well as daily life can also teach us that agents, human
and non-human alike, that are always around are prone to cause conflict.
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The first iterations of such automatic assistants are already in use,
sometimes without us noticing them as such: most of us use spam filters
on a regular basis and most of these filters use some kind of low-level
automatisms combined with high-level user control. Proactive intelligent
personal assistants such as Google Now? are already context-aware to
some degree. Yet the level of sophistication is still quite low. Assistants
need to adapt to a certain user and handle context in a more complex
way than can be provided by easily understood rules.

With the advent of pervasive computing and ambient intelligence
and with the ever increasing amount of information streams that need
personalised filtering, systems using machine learning are going to
appear increasingly in everyday applications. This means that they
are going to affect users who were never in direct contact with such
adaptive systems before. While this is no problem for systems that “just
work” such as web searches, fingerprint scanners or face recognition in
photo applications, it might pose a problem for systems that try to tackle
problems that have a less comfortable ratio of problem complexity to
available training data. Even the long-standing application and prime
example of machine learning for end-users, the Bayes mail filtering,
suffers somewhat from its unpredictability and attempts have been made
to increase the comprehensibility of the filter decisions [86]. Context-
aware applications on mobile platforms or in smart rooms, tailored to
each user’s individual behaviour patterns, including custom locations,
daily schedules, preferences, personality traits and biometric features
such as gait, present a much more difficult class of challenges. Finding
a one-size-fits-all kind of solution might not in general be possible. This
is especially true since the system cannot ask for an arbitrary amount
of feedback from the user for its supervised learning. Otherwise, the
assistance of the system would be more of an impediment than it can
actually contribute to e. g. reduce interruptions of the user or save time
through context-aware services. A system, however sophisticated, is
useless when users switch off the adaptivity feature because it does not
seem to help and they simply do not understand why it does the things

http://www.google.com/landing/now/
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it does or how they can make it do the things they want it to do.

As initially marked out, the best-performing machine learning al-
gorithms are subsymbolic in nature, adjusting weights, probabilities or
high-dimensional vectors in order to duplicate complex real-world pat-
terns. It is very unlikely that end-users can be expected to interpret, let
alone purposefully change these parameters. Even experts in these mod-
els are hardly able to do so. Symbolic, rule-based systems on the other
hand, albeit still being artificial and often hard to grasp, are much more
similar to natural language and actually find application in tasks such
as simple mail filtering or smart playlists (cf. Figure 7.2 on page 224).

We therefore suggest to increase the accessibility and transparency
of black-box algorithms with comprehensible and modifiable symbolic
representations (a process called white-boxing; cf. Section 7.7.1.1). This
addresses the foreboding acceptance problems we see for black-box
systems when they start governing important aspects of people’s per-
sonal lives. We believe that this can be achieved by giving users a
sense and a means of control beyond (but still including) the passive
learning-by-example capabilities such systems usually have.

With the advent of intelligent personal assistants on mobile devices,
the still somewhat cryptic rule sets of early systems might even even-
tually inform these assistants’ language output, giving them the ability
to explain themselves and their behaviour.

7.2 Overview

In this chapter, we will present Umber, which is our conceptual frame-
work within which we developed two prototypes for such systems as
the one we described above. More precisely, Umber consists of two
prototype systems that can learn user contexts on different platforms.
The first one is called Lumber and runs on a laptop computer, using
the built-in sensors to assess the context and taking the user’s instant
messenger status to label these contexts automatically from the fixed set
of statuses the instant messenger provides. In the second iteration we
moved to a mobile platform. This prototype is called Cucumber and
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SL
Sensor capturing LUMBER
PL Laptop prototype

Jabber interface

CUCUMBER UMBER
Smartphone prototype Project name
OUTN
Rule extraction NUMBER
REN Rule interface

Knowledge insertion

Figure 7.1. Overview of Umber software modules, their basic functions and the
overarching naming scheme.

runs on smartphones, again using the sensors built into the devices. On
this platform, no implicitly provided contexts are available, so contexts
have to be labelled explicitly. Any number of user-defined labels can be
assigned to any given time interval. Finally, the rule extraction, editing
and knowledge insertion takes place in a module called Number. See
Figure 7.1 for an overview of all software modules that constitute Umber.

7.3 Comprehensibility

As our goal is to design systems that make complex and potentially
complicated relations between sensor measurements on the one hand
and states and machine behaviours on the other hand approachable
by end users without special training in understanding the system,
comprehensibility or understandability is a core concept that we will
briefly present in the following.
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7.3.1  Comprehensibility of Rule Sets

Tickle et al. [531] define the comprehensibility of a set of rules using
the number of rules and the number of antecedents per rule. Rule com-
prehensibility in practical terms (i. e. as a cost function for optimisation)
is almost always such a simple measure that is inversely proportional to
the number of conditions per rule and the total number of rules [157,
249, 296, 297, 534]. Neumann [394], on the other hand, points out
that there is no measure of actual comprehensibility that is independent
of the individual user.

Regarding rule comprehensibility at the design stage, it is assumed
that different rule types have a different comprehensibility (cf. Sec-
tion 7.7.2.2 for an overview of different rule types, especially propos-
itional if-then rules versus oblique rules) but there is little work that
compares the actual ability of users to understand different types of rules
for a fixed accuracy, how comprehensibility decreases with increasing
rule size, or what effect different logically equivalent rearrangements
of rules have [420]. Huysmans et al. [250] looked at some of these
questions; in particular they compared how well and quickly rules
were understood when presented as decision tables, decision trees
and written rules. They also showed that oblique rules are indeed
difficult to understand, even though for small rule sets users could
handle them better than the authors had anticipated and they substan-
tiated the long-standing assumption that more complex rule sets are
less comprehensible.

What Huysmans et al. [250] also did was to define comprehensibility
precisely enough to investigate it whereas before the term had been
used in a less clarified and more equivocal way [420, 534]. Huysmans
et al. challenged their study participants with a number of rule-related
problem solving tasks and measured the accuracy and response time
of the participants and asked them for their confidence. It was found
that this subjective measure correlated well with the actual accuracy
and users therefore seem to be able to assess their performance and
the difficulty of the task. Decision tables performed best across the
board, whereas textual representations were found to be perceived as
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Figure 7.2. Examples for rule interfaces in common software, i. e. Apple Mail (a)
and the Songbird (now renamed Nightingale) music player (b).

the least easy to use (apart from oblique rules)® but actually did not
perform clearly worse than decision trees.

For our Number prototype we had already chosen the conventional
representation of rules within the context of graphical user interfaces (cf.
Figure 7.2) which is a hybrid of decision tree and textual representation.
For a future iteration it will surely be interesting to evaluate decision
tables, though, and see if they also perform well when it comes to
manipulating rules instead of just interpreting them.

7.3.2  Comprehensibility of User Interfaces

Gajos et al. [164] found that user satisfaction with Uls is determined
both by the predictability of a Ul’s behaviour and its accuracy, that
is the effectiveness with which the Ul tries to offer context-dependent
functionality in a dynamic way. While they see both aspects as opposing
each other, adding explanation capability to a system is a way to have
dynamic systems that are still comprehensible and thus predictable.

30blique rules could not be compared to the other three representations performance-
wise due to their different expressive power.
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7.4 Context Awareness

Context has long been in the focus of ubiquitous computing research,
which lead to the subfield of so-called context-aware systems. Context
awareness describes the idea that devices can sense their environment
and adapt their behaviour accordingly. Mobile context-aware devices,
however, at first primarily regarded location [476]. This quickly began
to change, though, as devices became ever more mobile and sensors
smaller, cheaper, less power-hungry and therefore more widespread in
consumer devices [1, 30, 113, 122, 388, 475, 476, 562].

The most commonly quoted definition for context is the one by
Howe [244], who defines context to be “[that] which surrounds, and
gives meaning to, something else.” Brown et al. [61] distinguish between
the user’s context and the application’s context and say that the context
of the user has to be the more important defining aspect for context-
aware applications since the context of the application includes the
user input and therefore almost all software would have to be called
context aware. This is a distinction Crowley et al. [97] also make. Of
course, user input or information invisible to the user can still be part
of the information a context-aware application uses. Other authors do
not share this distinction in the first place [475].

In any case, what we essentially try to predict in the machine learning
systems for which we will be using the rule interface is the user’s context.

Since this is the same kind of context we deem so important in com-
munication and in contextualising presence cues, synergies between
SCS and context recognition systems are conceivable, for example in
sharing sensors or feature extraction, but even when it comes to directly
transmitting detected status or similar context condensates as symbolic
cues to a remote person [435, 473].
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7.5 Lumber — Laptop Prototype

As an experimentation testbed and first proof-of-concept system we
wished for a context-aware system that has a differentiated interrupt-
ibility status, is unobtrusive in that it integrates nicely with every-day
computer usage and translates well to other applications such as mo-
bile platforms. Therefore we chose the availability status of an instant
messenger as classes that are to be learnt by the subsymbolic classifier.
The idea there being that initially, users set their status normally and
this is directly used as class labels for the supervised learning algorithm.
At a later state, the classifier can then be used to set the labels itself. As
sensors and data sources, only built-in capabilities of standard laptop
computers were used.

7.5.1 User Status
7.5.1.1 Manual Status Changes

Many people these days share their status in a variety of ways: e. g. via
microblogging, social networking sites, photo sharing, location sharing,
and instant messaging status. Some of this information is not generated
for a purpose different from sharing one’s status or it is generated auto-
matically, but oftentimes people are willing to put a surprising amount
of effort into keeping their status up-to-date. Rittenbruch et al. [446]
discuss this phenomenon in a more general sense when introducing
the concept of intentionally enriched awareness. This is the idea that
users that are observed by awareness systems should have an active
role in providing information about their situational context.

Dey and de Guzman [114] found out that their IM users in their
focus groups found status information important, even when they were
not interested in communicating with someone. Nardi et al. [393] had
come to similar conclusions using different methods.

While status information maintained by the users themselves can in
theory be the most reliable form of status information to base context-
dependent behaviour on, in practice not all users can or want to carry
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the burden of keeping their status up-to-date all the time and automatic
systems become necessary. Another aspect might be that user status
either takes the form of natural language which would have to be
interpreted by software or status comprises a number of discrete steps
that usually denote availability or interruptibility. While this might just
be the information needed for some applications, for others this will
be of less use than information about e. g. location, physical activity
or the proximity of certain people.

7.5.1.2 Automatic Status Changes

Existing automatic status change systems are widespread but usually
very primitive and take the form of “set to away after n minutes without
mouse and keyboard activity and to not available after m minutes” (cf.
Figure 7.3 on the following page for examples). Compared to other
sensors that often would be available, these inactivity-based cues are
unnecessarily crude and have an obvious inherent lag. On the other
hand they are very reliable compared to other sensors and even com-
pared to a stochastic learning algorithm that would only be given mouse
and keyboard activity as input. In fact, they might be too reliable, com-
promising plausible deniability (cf. Definition 13 on page 73). If there
is even a very small possibility of misbehaviour of a mechanism (as a
stochastic algorithm always provides), plausible deniability is granted.

Predicting user status and interruptibility for desktop usage has been
shown to be possible before [149]. In related fields this has also been
demonstrated practically, for example in ambient intelligence [77, 312,
470] and on smartphone platforms [107, 593].

7.5.2 Architecture

The main user interaction for collecting data is done using a conven-
tional instant messenger. As instant messaging platform, we chose to
use XMPP (the Extensible Messaging and Presence Protocol), more
commonly known as Jabber [254]. This decision was made because
XMPP is an open protocol, it is XML-based and thus human-readable, it
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is in widespread use, a large number of clients exist* and also a large
number of implementations for various languages.”

We also enabled an XMPP infrastructure for the inter-process com-
munication (IPC) between individual modules of Lumber but for now
we are still using an alternative, more robust means of IPC via the file
system using comma-separated values (CSV) [255].

The user is informed about automatic status changes from the system
using desktop notifications [220, 325] (Figure 7.15 on page 243). Neg-
ative feedback for a wrong status change can be given by just resetting
the status via the Jabber client.

The GUI for controlling the data collection activity and the automatic
setting of the status by the system can be seen in Figure 7.14 on page 241.
This is also where the machine learning and rule extraction is initiated
and the rule viewer and editor is called. The latter is shown in Figure 7.35
on page 293.

Figure 7.23 on page 260 gives an overview of how these compon-
ents exchange information. As can be seen, there are two basic loops
in the information flow. One where the data from Plumber (the status;
cf. Section 7.5.2.2) and Slumber (the sensor features; cf. Section 7.5.2.1)
are fed into the subsymbolic classifier after a simple preprocessing step
that includes feature selection, normalisation, optional class reduction
(cf. Figure 7.4 on the following page), string feature extraction (cf. Sec
tion 7.5.2.1) and conversion into Weka’s Attribute-Relation File Format
(ARFF) [444],° whereas the output of that classifier constitutes the status
prediction for Plumber. Section 7.7.2.7 goes into some more detail on
the rule extraction and knowledge insertion part.

7.5.2.1 Slumber — Lumber Sensor Framework

Table C.1 on page 454 lists all the features used by Lumber along with
the description that is given to the users, too. There is a total of 21 video

*http://xmpp.org/xmpp-software/clients/

>http://xmpp.org/xmpp-software/libraries/

%There is also an alternative LibSVM output module to interface with LibSVM’s tools
more easily (cf. Section 7.5.3).
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free/DnD present/away free/away/DnD regression
free 1
online 2
away away away
not available not available not available not available 4
busy busy busy 5

Figure 7.4. Possibilities for class reduction in the preprocessing step. Five classes
might be too fine-grained for some applications. The first column shows a
reduction to two classes based on interruptibility, the second are two classes as
well but based on physical presence, the third collapses the gradual distinctions
free/online and away/unavailable into one class each, leaving three classes and
the fourth column represents an ordering that can be used for regression which
might also lead to less severe classification errors.

features, 21 audio features, 4 time-related features, 2 related to mouse
and keyboard activity and a variable number of window title features.
These features will be described in more detail in the following. The
relatively high number of features stems from the fact that the last five
time steps n — 5 to n — 1 and their mean are included as features in
time step n to reduce the susceptibility to noise where necessary and
to enable a kind of short-term sensory memory. Sensor values and user
status are polled every 5s by default which results in a time span of
30s being covered by these features.

If these repeated features are not counted, there are only 3 video
features, 3 audio features and 1 mouse and keyboard activity feature.
Earlier prototypes contained a much larger number of features, espe-
cially more audio features such as band energies for various frequencies.
We decided to cut down on these because we felt that this large number
of features would require too many training examples to work and make
decision trees too varied and too complex. The decision to introduce
the past 5 time steps in addition to the usual averaged features was made
because we felt that the exact behaviour over time of these features
might also be important and what these features provide in combination
is basically a six-sample plot of the dynamic of a given feature.
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Figure 7.5. Face detection to recognise user presence and a difference image as
motion detection.

Visual Features Laptop computers virtually universally come with
cameras built into them that constantly face the user. We use this
to assess the presence of the user and the physical activity to some
degree. To extract features from the camera, we use the iceWing image
capturing and processing framework [340, 341]. We use it to detect
the number of faces in the camera image using the Viola and Jones
[555, 556] algorithm,” the overall brightness, and the squared average
of the difference image, i. e. a measure for the overall movement in
the picture. For all three features, the last five time steps and their
averages are also included.

Audio Features From the microphone data, only spectral features
are used (illustrated in Figure 7.6 on the following page). The spectral
centroid is extracted which is a measure that approximates the perceived

’The output of this module can be seen in Figure 7.5(a).
8Figure 7.5(b) shows the output of the difference image module.
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Figure 7.6. Audio energy in different bands is used to spectrally analyse the
acoustic input.

brightness of a sound [193, 355], as well as the spectral spread [589],
both as a measure of the signal’s timbre. We also extract the overall
energy in a given window.? As with the visual features, the recent past of
the audio features was included as separate features in their own right.

Time Features Although time progresses linearly and is usually also
linearly represented in data structures (e.g. Unix time [211]), there
are repeating characteristics like the passing of night and day, weeks,
months and years that are used in the representations of virtually all cal-
endar systems [307]. Using such common clock and calendar notations
to represent time features has the disadvantage that one-dimensional
measures such as the time of day wrap around suddenly — in this case
at midnight — and other regularities such as the weekday/weekend cycle
and the seasons have to be modelled explicitly. We therefore find a
circular, two-dimensional representation better suited — a simple Eu-
clidean distance function can be used to get a measure that avoids
any discontinuities and locally approximates the more appropriate an-
gular distance, while maintaining a reasonable global behaviour (cf.
Figure 7.7 on the next page).

9The effective window size used was 5 seconds, sampled with 44.1 kHz.
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Figure 7.7. Comparison of angular and Euclidean distance for two points on the
unit circle (the radius does not change the ratio of the two functions) with the
angle between them ranging from 0° to 180°.

We decided to use three circles in parallel to represent time: one
comprising one day to catch repeating characteristics that depend on
the time of day, another one comprising one week for weekly features
such as the weekend and one circle comprising a whole year to be
able to learn season-specific behaviour where this occurs or other
annual particularities. This last circle has been left out for our short-
term evaluation, leading to 4 time features that were actually used.

These features are computed as follows. For the time of day ¢, with
h € R being the hours since midnight:

t =—COS(%JT) (7.1)

t) =sin (%ﬂ) (7.2)

Midnight is at the bottom of the unit circle, midday at the top, 6 o’clock
in the evening is to the right and 6 o’clock in the morning to the left
(cf. Figure 7.8 on the following page).
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Figure 7.8. The complete unit circle on the left represents the time range from
0:00 to 24:00, the arc on the right the range from 5:00 to 22:30.

The day of the week 1 < 0 < 7 is represented as 0 along the same
lines with [,eex = 7.

61 = — cos (6 2n ) (7.3)
week
6, =sin (6 2 ) (7.4)
[week

Likewise, the date 7, with d being the day of the year and [,¢,, being
365 or 366 depending on the length of the particular year in days:

T4 = — COS (d 2n ) (7.5)
lyear
7, = sin (d 2z ) (7.6)
lyear

There is no normalisation regarding the position of the seasons on the
unit circle in this equation as this is not perfectly possible with a simple
rotation in the Gregorian calendar (cf. Figure 7.9 on the next page).
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Figure 7.9. The position of the astronomical seasons day by day during a typical
year on the Northern hemisphere using the day of year feature.

Activity Features To get a sense of the general activity of the user on a
desktop system, the time elapsed since the last mouse or keyboard activ-
ity can be used. This information is provided by the X11 Screen Saver
extension library (LibXss) [160]. However, the library only provides
a single value representing the combination of both activities. So any
activity of either mouse or keyboard will reset the timer. Any possibility
to intercept all mouse and keyboard activity manually to get separate
values for both types of activities would have been very technically
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invasive'® and was therefore dismissed.

The data this sensor delivers has a very characteristic, irregular
sawtooth-like look. Cf. Figure 7.10(a) on the facing page for a plot
of an exemplary dataset. As the time since the last activity can grow
without bound, linear normalisation to a fixed interval turned out to
be problematic since the most extreme values have a large effect on
the overall variance whereas normalisation to unit variance can leave
quite extreme values in the data. For future implementations, it might
therefore be expedient to introduce some nonlinearity that limits the
values this feature can take (cf. Figure 7.10(b) on the next page).

Window Properties  As the main activities performed by users tend not
to be identifiable by any means other than analysing the screen content
itself (imagine telling what someone is doing on their computer just by
looking at them but not at the screen), we decided to use the currently
active window as an indicator for the current activity of a user. The X
server stores metadata about windows in attributes and properties [472].
As per the Freedesktop window manager specification [553], the cur-
rently active window is stored in the _NET_ACTIVE_WINDOW property
of the root window. From the active window thus determined, the
three properties application title (_LOB_APP_TITLE), application class
(_LOB_APP_CLASS) and window title (_NET_WM_NAME) are read."!

In a production system, a fixed number of generic string features
(such as string kernels for SVMs or string distance metrics for kNN)
might be used; however, this would come at the cost of highly reduced
comprehensibility of the rules eventually produced. In any case, for the

10These possibilities include a screen-sized invisible window that stays always on top
and passes along all mouse and keyboard activity and rewriting the X Window mouse
and keyboard drivers.

"To get an appreciation of the kind of strings usually stored in these three properties,
on any X window system a command line such as the following can be used while
changing windows (tested in bash 4.2.25 and zsh 5.0.0 with X.Org 1.11.3):
watch 'xprop -id “xprop -root | grep "~_NET_ACTIVE__WINDOW"| cut -
f5 -d"_"" | grep "_NET_WM_NAME\|_OB_APP_CLASS\|_OB_APP_TITLE"'
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Figure 7.10. Exemplary activity data for the mouse/keyboard idle sensor. (a)
shows the raw data and (b) a suggested derived feature 7’ = # for the same
data that has the asymptote T’ = 1. In this case, the time constant takes the
value T = 10s.
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Figure 7.11. Several overlapping windows, the rightmost of which is active. The
window title feature therefore would have the value “umber — File Browser”;
application name and application class would in this case both be “Nautilus”,
designating the name of the Gnome Desktop Environment’s standard file
browser.

prototype system, we allowed ourselves a variable number of token fea-
tures which implies the necessity to rebuild the whole model every time
new data points are added. This was less of an issue given that no in-
cremental learning was implemented anyway. It makes tree consistency
even more difficult, though.

Token features means that the strings are split into tokens separated
by spaces and punctuation. For example, the terminal window name
cmertes@Saffron:~/Documents/Diss would be splitinto the tokens
cmertes, Saffron, ~, Documents and Diss. Depending on an internal
switch, these tokens are then put into either one common list or three
separate lists, one for each window property. These lists are then pruned
by sorting the tokens by the frequency with which they occur and
discarding the least frequent tokens. The percentage of discarded tokens
can be freely chosen; we ended up discarding the bottom 90 % of tokens
because of the relatively large number of rarely used tokens. Each token
then becomes a binary feature where we store whether the token was
present or not for every data point.

Unlike the other features mentioned, these string features are gener-
ated offline during postprocessing, immediately before the generation
of the model. So the sensor log files only contain the raw values of
the window properties.

An obvious drawback of this approach is that the frequency of a
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token does not say anything about its predictive power. While very
rare tokens are generally not useful to train a model, we might still
discard tokens that are important. A more advanced approach would
be to generate all possible token features and then use some sort of
feature selection algorithm [424]. This would significantly increase the
time needed to generate the subsymbolic model though which might
not be acceptable after all.

7.5.2.2  Plumber — Lumber Jabber Interface

Thanks to the XMPP remote control extension [538] we can integrate
with any client supporting this extension without having to change any
client code itself or writing client-specific plugins. More specifically, it
is possible to remotely change the status of a client. Only commands
originating from the same account are accepted and thus the same
server-side authentication is used as for the account login in general.
Reading out the status is part of the normal functioning of Jabber and is
possible without special privileges (other than being mutual contacts).
Jabber allows the specification of priorities for multiple resources using
the same account so Plumber takes the role of a normal client, just with
a low priority (Figure 7.12 on the following page). Unfortunately, Jabber
does not have an invisible status so it is still possible to send messages
to Plumber instead of the actual user if someone orders their client
explicitly to do so, if a user goes offline without shutting down Plumber
as well, or if a client does not handle priorities correctly. Plumber
reacts to this with an automated reply, explaining what it is and that
the message did not reach its destination.

User Interface  The main user interface is the user’s usual Jabber client
itself. A minimal control GUI is needed nonetheless but the user should
not have to bother with too many options. After all, the goal is to
increase calmness. So initially, there were only four buttons and one
option as can be seen in Figure 7.13 on the next page: 1) start Plumber
(at minimum this means recording sensor data along with Jabber status;
the auto-set status option controls whether or not the Jabber status is
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Figure 7.12. Screenshot of how Plumber reveals itself in a Jabber client (Psi in
this case). The tooltip shows the two resources for the same account with their
respective name, status and priority (here 5 for the regular user and —128 for
Plumber).

| UMBER = =3
Start Umber } Train } Generate Rules]
e e ——} =

&Auto-set status| Display Rules ]

Figure 7.13. The main window of the Lumber GUI is deliberately kept simple.
This is an earlier prototype which allows the user to start the recording, select
whether or not to automatically set the Jabber status from the trained model
and to generate and inspect rule sets.
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Figure 7.14. This later version of the Lumber control window adds an optional
display of the current status prediction as a symbol (cf. Figure 7.16 on page 243)
and as text and also adds a slider to control the trade-off of rule quality versus
generation speed.

also changed according to the predictions),'? 2) train the subsymbolic
classifier from the recorded data, 3) generate rules from the subsymbolic
classifier, and 4) display and optionally change the generated rules. Then
this was slightly extended to the picture shown in Figure 7.14 which
optionally shows the current prediction so that the users can decide
whether or not the predictions are already good enough for them to
activate the automatic status change or whether more data has to be
collected for the classifier. Also, a slider has been added to control
the trade-off between rule set quality and generation speed because

2The button that calls Plumber is actually labelled “Start Umber”. This is because
the subsystem names are not transparent to the user who does not need to know they
even exist, let alone their names.

241



7. UMBER

generating good rule sets with G-REX can be quite a time-consuming
task and improving rule sets even a bit means investing much more
time for additional runs of G-REX. Therefore users might want to trade
some quality for large speedups. We chose not to expose the individual
parameters of G-REX though because this would have introduced a huge
complexity. Instead, three parameters are all changed at the same time
by this slider. Specifically, the slider linearly varies the population size
from 200 to 1000, the length factor between 0.01 and 0.005, and the
batch size from 1 to 5. These specific values are not the result of a user
study but stem from personal experience and recommendations Rikard
Konig, the creator of G-REX, gave in private communication.

Because the Jabber client is the only way to influence the class labels
of the training data, it is important to inform the user about automatic
status changes immediately. As mentioned earlier, desktop notifications
are used for this, as shown in Figure 7.15 on the next page. Additionally,
most Jabber clients offer to continuously display the current status in
the notification area.

7.5.3 Lumber Performance

To evaluate the basic generalisation capability of the classifier using
the features we selected, we tested it using a preliminary single-user
data set with a small sample size of 1531. The data set was recorded
during several shorter sessions in different situations (such as in the
office, at home and during the weekend) over the course of a week
using the standard 5s polling interval. We left out the time features
since they cannot contain useful information with so few and short
sessions and might lead to an undeservedly good result by overfitting
the few long stretches of identical status which are covered by both
training and test data. For classification we used a support vector ma-
chine with an RBF kernel from LibSVM [74], wrapped by the Weka
toolkit [205]. We did a random %-split into a training and a test data
set and performed a hyperparameter grid optimisation on the training
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Figure 7.15. Desktop notifications can take different forms but are generally a
good way to unobtrusively inform the user about an occurring status change.
The icon symbolises the new status. The screenshot on the left shows an earlier
concept that still includes the ability for the user to influence the classifier
more directly than by changing the status. This idea was abandoned early in
the implementation process because it was deemed unnecessary and overly
complicated.

Figure 7.16. Weather-themed icons used for the different statuses. From left to
right: free, online, away, not available, busy, offline. The moon and rainbow icons
are used under the demo licence from icons-land.com. All other icons are distributed under
the GNU Lesser General Public License as part of the Oxygen icon set .
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data with a 5-fold cross validation using LibSVM's grid tool [245].13
On the test set, the generalisation accuracy was 98.2 % with parameters
C =512and y = F5.

While this seems like a good result, it is not clear what the threshold
for a system would be to be perceived as calm by most users. On a
more technical note it has also to be said that the generalisation ability
for completely new situations is drastically lower and we do not know
at this point how much training data would be necessary to better
generalise to new situations and how this would vary between users (cf.
Section 7.6.3 for variability between users in the case of Cucumber).

7.6 Cucumber — Mobile Prototype

Because of the restricted context domains of the desktop and tech-
nical difficulties in rolling out Lumber on a larger scale to collect data
from more users, we also implemented a mobile application to collect
context data from standard smartphone hardware. The field of context
recognition using mobile phone sensors has mostly focused on the
implementation of recognition using a single sensor rather than on the
integration of all available sensors although there are notable excep-
tions [117, 159, 238, 287, 302, 317, 448]. To our knowledge there is
no architecture though that combines both machine learning and on-
device context recognition. We therefore implemented the Cucumber
system that does online, on-device subsymbolic context recognition.
Cucumber lets the users define their own contexts and initially polls
them for their current context every 15 minutes but suppresses polling
when the classification probability is high enough. Users define their
context in the form of an arbitrary number of self-defined activities.

7.6.1 Implementation

Cucumber is a self-contained mobile phone application running on
Android [185]. The implementation was done by Tobias Rodehutskors,

Bhttps://github.com/cjlin1/libsvm/blob/master/tools/grid.py
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Box 6: On-Device Processing

In Cucumber we made an effort to keep data on the mobile device.
This has usability implications because users do not need to switch
devices but more importantly, it has privacy implications because
the data that never leaves a device cannot be misused. The obvious
alternative in a productive system is to send all data to a central
server to allow users access to their data in the cloud from any
machine. We think, however, that this is not desirable given the
sensitive nature of these data.

co-supervised by my colleague Sebastian Hammerl and myself.

The extracted features are stored in an SQLite database, '* alongside
the raw data (except for audio data for legal and privacy reasons),
classifier predictions and manual labels from the users.

7.6.1.1 Features Extracted

Accelerometer Features  Activity recognition using accelerometer data
has in the past mostly been done by using multiple accelerometers
worn at different points on the user’s body [23, 146, 308, 346, 363,
418, 526] or with dedicated sensor devices instead of the consumer-
grade hardware that is built into mobile phones [78, 79, 320, 322,
327, 342, 436, 522].

There were only a few attempts at activity recognition using off-
the-shelf smartphone accelerometers. Miluzzo et al. [379] used the
accelerometer in conjunction with other sensors for their CenceMe
application but only extracted mean, standard deviation and number
of peaks. Yang [583] used a selection of spectral and time-series fea-
tures to recognise activities using only the acceleration data from a
mobile phone. Brezmes et al. [59] put great emphasis on an arbit-
rary position and rotation of the mobile phone. They tried time- and
frequency-domain features but dismissed both approaches, ultimately
choosing to use a kNN on unprocessed time-series records. Kwapisz

4http://sqlite.org/
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et al. [313] relied solely on a number of time-domain features while
Wang et al. [560] use a wavelet transform to generate features from
the accelerometer signals.

We chose to use the features proposed by Kwapisz et al. [313] be-
cause they worked quite well in a previous system we built [222]. These
features are computed over a 10-second window and consist of the mean
and standard deviation, the mean difference from the sample mean, a
time between peaks algorithm and a 10-bin histogram — all computed
per axis — and the average magnitude of the 3D acceleration vector.

Magnetometer Features Mean and standard deviation over the sample
window are computed per axis for the magnetometer readings. Ad-
ditionally, an absolute rotation of the device in space is computed,
using the accelerometer to determine the device’s rotation relative to
earth’s centre of mass. This effectively yields a 2D compass value and
the mean azimuth.

Audio Features Instead of the rectangular windows of equal size in
frequency space used in Section 7.5.2.1, for Cucumber we used the well
established Mel-frequency cepstral coefficients (MFCCs) [60, 374, 558]
that are closer to human perception. They are overlapping triangular
windows on the cepstrum [47]. Additionally, the root mean square
(RMS) and zero crossings were used as features in the time domain.

Time Features We used the same circular time features as were de-
scribed in Section 7.5.2.1 (day, week and year) but we modelled the
weekend-working week dichotomy explicitly to make learning it un-
necessary.

Location From the GPS data, mean and variance of longitude, latitude
and altitude is computed. Speed and direction in the x/y plane are
also determined, as well as overall mean speed and true bearing, i. e.
the movement’s orientation towards the geographic north pole. The
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7. UMBER

GPS accuracy is stored but not further processed. The same features
are again computed for the Wifi-supported position.

Bluetooth and Wifi Additional to the location information, the Wifi
scan raw data is also stored (i. e. SSIDs, BSSIDs, signal strengths and
frequencies). Bluetooth scan data was stored for later inspection but
not used in the classification because most Bluetooth devices these
days are switched off by default to conserve energy and therefore the
utility of these scans is very low.

Other Features  Proximity and light sensor produce a scalar value'® for
which mean and standard deviation over each window are computed.

Additionally, the charging state of the battery is queried as a binary
value (charging or not charging).

7.6.1.2 Machine Learning

Since users can choose more than one class for each data point, a
multi-label learning algorithm is needed. For this, a variant of the Weka
toolkit called Mulan was used [542]. In a previous study, Hammerl [207]
had tried ML-kNN [588], RAKEL [541] and BPMLL [587] as alternative
machine learning techniques for this type of data. He found that the
classifier that worked best was ML-kNN, a multi-label version of the k
nearest neighbours classifier [588]. Hammerl also tried different values
for parameter k (cf. Figure 7.17 on page 247) and found that more
neighbours meant a better classification but also found a saturation at
about k = 35 neighbours. For Cucumber, k = 25 was chosen because
it delivers already 97 % of the maximum measured accuracy and 95 %
of the precision (cf. Equations 7.8 and 7.9 on page 253 for a definition
of these multi-label measures) while needing much less samples and
therefore less time that a user has to train a certain class. Using less

15 Although on the platformed used, the proximity sensor only supported taking one
of two values. Cf. http://developer.android.com/reference/android/hardware/SensorEvent.
html#values
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neighbours also cuts down on the computing the mobile device has
to accomplish.

7.6.2 Usage

As said earlier, Cucumber initially prompts users every 15 minutes for
their current activities (Figure 7.18(b) on the following page) unless
set to incognito or silent mode. It is possible to select more than one
activity. Users can define their own activities and thus do not have
to select from a fixed set.

When prompting the user, a class c is preselected if the probability
P(c) that it represents a current activity as determined by the classifier
is larger than a certain threshold 6. As the software learns to predict
the user’s activity, it will cease to prompt the user if the probabilities
of the classifier for all the classes are either above or below a certain
threshold (i. e. only show the prompt if there is at least one class for
which the propability 0.2 < P(c) < 0.8). That a probability value below
a threshold can silence the prompt might seem counterintuitive but it is
based on the rationale that if the probability that the current activity is
correctly classified by a class ¢ is P(c) then 1 — P(c) = P(-c¢). In other
words, if the probability for a class is very small, then this corresponds to
a high probability that the current activity does not belong to that class.

Data recording is triggered every 3 minutes for 10 seconds unless
in incognito mode.

7.6.3 User Study

In a study designed and conducted by my colleague Sebastian Hammerl,
optimal values for the probability thresholds could be determined
empirically. The study comprised n = 8 participants (6 male, 2 female;
mean age 27 years) who used Cucumber for 11 days (although a few
participants continued shortly beyond this time frame).

During the study, the level we call the preselection confidence
threshold that determines at which classification probability to preselect
a class was set to 8 = 0.5. This value was chosen after some loose
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Figure 7.18. Two screenshots of the Cucumber application. The first is the
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preselected due to their high classification probability. The activity selection is
either triggered by a timer or explicitly by the user.
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Cucumber Classifier Performance

H-Loss
Accuracy
Precision

Recall
One-Error

0.4 ! 0.6
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Figure 7.19. Classifier performance measures for the Cucumber study.

testing with a single data set but was later found to be quite close to the
optimal value,'® as determined by the following method.

Figure 7.20 on the next page shows the relative amount of necessary
changes to the classes suggested by the classifier, i. e. the ratio

|Cuser| - |Cc|assifierACu5er|
Cuser
_ |Cc]assifier N Cuser| — |Cc|assifier N Cuserl
|Cuser|

=

of necessary changes'” to the suggested set of classes over the number
of entries that would be necessary without any automatic preselection
by the classifier. This ratio is plotted for varying preselection thresholds
6, showing an optimum very close to the value of 8 = 0.5 chosen for
the study. The rationale behind this measure is that it corresponds to
the number of “taps” or other necessary inputs to correctly set the state
of the device and thus the classifier. If the ratio is negative, the user

Tewithin about 98 % to be exact

7 A\ denotes the symmetric difference (A~ B) U (B ~ A) of two sets A and B. Cyser is
the set of classes that the user actually selected and Cgjassiier the set of classes that the
classifier preselected.
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Figure 7.20. This figure shows the relative amount of necessary changes to the suggested set of current classes I, i.e.
the edit distance? between the sorted lists of classes with each class counting as one symbol, divided by the edit
distance between the empty string (i. e. list of classes) and the desired one. This ratio is shown for varying probability
value thresholds 6 for the preselection. The optimal preselection confidence threshold according to the median of
all users’ data is 0 ~ 0.51 (reaching I” =~ 37.9%). The polynomial regression of the median data® is of order 4. Its
maximum [~ = 36.6 is at 6 =~ 0.57 (orange drop lines).

Note that the plot only shows the interesting part around the maxima of the graphs, before edge effects set in. All
graphs will converge against 0% for 6 — 1 since fewer and fewer preselections will happen, mimicking the “no
classifier” state in its extreme position. This means that the regression only works for values close to the maximum.

2modified Levenshtein distance [328] where substitutions count double [268]
bpeing I" = —400.667 % 6% + 955.677 « 63 — 970.742 % 62 + 471.82 % 6 — 51.6359
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would have been better off without any preselection by the classifier
while any value larger than 0 corresponds to saved time.

The plot shows that there is quite a broad plateau, making the
choice of 6 very robust. For the regression line, I stays within 10 % of
its maximum for the whole interval 6 € [0.41,0.74]. What can also
be seen, however, is that there is quite a bit of variability between
users. The one user that could not profit from the system at all reported
to have had a particularly irregular schedule at the time of the study.
Others could slightly increase their saved changed by varying their
personal value of 6.

Being faced with a multi-label problem makes the classifier evalu-
ation more complicated [588]. A number of metrics have been proposed
to deal with this [540], from which we use a selection of the more pop-
ular ones [175, 471, 535, 592].

There are more or less direct multi-label generalisations of the usual
measures accuracy, precision and recall. They are defined as follows,
with X; being the set of correct labels for data point x; and Y; being the
set of labels predicted by the classifier,'® where i € {1,..., N}.

N
_ 15y Xiny

Accuracy = N ; 7|Xi 0v] (7.8)
Precision = — —_— (7.9)

v

N

_ 15 Xiny

Recall = > x| (7.10)

Two more measures we used were the Hamming loss (H-Loss) and
the one error. The Hamming loss counts the number of misclassified
labels which means that it is better, the smaller it is. Let L be the set

18Be careful not to confuse these with the y; from Equations 7.13 and 7.14 on page 271.
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of all labels, then

(7.11)

N
. 1 | X;A Y]
H Loss = -
amming Loss N - I

The one error is a kind of metric that in a way tries to evaluate what the
classifier’s classification error would have been if it was a single-label
problem. It only looks at the top-ranked label and checks if it is in Y;.
Note that this is of course an easier problem than actual single-label
classification. Let rq(x;) be the function that returns the top-ranked label.

One Error = 1N|{xi | r1(x) & Vi}] (7.12)

The results for the study data can be seen in Figure 7.19 on page 251. It
is also interesting to look at the temporal dynamic of these measures. In
Figure 7.21 on the facing page it can be seen that the classifier reaches
near-peak performance very quickly but then drops drastically when
daily routines change during the weekend.

On average, users ended up with 13.9 classes (SD = 3.72), with
the minimum number of classes being 10 and the maximum being 20.
The average number of classes for each selection was 1.7.

7.6.3.1 Discussion

Overall, the data shows that it is possible to predict user status on mobile
devices with sensors available on the device itself accurately enough
to support applications where the users are interested in their status
anyways (i. e. lifelogging). This is even possible when users choose the
classes and number of classes they want and that are important for their
lives, including multiple classes at the same time, instead of relying on
a fixed set of classes that are easy to detect.

The study also shows that people did indeed use the multi-label
feature and being in more than one relevant state at the same time is
not the exception but the rule.
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Figure 7.21. Change of classifier performance over time. The inverted left ordinate is used by Hamming loss and one error and the right by
accuracy, precision and recall. All time series use the median of all the participants’ results. The second weekend and the following Monday are
based on significantly less data and should be interpreted with caution. It can be well seen that performance reaches very good values almost
immediately but drops on the weekend, as would be expected with a change of daily routines.
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Unsurprisingly, manual corrections were still necessary and what
such a study therefore cannot show, is the willingness of users to accept
the burden of such manual corrections in any given application that
uses user status or in turn their willingness to accept the error rate, in this
case about 10 % misclassified labels. We expect this to depend largely
on the importance of the application to the users themselves and on the
effectiveness for a particular user. That is, for a minor gain in comfort
that depends on a very accurate prediction, this kind of system will not
be accepted and neither will this be acceptable for people with very
irregular schedules. On the other hand, a large personal improvement
for a user with a fairly predictable schedule and an application that is
robust against occasional misclassifications will very likely be accepted.
The large middle ground between these two extremes is an area for
future research.

The balance between automated classification and manual correc-
tion is also very much relevant to the area of hybrid transformation
architectures that we are going to explore in the following.

7.7 Hybrid Transformation Architectures

A hybrid transformation architecture (HTA) is a system that translates
between the world of the subsymbolic in which most commonly used
machine learning techniques live and the world of symbolic rules that
have largely fallen out of favour for intelligent systems'® but that are
arguably much closer to human language than subsymbolic systems are.

Wermter and Sun [569] coined the term hybrid transformation ar-
chitectures in the context of neural networks but the principle has been
applied to many different machine learning techniques [249]. Werm-
ter and Sun argue that such hybrid systems are able to combine the
advantages of symbolic and subsymbolic systems. Among the advant-
ages the symbolic side brings to the table, they mention the ease of
interpretation, the explicit control and fast initial coding. For neural

19as for example expressed by the derogatory nickname “good old-fashioned Al” given
to the symbolic approach to intelligent systems [178]
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Box 7: Wermter and Sun Taxonomy

Wermter and Sun [569] used their taxonomy to describe systems
that combine neural networks and symbolic representations but
their classification scheme is oblivious to the kind of subsymbolic
system used. The names of the categories, however, are not; begin-
ning with their term for the whole class of systems: hybrid neural
architectures.

They differentiate these in three subclasses: unified neural architec-
tures that are purely subsymbolic systems but allow the symbolic
interpretation of its components (the archetypal example is the
grandmother cell [195]), hybrid transformation architectures that
translate between symbolic and subsymbolic representations (see
main text), and hybrid modular architectures that combine sym-
bolic and subsymbolic architectures in various ways to solve a
specific task.

The work by Wermter and Sun [569] was not the first to provide a
taxonomy of hybrid symbolic—subsymbolic systems (cf. Wermter
and Sun [569] itself) but they integrated earlier work, often by the
authors themselves. The alternatives names used to describe this
class of systems are similarly variations on the same theme, e. g. hy-
brid connectionist-symbolic models [523, 524], hybrid intelligent
systems [373], or neurosymbolic integration [234].

systems, they mention better learning, robust fault-tolerant processing,
generalisation and what they call “gradual analog plausibility”, an at
that point unexplained term that we take as alluding to the inherent
fuzziness of subsymbolic systems.

Wermter and Sun [569] presented a taxonomy of what they called
hybrid neural architectures, combining and simplifying earlier classifica-
tion schemes (cf. Box 7 above). Hybrid transformation architectures are
one of the three basic classes of hybrid neural architectures in this tax-
onomy. However, they used the term for any system that performs either
rule extraction (i. e. the process of extracting symbolic information from
subsymbolic systems) or knowledge insertion (i. e. the opposite process
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of modifying a subsymbolic system according to symbolic data). In
an important deviation from this taxonomy, we use the term hybrid
transformation architecture only for systems that combine both these
properties (cf. Figure 7.22 on the facing page) since rule extraction
and knowledge insertion are well-established terms already and are
sufficient to describe any system that combines symbolic and subsym-
bolic data in these ways while for the combination of the two, no term
yet exists so we used the one by Wermter and Sun to fill that gap but
excluded the already labelled subsets from the definition. The term
knowledge refinement has been used to describe this combination [83]
but the term implies the exclusion of using knowledge insertion to
initialise a subsymbolic model.

7.7.1 Possible Uses of Hybrid Transformation Architectures
in Human-Computer Interaction

7.7.1.1  White-Boxing

Practically all of the most effective machine learning algorithms to
date produce a model that is essentially a black box [249], such as a
collection of neuronal weights or support vectors. The process of turning
an incomprehensible black box into its comprehensible counterpart?? is
sometimes called white-boxing [247]. Huysmans et al. [249] argue that
such a term (they themselves use “white box extraction”) is generally
more appropriate in this context than rule extraction, since the extracted
symbolic model does not necessarily consist of rules (cf. Section 7.7.2).
Either way, as we established the importance of comprehensible systems
as a design goal in Section 7.3, white-boxing is an important motivation
behind Umber.

Many traditional reasons to use rule extraction techniques also fall
in this category, especially in the areas of medicine and credit scoring
which are fields that have been large drivers behind the development of
rule extraction techniques [18, 249, 357, 359, 425]. It has been argued

20The opposite of a black box is mostly called a white box even though the more
rarely used “glass box” stays arguably truer to the original metaphor.
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Knowledge Insertion T Rule Extraction

if (petallength > 5.515)

Iris-virginica if (petalwidth < 1.605)
(P:91.7 %, N = 21)

if (petalwidth < 0.734) Iris-virginica
(P:92.6%, N = 24)

Iris-setosa Iris-versicolor
(P:95.8%,N =45) (P:93.8%,N =45)

Figure 7.22. Hybrid transformation architectures translate from subsymbolic to
symbolic systems and back. The decision tree was generated from the Iris data set [144]
using G-REX; the SVM visualisation uses simple artificial two-Gaussian data.
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Figure 7.24. lllustration of a symbolic—subsymbolic workflow for mobile phones
(Cucumber).

that many medical practitioners do not want to trust the diagnosis
of a patient to a system that would not explain how it came to its
conclusion [212].

In credit scoring, the Equal Credit Opportunity Act in the US [547]
prohibits to “discriminate against any applicant[...] on the basis of race,
color, religion, national origin, sex or marital status, or age”. Therefore
creditors are obliged to provide the “specific reasons” of any denial of
credit. This is where rule extraction techniques come in handy because
they can do this without having to train a rule-based credit scoring model
to begin with but rather generate one later from a subsymbolic model.
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7.7.1.2  Explainability and the Potential of Verbalising Probabilities

The above applications of rule extraction in medicine and credit scoring
show a tight link between comprehensibility and the ability of a system
to explain and motivate its actions. The latter can be expected to be
especially important in robots and other agents that interact with hu-
mans using natural language. Neither a string of numbers, nor a generic
answer along the lines of “Just trust me on this.” would likely satisfy
most human users who ask for the reasons for a recommendation the
machine makes [336, 416].

Rule-based systems are not as easily understood as natural lan-
guage is but they are probably largely superior to probability-based
representations since humans are known to be notoriously bad at intu-
itively dealing with probabilities [229, 324]. HTAs might form a bridge
between machine learning and human understanding by enabling input
and output of rules to subsymbolic systems. They could also directly
feed into agents that support speech output of symbolic systems how-
ever. These systems would then have the advantage of being able to
respond to enquiries such as “Why did you just do this?”, an ability
called explainability [91].

7.7.1.3 User Control

The previous applications of HTAs emphasise the uses on the output
side, i. e. the rule extraction part of these systems. However, HTAs are
not only supposed to increase user acceptance by making it transparent
what the underlying system does but they also allow the user to influence
what the system does. This could potentially give the user a greater
sense of agency compared to a black-box system that reacts to user
behaviour through learning but otherwise does not provide users with
any means to directly influence the system’s behaviour. Of course the
goal would not only be to make users feel better about the system but
to effectively increase its performance. This ties in with the following
aspect of using domain knowledge.
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7.7.1.4  Using Domain Knowledge

HTAs also make it possible to directly tap into the users’ domain know-
ledge. This especially applies for ubiquitous computing systems where
that domain knowledge is the users’ knowledge about their daily lives.
To put this less stiltedly, it can be expected nobody knows better what
the users’ priorities and preferences are than the users themselves. There-
fore providing users with a way of formalising these preferences directly
might prove much more efficient and much less obtrusive and time-
consuming than learning them by example. After all, generating the
training data required might be desirable or even not be practical at all.

Imagine a context-aware phone that receives a call from work-related
number at 9 PM. Some users might not want business calls to be put
through during their leisure time, others might tolerate them during the
late afternoon but not after say 8 Pm whilst others still might want to
receive business calls regardless of the time. Having to put through a
great number of unsolicited calls that the user then marks as incorrectly
put through in order to generate enough data to train the subsymbolic
model would be inconvenient to say the least. On the other hand, one
call might be enough to remind the user to define a rule that forbids
calls after a certain time.

7.7.1.5 Handling Rare Classes

Significant imbalances in the number of training examples for different
classes are often in itself a problem for classifiers [364]. The anticipation
of such problems could even lead users to not provide training data in
the first place, especially if the class distribution is not only skewed but
there is no training data for one of the classes in the first place. Take
for example a user training their e-mail filter. This user gets frequent
phishing mails that pretend to be from Paypal while this company
has not send the user any legitimate mail yet. The user does have an
account with Paypal, however, so when marking the phishing mails
as spam, the user becomes (rightfully) concerned that the classifier
might latch onto the company name as a keyword to classify spam,
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causing any legitimate mail that might one day be sent from Paypal to
be classified as spam as well. This might cause the user to delete the
phishing mails but not mark them as spam, depriving the classifier of
potentially valuable training data.

Being able to inspect and change learnt models can consequently
encourage users to provide training data that they might otherwise have
discarded because they were afraid of “spoiling” the classifier. In the
example provided, the user can look out for a rule like “if mail contains
‘paypal’ then classify as spam” to appear and delete the rule when
this happens, forcing the classifier to look for more subtle indicators
of spam in these mails.

7.7.2 Rule Extraction

While there have been various definitions for rule extraction, we will
define it as follows:

Definition 16: Rule extraction is the generation of an approximated
representation of a predictive model that improves either the ability
to correctly predict new data over the underlying model, or has a
superior comprehensibility, or both.

Huysmans et al. [249] present a good survey on rule extraction
algorithms, including a detailed description of the most common tax-
onomy for rule extraction algorithms, the ADT taxonomy. It is named
after Andrews, Diederich and Tickle [7, 531] but has since been exten-
ded and used variedly by other authors. We will briefly describe it in
one of its extended forms in Section 7.7.2.1. A more recent but much
less detailed look at the field as a whole can be found in Diederich
et al. [115].

In the field of data mining, rule extraction techniques are often
equated with the term “knowledge discovery in data(-bases)” (KDD) [163,
335, 420]. In this field though, the systems are mainly targeted at highly
skilled experts who are willing to put a lot of effort into gaining in-
sight into hidden structures in data. This is quite the opposite of the
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casual non-expert users who mainly want the technology they use not
to bother them.

As Huysmans et al. [249] point out, it is actually misleading to call
the process of extracting comprehensible information from incompre-
hensible models “rule extraction” as there are other forms of decision
support, i. e. presentations that are more comprehensible than support
vectors or neuronal weights. Huysmans et al. [249] name finite state
machines, graphical models and decision trees, although we consider
the latter to be just a form of presentation of a given rule set, likewise
the decision tables that Huysmans et al. [250] found to perform quite
well in terms of comprehensibility. Huysmans et al. [249] propose white
box extraction as an appropriate term (cf. Section 7.7.1.1). Knowledge
extraction might be another one, mirroring the common name of the
contrary process knowledge insertion [369]. However, as “rule extrac-
tion” is so widespread and we do in fact only extract rules, we will
only use this term throughout the thesis.

The obvious alternative to rule extraction is using a machine learn-
ing algorithm that directly produces sets of rules such as C4.5 [434]
and CART [56]. However, at least propositional if-then rules (see Sec-
tion 7.7.2.2 for a brief overview of rule types) partition the feature space
using hyperrectangles, so they have little chance of reaching the gener-
alisation power of subsymbolic systems (cf. Figure 7.26 on page 268).
Moreover, the more fine-grained an area is sampled using rules, the
less comprehensible it will be for humans. The same is generally true
for a more powerful type of rules such as oblique rules [250]. See
Section 7.7.2.2 for details.

7.7.2.1 Taxonomies of Rule-Extraction Algorithms

There have been a number of additions to and modifications of the
commonly used ADT taxonomy [93, 219, 249, 309]. One generalisation
of the ADT taxonomy is presented by Huysmans et al. [249]. In it, there
are three main dimensions to place any given rule extraction algorithm.
These are (although differently named in the original report) 1) predictive
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model type, 2) translucency regarding the underlying model and 3) rule
type and quality.?!

The type of the predictive model is either regression or classification.
The second dimension is concerned with the dependence of the rule
extraction algorithm on exactly what model is used underneath. Some
algorithms work on internals like support vectors or individual neurons
while others are completely oblivious to how the black box works. This
aspect is a bit more confusing when it comes to the exact definition
in the literature. While Huysmans et al. [249] call this dimension “de-
pendent versus independent”, the widespread ADT taxonomy called
this distinction “pedagogical versus decompositional” (the latter term
coined by Craven and Shavlik [94]) and also introduced a hybrid form
that was called “eclectic” [7].22

Decompositional algorithms look at individual components of the
black box model whereas pedagogical algorithms directly map the input
of the model to its output. While this seems similar or even the same as
saying that the algorithms are dependent on versus independent from
the type of the underlying black box model, according to Huysmans et al.
[249] the definition of pedagogical systems does not forbid a look inside
the black box. This lead them to coin new terms with definitions that they
think to be better applicable where not only artificial neural networks
are considered as subsymbolic models (as has traditionally been the
focus in the field), even though the authors of the ADT taxonomy
themselves applied them to SVMs as well [24]. However, these terms
and definitions failed to get any widespread use in the field so we
will also stick to the original terms and ignore the special cases where
their original definition might fail to overlap with the Huysmans et
al. taxonomy.

21The ADT taxonomy has five dimensions that are called 1) translucency, 2) rule
quality, 3) expressive power, 4) portability and 5) algorithmic complexity.

22The exact definition of an eclectic algorithm is to “utilise knowledge about the
internal architecture and/or weight vectors in the trained artificial network to complement
a symbolic learning algorithm”.
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(c) Oblique Rules

Figure 7.25. lllustration of the approximation capabilities of propositional (a)
vs. oblique rules (c) and of the trade-off between comprehensibility (a) and
accuracy/fidelity (b). The white point clouds represent the data, the orange lines
in their centre a perfect fit and the red straight line segments the approximation
by the according rule set.
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10
Perfect Match Oblique Rules — If-Then Rules

Figure 7.26. lllustration of the approximation capabilities of different kinds of
rules in 2D.

Because the requirements vary so greatly for SCS (e. g. multi-label,
incremental learning, speed requirements, mobile requirements) and
we saw in Section 7.6.1.2 how kNN won over SVMs that are considered
by some to be the best off-the-shelf supervised learning algorithm [395],
it is very valuable for us to use a pedagogical rule extraction algorithm
so we can keep the machine learning part modular and simply change
it when the requirements change for a given application or because
we learnt something through our prototypes.

7.7.2.2 Rule Types

When talking about rules, mostly simple, so-called propositional if-then
rules are meant. There are other kinds of rules however, the most im-
portant of which we will briefly describe in the following. The different
kinds of rules differ not only in their visual representation but also
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- Oblique Boundary
I Prepositional Boundaries

Figure 7.27. Illustration that — in general — oblique rules can only be approxim-
ated but never be perfectly represented using prepositional rules. The number
of prepositional rules also increases exponentially with the desired accuracy.
Adapted from Figure 2 in Fung et al. [162].

in their descriptive power, i.e. in how easily they can approximate
arbitrary shapes, and in their comprehensibility.

The most common type, the propositional if-then rules (if (feature <
upper boundary) A (feature > lower boundary) then class), describe
paraxial hyperrectangles in the feature space, although these hyperrect-
angles (also called orthotopes) do not need to be bounded from all
directions, i.e. some edges can be at infinity.

Mathematically, oblique rules represent only a slight adaptation of
this basic type of rules. They allow the addition of features and their
multiplication with a factor to the effect of “if factor 1 x feature 1 +
factor 2 x feature 2 > boundary then class”. This means that bound-
aries in the feature space are no longer required to be parallel to the
coordinate axes but can form arbitrary linear functions. On the other
hand, this mathematically simple adaptation is thought to significantly
reduce the comprehensibility of the rules [249] and such an effect has
indeed been shown by Huysmans et al. [250].

TREPAN (cf. Section 7.7.2.5) produces rules called m-of-n rules. These
were first proposed by Towell and Shavlik [534] and describe a type
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of rules where m conditions from a set of n conditions have to be true
for the whole expression to be true. Such rules are a compact form of
expressing propositional rules in disjunctive normal form [249] and are
therefore equivalent to propositional rules with respect to their logical
expressiveness. It has yet to be shown, however, if they are as easily
understood as propositional rules as well.

An interesting type of rules regarding comprehensibility are fuzzy if-
then rules [126]. These resemble propositional if-then rules but instead
of a comparison statement they take linguistic variables which might
result in something like “if feature 1 is large” instead of “if feature 1
> x". The problem of course is to derive meaningful linguistic variables
where an area within the feature space is described in a way that
is meaningful for the symbolic predictive system as well as for the
human user and, most importantly, where these meanings match each
other. Also, for hybrid transformation architectures, the problem of
the creation of linguistic variables for the rule set manipulation and
subsequent knowledge insertion process arises, as well as the re-use of
created variables during the next iteration of rule extraction. Typically,
fuzzy rules do not describe orthotopes in the feature space but — as
their name implies — fuzzy areas realised by windowing functions. As
will be seen below, we chose not to use fuzzy rules in the system
built but we did put emphasis on the condition that the rule extraction
algorithm can in principle generate fuzzy rules as well for the sake of
future potential improvements.

7.7.2.3 Rule Quality

The four most important [115] criteria for rule quality Andrews et al.
[7] describe are accuracy, fidelity, consistency and comprehensibility.
While comprehensibility was covered to a larger extent in Section 7.3,
we will briefly describe the other three in the following.

Accuracy Accuracy is the ability of the extracted, rule-based model to

predict and generalise the original data, i. e. to accurately predict
a different but equally structured dataset as the training data.
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This is the same as the well-known measure commonly used to
estimate the quality of predictive systems. Its formal definition
for data points x; with i € {1,..., N} and the correctness of
the corresponding classification y; € {0, 1} where 1 is a correct
classification and 0 an incorrect one (with “sym” denoting the
classification of the symbolic and “subs” in Equation (7.14) that
of the underlying subsymbolic system) is:

N
Accuracyy, = 1N Z Ysym, (7.13)

Fidelity Fidelity is the ability of the extracted rules to match the pre-
dictions of the underlying model. Other than accuracy, this is a
measure that only makes sense for two-step processes such as
the extraction of rules from trained models. More formally again,
with @ denoting the exclusive or operator:

N
Fidelitysym = %Z Ysubs; (&) gsymi (714)

Consistency There are slightly varying definitions for consistency. Gen-
erally, consistency is about the similarity between the result of
different runs of a rule extraction algorithm for the same or similar
input. Andrews et al. [7] define it to be the consistency of the pre-
diction of different rule sets generated from the same subsymbolic
model, whereas Johansson et al. [273] define it as the similarity of
these different rule sets themselves. This gives rise to the difficulty
of defining similarity between rule sets though. Huysmans et al.
[249] propose a formal definition for this but in our case it is
sufficient to define similarity to be the average size of the change
set computed by our orthotope difference module in Outnumber
between one run of the rule extraction and another without any
change in the subsymbolic model (cf. Section 7.7.2.7).
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To contrast accuracy and fidelity: if the trained subsymbolic system
makes a prediction error for new data but the extracted rules do not, this
increases accuracy but decreases fidelity. While sometimes an increased
accuracy over the underlying model and thus a better generalisation
capability is actually a goal of rule extraction techniques [249, 357], in
our case we want to give the user an impression of how the subsymbolic
system actually behaves. Therefore fidelity is our prime goal, even
though it must be balanced with comprehensibility.

7.7.2.4 Umber Rule Extraction Requirements

For choosing a rule extraction algorithm we first defined a 7-point wish-
list of items we would ideally like to see in a rule extraction algorithm.
However, we will see that it is not possible to accommodate all of these
requirements in the same algorithm. These requirements are:

— a high comprehensibility of the extracted rules,

— prioritisation of fidelity (model prediction) over accuracy (data
prediction),

— independence from the learning algorithm used (i. e. being ped-
agogical),

— the option to perform regression as well as classification (even
though we did not actually implement regression within the scope
of this work),

— consistency, meaning a certain degree of stability of the generated
rules (i. e. small changes in the model lead to small changes in
the rule set), but

— on the other hand we would like to let the users generate a
forest of different decision trees from which the one with the best
comprehensibility or fidelity can be selected. And finally we

— would like to be able to generate different types of rules (e. g.
propositional if-then, m-of-n, fuzzy rules) because some types
might be easier to understand than others.

Of course, a good overall performance and availability on relevant

platforms are implicit requirements.
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The tabular overviews of rule extraction algorithms found in Huys-
mans et al. [249] and Martens et al. [356] were very helpful in narrowing
down the large amount of algorithms to the following two, following
the above items.

The two methods that best fit our requirements and that were found
to perform very well overall [358] were TREPAN [95] — which works
somewhat similar to other decision tree algorithms such as C4.5 but
prominently uses a very sophisticated way to estimate missing data
points from the underlying trained model — and G-REx [272] which uses
evolutionary programming to find its rule sets. Neither one perfectly
fits all requirements though. TREPAN is largely deterministic and thus
does not generate alternatives by itself. G-REX on the other hand does
so quite naturally and can even be encouraged to do so [298]. Because
of the stochastic algorithm, it conversely has an increased instability of
rules though, beyond the normal informational instability [295]. There
is a feature that is only partially implemented to date,?? allowing the
usage of existing trees to seed the initial population. This would greatly
increase the needed consistency between runs while maintaining the
variability when this is desired.

Regarding most other criteria, both techniques perform equally
well. G-REX, however, also has the advantage of being able to produce
different types of rules. We therefore chose G-REX over TREPAN but we
will briefly present both candidates.

The decision trees G-REX generates can be tuned to be more accurate
or less complex as desired by changing the parameters of the benefit
function that selects the best trees in each generation.

7.7.2.5 TREPAN

Developed by Craven [92], TREPAN might be the best-known rule extrac-
tion algorithm. Despite its age, it is still relevant today due to its good
performance [19, 295, 358] which is mainly attributed to its data genera-
tion feature [356]. In the following, we will briefly explain how it works.

23Source: private communication with the author of G-REX.
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TREPAN is similar to traditional decision tree learning algorithms [95]
like C4.5 [434] or ID2-of-3 [389]. This means it recursively splits a
training data set into subsets according to which new rule optimally
splits the remaining data into different classes, thereby approximating
the class boundaries. Like ID2-0f-3, it produces m-of-n rules, thereby
using more than one feature for each split. Unlike all conventional
algorithms, however, it makes use of a so-called oracle, i. e. a predictive
model that is used to generate new data points for nodes further down
the tree where the remaining data sets are becoming too small. This
means that a guaranteed minimum number of instances is used for
each node. The artificial instances are generated using each feature’s
marginal distribution to sample the input space. These marginal dis-
tributions are either determined via frequency counting for discrete
data or by using a probability density estimation after Silverman [496]
for continuous features.

The oracle is also used to relabel all training data (which, amongst
other things, increases the fidelity) and to determine the probability
a given node only covers one class, serving as a stopping criterion
for the algorithm.

Craven [92] and Huysmans et al. [249] describe TREPAN in more
detail.

7.7.2.6 G-REX

G-REX is a rule extraction mechanism by Konig et al. [272, 295, 297]
that uses genetic programming.?* Genetic programming is a type of
biology-inspired optimisation strategy proposed by Koza [304] that —
unlike similar approaches in evolutionary computation such as evolu-
tionary programming [150], evolution strategies [437, 485] or genetic
algorithms [240] — uses tree-based representations, even though other
data structures have since been proposed [22, 129, 315]. As such it
generates one or more populations of decision trees and each popu-
lation is then evolved by crossing over and mutating individuals that

24G-Rex correspondingly stands for Genetic Rule Extraction.
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* weka.gui.GenericObjectEditor

weka.classifiers.trees.Grex
About

Class for constructing various kinds of models with a

More
GP algorithm.

Capabilities
BNF_File [If.txt -
creationDepth [6
creationType |Ramped-Half-and-Half -
crossoverProbability [0.9
debug [False -
elitism [True -
evolveRandomForest |False -
fitness |ACCFitness v
generations [100
initialPopulation |Start as normal -
lengthFactor [0.01
mutationProbability [0.005
numberOfBatches |1
populationSize (1000
simplify [False -

stopWithoutimprovement [0

Open... Save... OK Cancel

Figure 7.28. G-REX configuration window in Weka.

perform best according to a fitness function. Different fitness functions
can be used but usually it will contain a punishment term for rule size
and a term for rule quality such as fidelity, accuracy or area under
curve (AUC) [273, 299].

7.7.2.7 Outnumber — Umber Rule Extraction

When the user presses the “Generate Rules” button in the Lumber con-
trol window (cf. Figure 7.14 on page 241), the software first checks
whether a current model exists, i. e. whether building one was manu-
ally triggered from the “Train” button. If this is not the case, this is
done implicitly.

G-REX runs as a module within the Weka framework?® [205]. The

25The module itself is called weka.classifiers.meta.RuleExtract whereas the

275



7. UMBER

S
y \\\\\\ if Color_intensity < 3.702

|T: if Ash > 2.792

| |T: 1 {N=1 P=0.500}

| |F: 2 {N=58 P=0.934}
|F: if Flavanoids > 1.392
I
I
I
I

|T: if Proline < 721.376
| |T: 2 {N=17 P=0.800}
| |[F: 1 {N=55 P=0.966}
|F: 3 {N=47 P=0.960}

(@) G-REX GUI Tree (b) G-REX ASCII Tree

Figure 7.29. Comparison of the tree output visible in the G-REx GUI and the
plain text output it produces that is used in the Lumber processing pipeline. The
tree was generated from the wine data set [153] using G-REX.

only way G-REX can output the decision trees it generates in an easily
parsable format is a custom human-readable plain text format (cf. Fig-
ure 7.29(b)). This is then parsed and one rule is generated for each leaf
by tracing the tree up towards its root. The resulting rule set is then expor-
ted as PMML, the Predictive Model Markup Language [104, 199] which
is an XML standard and allows interaction with third-party software.
This PMML decision tree is then fed into the rule editor (cf. Fig-
ure 7.35 on page 293) where the actual revisiting and manipulation of
the rules by the user takes place. The resulting rule set is then converted
to an orthotope data structure and compared to the set of orthotopes

configuration window shown in Figure 7.28 on page 275 is from weka.classifiers.
trees.Grex. This is because the meta classifier needs two further modules as a parameter,
one of them being the black box model, the other one the rule extraction algorithm.
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corresponding to the rule set before the user manipulation by com-
puting the pairwise difference between the two sets. Per orthotope,
this means that

1. either two orthotopes are disjoint — in which case the output set
is equal to the input set — or

2. the first lies completely within the other — in which case it is just
removed — or

3. a set of new orthotopes is generated that constitutes the volume
of the first orthotope without the second one.

The representation of rules as sets of orthotopes has the advantage
of being more universal and versatile but poses problems for the special
cases of orthotopes with volume V = 0 or V = co. The former would
happen for “is equal to” rules and is solved by giving these orthotopes a
fixed minimum dimension.?® The infinite case describes orthotopes with
one or more missing boundaries, i. e. a variable that is not restricted to an
interval but only defined to be smaller or larger than a certain value. The
problem for sampling from such rule sets is not specific to the orthotope
representation, however, and is currently not properly addressed. One
quick but not entirely adequate fix would be to include a step before
the sampling that adds missing boundaries based on maximum values
derived from existing data. Hardcoding these maximum boundaries per
variable based on world knowledge and user testing would be another
possibility. A more definitive solution would be to transform all features
into a space that has inherent bounds, similar to the step we suggested
for the idle time feature of Lumber (cf. Figure 7.10(b) on page 237).

The result of the difference operation is a new set of orthotopes to
be added that can then be directly passed on to the sampling module.
However, it might turn out to be a reasonable step to ignore orthotopes
below a certain minimum extent in all directions because those might
arise in great number from small fluctuations in the exact orthotope
boundaries.

26Special treatment during the sampling step would be an alternative as this, unlike
the orthotopes of infinite volume, clearly poses no fundamental problem.
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The deletion of rules is currently not handled. Deletion of rules has
some fundamental challenges, too.

7.7.3 Knowledge Insertion

Knowledge insertion — also sometimes called knowledge synthesis [368],
rule insertion or insertion of symbolic information [491] — is the pro-
cess of initialising or adapting a subsymbolic model using symbolic
information.

While being pedagogical, i. e. independent from the subsymbolic
model, is an established property of rule extraction techniques (cf.
Section 7.7.2.1), a strong dependence on the model used is the norm
for knowledge insertion methods [155, 156, 242, 294, 368, 369, 381,
402, 407, 408, 491, 535].

The only alternative to manipulating the model directly is to create
virtual training data according to the symbolic information. However,
these training data need not be positive examples for a particular
class [590].

Creating such negative examples is one possibility to implement the
deletion of rules. Logically, this is equivalent to the creation of positive
data points in the complete feature space outside the orthotope that
is to be deleted or suppressed, thereby effectively diluting the existing
points. However, this approach is most likely to be infeasible in practice.
Probably the most practical way to handle deletion is to introduce a
module that removes a percentage of data points that fall within the
orthotope boundaries that are to be removed from the stored data set,
since these data points must exist in the first place or else the rule
would not have been generated. If changing the underlying black box
is also an option, artificial data points that carry negative weight could
be used as well.

7.7.3.1 Challenges

While generating artificial training data from a given set of orthotopes
might sound like a straightforward process, the devil is in the detail
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(a) Equidistant sampling (grid sampling)

(f) Edge-Gaussians with parameter ¢ = 0.01

(g) Gaussian sampling with interval boundaries as means (o = 0.01)

Figure 7.30. Different sampling strategies exemplified in 1D. All examples use
100 points and are meant to represent the interval [0, 1]. Of course higher dimen-
sions are likely to behave quite differently due to the curse of dimensionality [31,
214].

here. The most important question that has to be answered in this
regard is that of the probability distribution to use. We will explore this
further in Section 7.7.3.3 but for now let us consider the different design
goals that might demand different answers. So when a user defines an
orthotope boundary, how exact is this expected to be represented in the
subsymbolic model? How malleable by future “real” training examples
is it supposed to be? Should it stand fixed for eternity because the user
decreed it or was it meant just as a starting point and to be refined by
actual experience? Is change in one direction preferred over change
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in the other direction? How bad would “holes” in the orthotope be in
case the coverage over the whole volume is not sufficient?

These questions directly affect the choice of density of virtual train-
ing data compared to that of the real training data and it also affects
the distribution of the relative density of that artificial data. It is also
obvious that it is unlikely that there can ever be one perfect answer
to these questions that suits all scenarios and all users equally. So one
would either have to make a design decision suited to the application at
hand or pass some of these decisions along to the user as a parameter.

7.7.3.2  Renumber — Umber Knowledge (Re-)Insertion

For the time being, Umber uses a simple multivariate Gaussian dis-
tribution with parameter £ being configurable by the user.?” This is
little more than a placeholder distribution though and in the following
sections we will explore further avenues that can be taken here.

7.7.3.3 Sampling Methods and Distributions

Generating data to add the information from new rules to a subsymbolic
model can follow different strategies. Arguably the simplest strategy
would be to equidistantly sample the interval representing the new rule
(grid sampling; cf. Figure 7.30(a) on page 279). To avoid any aliasing
effects and get more realistic data points, one could also produce uni-
formly distributed random numbers (cf. Figure 7.30(b) on page 279) or
use more sophisticated methods like a Poisson disc sampling [314] (cf.
Figure 7.30(c) on page 279). With high-dimensional orthotopes, these
approaches will need a lot of data points, though, since the points will
become more and more spread out. It is therefore worthwhile to think
of ways to concentrate data points in a meaningful way. This leads to
a number of different patterns and only tests with users in real-world
situations can show which of these patterns is the most appropriate.
In fact, as previously said, several of them might be similarly viable
for different purposes and it could be that in the end it turns out to

27The covariance matrix I is required to be a diagonal matrix.
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-34  -28

Uniform Distribution ~ — Normal Distribution —— Edge Gaussians

Figure 7.31. Examples for 1D probability density distributions for knowledge

insertion. Exemplary orthotope edges are at x = —5 and x = 5. The Gaussians
use standard deviation o = \/% = .4 for unit max P(x), x ~ N(u, 0?).
X

be most practical to offer users the possibility to choose from different
methods (probably described by their function such as exact thresholds
or treat values as rough estimates).

Since many real data sources will be approximately normally distrib-
uted thanks to the central limit theorem [539], emulating this by using
normally distributed random numbers also suggests itself. The Gaussian
approach has the drawback, though, that rules can be expected to be
usually specified by the user with rather meaningful interval borders,
whereas the Gaussian samples these borders only very sparsely which
will lead to a lot of noise regarding the exact borders.28 Sampling only
the class boundaries would be one obvious way out but this would
make it very difficult for the system to refine the borders from further

28|t should be noted that this problem can be expected to be much less pronounced for
high-dimensional data as the number of samples in the tail of the distribution increases
with the number of dimensions. It might still be advantageous, however, to have a
sampling function that emphasises the edges inherently.
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§ P(x1, x2)
0.6
0.4
0.2
0

Figure 7.32. Bivariate normal distribution to sample two-dimensional rules and
demonstrate multivariate distributions. Orthotope edges are x; € [—0.5, 0.5]
and x; € [—1, 1] and standard deviations used are gy = 0.2 and g; = 0.3. In the
background, the marginal distributions are shown, i. e. the univariate Gaussians
with the same parameters.

experience and also there is the danger of the classifier omitting the
entire volume of the orthotope.

Figure 7.31 on page 281 suggests one approach to solve this prob-
lem in 1D, by adding two Gaussians with their means exactly at the
interval borders instead of at the centre?® (we are going to call these
edge Gaussians). The exaggeratedly small variance used in the figure

290f course the actual mean of the whole distribution is the orthotope centre g while
the local mean around a class boundary will not be the boundary itself. One might
therefore extend the orthotope boundaries by one standard deviation to compensate this
or just try to add random Gaussian noise after sampling the class boundaries; a technique
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is probably not advisable since then there will be said danger of the
classifier omitting the centre of the orthotope.°

For a one-dimensional interval, uniform and Gaussian probability
density functions are illustrated in Figure 7.31 on page 281 and actual
random samples of all of the different sampling strategies discussed
above are shown in Figure 7.30 on page 279. While generalising uniform
and Gaussian distribution to higher dimensions is trivial (although the
consequences might be everything but), the edge Gaussians behave
less benevolently.

7.7.3.4 Multivariate Edge-Gaussian

A naive approach to construct a two-dimensional analogue to the edge
Gaussians we just saw would be to just add four univariate Gaussians
instead of the two used in Figure 7.31 on page 281. With the edges of
the 2D orthotope given by H = [x11, x12] X [x21, x22], this yields

(—x11)? 1

Pla.xa) =a (mmeXp(_ ) o e ()

1 _ (e—x)? 1 _ (e—xn)?
+ozm9XP( 20; )+az znexp( 203 ))

2 2 —X)Z
=d Z 1Zexp( Y= X )

i=1

(7.15)

With a and @’ being factors to normalise to unit integral. When plotted
for the same interval as Figure 7.32 on page 282, the following surface
is the result (normalisation not applied):

that we will not further discuss here but that might be perfectly viable given an adaptive
and sufficiently large variance.

30If the variance is high enough for the definite integral within the interval to sig-
nificantly differ from 1, a renormalisation is due. This was not done in Figure 7.31 on
page 281 since 1 — f:’55 P(x) dx < 5-10-36. The same normalisation factor can be used
for the normal Gaussian and the edge Gaussians, though.
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f(x2)

f(X1 , X2)

As can be seen, this approach leads to an extreme emphasis on the
corners of the orthotope. While it cannot be ruled out that this might
actually be useful, we want to try to find a distribution that does not
show this behaviour.

The idea is to start with a vertically mirrored version of the normal
distribution, i. e. f(x) = max(P(x)) — P(x), where P(x) is the probability
density function of the multivariate normal distribution.

We will in the following quickly sketch how we got to our sampling
distribution in two dimensions and then properly develop the function
in k dimensions. We exemplify and test the result in two dimensions
again in Appendix C.1, including a fully normalised version.

For the initial development of our distribution, we will use a unit
variance, zero mean Gaussian in the interval x;; € [—1, 1] without
paying attention to any integral normalisation. We renormalise to unit
height instead and get

fi(x1,x2) = 1 — e (%) (7.16)
which looks like this:
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X2

The corner preference is less pronounced but still present. We fix this by
adding the difference to 1 at the orthotope edges to the function value,
which is £(1,x2) = e=1=% and f;(x;, 1) = e~1=X respectively. Due to
the inherent symmetry, each term straightens both the x; = —1 and
the x; = +1 edge. The effect of these correction terms on the shape of
the function decreases with the distance to the respective edge. With
both correction terms added, we get

x, xa) =1 — e Wit 4 o=(143) 4 o=(14x7) (7.17)
looking as follows:
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7. UMBER

Generalisation to k Dimensions  For the generalised k-dimensional
case we can without loss of generality still assume the domain of
x € H to be a hypercube of double unit height around p — defined
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as a Cartesian product of intervals H = [y — 1, i + 1] x [pro = 1,12 +
1 x ... x [uk — 1, + 1] — and an identity covariance matrix £ = I.
The reason is that in our case, the variance is a function of the edge
length of the orthotope and therefore anisotropic scaling can be used
on the hypercube in a second step, keeping the covariance matrix a
diagonal matrix since the orthotope is paraxial.

We can therefore simplify the density distribution function of the
multivariate normal distribution:

1

V(27|

2
_ exp(_nx 1l

P(x1,...,x) = exp (—%(X—H)TZ’1(x—u))

) (7.18)

=~

Vi) 2

In fact, we will start with g = 0 and drop the normalisation factor
because it obviously ceases to work properly when restricting the do-
main to a finite orthotope. This leaves us with the following function,
defined on [—1,1]%.

2
P'(x) = exp (—”"2”) (7.19)

Using k correction terms, we will then straighten all 2k edges, each of
which is an orthotope of dimension k — 1.

k

Ax)=P'(x) =Y P'la,... xia 1 X1, ) (7.20)
i=1

To scale the hypercube to a general orthotope, we need a vector of

scaling factors s, s; > 0. Given an orthotope O = [x41, X12] X [x21, x22] X
T

L x [thXkZ] we can get y = (x11;x12, XZ1‘£X22’ cee, meerkz) and s =

.
w, L;ml - w) . As can be seen, the orthotope edge

length has to be divided by 2 to get the scaling factors s;. So the unscaled
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hypercube [—1, 1] we started with has an edge length of 2 but a scaling
factor of 1. We can then write

H(x) = fi (diag(s)'x) . x € [—s1,51] x [—52,52] X ... x [—sk, 5]
(7.21)

S
where diag(s) = ( 1'--Sk) We subsequently translate the origin-centred

orthotope to get a function that is finally defined on the target orthotope
0,i.e.x € 0.

f3(x) = fr(p — x) (7.22)
We then mirror the function so that it has its minimum at f4(y) = 0
fa(x) = f(p) — f5(x) (7.23)

Finally, we can renormalise the integral within the orthotope to 1 to
get a probability distribution, although this step can be optional (for
example when using the common Metropolis—Hastings sampling [215,
580]) and it might even be advisable to leave it out because of the
significantly increased complexity (cf. Equation (C.8) on page 450).

—1
f5(X = f4 / /f4 ka (7.24)

To see the expanded forms of these equations for the two-dimensional
case and additional plots, see Appendix C.1.

Test Sampling  Figure 7.33 on the next page shows a 1D histogram of a
large number of samples drawn from the non-normalised Equation (7.23)
using Metropolis—Hastings sampling. Some artifacts of this method are
visible when comparing the shape of the histogram to the shape of the
function itself but the qualitative behaviour is well approximated. Fig-
ure 7.34 on page 290 shows a 2D Metropolis—Hastings sampling. Here,
a decreased concentration towards the corners is apparent compared to
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Figure 7.33. Histogram of 1D Metropolis—Hastings sampling of the edge
sampling probability distribution from Equation (7.23) on page 288 (left axis;
accepted samples 1.5 - 10%, x € [—1, 1)), compared to its equidistantly sampled
and linearly interpolated function values (right axis).

the centre of the edges. A modification of the density distribution func
tion to compensate for this effect (maybe even something along the lines
of Equation (7.16) on page 284) or using a different sampling method
might be steps worth considering if this poses problems in practice.

It might be worth emphasising that the large number of samples
used in both plots is solely to provide a more accessible and more
pleasant visualisation. It is in no way indicative of the typical number
of samples that would be used for training.
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Figure 7.34. 500 x 500 bin 2D histogram of Metropolis—Hastings sampling of
the edge sampling probability distribution from Equation (7.23) on page 288 or
Equation (C.7) on page 448 respectively (accepted samples 3.1 - 107).

7.8 Conclusion

7.8.1  Summary

In this chapter, we showed avenues towards a fully context-aware system
that filters information and controls SCS channels in order to minimise
interruptions and maximise calmness, and we reported on the techno-
logical and conceptual progress we have made so far. This should allow
the user to understand and influence its subsymbolically determined
decisions in a symbolic way. Context awareness here describes the
ability of the system to assess the situation the user is in, and modify
its behaviour accordingly (see Section 7.4 for details).

The focus of this work was on data production, rule extraction
and user interaction. This means that the evaluation of the quality and
usability of the rule extraction and the full closure of the symbolic—
subsymbolic loop fall outside the scope of this work and are to be
left to future research.

We presented the current state of our prototype system Umber and
its components. The data collection on laptop and smartphone platforms
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is working well, as is the feature extraction on both platforms, except
for the string features that would need to be changed in a productive
system and even in its current state, the parametrisation is not based
on empirical data.

The merging and preprocessing stages of the data pipeline would re-
quire some improvements and unification to be ready for a fully closed
loop while the feature selection needs to be more empirically grounded
on both platforms. The classifiers work equally well on both platforms
but only the Lumber classifier has a connection to the rule extraction
whereas only the Cucumber classifier has been tuned using real user
data and tested under realistic conditions. Both need to be exposed to
longer term data to see how especially the memory requirements scale
with the amount of data. Rule extraction and display of the extracted
rules in the Number GUI work but the extracted rules from the limited
data collection with Slumber lack any comprehensibility and intuitive
sense. They also vary greatly between runs so that seeding G-REX with
the last result is a necessity, a feature that has not yet been fully imple-
mented. Alternatively, the rule extraction module had to be replaced
by a different algorithm, the most likely candidate being TREPAN.

Rule set difference and orthotope conversion are implemented
but not yet tested with real-world data due to the complications just
mentioned. We expect some work to be found in ironing out the par-
ticularities of these steps, even though the scaffolding is in place. Still
missing is a module that handles the deletion of rules as a special case,
however (cf. Section 7.7.3).

Lastly, the knowledge insertion is only rudimentarily implemented
by using multivariate Gaussians which we believe to be inadequate. We
proposed an alternative that we view as more promising conceptually
but this is as of now unproven. We also explained that we doubt that
only one method of sampling would be viable in practise when it comes
to user friendliness and comprehensibility. Instead, we believe it to be
important to have multiple a distributions in the toolbox, including
one that generates edge-focused samples which is why we derived
such a method.

Another important step towards a comprehensible system would be
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to replace the raw features by meaningfully labelled linear combinations
of features but this is not yet considered in the existing code and also
bears some conceptual difficulties regarding circular dependencies and
overlap between what constitutes classes and what situational labels
that take the role of features (see below).

7.8.2 Outlook

The hypotheses we would like to test with Umber regarding increased
usability (meaning effectiveness, efficiency, safety, utility, learnability,
and memorability [452]) or — to put it in more modern terms — a better
user experience3! (which includes among many other things usefulness,
desirability, credibility, accessibility, and user preferences [260, 452])
through hybrid transformation architectures are the following:

1. Non-expert users can understand the rules produced from a subsym-
bolic adaptive system (and can do so better than the original system’s
parameters itself).

2. Such inspection possibilities make them more comfortable with such
systems.

3. They can manipulate such rule sets in a sensible way, thereby con-
tributing their domain knowledge.

4. Such manipulation possibilities give them a sense of control over
the system.

5. This further enhances the acceptance of adaptive systems.

3TWhile user experience (in 1SO 9241-210 [260] defined to be a “person’s perceptions
and responses resulting from the use and/or anticipated use of a product, system or
service”) does not seem to be a comparable term to usability (the “extent to which a
system, product or service can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use”), it has become to
stand for a more holistic view of HCI that includes the whole experience a user has with
a system. The definition of usability has followed suit though and in ISO 9241-210, it is
remarked that “[usability], when interpreted from the perspective of the users’ personal
goals, can include the kind of perceptual and emotional aspects typically associated with
user experience. Usability criteria can be used to assess aspects of user experience”.
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O Rule editor

™ New Set| ™ Open| " Save||unavailable v | € New Rule| ¢ Delete| % Export|
Current rule structure
< You are 'unavailable' if the following is true:

= all of:

idle time greater than 0.6
image movement less than 0.1
< any of:
average number of faces seen equal to 0
active application name contains 'totem' equal to 0

Add clause J Add block
Edit selected clause or block
v | [No rule component selected] | ¥ | v | Dy

Text form: |(AND (AND (idle time greater than 0.6) (image movement less than 0.1)) (C

Figure 7.35. The current draft of the rule editor. It serves to present the generated
rules to the users and allows them to edit them. The knowledge insertion back
into the subsymbolic model is currently a work in progress, as are the usability
of the GUI and the presentation of the features.

6. Hybrid systems are actually preferred by users over purely rule-based
systems due to their non-absolute interpretation of rules, learning-
from-example-capability and better generalisation abilities.

There are also some more technical hypotheses that need to be tested:

7. Itis practically possible to predict complex context relations such as
a user’s interruptibility with available sensors (with or without the
intervention of the user through rule interfaces). There are strong
indications in works by other authors that this is indeed the case [77,
107, 147, 148, 149, 213, 236, 387, 470, 593] and our own results
seem very promising in this regard as well.
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8. A practical amount of fidelity for comprehensible rule sets is possible.

9. Inserted knowledge from rule changes is reflected in re-extracted
rules.

10. A practical amount of rule stability is possible.

A further aspect that needs to be addressed is the preferred present-
ation and manipulation interface. This includes the kind of rules that
are extracted from the model (fuzzy rules for example are often said to
be more comprehensible) as well as the user interface itself.

Presentation alone can not compensate for a fundamental issue with
this kind of generated rules though, which is the fact that the symbols
used are low-level features meant to be interpreted by machines, not
humans. For some features, a simple translation layer might be sufficient;
for example the time features described in Section 7.5.2.1 might not
be very legible in their raw format but can be easily translated into a
human-readable format. Fuzzy rules can themselves be seen as another
form of translation layer.

Such a translation is surely not an option for all kinds of features,
though, and a more fundamental escape from this problem would be to
use unsupervised learning to find structures in the data and then present
recordings from typical points in these clusters to the user who can
then label them. The hope is that this would mean that separate kinds
of situations that are present in the data can be associated with their
natural-language description and this can then be used as a more readily
understood symbol that might represent not a single feature but an
arbitrary linear combination of features, defined by the cluster centres.

Lastly, it is clear that generated rules can always be only a rough
approximation of the underlying model or the incomprehensibility of
the rules would not be far from the obscurity of the stochastic model
itself. This also explains why rule-based classifiers are no real alternative
to our approach: in order to decently model the necessary patterns, their
complexity would exceed the comprehensible amount of rules by far.
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8.1 Summary

Subliminal copresence systems (SCS) are systems designed to fill a gap
left by telecommunication systems that simulate face-to-face communic-
ation. They do this by creating copresence without necessarily creating
social presence at the same time. They are intended to be left running
in the background over hours at a time and a necessary prerequisite for
this is calmness while privacy is of particular concern. We looked at
these and other design considerations for SCS and gave an overview
of the literature in relevant fields, especially awareness research. In the
process, we tried to consolidate concepts and taxonomies from many
different areas as much as possible.

We implemented two exemplary SCS called FEELABUZZ and upstairs.
While FEELABUZZ is a mobile system that makes use of readily avail-
able hardware by using off-the-shelf smartphones and uses vibrations
to transmit movements, upstairs is a fixture that uses special contact
microphones to make people living far apart virtual upstairs neighbours
of each other.

Having had proven the fundamental capability of FEELABUZZ to
recognisably transmit basic activity types, we conducted one small
scale user study for each of the two systems with couples as users of
the system. For these studies, we used a set of questionnaires that we
developed specifically to investigate SCS while building on existing
and established measures where possible. Results indicate that both
systems achieved their goal of creating copresence and doing so to a
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larger extent than they created social presence.

To assess calmness, we developed a cognitive load scale that ex-
hibited a satisfactory internal consistency. The overall cognitive load
it measured was low for upstairs while FEELABUZZ showed signs of
being less calm.

The upstairs data appeared to show that the new Cognitive Load
scale consists of two factors that measure the ability of a user to ignore
a system and how annoyed the user feels by a system (we called the
two subscales Ability to Ignore and Vexatiousness). Upstairs scored very
good on the Vexatiousness scale and moderately good on the Ability
to Ignore scale. However, the data from the FEELABUZZ study shows
that further research is needed to verify the existence and composition
of these subscales.

Participants felt that privacy was no concern with either of the two
systems. The role context can play in helping to interpret low-level
signals was confirmed.

We also found indications that copresence and telepresence might
not be distinct concepts where SCS are concerned and that the systems
we built do not seem to transmit emotion well, regardless of modality.

However, while we measured the transmission of emotion over SCS
(or lack thereof), we still do not possess of a good way to assess the
emotional impact of these systems, other than the feeling of copresence
itself. Given that we postulate this to be one of their key characterist-
ics, finding such a measure would be an important extension of our
research method. However, the participants of our studies did seem to
get emotionally attached even to the system itself, since most of the
upstairs users described feelings of sadness or loss when they had to
stop using it. About 77 % of FEELABUZZ users and 100 % of upstairs users
stated that they would have wished to continue using the system, albeit
some made some technical improvements a prerequisite for this.

A further refinement of our method should take a look at whether
or not the notion of connectedness is salvageable in the context of SCS,
given the important role this concept plays in the awareness systems
literature and how potentially relevant it might be for SCS as well, just
looking at its definition instead of the existing scale and also looking
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at the fact that people described a feeling of increased connectedness
for both systems.

Based on our experiences with those first two SCS, we saw a need
for automatic filtering and began building a system called Umber that
not only learns to automatically detect the situational context of users
but allows them to investigate the results of this machine learning as
symbolic rules. We extended this idea to constitute a full human-in-
the-loop system that would allow users not only to investigate machine
learning systems but also to influence them using the same rule interface.
To this end, we built an interactive rule interface and did some precursor
work on how to close the loop using orthotope representations of
arbitrary rule sets and suggested a sampling method that extends the
set of commonly used distribution functions, believing that no single
distribution of artificial data points can fit all situations perfectly.

Our status recognition systems even without help from a symbolic
branch reached a classification rate of 98 % for the laptop prototype and
reduced the number of necessary inputs to classify the current situation
by 38% in the mobile and multi-label case.

8.2 Outlook

While some interesting preliminary results came from the two studies we
performed with FEELABUZZ and upstairs, the most obvious circumstance
preventing further and more profound conclusions to be drawn was the
small number of participants. This is especially true given that some of
the most interesting and most ambitious aspects of the upstairs study
could not be pursued due to the high number of missing questionnaires.
So the obvious next step has to be a follow-up study that is larger in
scale, probably at least by an order of magnitude.

Such a large number would be especially important if the effect
of SCS on relationship satisfaction is to be analysed, given how many
hard to control for factors influence relationship satisfaction. The studies
we conducted did serve to suggest that one would probably have to
take care to ensure a wider variety of relationship qualities to begin
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with. It would also be interesting to follow up on relationships after
permanent reunion. Our considerations in Section 2.5 indicate that such
an effort might be worthwhile, given that SCS could bring something
to LDRRs that normally only PRRs have, making this an interesting
avenue of research even from a humanities point of view. As mentioned
above, we find it impossible to predict whether SCS would stabilise or
destabilise a relationship and how such an effect would relate to the
kinds of relationships that survive a permanent reunion compared to
those that do not.! The negative effects of the copresence created by SCS
through a lack of solitude as voiced by at least one of the participants
would also be an interesting aspect to investigate in the future.

Another vast area of possible future research is determining the

exact relationship between the design guidelines and aspects of SCS
we postulated in Chapter 3 and the measures such as copresence and
closeness defined in Chapter 2. While we substantiated our guidelines
with the findings of other authors and the results from our studies
wherever possible, much of it are still merely opinions and convictions,
be they shared among many researchers or held by only a few.

In particular, some of the research questions that would be interest-

ing to investigate in the future are the following.

— Does implicit context communication as it was described in Sec-
tion 3.1.3.1 help to stay in touch emotionally over a distance?

— How to sculpt information cues such that they can easily be
processed on a subconscious level?

— Can implicit context communication help to simulate the effect of
serendipitous interaction (cf. Section 2.3 and Box 2 on page 37) in
vocational relationships or does implicit communication support
explicit communication in any other way?

— Is the following hypothesis true: the less well you know a per-
son or a group of persons (i.e. the less connected you feel to
someone emotionally), the more you want to use artifical impli-
cit communication channels with them in public spaces rather

1Of course, finding that SCS have no effect on relationship satisfaction or stability
whatsoever is also always an option.
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than in private places; i.e. what is the relation between group
configuration and connectedness and intimacy?

— Does explicit-only communication work better than implicit-only?

— Does using only implicit or only explicit communication for a
longer period of time make the other type of communication
wither or otherwise negatively affects it?

— What is it about usually explicitly used communication channels
that prevents them from being implicitly used??

8.2.1 Other Possible Subliminal Copresence Systems

Sonification [230] is a promising candidate for future SCS where input
and output modality are not the same. Study participants highlighted
upstairs’ use of sound as one of its major advantages with regard to
subconscious monitoring and a low cognitive load in general.

Earcons and auditory icons have already been proposed by some
authors in the context of awareness systems [263, 277, 563]. One of
the techniques that we find promising in this regard is model-based
sonification [232, 233] because it allows a large amount of data to be
displayed in a way that is still processable by the human auditory system,
potentially making it possible to find a mapping that follows the notion
of directness to enable richness (cf. Definition 11). Blended sonification
as a relatively new sonification paradigm seems especially well suited to
implement calm sonification by blending in with the environment [545].

We had hypothesised that there are synergistic effects when a num-
ber of SCS are used simultaneously. Therefore developing and testing
a wider variety of different SCS and looking at how they play together
when used simultaneously is also an interesting prospect.

Ideas for such systems include seating furniture that warms up or
glows when its remote counterpart is used, similar to the connected
beds and benches by Goodman and Misilim [184] and Dunne and

2\We put this personal impression of ours to the upstairs study participants in the
interviews and they unanimously agreed that letting, say, a Skype connection open is not
a desirable communication channel, although most had tried to do so. Nobody could
pinpoint the exact reason for this, although some hypotheses were brought forward.
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Raby [127] respectively. Further acoustic links that use ambient noise
instead of structure-borne sounds could be small localised connected
spaces such as kitchen cabinets, sinks or stoves.

Of course, technology is a crucial driver of which systems are pos-
sible, practical and affordable. With the advent of consumer-grade
and unobtrusive augmented reality hardware (cf. Figure 8.1 on the
facing page), this might soon be a readily available channel to use for
calm communication as well, for example exploiting attention focus in
various ways, such as a heat map of a moving average of the remote
partner’s attention focus (comparable to the concept by Mertes [375]
but remotely instead of only in physically close interactions), although
something similar could be achieved with projections on the output side
and location on the input side. Colour could be added as an additional
dimension, for example to indicate certain activity types.

Affordable printable displays could be used to better integrate visual
media spaces into a home environment, creating things such as virtual
frosted glass walls between remote rooms.

More speculatively, a future set of sensors and actuators might be
able to reproduce the smell of someone’s cooking by using a set of
odorants typically found in food ingredients.

Finally, an interesting deviation from SCS could be to share context
but not any cues created by the users. For example a screen could
simulate a window that shows brightness, light colour, weather? or even
the complete outside view of a remote partner’s location. It would be in-
teresting to see how such shared context facilitates interaction between
time zones or climates, or whether it also leads to a sense or closeness
even though nothing is transmitted that can be in any way influenced
by the other person. Such a system could also contribute to a better
understanding of SCS by investigating in what way the amount of inform-
ation transmitted and displayed (i. e. only brightness or colour versus
a full video transmission) contributes to cognitive load and how little
information is sufficient to maintain any potential closeness benefits.

3 Again, multimodality could be introduced by controlling the temperature or even
humidity in the direct vicinity of the virtual window.
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(a) EyeTap video see- (b) Shimadzu DataGlass 3/A
through (Mann et al. [345]) (http://www.shimadzu.com/)

(c) Brother prototype (d) Lumus prototype
(http://www.brother.com/) (http://www.lumus-optical.com/)

(e) Google Glass
(http://www.google.com/glass/)

Figure 8.1. Unobtrusive augmented reality devices. Most are either prototypes
or saw a very small-scale release but were designed with a mass market in

mind.
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8. CONCLUSION

8.2.2 Umber Improvements

Evidently, the first goal for any further development of Umber needs to
be to close the hybrid transformation loop and see what lessons can
be learnt from this alone. The main stumbling blocks we expect are
increasing the consistency of the generated rules and the subsequent
orthotope differences, finding an end-user ready interface to manage dif-
ferent knowledge insertion and sampling strategies, and the translation
of low-level features to comprehensible symbols.

Right now, Umber uses symbols that stem directly from the sensory
features used during the machine learning stage. These features and
their ranges are not necessarily well understood by human users. A
better approach would be to detect features that are both meaningful
when used in rules as well as semantic units.

One approach might be to detect clusters or similar structures in the
data and present some contextual recordings to the user to label these
structures. The idea behind this is that the clusters represent certain
situations that are meaningful to the user and this could then be used
as a complex combination or transformation of basic input features.
Besides better comprehensibility, this also could well be combined with
the benefit of much better approximation capability of the orthotopes
represented by the rule set. When there is a transformation from feature
space to rule space and back, orthotopes could — given the right kernel
or similar transfer function — have arbitrarily good expressive power.

This in turn raises the question what the relation between a kernel
that maximises comprehensibility and one that maximises expressive
power or compactness of the rules is. There might be structures that
yield a very small rule set but are nearly impossible to understand
because the symbol used have no meaning to a human.

After solving these issues and thus then actually possessing a system
as we envisioned it at the beginning of Chapter 7, investigating its
effectiveness would naturally be the next step. In particular, we see the
following research questions as the most interesting ones.

— Is a hybrid architecture actually superior to a purely rule-based

one when it comes to comprehensibility and predictive power?
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— Do users appreciate and use the white-boxing and manipulation
capabilities provided by a hybrid transformation architecture?

— Do people feel better about the behaviour of the system because
they could in principle manipulate it, even if they do not actually
do itand even in cases where it does not actually achieve a better
classification rate?

— How do people react to different rule types and kinds of present-
ation, especially to fuzzy rules and decision tables? How do they
react to regression versus classification?
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A Questionnaires

In the following, all the questionnaires used in the study described
in Chapter 6 are shown. Since the study was done in German, the
questionnaires are in German, too. The original questionnaires were
dynamic in that the male or female form of pronouns and nouns was
used after entering the code name that determined the gender of the
participant (for the upstairs questionnaires) or after entering a value for
the gender item (for FEELABUZZ). The dynamic gender feature had not
been implemented in the very first questionnaire (Q,) and two different
static versions were sent to male and female participants separately
(cf. Figure A.9 on page 395).

We did not re-typeset the online questionnaires or insert any page
breaks for this overview. Therefore the print can be quite small for some
pages. We would like to excuse this and kindly refer the reader to the
electronic version of this document where all the following figures can
be scaled up indefinitely.

Most scales were randomised but this randomisation was deactiv-
ated for this print version.! Questions marked with a red asterisk (%)
were mandatory.

A few of the mandatory questions were only displayed when a
previous question had been answered in a certain way (for example
after checking an “other” item, a mandatory text field appeared asking

TFor technical reasons, a copy of the original questionnaires was made for the non-
randomised print versions. This is the reason for the appearance of the work Druckversion
(print version) in the headers of the questionnaires shown here. This word was not found
on the original questionnaires.
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A. QUESTIONNAIRES

Druckversion Begleitender Fragebogen Upstairs ohne System

Dieser Fragebogen sollte zweitagig ausgefillt werden, solange noch kein System vor Ort ist.

Hallo liebe Versuchsteilnehmerin!
Bitte fille die folgende Seite mit Fragen aus und vergiss nicht, auf ,Absenden” zu klicken

Diese Umfrage enthélt 9 Fragen.

Figure A.1. Q, page 1: welcome screen

for specifics). In the static versions shown here, all of these conditional
items are displayed without further indication but it will hopefully be
apparent from the context that they had not to be filled in by each
participant.

For more information on the questionnaire design, see Section 2.4.1;
for information on the study design itself, refer to Chapter 6.

A.1 upstairs

Q. was filled in every second day during the baseline period (i.e.
without using the system). Q;, was filled in every second day while
using the system. Qg was filled in right before the start of the system
use period. Q, was filled in after one week of system use. Qg, was
filled in at the very end of every trial.

There was one short questionnaire that was used to collect some
demographic data without compromising the identity of the participants.
It could be filled in at any point during the trials period.
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A.1. upstairs

Druckversion Begleitender Fragebogen Upstairs mit System
Dieser Fragebogen sollte zweitagig ausgefillt werden, wenn das System vor Ort aufgebaut ist
Hallo!
Bitte fiille die folgende Seite mit Fragen nach Moglichkeit am Abend aus bzw. nachdem du am jeweiligen Tag eine gewisse Zeit an dem Ort verbracht
hast, an dem das System aufgebaut ist.
Vielen Dank und vergiss wie immer nicht, am Ende auf ,Absenden* zu klicken

Diese Umfrage enthalt 11 Fragen.

Figure A.2. Q. page 1: welcome screen

Druckversion Fr vor zung

Du stehst unmittelbar davor, das System auszuprobieren. Vorab kommt aber leider ein etwas lingerer Fragebogen.
Diese Umfrage enthalt 6 Fragen.

Figure A.3. Qg page 1: welcome screen

0% ( 100%

* Wie lautet dein Codename?

Bitte gib den Codenamen ein, den du dir am Anfang der Studie ausgesucht hast?

(O  —c—

Figure A.4. Qg page 2: code name prompt

Druckversion Zwischenfragebogen Upstairs

Dieser Fragebogen soll nach einer Woche und damit nach der Halfte der Zeit ausgefiillt werden.

Es ist Halbzeit! Zu dieser Gelegenheit bitten wir dich, wieder einige Fragen zu beantworten und Einschatzungen abzugeben
Diese Umfrage enthélt 3 Fragen.

Figure A.5. Q, page 1: welcome screen
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A. QUESTIONNAIRES

Druckversion Zwischenfragebogen Upstairs

Dieser Fragebogen soll nach einer Woche und damit nach der Halfte der Zeit ausgefullt werden.

0% 100%

* Wie lautet dein Codename?

Bitte gib den Codenamen ein, den du dir am Anfang der Studie ausgesucht hast?

==

Figure A.6. Q, page 2: code name prompt

Druckversion Abschlussfragebogen Upstairs

Dieser Fragebogen soll nach zwei Wochen und damit am Ande der Zeit ausgefllt werden

Es ist geschafft! Wir wollen dir danken far deine Hilte und dich bitten einen letzten Fragebogen auszufiillen
Diese Umfrage enthalt 5 Fragen.

Figure A.7. Qg, page 1: welcome screen

Druckversion Abschlussfragebogen Upstairs

Dieser Fragebogen soll nach zwei Wochen und damit am Ande der Zeit ausgeflit werden

0% 100%

* Wie lautet dein Codename?

]

Bitte gib den Codenamen ein, den du dir am Anfang der Studie ausgesucht hast?

=1 =

Figure A.8. Qg, page 2: coden name prompt
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Druckversion Begleitender Fragebogen Upstairs ohne System
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Figure A.9. Q, page 2: main group



Oruckversion Begleitender Fragebogen Upstairs mit System
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Figure A.10. Q,, page 2: main group
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Druckversion Fr b vor atzung

0% 100%

*

Im Folgenden findest Du eine Liste von Aussagen. Lies bitte jeden Satz und gib an, ob die jeweilige Aussage auf dich zutrifft oder
nicht.

richtig falsch
Manchmal werfe ich Mill einfach in die Landschaft oder auf die StraBe. () (@)
Eigene Fehler gebe ich stets offen zu und ertrage gelassen etwaige negative
Konsequenzen. o o
Im StraBenverkehr nehme ich stets Riicksicht auf die anderen Verkehrsteilnehmer. (@) O
Ich habe schon einmal illegale Drogen (Tabletten, Haschisch oder &hnliches) konsumiert. [e) O
Ich akzeptiere alle anderen Meinungen, auch wenn sie mit meiner eigenen nicht
lbereinstimmen. o 9
Meine Wut oder schlechte Laune lasse ich hin und wieder an unschuldigen oder
schwécheren Leuten aus. o 9
Ich habe schon einmal jemanden ausgenutzt oder iibers Ohr gehauen. (@) O
In einem Gespréch lasse ich den anderen stets ausreden und hore ihm aufmerksam zu. [e] @]
Ich zégere niemals, jemandem in einer Notlage beizustehen. O O
Wenn ich etwas versprochen habe, halte ich es ohne Wenn und Aber. O O
Ich lastere gelegentlich tber andere hinter deren Riicken. (@) (o)
Ich wiirde niemals auf Kosten der Allgemeinheit leben. O O
Ich bleibe immer freundlich und zuvorkommend anderen Leuten gegeniber, auch wenn
ich selbst gestresst bin. o O
Im Streit bleibe ich stets sachlich und objektiv. (o) (o)
Ich habe schon einmal geliehene Sachen nicht zuriickgegeben. (o) (o)
Ich ernédhre mich stets gesund. (o) o)
Manchmal helfe ich nur, weil ich eine Gegenleistung erwarte. () (@)

B Wenn eine Aussage zutrifft, wahle "richtig", ansonsten "falsch".

I, i)

Figure A.11. Qg page 3: social desirability scale [518]



0% )100%
Selbsteinschatzung und Einschatzung des anderen.

- Im Folgenden findest du einige Aussagen sowohl iiber dich als auch iiber deinen Partner. Bitte lies sie dir sorgfaltig durch und gib
2zu jeder Aussage an, inwieweit du findest, dass sie zutrifft.

~ Trifft voll

2 3 4 5 6 nicht zu

Ich findo, dass es ziemlich
loicht fGr mich ist, anderen
gelGhismasig nahe zu sein
Es gent mir gut, wenn ich
mich auf andere verlassen
kann und wenn andere sich

auf mich verlassen. Ich o o o o o o o
mache mir kene Gedanken
darGber, dass ich alein sein
kennte oder dass andero
mich nicht akzeptieren
Kénnten.

Ich finde, dass es ziemlich
leicht fr meinen Partner ist,
anderen gefahlsmaBig nahe
2u sein. Es geht ihm gut,
wenn er sich auf andere
verlassen kann und wenn
andere sich auf ihn
verlassen. Er macht sich
keine Gedanken darber.
dass er allein sein konnte
oder dass andere in nicht
akzeptieren konnten

Es geht mir auch ohne enge
gefahismasige Bindung gut.
Es ist sehr wichtig for mich,
mich unabhangig und

selbstandig zu fahlen und o o o fe) o fe) o
ich ziehe es vor, wenn ich
nicht von anderen und
andere nicht von mir
abhangig sind.

Es geht meinem Partner

ch ohne enge

gefthismatige Bindung gut.

s ist sohr wichtig f0r ihn,

h unabhangig und
selbstandig zu fihlen und er o o o o o o o

zioht es vor, wenn o nicht

von anderan und andere

nicht von ihm abhangig

sing

Ich méchte anderen
gefahismabig sehr nahe
sein, aber ich merke oft,
dass andere Widerstande
dagegen errichten, mir so
nahe zu sein, wie ich ihnen
nahe sein mochte. Es geht
mir sehr gut, wenn ich ohne
enge Beziehung bin, aber ich
denke manchmal, dass
andere mich nicht 50 sehr
schatzen wie ich sie.

Mein Partner méchte
anderen gefhlsmaig sehr
nahe sein, aber er merkt
oft, dass andere
Widerstande dagegen
errichten, ihm so nahe zu

sein, wie er ihnen nahe sein o o o o o o o
machte. Es gent ihm sehr
qut, wenn er ohne enge
Beziehung ist, aber er denkt
manchmal, dass andere ihn
nicht so sehr schatzen wie
or sie

Ich empfinde es manchmal
als ziemlich unangenehm,
anderen nahe zu sein. Ich
méchte Beziehungen, in
denen ich anderen nahe bin,
aber ich finde es schwierig,

ihnen vollstandig zu o o o o o o o
vertrauen oder von ihnen
abhangig zu sein. lch
farchte manchmal, dass ich
verletzt werde, wenn ich mir
erlaube, anderen zu nahe zu
men.

Mein Partner empfindet es
manchmal als ziemlich
unangenehm, anderen nahe
2u sein. & mochto
Beziehungen, in denen er
anderen nane ist, aber er

findet s schwierig, ihnen o o o o o o o
vollstandig zu vertrauen
oder von ihnen abhangig zu
sein. Er fdrchtet manchmal,
dass er verletzt wird, wenn
er sich orlaubt, anderen zu
he zu kommen

== = —2J

Figure A.12. Qg page 4: relationship questionnaire [26, 118]



zukiinftig sinen guten Job zu o o o o
. bekommen.
Die folgenden Fragen betreffen den Einfluss, den dein Partner auf deine Gedanken, Gefihle und dein Verhalten hat. Bitte gib auf
einer 7-Punkt-Skala an, wie sehr du mit jedem Punkt Gbereinstimmst. Mein Partner hat Einfluss auf
/e Art, wie ich mich in o o o o

1 - Trittt voll

Mein Partner wird meine
2ukiinftige finanzielle o
Sicherheit beeinflussen.

Mein Partner hat keinen
Einfluss auf alltagliche Dinge o
in meinem Leben

Mein Partner hat Einfluss auf
wichtige Dinge in meinem o
Leben.

Mein Partner hat Einfluss
daraut, wie sehr ich
Verantwortung in unserer
Beziehung Gbernehme.

Mein Partner hat keinen
Einfluss darauf, wie viel Zeit
ich mit Hausarbeit
verbringe

Mein Partner hat keinen

szugeben.

Mein Partner hat Einfluss
darauf, wie ich mich selbst o
empfinde,

Mein Partner hat keinen
Einfluss auf meine Laune. o

Mein Partner hat Einfluss auf
die grundlegenden Werte, o
die ich vertrete.

Mein Partner hat keinen
Einfluss auf meine Meinung

Gber andere wichtige
Menschen in meinem Loben

Mein Partner hat Einfluss
darau, wann ich meine

Familie sehe und wie viel o

Zait ich mit i verbringe.

Mein Partner hat Einfluss
darau, wann ich meine

Freunde sehe und wie viel o
Zeit ich mit ihnen verbringe

Mein Partner hat keinen
Einfluss darauf, welche o
meiner Freunde ich treffe.

Mein Partner hat keinen
Einfluss auf die Art meiner o
beruflichen Laufbann

Mein Partner beeinflusst
oder wird beeinflussen, wie

gebogen vor viel Zait ich far meine o o o ®

Karriere aufwende.

Mein Partner hat keinen
Einfluss auf meine Chancen,

Bezug auf die Zukunit fohle.

Mein Partner hat nicht die

u’ﬁ;::']'.';l Fahigkeit zu beeinflussen,
je ich mich in o (e} o ]

3 4 5 s nicht zu verschiedensten Situationen

verhalte.

o o s} o o Mein Partner beeinflusst und
tragt dazu bei, wie licklich o o o o

ich mich insgesamt fahle.

o o o o o Mein Partner hat keinen
Einfluss auf meine derzeitige o o o (e}

finanzislle Absicherung

o o o o (e} Mein Partner hat Einfluss

daraut, wie ich meine. (¢} o o o

Freizeit verbringe.

o o o o o Mein Partner hat Einfluss

darauf, wann ich ihn sehe

und wie viel Zsit wir o o o o

z2usammen verbringen.

o o e} o o Mein Partner hat keinen
Einfluss darau, wie ich mich o o o o

anziehe.

Mein Partner hat Einfluss

o o o o o darau, wis ich mein o o ° °

Zuhause einrichte.

Mein Partner hat keinen

Enfluss daraut, wo ich lebe. o o o o

~ Triftt voll

Mein Partner hat Einfluss
darauf, was ich mir im

o o (¢} o o Fernsehen oder auf DVD o o o °

ansene.

Mein Partner hat Einfluss auf

Mein Partner hat Einfluss auf
meine Plane, grofere

Invesiitionen (Haus, Auto, o o o o

o o o o o atc) vorzunenmen
Mein Partner hat Einfluss aut
meine Fiane, einem Verein,

einer sozialen Organisation, o (¢} [} o

o o o o o einer Partei etc. beizutreten
Mein Partner hat Einfluss auf
meine Plane, finanziell einen

bestimmten Lebensstandard o o o o

o e} o (e} e} 2u erreichen.

° ° ° ° ° —

Figure A.13. Qg page 5: Relationship Closeness Inventory, Strength subscale [34]

meine Urlaubsplane. o (¢} o (e}
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7 - Trittt

aberhaupt
nicht zu
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Druckversion Fragebogen vor Systembenutzung

) 100%

0% [

Es folgen einige Aussagen zu der Beziehung zu deinem Partner, die auf der gewohnten 7-Punkt-Skala beurteilt werden sollen.

7 - Trifft
1 - Trifft voll uberhaupt
zu 2 3 a4 5 6 nicht zu
Ich denke oft an meinen
Partner. o o o o o o o

Ich fiihle mich selbst dann
mit meinem Partner

verbunden, wenn wir nicht o ¢} (e] (e] @) o 0]

zusammen sind

Ich mache mir meine

Beziehung zu meinem le) o) [e) (o] (e) o (e]

Partner oft bewusst.

Ich habe den Eindruck, dass

mein Partner meine e} e} O e} (@] (@] (@]

Interessen und Ideen teilt.

Ich habe das Gefiihl, dass
ich viel mit meinem Partner fe) o o o fe) fe) )

gemein habe.

Ich bin mit meinem Partner

auf derselben Wellenlange. o o o o o o o
Ich weiB oft, was mein
Partner fahit. o o o o o o o
Ich weiB oft, was mein
Partner denkt (e] (¢] o o o o (e}
Ich habe das Gefiihl, dass
mein Partner oft weif, was o o o o o) o) )
ich denke.

Ich merke, dass mein

Partner oft weiB, was ich le) le) o) o] (e} o o

denke.

Meine Beziehung zu meinem
Partner ist sehr eng,
verglichen mit all meinen

anderen Beziehungen (mit O (¢] o (¢] (e] o o
sowohl Mannern als auch
Frauen).
Ich kann mit meinem
Partner iber alles reden. o o &} o @) @) @)

Figure A.14. Qg page 6: Connectedness scale based on van Bel et al. [550].



vor Ich orwarto, dass mit
meinem Partner ber das
System zu kommunizieren o [e} (e} o [e] e} o
mir helfen wird, mir weniger
0% (] ) 100% Sergen zu machen
Ich befdrchte, dass mein
* Die folgenden Aussagen beziehen sich auf deine Erwartungen das System betreffend, das du zusammen mit deinem Partner in Partner sich verpfiichtet
den néchsten Wochen ausprobieren sollst. fahlen wird, mich Ober das o o o o o o o
System zu kontaktieren.

B \ch orwarte, mit meinem
Partno Gber das Systom
T - Tt von abernaupt
T 2 3 4 5 5 ety kommunizieren zu miissen, o o o o o o o
auch wenn ich gar it wil
Ioh erwarte, dass mir das vt mieh s 20
System helfen wird, rwarte mi >
e o o o o o o o folon, womn h af otwas o o o o o °
S lcht eagire, das ich Tber
. das System wahrnehme.
Ieh erwarte, dass mir das

System helfen wird, meinen Ich erwarte enttauscht zu

; ° ° o o o o o ‘Sain, wenn mein Pariner
Partner wissen 20 lassen S e e o o o o o o o
e ich mich fahle,
i
Ioh orwarte dass es Ieh arwarte enttausht zu

langwaillg sein wird, das
S i o B ] o o o o o o £ S R
jange zum Reagioren
susammen zu berutzen braucht, wenn ich versuche, o o o o o o o
Ich orwarte, dass es ihn'Gbar das System 2u
aufregend sein wird, das o o o o 1) o o kontaktieren.
e e, Ieh beirchto, dass ich dio
zusammen zu benutzen

gen meines

Ich erwarte, dass os Spas Partners nicht orfile, was o o o o o o o
et oG unseren Kontakt Gber das
mit meinem Partner zu o o o o o o o System angeht
i Ich befdrchte, dass mein
Partner stwas mit dom

Ich erwarte, dass mit jutnegetwasipifioe: o o o o o o fe)

System herausfindet, das
meinem Partner Gber das ich geheim halten méchte.

System zu kommunizieren o o o o o o o
mir helfen wird, mich ihm Ieh farchte um meine
néher zu fahlen. Privatsphare, wenn wir das o o o o o [e] o
System benutzen

Ich erwarte, dass ich auch

dann, wenn wir nicht mehr Ich belarchte, dass Dritte
Uber das System ‘etwas von dem belauschen

Kommunizieren, an etwas o o o o o o o kbnnten, das wir Gber das o o o o o o o
zurlckdenken werde, das System austauschen

mein Partner mit dem

Systom Gbecmittol hat I¢h bofarchto, dass ich e
tsphiro moinos

Ich erwarte, dass mir das Partners durch unsere o o o o o o o
System helfen wird, mich Benutzung des Systems
mehe mit mainem Partner o o o o o o o verlotze.

verbunden zu fhlen
Ich erwarte, dass das

Ich erwarte, dass mir das System mich von wichtigen o o o o o o o

System helfen wird, meinem Aufgaben ablenkt.
Partner soziale o o o ° o o ® Ieh te, di d
Unterstitzung zu bieten. ch erwarte, dass mir das
J System auf Dauer auf die o o o o o o o
toh orwarte, dass das Narvon gonon i
o meinom Parner
o o o o o o o B (oo BT
llen wird, 1o mich dn 2
s, wom ich i bravehe meins anzonaton sven O o o o o o o

Ich erwarte, dass mir das
System helfen wird, mich
besser zu fuhlen, wenn ich

einen schlachton Tag habe. = = = e

Figure A.15. Qg page 7: affective costs and benefits expectations
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Figure A.16. Q, page 3: main group parts 1 and 2
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Figure A.17. Q, page 3: main group part 3



Druckversion Abschlussfragebogen Upstairs

Diesor Fragebogen soll nach zwei Wochen und damit am Ande der Zeit ausgefailt werden.

0% 100%

“ Im Folgenden findest du einige Aussagen sowohl iiber dich als auch @iber deinen Partner. Bitte lies sie dir sorgfaltig durch und gib
2u jeder Aussage an, inwieweit du findest, dass sie zutrifft.

7~ Trift
1 — Trifft voll Gberhaupt
2 3 4 B 6 nicht zu

Ich finde, dass es ziemich
leicht far mich ist, anderen
gefiihismaig nahe zu sein.
Es geht mir gut, wenn ich
mich auf andere verlassen
kann und wenn andere sich

auf mich vertassen. fch o o o o o o o
mache mir keine Gedanken
dariber, dass ich allein sein
Kbnnte oder dass andere
‘mich nicht akzeptieren
Konnten.

Ich finde, dass es ziemlich
leicht far meinen Partner ist,
anderen gefiihismaBig nahe
2u sein. Es geNt ihm gut,
wenn er sich auf andere

akzeptieren konnten.

Es geht mir auch ohne enge.
geflhismaBige Bindung gut.
Es st sehr wichtig far mich,
mich unabhangig und
selbstandig zu fahlen und o o o o o o o

ich ziehe es vor, wenn ich

Es geht meinem Partner
ch ohne enge
gefahismanige Bindung gut.
Esist sehr wichtig far ihn,
sich unabhéingig und

selbstandig zu fhlen und er o o o o o o o
Zieht es vor, wenn er nicht
von anderen und andere
nicht von ihm abhangig
sing.

lch machte anderen
gefhlsmafig sehr nahe.
sein, aber ich merke oft,

mir sehr gut, wenn ich ohne.
‘enge Beziehung bin, aber ich
denke manchmal, dass
andere mich nicht so sehr
schatzen wie ich sie.

Mein Partner mochte
anderen gefihismaig sehr
nahe sein, aber er merkt

manchmal, dass andere ihn
nicht so sehr schétzen wie
sie.

Ich empfinde es manchmal
als ziemlich unangenehm,
anderen nahe zu sein. Ich
méchte Beziehungen, in
denen ich anderen nahe bin,
‘aber ich finde es schwierig,

ihnen vollstandig zu o o o o o o o
vertrauen oder von ihnen
‘abhangig zu sein. Ich
farchte manchmal, dass ich
verletzt werde, wenn ich mir
erlaube, anderen zu nahe zu
kommen,

Mein Partner empfindet es
manchmal als ziemlich
unangenehm, anderen nahe
2u sein. Er mochte
Beziehungen, in denen er
anderen nahe ist, aber er

findet es schwierig, ihnen o o o o o o o
volistandig zu vertrauen
oder von ihnen abhangig zu
sein. Er farchtet manchmal,
dass er verletzt wird, wenn
er sich erlaubt, anderen zu
nahe zu kommen.

— = =1

Figure A.18. Qp, page 3: relationship questionnaire [26, 118]
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Figure A.19. Qg, page 4: Relationship closeness inventory
strength subscale [34]
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Figure A.20. Qg, page 5: main group parts 1 and 2
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Figure A.21. Qg, page 5: main group part 3



Demographiefragebogen

Einige Angaben zur Person.

0% [ ) 100%

Demographische Daten
* Wie ist dein Geschlecht?

O Weiblich O Ménnlich

* Wie alt bist du?

—

In dieses Feld diirfen nur Ziffern eingetragen werden

- Bitte nenne dein Alter in Jahren.

* Wie wiirdest du selbst deine Computererfahrung einschitzen?
Bitte wéhle eine der folgenden Antworten:

O AuBerordentlich erfahren

O sehr erfahren

O EinigermaBen erfahren

O MittelméBig erfahren

O Eher unerfahren

O Sehr unerfahren

O Véllig unerfahren

* Wie stark stil du der zu dir selbst zu?
1- 7 - Trifft
Trifft iiberhaupt
voll zu 2 3 4 5 6 nicht zu

Technik und der
Umgang mit

Technik machen o o o (¢] O (0] o

mir groBen SpaB.

Wie lange bist du schon mit deinem Partner zusammen?

n Bitte gib in Monaten und/oder Jahren an, wie lange deine Beziehung zu deinem Partner schon andauert.

* Wie lange fiihrst du mit deinem Partner schon eine Fernbeziehung?

* Bist du mit deinem Partner verheiratet?

OJa O Nein

* Wie haufig seht ihr euch trotz eurer Fernbeziehung ungefihr im Schnitt?
Bitte wihle eine der folgenden Antworten:
O Mehr als einmal die Woche
O Einmal die Woche
O Zwei- bis dreimal im Monat
O Einmal im Monat
O Alle zwei bis drei Monate
O Seltener als alle drei Monate
B Hier ist wiederum nicht gemeint, sich iiber Skype oder sonstige Videokonferenzsysteme zu sehen, sondern ein

Treffen am selben Ort.

Figure A.22. Demography questionnaire upstairs page 2: main group



A.2. FEELABUZZ

Demographiefragebogen

Einige Angaben zur Person

Zu statistischen Zwecken brauchen wir noch ein paar Angaben zu deiner Person. Da dieser Fragebogen Rickschlisse auf
deine Person zulassen kénnte, wird dein Codename nicht abgefragt. Er kann daher nicht mit den anderen Fragebdgen in
Beziehung gesetzt werden, die du ausgefillt hast.

Diese Umfrage enthélt 8 Fragen.

Figure A.23. Demography questionnaire upstairs page 1: welcome screen

Druckversion feelabuzz vorher

Fragebogen vor der feelabuzz-Benutzung

Hallo!

Danke, dass du feelabuzz ausprobieren mochtest. Bitte beantworte vorab ein paar
Fragen.

Diese Umfrage enthélt 13 Fragen.

Zwi i Umfrage laden I Weiter >> Umfrage und Ischen

Figure A.24. Questionnaire before FEELABUZZ use, welcome screen.

A.2 FEELABUZZ

There were only two FEELABUZZ questionnaires. One right before system
use and and directly after the two-day study period. Both are very similar
to the corresponding upstairs questionnaires. Some items were silently
reworded when they were referring to the acoustic modality before so
they apply to the sense of touch.

409



Druckversion feelabuzz vorher
Fragebogen vor der feelabuzz-Benutzung
0% 100%

* Wie lautet eure Versuchsnummer?

Bitte trage hier die Versuchsnummer ein, die dir gegeben wurde.

* Bitte gib dein Geschlecht an.
Bitte wahle eine der folgenden Antworten:

© weiblich
© ménnlich

* Wie héufig hast du in den letzten beiden Tagen auf die folgenden Arten mit deinem Partner kommuniziert?
In diese Felder dirfen nur Ziffem eingetragen werden

Telefon/Skype -mal

Chat -mal
SMS -mal
Mail -mal

Bitte gib die ungefahre Anzahl der Male ein, die ihr zusammen telefoniert, gechattet, gemait etc. habt.

* Wie viel Zeit hast du mit den folgenden wihrend der
zusammen zugebracht?

beiden Tage ungefihr mit deinem Partner

Telefon/Skype Stunden
Chat Stunden

Bitte schatze, wie lange du und dein Partner die folgenden Kommunikationsmittel ungefshr zusammen benutzt habt im Laufe der letzten beiden Tage. Bitte benutze H:MM ais Format.
Far anderthalb Stunden also 1:30, fir 10 Minuten 0:10, fir 12 Stunden 12:
+ Wie filhist du dich heute?

sehr gut qut

neutral schlecht
Ich fuhle mich heute c

sehr schlecht
c c c
(] ote 9b cen alemenes gefen hte an

Bitte nenne das Bild, das am besten deine momentane Beziehung zu deinem Partner beschreibt:

mein
Partner, : Pa
2 3

1

123456 7

o [o| @] @]

Bitte gib mit einer Zahl von 1 bis 7 an, welches der Bider am besten deine momentane Beziehung zu deinem Partner beschreibt

<< Zuniick Weiter >>

Unirage verassen und Sschen

Figure A.25. Questionnaire before FEELABUZZ use, page 1.



Druckversion feelabuzz vorher

Fragebogen vor der feelabuzz-Benutzung

0% 100%

Es folgen noch ein paar Angaben zu deiner Person.
* Wie alt bist du?
Jahre
In dieses Feld dirfen nur Ziffern eingetragen werden
Bitte nenne dein Alter in Jahren.
* Wie wiirdest du selbst deine Computererfahrung einschatzen?
Bitte wahle eine der folgenden Antworten:

© AuBerordentlich erfahren
Sehr erfahren

EinigermaBen erfahren

Eher unerfahren

O
-
C Mittelmé&Big erfahren
-
© Sehr unerfahren

c

Vollig unerfahren

* Wie stark stimmst du der folgenden Aussage zu dir selbst zu?

1- 7 - Trifft
Trifft uberhaupt
voll zu 2 3 4 5 6 nicht zu

Technik und

der Umgang

mit Technik C C C C C C (e

machen mir

groBen SpaB.

* Wie lange bist du schon mit deinem Partner zusammen?

Bitte gib in Monaten und/oder Jahren an, wie lange deine Beziehung zu deinem Partner schon andauert.

* Bist du mit deinem Partner verheiratet?

C Ja C Nein

Spiter fortfahren << Zuriick | Weiter >> Umfrage verl und Iéschen

Figure A.26. Questionnaire before FEELABUZZ use, page 2.



A. QUESTIONNAIRES

Druckversion feelabuzz vorher

Fragebogen vor der feelabuzz-Benutzung

0% 100%

Wenn du noch etwas loswerden mochtest, du eine Anregung hast, dir etwas
aufgefallen ist oder du noch eine Anmerkung zu einer der obigen Fragen hast,
kannst du es hier eintragen.

Hier kannst du schreiben, was du willst.

Spiter fortfahren | <<zurick |  Absenden | Umfiage und l6schen

Figure A.27. Questionnaire before FEELABUZZ use, page 3.

Druckversion feelabuzz nachher

Abschlussfragebogen feelabuzz

Hallo!

Danke, dass du an unserem Versuch teilgenommen hast. Zum Abschluss mochten wir
dich bitten, noch einige Fragen zu deinen Erfahrungen zu beantworten.

Diese Umfrage enthélt 23 Fragen.

Zwi i Umfrage laden | Weiter >> Umfrage verl: und léschen

Figure A.28. Questionnaire after FEELABUZZ use, welcome screen.
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Druckversion feelabuzz nachher
Abschiussfragebogen feelabuzz
0% 100%

* Wie lautet eure Versuchsnummer?

Bitte trage hier die Versuchsnummer ein, die dir gegeben wurde.

* Bitte gib dein Geschlecht an.
Bitte wahle eine der folgenden Antworten:

© weiblich
© ménnlich

* Wie héufig hast du in den letzten beiden Tagen auf die folgenden Arten mit deinem Partner kommuniziert?
In diese Felder dirfen nur Ziffem eingetragen werden

Telefon/Skype -mal

Chat -mal
SMS -mal
Mail -mal

Bitte gib die ungefahre Anzahl der Male ein, die ihr zusammen telefoniert, gechattet, gemait etc. habt.

* Wie viel Zeit hast du mit den folgenden wihrend der
zusammen zugebracht?

beiden Tage ungefihr mit deinem Partner

Telefon/Skype Stunden
Chat Stunden

Bitte schatze, wie lange du und dein Partner die folgenden Kommunikationsmittel ungefshr zusammen benutzt habt im Laufe der letzten beiden Tage. Bitte benutze H:MM ais Format.
Far anderthalb Stunden also 1:30, fir 10 Minuten 0:10, fir 12 Stunden 12:
+ Wie filhist du dich heute?

sehr gut qut

neutral schlecht
Ich fuhle mich heute c

sehr schlecht
c c c
(] ote 9b cen alemenes gefen hte an

Bitte nenne das Bild, das am besten deine momentane Beziehung zu deinem Partner beschreibt:

mein
Partner, : Pa
2 3

1

123456 7

o [o| @] @]

Bitte gib mit einer Zahl von 1 bis 7 an, welches der Bider am besten deine momentane Beziehung zu deinem Partner beschreibt

<< Zuniick Weiter >>

Unirage verassen und Sschen

Figure A.29. Questionnaire after FEELABUZZ use, page 1.



Druckversion feelabuzz nachher

Abschlussfragebogen feelabuzz

0% 100%

* Welche verschiedenen Aktivitaten konntest du allein durch die Vibrationsmuster
erkennen?

* Wenn du so etwas wie Gehen/Laufen erkennen konntest, wie gut konntest du
verschiedene Geschwindigkeiten unterscheiden?

Ich konnte gar keine Ich konnte
Geschwindigkeitsunterschiede Geschwindigkeitsunterschiede
ausmachen. sehr fein bestimmen.
Spéter fortfahren | << Zurtick | Weiter >> | Umfrag ( und l6schen

Figure A.30. Questionnaire after FEELABUZZ use, page 2.



Druckversion feelabuzz nachher

Abschkssiragebogen fecbuzz

0% [T 100%

Es folgen einige Fragen zu dem System allgemein, zu der Beziehung zu deinem Partner und dazu, inwiefern diese Beziehung durch das
System beeinflusst wurde.

an,
Wos chta beeifusst,
was mein Partner tat. o o [ g e
4
unpersonicn personich P
f B vollzu 2 N N s
s Mein partnerhat sich
ungeselig geselly s unserer - c c c
N 7 Interaktion beteiligt.
s
seunios Jr— Goenicae pnere
N A ‘eher Kaite anstelle von C ) C C O
Warmherzgker
s warm
. , Wein patner ke
. haufig distanziert. o o “ “ ©
nichissagend aussagekrattia e e mich meinem.
' ’ Partner nah. ° ° ° ° °
s
1enfune micn mic
Oftentlich privat meinem partner € c c 3 c
: v verbunden.
Wein Prtnerhat e
et der e c c c c
swischen uns szeugt.
. deinem Partner, die einer 7-Punkt-Skala e
beurteilt werden sollen. Syemwarsenr  C o e o o
I ncens,
- berhaupt 1enhate das Gefon,
voll zu 2 3 0 s B nicht 20 e - - - -
1ch denke oft an meinen e e
== & c c c - c c Partners 24 fien.
. o hate seh sark gss
1en o men et e, be meinem e c c o
e verbunden, wenr c ° ° ° c c c partner zu sein.
e i zsammen eh hate seh sork dos
s Gefunl, dassmen c c c c
1ch mache mie meine parner b i war.
sezienung c c c c c . c 1en ot den Eindruck,
S sy © ° ° ° °
1ch obe den Eindruck, v
i partner meine
Interessen und Ideen © © ° © o o © Ich bekam einen guten.
e Eindruc, wie mein
® c c c c
e e i, orter o ondrn Ence
dass chvel mi menem © c . c c c c
rtner gemein habe. 1chbekam den echten
Ich bin mit meinem paruck enes
romer st deseoen 3 3 3 13 I 3 S ot c . c c
Wellenlans die v«mmunw dunn
o weid oft, was mein
J c c c c - c c
e Man bekommt ein gutes
ch wel oft, was mein LG fordie peson. € c c . .
Partner © © - © © ° o am anderen Ende.
p———— 1 wirde Leute niche
dass mein parner ot € c c c c . c ut kenneniemen, wenn - . - -
el o ch denke
ch merke, dass mein
Parter ot weie, wos e © e e e o o o
den
c c c c c
Meine Beziehung 20 herauszufinden, wie er
meinem parter it ehr sich an dem Tog fonte.
s e il
- - - . - - . Wit meinem Fortner Ger
Seitungen ok sowe o System 2
Wannem as such Communizeren haf e C o o o o
ey i wissen 20 assen, wie
e mich funte.
1ch ko it meinem
Partner Gber alles reden. o o ° o o o © Das System half mir,
mich mehe mt meinem € c c c c
om o Partner u dentzieren
aber das System, ohie
R c c c c c c c Ons Sptam i
Portner verbunden. erin O ° ° ° c
Kontok 20 iien
1en faite mich g
‘vollkommen allein. - - “ - o o o Das System lieB mich
besseram Leben menes c c . .
1 denke, mein Partner atners teihaben.
fahite sich haufig allein. o & o Gi (& c e
€5 war langwelo, dos
o hate hsutg das it manen  © c e e c
G min oo - - - - - - Farner 2 benutzen.
ner 2 bngen €5 war ufregend, das
Sysem mtmeinem ¢ - c c c
Mirwor haufg bewuss, Farner 7 benutzen.
s mein partner und
enuns c c c c c c . 5 machte Spad, das
unterschiedichen Orten System zusammen mit ° o - - °
ey em Parner 2
e
1 habe meinen partner
Kaum wahrgenommen. ° o © o o ° o Mit meinem Partner Gber
s Sys
ch denke, doss mein Kommunizeren half mir, € ® c c c
Patner of das Geonl mich inm
dusswiruns € c c c c c . 5
gemeinsom n desen
Umgebung befanden. ch wene wir nicht
System
1 hate hautg dos Kommunizerten, docnte
et doss s e e - - . . -
e mener € e e e c c c 423 mein partner mit
Aot dem System Gbermitielt
hate
&5 war, ols wren wir
beide n derseoen c c e - - G
Umgebung gewesen
1o wurde tehwes
e Smmungen me...,s c c c c - c e
Partners ecif
e hottedas Gefan,
“mein Prtner wurde
teilweise von meinen (s Q S G a C S
Stimmungen beeiusst.
Wos mein partnertat - . . - - .

beeinflusste, was ich ta

Figure A.31. Questionnaire after FEELABUZZ use, page 3, parts 1 and 2.
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Figure A.32. Questionnaire after FEELA-
BUZZ use, page 3, part 3.



Druckversion feelabuzz nachher Gab es etwas an dem System, das dich besonders gestért oder genervt hat?

Abschlussfragebogen feelabuzz

0% 100%
Wie war dein uck zu dem
Dies kann die technischen Probleme umfassen, die du oben beschreiben konntest, ist aber nicht auf diese
beschrénkt.
* Wiirdest du das System weiter wenn du die it dazu
héattest?
Cla € Nein
Gab es des die du hervorheben

méchtest? + Gibe es etwas, das verbessert werden kénnte, damit du das System

wollen wii ?

Cla C Nein

* Was wire das?

Was waren die Dinge, fiir die ihr das System benutzt habt?

* Habt ihr bewusst auch explizite Signale iiber das System verwendet

(Klopfen, Schiitteln o. &.)?
s technische Storungen aufftraten, welcher Natur waren diese?
Bitte wihle einen oder mehrere Punkte aus der Liste aus. Ca € Nein
I™ Grundvibrationen
™ Aussetzer * Welche Signale waren das und fiir was?

I vibrationsstoBe

r Verzerrungen tatsachlicher Vibrationsmuster

[ Phantomschritte oder andere natiirlich wirkende Vibrationen
ohne dass dein Partner diese verursacht hat.

r Sonstige Storgerausche

Wenn du noch etwas loswerden méchtest, du eine Anregung hast, dir etwas
aufgefallen ist oder du noch eine Anmerkung zu einer der vorherigen Fragen
Falls i sind, welcher Art waren diese? hast, kannst du es hier eintragen.

Py Bitte beschrebe so genau wie maglch, wekche Probleme aufgetreten sind. Fals du dieselben Probleme Hier kannst du schreiben, was du wilst.
schon vorher beschrieben hast, kannst du auch einfach darauf Bezug nehmen. Bitte ziehe auch in
Erwagung, uns bei ernsteren Problemen eine Mail zu schreiben, da wir aus Datenschutzgrinden nicht in die

Daten dieses Fragebogens gucken, bevor alle Versuchspersonen das System ausprobiert haben. Spater fortfahren << Zuriick \ 1oschen |

Figure A.33. Questionnaire after FEELABUZZ use, page 4.



A. QUESTIONNAIRES

Vielen Dank!

Figure A.34. Thank you message for FEELABUZZ questionnaires.
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B Additional Study Material

B.1 Longitudinal Study

Scale Name;
Main Source

Relationship
Salience;
Connectedness
Question-
naire [550]

Rev.

English Question

| often think of my
partner.

Even when we are
not in each other’s
company, | often feel
connected with my
partner.

I am often aware of the
relationship with my
partner.

Aside from our contact
via the system, | often
feel connected with my
partner.

German Question

Ich denke oft an mei-
nen Partner.

Ich fiihle mich selbst
dann mit meinem Part-
ner verbunden, wenn
wir nicht zusammen
sind.

Ich mache mir meine
Beziehung zu meinem
Partner oft bewusst.

Abgesehen vom Kon-
takt Gber das System,
fuhlte ich mich oft
mit meinem Partner
verbunden.
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B.

ADDITIONAL STUDY MATERIAL

Scale Name;
Main Source

Shared Un-
derstandings;
Connectedness
Question-
naire [550]

Knowing

Each Others’
Experiences
Connectedness
Question-
naire [550]

Rev.

English Question

| feel that my partner
shares my interests and
ideas.

| feel | have a lot in
common with my
partner.

| feel on the same
wavelength with my
partner.

I often know what my
partner feels.

| often know what my
partner thinks.

| feel that my partner
often knows what |
think.

| sense that my partner
often knows what | feel.

German Question

Ich habe den Eindruck,
dass mein Partner mei-
ne Interessen und Ideen
teilt.

Ich habe das Gefiihl,
dass ich viel mit mei-
nem Partner gemein

habe.

Ich bin mit meinem
Partner auf derselben
Wellenlange.

Ich weils oft, was mein
Partner fihlt.

Ich weils oft, was mein
Partner denkt.

Ich habe das Gefiihl,
dass mein Partner oft
weild, was ich denke.
Ich merke, dass mein

Partner oft weils, was
ich denke.’

A de facto doubling of items happened accidentally here (the German question

420

should have been “Ich merke, dass mein Partner oft weils, was ich fiihle.”) but we
decided not to choose one over the other for the scale. We did not make any voluntary
modifications to this scale that would change its a from what it was before.



B.1.

Longitudinal Study

Scale Name;
Main Source

Feelings of
Closeness;
Connectedness
Question-
naire [550]

Isolation/
Aloneness;
Networked
Minds [40]
(Copresence)

Mutual
Awareness;
Networked
Minds [40]
(Copresence)

Rev.

English Question

My relationship with
my partner is very
close, compared with
all other relationships.

| feel I can talk about
anything with my
partner.

| often felt as if | was all
alone.

I think my partner often
felt alone.

| often got the feeling
of sharing a space with
my partner.

I was often aware that
my partner and | were
at different places.

I hardly noticed my
partner.

German Question

Meine Beziehung zu
meinem Partner ist sehr
eng, verglichen mit

all meinen anderen
Beziehungen (mit so-
wohl Mannern als auch
Frauen).

Ich kann mit meinem
Partner tber alles
reden.

Ich fuihlte mich haufig
vollkommen allein.

Ich denke, mein Part-
ner fuhlte sich haufig
allein.

Ich hatte hiufig das Ge-
fahl mich in derselben
Umgebung wie mein
Partner zu befinden.

Mir war haufig bewusst,
dass mein Partner

und ich uns an unter-
schiedlichen Orten
befanden.

Ich habe meinen
Partner kaum wahrge-
nommen.
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B. ADDITIONAL STUDY MATERIAL

Scale Name;
Main Source

Perceived
Emotional
Contagion/
Empathy;
Networked
Minds [40]
(Psychological
Involvement)

Behavioural In-
terdependence;
Networked
Minds [40]
(Behavioural
Engagement)

422

Rev.

English Question

I think my partner
often got the feeling of
sharing a space with
me.

| often felt that my
partner was aware of
my presence.

It was as if we were
both in the same
environment.

I was influenced by my
partner’s moods.

I had the feeling
that my partner was
influenced by my
moods.

What my partner did
affected what | did.

German Question

Ich denke, dass mein
Partner oft das Gefiihl
hatte, dass wir uns ge-
meinsam in derselben
Umgebung befanden.

Ich hatte haufig das
Gefiihl, dass sich mein
Partner meiner An-
wesenheit bewusst
war.

Es war, als waren wir
beide in derselben
Umgebung gewesen.

Ich wurde teilweise
von den Stimmun-
gen meines Partners
beeinflusst.

Ich hatte das Gefiihl,
mein Partner wurde
teilweise von meinen
Stimmungen beein-
flusst.

Was mein Partner tat
beeinflusste, was ich
tat.



B.1.

Longitudinal Study

Scale Name;
Main Source

Perceived
Other’s
Copresence;
Nowak and
Biocca [401]

Telepresence;
Nowak and
Biocca [401]

Rev.

English Question

What | did affected
what my partner did.

My partner was
intensely involved in
our interaction.

My partner communic
ated coldness rather
than warmth.

My partner created
a sense of distance
between us.

| felt close to my
partner.

| felt connected to my
partner.

My partner created
a sense of closeness
between us.

The experience with
the system was very
intense.

| felt as if | really was in
the environment that |
heard.

German Question

Was ich tat beeinflusste,
was mein Partner tat.

Mein Partner hat
sich stark an unserer
Interaktion beteiligt.

Mein Partner tber-
mittelte generell eher
Kalte anstelle von
Warmherzigkeit.

Mein Partner wirkte
haufig distanziert.

Ich fithlte mich mei-
nem Partner nah.

Ich fihlte mich mit
meinem Partner ver-
bunden.

Mein Partner hat ein
Gefiihl der Nahe
zwischen uns erzeugt.
Das Erlebnis durch

das System war sehr
intensiv.

Ich hatte das Gefiihl,
mich tatsachlich in der
Umgebung zu befinden,
die ich gehort habe.
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B. ADDITIONAL STUDY MATERIAL

Scale Name;
Main Source

Social Presence;
Short et al. [494]

424

Rev.

English Question

I had very much the
feeling of being with
my partner.

I had very much the
feeling that my partner
was with me.

| had the impression
that my partner actually
lived upstairs.

I got a good idea of
how my partner at the
other end are reacted.

| got the real impres-
sion of a personal
contact with my
partner.

| got a good “feel” for
the other person.

| couldn’t get to know
people very well if |
only met them over this
system.

German Question

Ich hatte sehr stark das
Gefiihl, bei meinem
Partner zu sein.

Ich hatte sehr stark
das Gefiihl, dass mein
Partner bei mir war.

Ich hatte den Eindruck,
dass mein Partner
tatsachlich tber mir
wohnt.

Ich bekam einen guten
Eindruck, wie mein
Partner am anderen
Ende reagiert.

Ich bekam den echten
Eindruck eines person-
lichen Kontakts mit
meinem Partner tiber
die Verbindung durch
das System.

Man bekommt ein
gutes ,Gefiihl” fur die
Person am anderen
Ende.

Ich wiirde Leute nicht
gut kennenlernen,
wenn ich sie nur tber
dieses System trife.



B.1.

Longitudinal Study

Scale Name;
Main Source

Emotional
Expressiveness;
ABCCT [584]

Emotional
Expressiveness
(cont.); ABC-
Q[257]
(Recognition
scale)

Staying in
Touch; ABC-
Q[257]

Engagement
&Playfulness;
ABCCT [584]

Rev.

English Question

Communicating with

my partner using the

system helped me tell
how (s)he was feeling
that day.

Communicating with
my partner using the
system helped me let
him/her know how |

was feeling.

Because of the system
I could better identify
with my partner.

The system helped me
to stay in touch with
my partner.

The system made me
feel involved in my
partner’s life.

It was boring to use the
system with my partner.

I was excited about
using the system with
my partner.

German Question

Mit meinem Partner
tiber das System zu
kommunizieren half
mir herauszufinden,
wie er sich an dem Tag
fuhlte.

Mit meinem Partner
tiber das System zu
kommunizieren half
mir ihn wissen zu
lassen, wie ich mich
fihtle.

Das System half mir,
mich mehr mit meinem
Partner zu identifizie-
ren.

Das System half mir,
mit meinem Partner in
Kontakt zu bleiben.

Das System lie mich
besser am Leben mei-
nes Partners teilhaben.

Es war langweilig, das
System mit meinem
Partner zu benutzen.

Es war aufregend, das
System mit meinem
Partner zu benutzen.
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B. ADDITIONAL STUDY MATERIAL

Scale Name; Rev.
Main Source

O
Presence O
in Absence;

ABCCT [584]

426

English Question

I had fun with my
partner using the
system.

Communicating with
my partner using the
system helped me feel
closer to him/her.

After we were done
communicating, | still
kept thinking back to
something my partner
shared using the
system.

Communicating using
the system created a
connection that lasts
beyond the duration of
the exchange.

Communicating with
my partner using the
system helped me feel
more connected to
him/her.

German Question

Es machte Spal}, das
System zusammen mit
meinem Partner zu
benutzen.

Mit meinem Partner
tiber das System zu
kommunizieren half
mir, mich ihm ndher zu
fahlen.

Auch wenn wir nicht
mehr tber das Sys-
tem kommunizierten,
dachte ich oft an etwas
zurtick, das mein Part-
ner mit dem System
tbermittelt hatte.

Durch die Kommu-
nikation mit meinem
Partner Gber das System
entstand eine Verbin-
dung, die tber die
Dauer des Austauschs
hinaus wirkte.

Mit meinem Partner
tiber das System zu
kommunizieren half
mir, mich mehr mit ihm
verbunden zu fihlen.



B.1.

Longitudinal Study

Scale Name;
Main Source

Opportunity for
Social Support;
ABCCT [584]

Feeling
Obligated;
ABCCT [584]

Rev.

English Question

Communicating with
my partner using the
system helped me
provide him/her with
social support.

Communicating with
me using the system
helped my partner be
there for me when |
need him/her.

Communicating with
my partner using the
system when | was
having a bad day
helped me feel better.

Communicating with
my partner using the
system helped me feel
less worried about
something.

| worried that my
partner felt obligated to
contact me using the
system.

German Question

Mit meinem Partner
tiber das System zu
kommunizieren half
mir, ihm soziale Unter-
stiitzung zu bieten.

Das System half mei-
nem Partner fiir mich
da zu sein, wenn ich
ihn brauchte.

Mit meinem Partner
tiber das System zu
kommunizieren half
mir mich besser zu
fuhlen, wenn ich einen
schlechten Tag hatte.

Mit meinem Partner
tiber das System zu
kommunizieren hat
mir geholfen, mir tber
etwas weniger Sorgen
zu machen.

Ich machte mir Sorgen,
dass mein Partner sich
verpflichtet fiihlt, mich
tiber das System zu
kontaktieren.
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B. ADDITIONAL STUDY MATERIAL

Scale Name;
Main Source

Unmet
Expectations;
ABCCT [584]

428

English Question

| had to communicate
with my partner using
the system even when |
didn’t want to.

| felt guilty if I didn’t
respond to my partner
when | perceived
something using the
system.

When | tried to
communicate with
my partner using the
system, | expected a
response.

I was disappointed
when my partner
wasn’t there when |
tried to contact him/her
using the system.

I was disappointed
when it took my
partner too long to
respond over the
system.

German Question

Ich musste mit meinem
Partner tiber das System
kommunizieren, auch
wenn ich gar nicht
wollte.

Ich fihlte mich schul-
dig, wenn ich auf etwas
nicht reagiert habe, das
ich iber das System
wahrgenommen habe.

Wenn ich versucht
habe mit meinem
Partner in Kontakt zu
treten, erwartete ich
eine Reaktion.

Ich war enttauscht,
wenn mein Partner
nicht da war, wenn ich
es war.

Ich war enttiauscht,
wenn mein Partner zu
lange zum Reagieren
gebraucht hat, wenn
ich versucht habe, ihn
tiber das System zu
kontaktieren.



B.1.

Longitudinal Study

Scale Name;
Main Source

Threat to
Privacy;
ABCCT [584]

Rev.

English Question

| worried that | was not
meeting my partner’s
expectations for our
contact using the
system.

| worried that my
partner might learn
something using the
system that | want to
keep secret.

I worried about my
privacy while my
partner and | were
using the system
together.

| worried that others
might overhear
something that my
partner and | shared
using the system.

I worried that | was
violating my partner’s
privacy during our
contact using the
system.

German Question

Ich machte mir Sorgen,
dass ich die Erwartun-
gen meines Partners
nicht wiirde erfiillen
koénnen, was unse-

ren Kontakt tiber das
System angeht.

Ich machte mir Sorgen,
dass mein Partner
etwas mit dem System
hatte herausfinden
konnen, das ich geheim
halten wollte.

Ich machte mir Sorgen
um meine Privatspha-
re, wahrend wir das

System benutzt haben.

Ich machte mir Sorgen,
dass Dritte etwas von
dem wiirden belau-
schen konnen, das

wir (iber das System
austauschten.

Ich machte mir Sorgen,
dass ich die Privatspha-
re meines Partners
durch unsere Benut-
zung des Systems hatte
verletzen kénnen.
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Scale Name;
Main Source

Cogpnitive Load

430

English Question

The system revealed
more about my partner
than (s)he might like.

The system distracted
me from important
tasks.

I was mostly unaware
of the system running.

I didn’t mind that the
system was running.

It was easy for me to
push the system to the
back of my mind.

I recognised important
events with the system,
even when | was not
actively monitoring it.

It was hard to
concentrate while the
system was producing
noises.

German Question

Das System verriet mir
mehr tGber meinen Part-
ner als ihm vielleicht
lieb ist.

Das System lenkte
mich von wichtigen
Aufgaben ab.

Mir ist meist nicht
aufgefallen, dass das
System lief.

Es hat mich nicht ge-
stort, dass das System
lief.

Es fiel mir leicht, das
System in den Hinter-
grund zu schieben.

Auch wenn ich nicht
bewusst auf das Sys-
tem geachtet habe,
bemerkte ich dartiber
Ereignisse, die wichtig
fir mich waren.

Es war sehr schwierig,
gleichzeitig etwas

zu tun, das Aufmerk-
samkeit erforderte,
wahrend das System
Gerdusche produzierte.



B.1.

Longitudinal Study

Scale Name;
Main Source

Active Contact

Rev.

English Question

| had the feeling that
the noises produced by
the system disturbed
my concentration.

Using the system was
effortless.

It was easy for me
to ignore what my
partner was doing in
any moment.

| payed high attention
to my partner using the
system.

The system frequently
drew all my attention to
itself.

| often only realised in
hindsight that | heard
something through the
system.

I frequently tried to
actively contact my
partner using the
system.

German Question

Ich hatte das Geftihl,
dass die Gerdusche
durch das System
meine Konzentration
gestort haben.

Die Benutzung des
Systems war miihelos.

Ich konnte einfach
ignorieren, was mein
Partner in einem be-
stimmten Moment
tat.

Ich habe meinem
Partner groRe Aufmerk-
samkeit geschenkt.

Das System hat haufig
meine Aufmerksamkeit
auf sich gezogen.

Ich hatte oft den
Eindruck, erst im Nach-
hinein zu realisieren,
dass ich Gerdusche
durch das System
gehort habe.

Ich habe haufig aktiv
versucht, mit meinem
Partner in Kontakt zu
treten.
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Scale Name; Rev.  English Question German Question
Main Source

Real Person; a I had the strong feeling  Ich hatte stark das
Casanueva [69] that | heard an actual Gefiihl, dass ich eine

person over the system.  achte Person gehort
habe und nicht Ge-
rausche, die durch
einen Computer er-
zeugt wurden.

Pleasurability O I liked using the system.  Ich mochte es, das

System zu benutzen.
Table B.1. Overview of which items make up which of the scales used. Also,
the English translations are shown alongside the German questions used in
the questionnaires. Where the German questions themselves stem from an
English original, the original item is presented instead of a maybe more fitting
back translation. Only the female version of the German questionnaire items
is shown. In the male version, “Partner” is replaced by “Partnerin”. The “Inv.”
column declares whether or not an item is inverted. Scale inversion is solely
a function of the inversion of its constituents.
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Main Group Items from Final upstairs Questionnaire
1 often think of my partner. o e—

Even when we are not in each other's company, | often feel connected with my partner. | —
I:am often aware of the relationship with my partner. o —
I feel that my partner shares my interests and ideas.
Ifeel | have a lot in common with my partner.
I feel on the same wavelength with my partner.
Ioften know what my partner feels.
1often know what my partner thinks.
I feel that my partner often knows what | think.
I sense that my partner often knows what | feel.
My relationship with my partner s very close, compared with all other relationships
Ifeel | can talk about anything with my partner.
Aside from our contact via the system, | often feel connected with my partner.
Ioften felt as if | was all alone.
I think my partner often feit alone.
Ioften got the feeling of sharing a space with my partner.
1 was often aware that my partner and | were at different places.
1 hardly noticed my partner.
1 think my partner often got the feeling of sharing a space with me.
I often felt that my partner was aware of my presence.
It was as if we were both i the same environment.
1 was influenced by my partner's moods.
1 had the feeling that my partner was influenced by my moods.
What my partner did affected what | did.
What | did affected what my partner did.
My partner was intensely involved in our interaction.
My partner communicated coldness rather than warmth.
My partner created a sense of distance between us.
Ifelt close to my partner.
Ifeit connected to my partner.
My partner created a sense of closeness between us.
The experience with the system was very intense.
Ifelt as if | really was in the environment that | heard.
1 had very much the feeling of being with my partner.
1 had very much the fesling that my partner was with me.
1 had the impression that my partner actually lived upstairs.
1 got a good idea of how my partner at the other end are reacted.
1 got the real impression of a personal contact with my partner.
1 got a good “feel” for the other person.

1 couldn't get to know people very well if | only met them over this system.

Communicating with my partner using the system helped me tell how (s)he was feeling that day.
Communicating with my partner using the system helped me let him/her know how | was feeling
Because of the system | could better identify with my partner.

The system helped me to stay in touch with my partner.

The system made me feel involved in my partner's lfe.

It was boring to use the system with my partner.

1 was excited about using the system with my partner.

1 had fun with my partner using the system.

Communicating with my partner using the system helped me feel closer to him/her.

After we were done communicating, | still kept thinking back to something my partner shared using the system.

Communicating using the system created a connection that lasts beyond the duration of the exchange.
Communicating with my partner using the system helped me feel more connected to him/her.
Communicating with my partner using the system helped me provide him/her with social support
Communicating with me using the system helped my partner be there for me when | need him/her.
Communicating with my partner using the system when | was having a bad day helped me feel better.

Communicating with my partner using the system helped me feel less worried about something
1 worried that my partner felt obligated to contact me using the system.

1 had to communicate with my partner using the system even when | didn't want to.

I felt uilty if 1 didn't respond to my partner when | perceived something using the system.

When | tried to communicate with my partner using the system, | expected a response.

1 was disappointed when my partner wasn't there when | tried to contact him/her using the system.
1 was disappointed when it took my partner too long to respond over the system.

1 worried that | was not meeting my partner's expectations for our contact using the system.

1 worried that my partner might leam something using the system that | want to keep secret.

1 worried about my privacy while my partner and | were using the system together.

1 worried that others might overhear something that my partner and | shared using the system.

1 worried that | was violating my partner's privacy during our contact using the system.

The system revealed more about my partner than (s}he might lke.

The system distracted me from important tasks.

1 was mostly unaware of the system running
1 didn’t mind that the system was running
It was easy for me to push the system to the back of my mind.

I recognised important events with the system, even when | was not actively monitoring it
It was hard to concentrate while the system was producing noises.

1 had the feeling that the noises produced by the system disturbed my
Using the system was effortless.

It was easy for me to ignore what my partner was doing in any moment

1 payed close attention to my partner.

The system frequently drew all my attention to itself.

1 often only realised in hindsight that | heard something through the system.

1 frequently tried to actively contact my partner using the system.

1 had the strong feeling that | heard an actual person over the system.

1liked using the system.

4 5
Normalised Responses (smaller is better)
W 95% Confidence Intervals for Responses. Items that were Inverted for this Plot Median of Responses

Figure B.1. Main group items from the final upstairs questionnaire Qg,. An expected 4.15 items
have a population mean p outside the confidence intervals. The items marked orange were
inverted so that leftmost always means “better”.
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Figure B.2. Histograms for two normality tests on the items of the final upstairs questionnaire Qg,. The bins are of size .01 (100 bins in total).
There are 127 items in total for which normality was tested with the Lilliefors [331] and Shapiro-Wilk [489, 490] tests. The null hypothesis these
tests try to reject is that a given sample was drawn from a normally distributed random variable.




CL4 CL10 CL11 CL12
The system distracted me from important tasks (CL1)
| was mostly unaware of the system running (CL2)
mind that the system was running (CL3)
for me to push the m to the back of my mind (CL4)
| recognised important events with the system, even when | was not actively monitoring it (CL5)
It was hard to concentrate while the system was producing noi (CL6)

I had the feeling that the noises produced by the system disturbed my concentration (CL7) d i d . .69

.28
35
.06

=2 36 —.07
—.06

Using the system was effortless (CL8) J 5 33
It was easy for me to ignore what my partner was doing in any moment (CL9) g 4 d —.03
| payed cl ny partner (CL10) a g —.04 —.54
The system frequently drew all my attention to itself (CL11) 23 | 8 —37 29  —-33 26 63 36 —07
| often only realised in hindsight that I heard hing through th: m (CL12) —.65 .28 4 .09 —.49 - -39 —.07 —.06 4

Table B.2. Item correlation matrix for the Cognitive Load items of the Qg, questionnaire.



Scale Mean Median

Relationship Salience 2.75 2.5
Shared Understandings 2.28 2
Knowing Each Others’ Experiences 2.88 3
Feelings of Closeness 1.42 1
Overall Social Connectedness 2.47 2
Isolation/Aloneness 3.67 3
Mutual Awareness 3.56 35
Perceived Emotional Contagion/Empathy 5.08 5
Behavioural Interdependence 35 3
Perceived Other’s Copresence 2.83 3
Telepresence 4.03 4
Social Presence (Direct Questions) 4.75 5
Social Presence (Semantic Differential Technique) 3.47 3
Overall Social Presence 4.04 4
Emotional Expressiveness 5.22 6
Staying in Touch 2.92 3
Engagement & Playfulness 2.5 2
Presence in Absence 3.63 3
Opportunity for Social Support 4.08 4
Feeling Obligated 3.04 2.5
Unmet Expectations 4.17 5
Threat to Privacy 213 1
Cognitive Load 3.38 3
Vexatiousness 2.74 2
Ability to Ignore 3.71 3
Overall Copresence 3.35 3
Networked Minds Copresence 3.58 3
Emotion Transmission 5.17 5.5

Table B.3. Scale results from Qg, as visualised in Figure 6.6 on page 160. These
scales are mainly adapted from the Networked Minds Questionnaire [39, 40,
41], Nowak and Biocca [401], the ABCCT [584] and ABC-Q [257].



Item-Total Cronbach’s o

Item Component T  Component 2

Correlation without Item

| got a good idea of how my part-
ner at the other end are reacted.

14

| got a good “feel” for the other person.

-17

personal—impersonal

44

sensitive—insensitive

meaningful—meaningless

Table B.4. Combined items from both Social Presence scales with corrected item-total correlations, combined Cronbach’s a without the item
and factor loadings for the first two principal components after a varimax rotation.



Social

Desirability
Correlation

Relationship Questionnaire .09 .87
Relationship Closeness Inventory .26 .612
Social Presence (Semantic Differential Technique) .26 .626
Relationship Salience .02 .968
Shared Understandings 2 704

Knowing Each Others’ Experiences .07 .901

Feelings of Closeness —.92 _

Isolation/Aloneness 21 .688
Mutual Awareness A7 743
Perceived Emotional Contagion/Empathy 33 525
Behavioural Interdependence A7 41
Perceived Other’s Copresence .39 439
Telepresence —.03 .951
Social Presence (Direct Questions) .25 .638
Emotional Expressiveness .25 .635
Staying in Touch —.44 .383
Engagement & Playfulness —.24 .645
Presence in Absence .03 .959
Opportunity for Social Support A7 743
Feeling Obligated —.51 .305
Unmet Expectations —.16 762

Threat to Privacy —.42 A1
Cogpnitive Load 18 732
Social Connectedness -13 .802

Ability to Ignore .6 21
Vexatiousness .01 .988

Table B.5. Correlations with the Social Desirability scale [518].



B.1. Longitudinal Study

Anti-Image
Autocorrela-
tion
The system distracted me from important tasks. .582
| was mostly unaware of the system running. A4
| didn’t mind that the system was running. .203
It was easy for me to push the 530
system to the back of my mind. ‘
| recognised important events with the system, 404
even when | was not actively monitoring it. ’
It was hard to concentrate while the 612
system was producing vibrations. ‘
| had the feeling that the vibrations produced 688
by the system disturbed my concentration. ‘
Using the system was effortless. .396
It was easy for me to ignore what my 264
partner was doing in any moment. '
| payed close attention to my partner. 159
The system frequently drew 351
all my attention to itself. ’
| often only realised in hindsight that | 73

had felt something through the system.

Table B.6. Diagonal of the anti-image correlation matrix of the Cognitive Load
scale on the final FEELABUZZ questionnaire.
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Selected Items from Final feelabuzz Questionnaire

Aside from our contact via the system, | often feel connected with my partner.
| often felt as if | was all alone.

| think my partner often felt alone.

| often got the feeling of sharing a space with my partner.

| was often aware that my partner and | were at different places.

| often felt that my partner was aware of my presence.

| was influenced by my partner’s moods.

My partner was intensely involved in our interaction.

My partner communicated coldness rather than warmth.

| felt close to my partner.

| felt connected to my partner.

| felt as if | really was feeling the movements of my partner.

| had very much the feeling of being with my partner.

| had very much the feeling that my partner was with me.

Communicating with my partner using the system helped me tell how (s)he was feeling that day.
The system helped me to stay in touch with my partner.

| was excited about using the system with my partner.

| had fun with my partner using the system.

Communicating with my partner using the system helped me feel closer to him/her.
Communicating with my partner using the system helped me feel more connected to him/her.
| worried that my partner felt obligated to contact me using the system.

| felt guilty if | didn't respond to my partner when | perceived something using the system.
When | tried to communicate with my partner using the system, | expected a response.

| was disappointed when it took my partner too long to respond over the system.

| worried that my partner might learn something using the system that | want to keep secret.

| worried that others might overhear something that my partner and | shared using the system.
| worried that | was violating my partner’s privacy during our contact using the system.

The system revealed more about my partner than (s)he might like.

| was mostly unaware of the system running.

| didn't mind that the system was running.

It was hard to concentrate while the system was vibrating.

It was easy for me to ignore what my partner was doing in any moment.

| payed close attention to my partner.

The system frequently drew all my attention to itself.

| frequently tried to actively contact my partner using the system.

| had the strong feeling that | felt an actual person over the system.

| liked using the system.

[ ] 95% Confidence Intervals for Responses

Figure B.3. Corresponding items to Figure 6.7 on page 161 for the FEELABUZZ final questionnaire.

|

Inverted Items

3 4 5
Responses (smaller means higher agreement)

Median of Responses




Main Group Items from Final feelabuzz Questionnaire
1 often think of my partner. | 1 ee———
Even when we are not in each other's company, | often feel connected with my partner.
1 am often aware of the relationship with my partner.
I feel that my partner shares my interests and ideas.
I feel | have a lot in common with my partner.
Ifeel on the same wavelength with my partner.
1 often know what my partner feels.
I often know what my partner thinks.

Ifeel that my partner often knows what | think.
I sense that my partner often knows what | feel.

My relationship with my partner is very close, compared with all other relationships.

I feel | can talk about anything with my partner.

Aside from our contact via the system, | often feel connected with my partner.

I often felt as if | was all alone.

1 think my partner often felt alone.

1 often got the feeling of sharing a space with my partner.

1 was often aware that my partner and | were at different places.

1 hardly noticed my partner.

I think my partner often got the feeling of sharing a space with me.

1 often felt that my partner was aware of my presence.

It was as if we were both in the same environment.
1 was influenced by my partner's moods.

I had the feeling that my partner was influenced by my moods

What my partner did affected what | did.

What | did affected what my partner did.

My partner was intensely involved in our interaction.
My partner communicated coldness rather than warmth.

My partner created a sense of distance between us.

I felt close to my partner.

1 felt connected to my partner.
My partner created a sense of closeness between us.

The experience with the system was very intense.

Ifelt as if I really was feeling the movements of my partner.

1 had very much the feeling of being with my partner.

I had very much the feeling that my partner was with me.

1 got a good idea of how my partner at the other end are reacted.

1 got the real impression of a personal contact with my partner.

1 got a good *feel” for the other person.

1 couldn't get to know people very well if | only met them over this system.

Communicating with my partner using the system helped me tell how (s)he was feeling that day.
Communicating with my partner using the system helped me let him/her know how | was feeling.
Because of the system | could better identify with my partner.

The system helped me to stay in touch with my partner.

The system made me feel involved in my partner's life.

It was boring to use the system with my partner.

1 was excited about using the system with my partner.

I had fun with my partner using the system.

Communicating with my partner using the system helped me feel closer to him/her.

After we were done communicating, | still kept thinking back to something my partner shared using the system.
Communicating using the system created a connection that lasts beyond the duration of the exchange.
Communicating with my partner using the system helped me feel more connected to him/her.
Communicating with my partner using the system helped me provide him/her with social support.
Communicating with me using the system helped my partner be there for me when | need him/her.
Communicating with my partner using the system when | was having a bad day helped me feel better.
Communicating with my partner using the system helped me feel less worried about something

1 worried that my partner felt obligated to contact me using the system.

1 had to communicate with my partner using the system even when | didn't want to.

I felt guilty if 1 didn't respond to my partner when | perceived something using the system.

When | tried to communicate with my partner using the system, | expected a response.

1 was disappointed when it took my partner too long to respond over the system.

| worried that | was not meeting my partner's expectations for our contact using the system.

1 worried that my partner might leam something using the system that | want to keep secret. 4

1 worried about my privacy while my partner and | were using the system together.

1 worried that others might overhear something that my partner and | shared using the system.

| worried that | was violating my partner's privacy during our contact using the system.

The system revealed more about my partner than (s)he might like.

The system distracted me from important tasks.

1 was mostly unaware of the system running.

1 didn't mind that the system was running

It was easy for me to push the system to the back of my mind.

I recognised important events with the system, even when | was not actively monitoring it

It was hard to concentrate while the system was vibrating.

I had the feeling that the vibrations produced by the system disturbed my concentration.

Using the system was effortless.

It was easy for me to ignore what my partner was doing in any moment.

1 payed close attention to my partner.

The system frequently drew all my attention to itself.

1 often only realised in hindsight that | felt vibrations through the system.

1 frequently tried to actively contact my partner using the system.

I had the strong feeling that | fet an actual person over the system.

I liked using the system.

Normalised Responses (smaller is better)

95% Confidence Intervals for Responses Items that were Inverted for this Plot Median of Responses

Figure B.4. Corresponding items to Figure B.1 on page 433 for the FEELABUZZ final questionnaire




B. ADDITIONAL STUDY MATERIAL

ltem-Total Cronbach’s

Correla- a without
tion Item

The system frequently drew

all my attention to itself. 1 .58 22

| often only realised in
hindsight that | had felt some- 12 .50 .25
thing through the system.

It was easy for me to ig-
nore what my partner was 9 .49 .28
doing in any moment.

It was hard to concen-
trate while the system 6 47 .24
was producing vibrations.

It was easy for me to push the

system to the back of my mind. 4 418 2

| was mostly unaware
of the system running.

| had the feeling that the vibra-
tions produced by the system 7 .34 .30
disturbed my concentration.

2 .42 .30

The system distracted

me from important tasks. L 20 =

| didn’t mind that.the 3 _ 94 54
system was running.

| payed close atten- 10 _ 37 50

tion to my partner.

| recognised important events
with the system, even when | 5 -4 .55
was not actively monitoring it.

Using the system was effortless. 8 —.55 .53

Table B.7. Cognitive load items of the final FEELABUZZ questionnaire, sorted by
their corrected item-total correlation. The Kendall t distance [284] (number of
swaps of adjacent pairs) to Table 6.9 on page 165 is 18 which normalises to
27.



B.2. Pre-Study FEELABUZZ

ltem-Total Cronbach’s

Correla-  a without
tion ltem
warm—cold .84 .68
sensitive—insensitive .82 .69
meaningful—meaningless .66 .75
personal—impersonal .55 .8
sociable—unsociable .35 .83

Table B.8. Social presence semantic differential technique items sorted by their
corrected item-total correlation.

B.2 Pre-Study FEELABUZZ

On the following page, you will find a complete list of all the multiple
choice items asked during the FEELABUZZ pre-study and histograms
of the answers that were given. See Section 4.3 for more information
on the study itself.
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This system could create a sense of connectedness when combined with an audio or video channel.
This system created a sense of connectedness.

Overall, | am satisfied with this system.

This system has all the functions and capabilities | expect it to have.

| liked using this system.

The information provided for the system was easy to understand.

| believe | would use this system on a regular basis.

It was easy to learn to use this system.

| felt comfortable using this system.

| was able to efficiently complete the tasks and scenarios using this system.
| could effectively complete the tasks and scenarios using this system.

It was simple to use this system.

Overall, | am satisfied with this system.

100%

Il 1 - strongly agree N2 M3

Figure B.5. All questions from the FEELABUZZ pre-study questionnaire and distribution of responses.



C Umber Additional Material

C.1 Two-Dimensional Example of Edge-Gaussians

We will illustrate the multivariate edge-Gaussians from Section 7.7.3.4
for k = 2, i.e. x € R?. We begin with the bivariate Gaussian where

}::I:(1 O)andu:0:(0).
0 1 0

X2+ x2
P(x1,x2) = ;—ﬂexp (—122) (C.1)

Dropping the normalisation, this becomes

X2 + x5
==

P'(x1,x2) = exp (—



C. UMBER ADDITIONAL MATERIAL

= 05
Q P’(x1, x2)
1
0.8
0.6
0.4

We apply two correction terms to straighten the four edges of the square.

fi(x1, x2) =P'(x1, x2) — P'(1,x2) — P'(x4, 1)
2 2 2 2
X1+ X X _ 1) _ X1
2 2) eXp( 272

)_exP(_

=exp (— 5

We then apply the scaling to get the desired edge length. Therefore
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C.1. Two-Dimensional Example of Edge-Gaussians

for f2(x1,x2), x1,x2 € [—s1,51] X [—5s2, 52]:

fr(x1,x2) = £ (XJQ)

5152

Then the translation is applied to centre the orthotope around p, so for
B(x,x2), x1, %2 € [ — s1, 11 + s1] X [ — 52,412 + S2]:

f3(x1, x2) =Ho(tn — x1, 10 — Xx2)

Cnm—x) (e —Xz)z)

:exp(

2512 25%
_ Cp—xa)? 1 (C.5)
o (0 3
ey [ 2= x) 1
P ( 2s3 2
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f3(x1, x2)

This is then flipped vertically, turning it upside-down.

fa(x1, x2) =13(1n, 12) — f3(x1, x2)

2 (th—x1)* 1 )
=1——"=+exp (————
ve 2s? 2
C—x) 1 (C.6)
+ exp ( —255 >
—exp (_(uz —x)* (i —mZ)
2s2 2s?
which we can also write as
p— — 2 — —
falx, x0) = — exp (22— xa ng) (2 = xa X122)
2|x21 — x22| 2|x11 — x12]
+exp _(2x —x —)(122)2 1
2|x11 — x12] 2 (C.7)
+exp (20 —xn — ng)2 1
2|x1 — x22| 2
2
— 2 1
et
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C.1. Two-Dimensional Example of Edge-Gaussians

30

25
fa(x1, x2)

95— 20 x 0.15
-6 _ 0.1
o2 ? 5-1072
0

X1

fa(x1, X2)

Finally, we normalise to unit integral. If you can do without this step
in your implementation because you do not need this property, we
would advise anyone implementing this to do so since this is the step

where things get a bit unwieldy.

X12 X22

f5(X1,X2) = f4(X1,X2) f4(X1,X2) dX2 dX1

X1 X1

2
=|-2Ve | exp (20 =X _X122) _1
2|x11 — x12] 2

(2% — X1 —x2)° (24— xi1 — x12)°
L 7 2
2|x21 — x22] 2|x11 — x12]
(20— x01 — x2)° 1 2
+exp | — -5 —-——=+1
( 2|x21 — X22|2 2 Ve

4/ 7(x11 — x2)x21 — 4(x11 — x12)x22
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\/E(X21 — X22) )

+ \/g 7T|X22 —X21||X12 —X11|erf (—
2|x22 — x21]

2 _
M) — 2(x11 — x12)x21 + 2(x11 — X12)X22
2[x12 — x11]

erf (—

\/E(Xﬂ _X12) )

+\/§ x21|x12—x11|erf(—
2|x12 — x11]

— x|x12 — x11| erf (_M)
2|x12 — x11|

_ \/E(XZ‘I - XZZ) ) (C.S)
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C.2 Lumber Features

Feature Name Feature Description
Brightness in camera image

camera-Average Total
camera-Faces Seen

camera-Average Squared
Total

Number of Faces detected
Movement in camera image
(squared)
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C.2. Lumber Features

Feature Name Feature Description

camera-Average Total_n-1
camera-Average Total_n-2
camera-Average Total_n-3
camera-Average Total_n-4

camera-Average Total _n-5

camera-Faces Seen_n-1

camera-Faces Seen_n-2

camera-Faces Seen_n-3

camera-Faces Seen_n-4

camera-Faces Seen_n-5

camera-Average Squared
Total_n-1
camera-Average Squared
Total_n-2
camera-Average Squared
Total_n-3
camera-Average Squared
Total_n-4
camera-Average Squared
Total_n-5

Brightness in camera image
(1 time step earlier)

Brightness in camera image
(2 time steps earlier)

Brightness in camera image
(3 time steps earlier)

Brightness in camera image
(4 time steps earlier)

Brightness in camera image
(5 time steps earlier)

Number of faces detected
(1 time step earlier)

Number of faces detected
(2 time steps earlier)

Number of faces detected
(3 time steps earlier)

Number of faces detected
(4 time steps earlier)

Number of faces detected
(5 time steps earlier)

Movement in camera image
(squared, 1 time step earlier)

Movement in camera image
(squared, 2 time steps earlier)

Movement in camera image
(squared, 3 time steps earlier)

Movement in camera image
(squared, 4 time steps earlier)

Movement in camera image
(squared, 5 time steps earlier)
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C. UMBER ADDITIONAL MATERIAL

Feature Name Feature Description

camera-Average
Total_mean_of_5

camera-Faces
Seen_mean_of_5

camera-Average Squared
Total_mean_of_5

mouse-keyboard-Idletime

mouse-keyboard-
Idletime_mean_of_5

audio-Energy
audio-Spectral Centroid

audio-Spectral Spread

audio-Energy n-1

audio-Energy n-2

audio-Energy_n-3

audio-Energy_n-4

audio-Energy_n-5
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Brightness in camera image,
averaged over the last 5 time
steps

Number of faces detected,
averaged over the last 5 time
steps

Movement in camera image
(squared), averaged over the
last 5 time steps

Time since the last keyboard or
mouse activity

Time since the last keyboard or
mouse activity, averaged over
the last 5 time steps

Audio energy

Spectral centroid (average
audio frequency)

Spectral spread (audio
frequency variance)

Audio energy (1 time step
earlier)

Audio energy (2 time steps
earlier)

Audio energy (3 time steps
earlier)

Audio energy (4 time steps
earlier)

Audio energy (5 time steps
earlier)



C.2. Lumber Features

Feature Name Feature Description

audio-Spectral
Centroid_n-1
audio-Spectral
Centroid_n-2
audio-Spectral
Centroid_n-3

audio-Spectral
Centroid_n-4

audio-Spectral
Centroid_n-5

audio-Spectral
Spread_n-1

audio-Spectral
Spread_n-2
audio-Spectral
Spread_n-3
audio-Spectral
Spread_n-4
audio-Spectral
Spread_n-5

audio-Energy_mean_of_5

audio-Spectral

Centroid_mean_of_5

audio-Spectral

Spread_mean_of_5

time-DayX

time-DayY

Spectral centroid (1 time step
earlier)

Spectral centroid (2 time steps
earlier)

Spectral centroid (3 time steps
earlier)

Spectral centroid (4 time steps
earlier)

Spectral centroid (5 time steps
earlier)

Spectral spread (1 time step
earlier)

Spectral spread (2 time steps
earlier)

Spectral spread (3 time steps
earlier)

Spectral spread (4 time steps
earlier)

Spectral spread (5 time steps
earlier)

Audio energy, averaged over
the last 5 time steps

Spectral centroid, averaged over
the last 5 time steps

Spectral spread, averaged over
the last 5 time steps

Time of day on a 24h clock,
horizontal position of the hand

Time of day on a 24h clock,
vertical position of the hand
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C. UMBER ADDITIONAL MATERIAL

Feature Name Feature Description

time-WeekX Horizontal position in a circular
week calendar

time-WeekY Vertical position in a circular
week calendar

title-Active Window Active window title contains

Title-token([0-9]*)_(.*) '\2' (0 = false,1 = true)

title-Active Active window name contains

Application '\2' (0 = false,1 = true)

Name-token([0-9]x)_(.x*)

title-Active Active window class contains

Application ‘\2' (0 = false,1 = true)

Class-token([0-9]x)_(.x*)

Table C.1. Feature overview of all Lumber features. The number and names of
the window title features (cf. Section 7.5.2.1) vary and are therefore given as
the original regular expression (http://docs.python.org/2/library/re.html). Table
rows were coloured in pairs of two for better readability only; this bears no
particular connection between any two features whatsoever.
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