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ABSTRACT
While the proliferation of mobile devices has rendered mobile
notifications ubiquitous, researchers are only slowly beginning
to understand how these technologies affect everyday social
interactions. In particular, the negative social influence of mo-
bile interruptions remains unexplored from a methodological
perspective. This paper contributes a mixed-method evaluation
procedure for assessing the disruptive impact of mobile inter-
ruptions in conversation. The approach combines quantitative
eye tracking, qualitative analysis, and a simulated conversa-
tion environment to enable fast assessment of disruptiveness.
It is intended to be used as a part of an iterative interaction
design process. We describe our approach in detail, present
an example of its use to study a new call declining technique,
and reflect upon the pros and cons of our approach.
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INTRODUCTION
Over the last decade, smartphones have become the most
ubiquitous computing devices. A recent report stated that
there were 4.8 billion unique mobile phone subscribers in
2016, resulting in a subscriber penetration of 65 %1. Previous
work that investigated where people keep their smartphones
shows that users have a close relationship with their phones.
Patel et al. [43] found that users’ phones were within arm’s
reach and turned on 50 % of the time. Similarly, Dey et al. [11]
showed that users were in the same room as their phones 90 %
of the time. Wiese et al. [58] found that users’ smartphones
were placed horizontally outside of the user’s pocket 52 %
of the time while at home and 49 % of the time while at
work. Similar phenomena were observed in other casual social
settings [47, 51].
1gsma.com/mobileeconomy/, last accessed: 2017-12-27
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Smartphones have become vehicles for social interactions.
Walsh et al. [56] showed that mobile phones can satisfy the
users’ desire to be connected with other people. Permanent
availability, however, also causes negative consequences. A
body of work has investigated users’ receptiveness to mobile
devices (e.g. [45, 46, 49]) and the interruptions these devices
cause (e.g. [33, 34, 38]). Mehrotra et al. [38] highlighted the
disruptiveness of smartphone notifications. Similarly, Leiva et
al. [34] concluded that incoming phone call interruptions add
a significantly high overhead.

As a consequence, interactive systems face a non-trivial
dilemma. On one hand, users expect ubiquitous connectivity
and increased awareness. On the other, they expect to avoid
unnecessary distractions. In a world where many recognize
that computers have diverted our attention from other humans,
fully engaging in human-to-human interactions is key. In our
work, we attempt to aid design efforts that reverse the trend
where smartphones may negatively affect social engagement
and unnecessarily capture the attention of users away from
the social environment e.g. through the creation of ‘the mo-
bile bubble’ [36]. A recent trend in human-computer interac-
tion (HCI) is to build technologies that bring people together
and stimulate social interactions [27, 28]. In contrast, we look
at eliminating hindrances to socializing that are already caused
by technology. In particular, this paper addresses a fundamen-
tal challenge in limiting the social disruptiveness of mobile
technologies. By understanding how to study which technolo-
gies are more disruptive than other solutions, designers can be
empowered to build new interaction techniques that place less
strain on conversations.

In this work, we contribute a mixed-method evaluation ap-
proach for assessing the disruptiveness of mobile interaction
techniques. We postulate an approach that uses a conversa-
tion task for two participants. We employ eye tracking as a
quantitative measure and combine it with qualitative evalua-
tion based on semi-structured final interviews. In traditional
coding techniques for face-to-face conversations used in past
work [6, 17, 37], hour-long encoding of video and audio ma-
terial is needed. In contrast, our work offers an alternative
approach that highlights how the eye-tracking and interviews
can offer complementary yet different insights. Our method is
interestingly different from past approaches as it is designed
to offer quick answers that result in actionable insight during
a design process.

Further, we present an example study where we analyze the
disruptiveness of two techniques to dismiss calls, namely the
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standard Android incoming call dialog and SurfaceSliding; a
new method which allows the user to slide the phone on the
table to decline a call. Using the rapid eye-tacking analysis,
we found that users were indeed significantly objectively less
distracted by the one dismiss technique. Further, the inter-
views revealed a set of factors which further help improve the
design: (a) the need for empower users to fine-tune their inter-
ruption acceptance levels, (b) the impact of the social setting
on interruption acceptance (c) the importance of exceptions
and emergencies, and (d) the influence of group dynamics.
The objective and subjective results together present a holistic
perspective on user behavior and reasoning.

The contributions of this paper are three-fold: 1. a new mixed-
method approach to study social disruptiveness of technology
in conversational settings 2. an example study conducted using
the proposed approach 3. an assessment of the suitability,
advantages and limitations of our approach

RELATED WORK
This section presents previous research that has inspired our
work and sets the setting for our inquiry. First, we highlight
the recent trend in designing for collocated interactions and
showcase the social goals that recent systems have addressed.
Secondly, we look at how past research has evaluated inter-
action techniques that were to be used during conversations.
Lastly, we reflect on previous work addressing the disruptive-
ness of technologies in a social context.

Collocated interactions
Designing interactions for settings where users are physically
co-located and support social interactions through technology
has received considerable attention in HCI. Lucéro et al. [35]
explored how smartphones can support conversations and en-
able media sharing to enrich encounters for sitting around a
table. They created the technical means to share photos easily
during conversations. In a similar vein, Jarusriboonschai et
al. [28] designed an application for icebreaking where users
sitting in a group were prompted to interact with each other.
Researchers have also designed systems to specifically address
the content of the conversation. Wang et al. [57] delivered pic-
tures during conversations to stimulate brainstorming. While
these past works explored how conversations can be stimu-
lated, we look into how already established conversational
setting can be less negatively affected by technology.

Previous work also investigated approaches for delivering mes-
sages without causing unnecessary disruptions. Woźniak et
al. [59] investigated how amateur runners can communicate
with their supporters while participating in a race without los-
ing immersion, using ambient light feedback and vibration.
Similarly, Chen and Abouzied [9] explored how strangers
could be informed about their shared interests without disrupt-
ing the typical interactions during an academic conference.
Again, ambient light feedback was used. Alternatively, tools
by Goyal et al. [19, 21] devised the notion of "implicit shar-
ing": an automated way to share insights socially between
collaborators, requiring minimal effort to share. Our work is
inspired by these approaches as we look for ways to minimize
disruption in social settings.

Another strain of work has explored how users could become
more aware of each other’s activities in social settings. Social
Displays [29] used an additional display on the back of the
device to engage other users. Pearson et al. [44] investigated
how the smartwatch screen can be used to display notifications
to others close by. Fischer et al. [15] investigated how groups
develop strategies to handle notifications while engaged in
collaborative activities. Paay and Kjeldskov [42] looked into
augmenting public places to better support social activities.
Finally, Fjeld et al. [16] proposed a vision where civic environ-
ments could be optimized for meaningful discussion. All of
these systems call for building extensive technical support for
social interactions, but they do not investigate the risk of dis-
ruption that technology may generate. We focus on methods
for designing future systems that can be less disruptive while
still providing useful communication features.

Evaluating in-conversation interactions
To our best knowledge, there is no standard method to measur-
ing engagement in conversations in HCI. However, research
in Psychology has built on the understanding of gaze in social
interaction for a long time. Kendon [32] showed that gaze
gives important visual feedback in conversation, both for the
speaker and the listener. Based on this Vertegaal et al. [55]
analysed gaze behavior during discussions of three persons.
Kendon [32] as well as Vertegaal et al. [55] analyzed conver-
sations of about 8 minutes. Vertegaal et al. [55] showed that
listeners look significantly more at the person talking than
at others, while the speaker looks at the addressed persons
equally. Bednarik et al. [1] proposed using gaze to indicate the
engagement in video conferences. Shell et al. [50] proposed
observing users’ gaze to determine the attention on a system,
and thereby cause different actions.

Jokinen et al. [30] show that human behavior in a three-party
dialogue can be studied with the help of eye tracking; however
when studying behavior of humans in a larger groups video-
taping is favored over eye tracking. Chattopadhyay et al. [7]
used this technique to study the impact of a collaborative pre-
sentation platform on the presenter and the listeners, while
Rico et al. [48] used only interviews to evaluate the social
acceptability of gestures after performing them in the wild.

Already in 1980 Goodwin [17] presented work using a video
coding method to analyze face-to-face conversations. He tran-
scribed the conversation down to phrasal break, false starts,
long pauses, and isolated ungrammatical fragments and further
they enriched the transcript with the gaze direction of both
parties. In recent related work, Brown et al. [6] studied the
impact of search results and phones on conversations. There-
fore, the authors recorded 24 hours of video material, in which
one researcher flagged 205 clips with a length of one to two
minutes for further analyses. These 205 videos have been
coded and transcribed to understand the influence of phones
in a face-to-face conversation. McMillan et al. [37] analysed
the effect of smartwatch use. They conducted a study in which
they recorded 168 hours of material. They coded clips in
which a smartwatch was present and extracted instances to
identify effects of using a smartwatch. These studies show the
large effort that has been put into studying this space quali-
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tatively. However, researchers like Okamoto et al. [41] has
raised questions of the validity of these coding techniques.
They identified a influence of the coding person on the results.

Our work offers an alternative approach as we pursue de-
signing a blend of methods that would enable effective and
efficient evaluation of how particular interaction techniques
disrupt conversation. Further, contrary to past research, we
look for a method that can be used within a user-centred inter-
action design process.

Disruptiveness in CSCW
Borst et al. [4] reviewed how an interruption disputs a task
and found that users could be interrupted in a low-problem
state and maintain the problem state. On the other hand, Chen
and Vertegaal [8] focused on post-reduction of interruptions
whenever the user’s mental load was excessive. Hudson and
Smith [25] discussed the fundamental trade-off between aware-
ness and disruption. In their work, they highlighted that the
trade-off is unavoidable and needs to be studied independently
for usage scenarios. Tolmie et al. [53] investigated interrup-
tions in game play. Their solution tries to make interruptions
visible and available to further prevent them. Our work further
explores the nature of interruptions but adopts a more practice-
oriented focus, looking for ways to understand disruptiveness
in the context of designing new mobile interaction techniques.

Trbovich and Harbluk [54] investigated the impact of cognitive
distribution on driving behavior. They observed a change in
driver visual behavior when using a speech-based interaction
while driving. Bogunovich and Salvucci [3] investigated the
direct effect of an interruption on the primary task. They found
that the ringing duration in a phone ringing scenario had a sig-
nificant impact on an email answering task. In contrast, Iqbal
and Horvitz [26], in their analysis of a two-week study, found
that desktop notifications created awareness but reduced task
switching as explicit monitoring was not needed any more.
Dabbish and Kraut [10] looked at awareness displays and so-
cial motivation for team members and showed that the timing
of the interruptions by the awareness displays influences the
performance. These works show that managing interruptions
may play a crucial role in the success of a technical interven-
tion in a social setting. Similarly in a social setting, Goyal [20]
found that mobile interruptions by partners can prove dan-
gerous towards collaborative data analytic challenges. The
Author found that using acceleration of psycho-physiological
sensors like GSR as a metric can help alleviate disruptions
caused by such interruptions. This paper is inspired by the
above findings and continues to help identify ways we can
design for better interruption management by understanding
the disruptiveness of different interaction techniques.

Su and Wang [51] observed phone usage in pubs over three
years. They found that phones could help enhance conver-
sations but also cause disruption. This was confirmed in a
similar study by Porcheron et al. [47]. Similarly, Ofek et
al. [40] investigated on how to effectively deliver information
to interlocutors during a conversation. Their study revealed
that delivering batches of visual information was the most
effective. Newman and Smith [39] adopted a similar approach
to study the influence of paper document and laptop usage

in conversations. They concluded that providing assistance
to keep the time short would help to cut time spent working
on the laptop. Boyd et al. [5] developed SayWAT, a device
that helped adults with autism to focus on face-to-face con-
versations. Moreover, Exposito el at. [14] proposed a system
to reduce obtrusive note taking while collaborating remotely.
They investigated selecting through eye tracking cues com-
bined with foot-based gestures.

While the works cited above show that the CSCW and HCI
fields have built an understanding of disruption caused by
introducing new technologies, less progress has been made in
terms of methods to assess disruptiveness. More importantly
for our work, none of the proposed methods offer a flexible
and actionable approach that can be used as part of a design
process, in smaller-scale experiments and with low-fidelity
prototypes.

RESEARCH DESIGN
In this section, we present the considerations and choices
involved in creating our evaluation approach to assess the
disruptive impact of mobile interruptions in conversation. We
discuss the driving research questions and the alternatives that
we considered while designing our approach.

Requirements for a new approach
As part of a larger project on designing novel ways to interact
with mobile devices in social settings, we encountered a key
issue early in our design process. Once we started developing
early prototypes, we required ways to rapidly gather feedback
from users and decide which ideas needed to be rejected early.
However, we found it difficult to determine which of our
prototypes were potentially disruptive to conversations. The
method we required, needed to:

• allow for work with low-fidelity prototypes and Wizard-of-
Oz studies;

• provide clear answers on which interaction techniques are
best among a set;

• generate enough qualitative user feedback to play a genera-
tive role for later stages of the design process;

• be applicable for casual social environments.

As shown in our review of related work, CSCW and HCI
literature did not present any viable solutions. In our search
for methods, we later investigated other literature sources for
inspiration. Disruption and interruption in conversations is
studied in communication science and it is sometimes used to
understand interaction between users and interactive artefacts.
For example, Karsvall [31] used a dialogical approach to un-
derstand the team dynamics of operating theatres. While such
an approach is well grounded and offers an in-depth look into
the details of the social dynamic involved, the analysis requires
an amount of time that is not manageable for an interaction
design process. Further, conversation analysis may not yield
results that could motivate decisions on which prototypes to
choose.

Another field that has a history of studying interruptions is
Human Factors and Ergonomics (HFE). Models of disruptions
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and interruptions are often used in HFE (e.g. Endsley and
Jones [12]), so one could expect that suitable methods could
be translated from HFE. This is not the case, however, for
two reasons. First, most studies of disruptions focus on well-
defined controlled tasks. Hodgetts and Jones [24] studied the
impact of mobile notifications, which appears to be relevant for
our inquiry. However, as appropriate in the HFE tradition, the
notifications were studies while performing a highly artificial
task (the Tower of London task). This limits the applicability
of the methods used in HFE for application in an interaction
design process. Secondly, and more fundamentally, the entire
field of HFE focuses on non-discretionary use [22], which
limits the validity of whatever possibly adaptable method when
used in the context of casual social interactions.

Consequently, we opted for re-appropriating some of the meth-
ods used in the past in the HCI field and combining them into
a new approach. This way, we could ensure a new mixed-
method approach would be ecologically valid for social set-
tings and potentially offer input to the design process.

Blending existing approaches
Faced with the challenge of designing a new approach to meet
our needs, we decided to adopt a mixed-method approach.
This was motivated by the need for a decision of which early
prototypes were worth pursuing, and assuring that enough gen-
erative user feedback was produced. Our approach consists of
a quantitative eye tracking metric, an in-depth semi-structured
interview and a generic discussion task designed for strangers.

To qualitatively measure the disruptiveness a given interaction
technique produces, we decided to augment the method used
by Vertegaal et al. [55]. In this work, the authors show that
gaze features are directly coupled to conversational attention.
Specifically, they show that looking at one’s interlocutor is a
significant indicator that one is engaged in a conversation. In
our approach, we use this property by investigating the differ-
ences in gaze directed towards the interlocutor. Based on the
findings of Vertegaal et al. [55] we assume that participants
direct a participant- and interlocutor-specific fraction of their
gaze time to their interlocutor. Consequently, we investigate
how different interaction techniques affect the time spent look-
ing at the potentially disruptive technology and the interlocutor.
From a technical perspective, the method requires employing
two eye trackers as shown in Figure 1. As continuous timings
are measured, data analysis is performed using fast and simple
statistical methods such as analysis of variance.

While using quantitative eye tracking metrics can give clear
answers about methods affect disruptiveness, the quantitative
metrics are unlikely to stimulate further development in a de-
sign process. Thus, we decided to employ semi-structured
interviews [7, 18], a staple method of interaction design, to
assure that enough user feedback can be gathered to not only
eliminate possible prototypes, but also stimulate the design of
new solutions. In our approach, we use an entry interview to
establish the participants’ initial attitudes towards disruptions
in conversations in technology. This is not only done to gener-
ate possible design inspiration, but also to ascertain whether
participants find any disruptions acceptable. As shown later

Figure 1. The study setup showing two participants in a conversation
wearing mobile eye tracker.

in this paper, some users consider state-of-the-art technology-
based disruptions offensive and they differentiate between the
disruptiveness levels of different interaction techniques. A
final interview is also performed to qualitatively assess the
disruptiveness caused by a given technique. This also enables
gathering suggestions for prototype improvement. Finally, we
employ a simplified version of qualitative coding with affinity
diagraming [23] for interview analysis as this offers a rapid
way to analyze and understand the feedback provided by inter-
views. As our approach is not intended to build a structured
understanding of disruption, we believe that a more advanced
qualitative analysis method is not required.

Our proposed mixed-method approach combines quantitative
eye tracking metrics and qualitative interview feedback. The
eye tracking data allows determining which technique is less
disruptive statistically. However, a better understanding of
how the technologies influenced the conversation can only
be gained from qualitative interviews. The interviews allow
determining further design opportunities and identify draw-
backs which lead to future design improvements and better
interaction concepts.

Choice of participants and stimulus
As we endeavored to design an approach that would allow
for rapid evaluation, we considered flexibility in terms of
participant choice as a key feature. Participants are often hard
to recruit, especially for studies early in the design process,
when rapid feedback is needed. Our approach can be used with
a wide variety of participants as it uses a generic conversation
stimulus. Participants are grouped in pairs randomly. Further,
the experimental design allows for large within-pair variability
in eye tracking metrics and thus it does not put any restrictions
on the participants’ gender, age, race, native language etc.
Previous work showed that gaze fixations are an effective way
to evaluate two systems [2]. Moreover Okamoto et al. [41]
showed eye movements are affected by conversations. Thus,
when using eye tracking in conversations, this should be taken
into account in the design. As a result measuring the time
of eye contract or time spent looking for the conversation
partner is not efficient as a disruption measurement. Therefore
we propose time spent on the disruption as the measurement.
Therefore, a between-groups design for the experiments is
necessary as sequence effects are likely to appear when a
conversation is prolonged.
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We use a generic discussion task in our approach. We decided
to use a task designed by language experts specifically for
conversations between strangers with a particular focus on
paying attention to the other party in the discussions. Con-
sequently, we use the discussion task from the University of
Cambridge’s English for Speakers of Other Languages Cer-
tificate in Advanced English Speaking Test [13]. The task
provides a stimulus that is both manageable for advanced non-
native speakers and engaging enough for native speakers. The
task also includes a shorter introductory segment that can be
used as an icebreaker for the discussion. An additional advan-
tage of using a speaking exam task is the fact that analogous
tasks exist and can be easily found for other languages and,
thus, our approach is not specific to English. Again, using
such a task necessitates a between-groups design, as there is no
possibility to assure that different discussion topics are equally
stimulating to a given randomly assigned pair of participants.

Study plan
The final study procedure in our approach is shown in Figure 2.
At the beginning of each study session, the facilitators con-
duct individual semi-structured interviews (Entry Interview,
see Figure 2). The interview serves as a means of collecting
demographic data on the participants. Further, it introduces
the conversation task. The purpose of the study is not revealed
to the participants until the end of the study. Informing the
participants about the focus on mobile disruptiveness may
cause potential bias due to increased awareness to interrup-
tions. Thus only one participant will be introduced to the
additional disruptive task. After the instruction and training
phace, the participants are introduced to each other and start
wearing the eye trackers. The facilitator then presents the
experimental task. First, the participants run through a warm-
up phase to get confident with their conversation afterward
also the disruption is taking place to observe the participants
reactions and potential behavior change. After the discussion
is concluded (we recommend a time of 10 minutes, based on
language examination experience [13]), individual debriefings
(Final Interview, see Figure 2) are performed. All interviews
are audio recorded. As a safety precaution, we also recom-
mend video recording the conversation. After the study, eye
tracking data is analysed using inferential significance testing
and simplified qualitative analysis with affinity diagramming
is performed on the interview data.

EXAMPLE STUDY
Next, we present a user study that illustrates a practical appli-
cation of our approach implementing the proposed study plan.
We contribute a standard study description here to showcase
how our approach can be used effectively to provide a concise
report if required. Our presented mixed-method approach al-
lows analyzing any device or concept, which can potentially
disrupt ongoing conversations. Ubiquitous mobile devices
such as smartphones or smartwatches have high potential to
cause disruption [49], and hence we present a scenario where a
mobile phone causes disruption in a face-to-face conversation.
In the example study, we compared two techniques to decline
incoming calls.

Participant 1 Participant 2 Data Collection

Entry
Interview

Entry
Interview

Final
Interview

Final
Interview

Warm-up phase

Discussion

Figure 2. The study procedure in our new mixed-method approach.
Data collection methods are: video, audio and eye tracking.

In particular, we investigate SurfaceSliding, a new method
to decline incoming calls and compare it with the standard
technique provided by the Android operating system. The in-
teraction technique is mostly inspired by the work of Wiese et
al. [58] who showed that users tend to have their phones lying
on a table when at home or in the office. Work by Porcheron
et al. [47] and Su and Wang [51] show that phones also play
an important role in social settings, and highlights that phones
in a pub setting are often positioned visibly on the table. We
chose an incoming call scenario as a disruption example in-
spired by Bogunovich and Salvucci [3]. Declining a call is
an action that requires attention, but the attention should be
minimal. Thus, this task is a good candidate for designing for
limiting disruptions. This has the advantage since all partici-
pants were equally familiar with the scenario and most likely
have been in a similar scenario before. SurfaceSliding, an in-
termediate prototype in our process for building less disruptive
mobile phone interactions, enables the user to decline a call by
dragging the phone along the table (instead of dragging their
finger over the touch screen).

Study design
The study had a between-groups design with a single inde-
pendent variable, TECHNIQUE. In the Touch condition, the
participant with the phone got a standard Android incoming
call interface, the interaction is presented in Figure 3. In the
SurfaceSliding condition, the phone was modified so that the
participant could use SurfaceSliding to interact with it. The
interaction technique is illustrated in Figure 4. Further, as only
one participant needed to interact with the phone, we will refer
to them as HasPhone and NoPhone.

Apparatus
To investigate the effect of using SurfaceSliding for declin-
ing calls we integrated SurfaceSliding in the standard UI of
Android v5.0. We implemented SurfaceSliding on a Nexus 5,
in combination with the incoming call prototype, which had
been modified to show an incoming call eight times within
10 minutes of discussion. However, the first two minutes of
the conversation were left free of disruption to ensure a fluent
discussion. After minute two, eight incoming calls were sched-
uled within every minute. Further, we made sure that two calls
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Incoming Call

(a) Touch Phase

Incoming Call

(b) Movement
Phase

Incoming Call

(c) Selection Phase

Figure 3. Declining an incoming call selection phase using the standard
touch interface. In the first step (a) the user taps the centre icon and
then (b) moves it over to the decline symbol, finally (c) the release of the
finger will trigger the highlighted action.

were always at least 20 sec apart. The study was controlled
by a separate laptop where it was possible to start the study
or turn the phone into testing mode to show participants the
declining methods. The phone was in silent mode the whole
time, so ringtone and vibration were turned off. Further, the
screen was black by default. The only indicator for an incom-
ing call was the light when the phone displayed the incoming
call. After declining a call, the screen turned black again.

We implemented a recognition algorithm which was able to
detect moving the device in any direction on the table. For
detecting the movement, we used the front facing camera
combined with OpenCV’s optical flow algorithm. Further, we
used the phones’ built-in sensors to make sure that the phone
was not picked up from the table. The detection algorithm was
fully implemented on the phone itself. To trigger the decline
action the phone needed to be moved by 5 cm to the left.

We used two GoPro Hero 3+ and a Zoom H6 audio recorder
with two table microphones to capture the content of the dis-
cussion. Further, we placed three coffee mugs, four glasses,
one bottle and one book on the table to simulate a realistic
discussion environment as would occur in an office or café
scenario. A Zoom H1 audio recorder was used to record the
second interview. Both conversation partners were equipped
with PupilLabs mobile eye trackers to determine how long
each participant looked at the phone. To be able to automat-
ically detect where the participants were looking, we used
table-mounted QR codes (see Figure 1) for establishing a ref-
erence coordinate. For both eye-tracking cameras, we used an
IR camera with IR illumination (dark pupil tracking) record-
ing with 640 px × 480 px at 30 fps. The participant without
a phone (NoPhone) had a world camera with a field of view
(FoV) of 90◦ recording with 1920 px × 1080 px at 30 fps. The
other participant (hasPhone) had a world camera with a FoV
of 100◦ diagonal recording with 1910 px × 1080 px at 30 fps.

Task
To ensure that one participant did not know about the phone
we invited the participants to a study with the title Stress in
Conversations. We used 5 questions from the CAE speaking
test by [13] for the conversation. We played the 5 questions
from the exam DVD included with the book to provide the
same stimulus for all participant pairs. The questions used
were as follows: (1) “Here are some pictures showing different

Incoming Call

(a) Grasp Phase

Incoming Call

(b) Movement
Phase

Incoming Call

(c) Selection Phase

Figure 4. Declining an incoming call using SurfaceSliding. In a first step
(a) the user grasps the phone. Then the moves the phone in the direction
of the decline symbol in respect to the center of the phone (b). After the
movement (c) the decline call action is triggered.

ways in which the computer affects our lives. First, talk to each
other about how these pictures show the role of computers
nowadays. Then decide which picture best reflects the differ-
ence computers have made to our lives.” (2) “Some people
say that computers are helping to create a generation without
social skills. What’s your opinion?” (3) “What are advantages
and disadvantages of shopping by computer?” (4) “How far
do you agree that computer is the greatest invention of modern
times?” (5) “A lot of personal information about all of us is
now kept on computers. Do you find this worrying?”

Procedure
The participants were guided through the whole study by two
researchers. When both participants arrived at our study room,
one researcher asked the first participant to enter the room
while the second stayed outside to interview the two partici-
pants independently. Entry interviews were then performed,
during which the participants filled in a consent form and a
demographics questionnaire.

The participant who arrived first was always the participant
interacting with the phone (HasPhone). Therefore HasPhone
was asked to enter the study room first while the other partic-
ipant (NoPhone) was interviewed in front of the study room.
We first interviewed HasPhone. We then handed the phone
to HasPhone and told them that they had to interact with the
phone during the study. However, we also told them that the
other participant was unaware that a phone would be involved
in the study. We then showed how declining a call worked
using the test mode of the app. We let them try and familiarize
with the interaction techniques until they were comfortable
declining calls. After the trial phase, we then set the phone
to study mode where the screen turned black and was waiting
for simulated incoming calls. After the introduction phase, we
invited the NoPhone participant into the study room.

Then, we asked them to put on the eye-trackers and started
the calibration process; starting all recoding, video, audio,
and eye-tracking. Then we played back the discussion in-
structions from CAE [13]. We used the first instruction as
an icebreaker to start the conversation. The first instruction
came with images to help the discussion develop. The ques-
tion was discussed for about 2 minutes, then we presented the
second question followed by more questions if needed. When
presenting the second question, we removed the images from
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the table. This was when the data recording that was later
analyzed started. Whenever the discussion was less active, the
facilitator asked an additional question from the task sheet.

After the discussion phase, participants were interviewed indi-
vidually. First, we asked them about the overall outcome of the
discussion to reflect on the discussion. Followed by questions
about their personal discussion behavior. We then inquired
whether they noticed the presence of the phone and whether it
affected discussion. We then asked whether the declining of
the phone call was appropriate. The HasPhone participants
were asked how they felt on two levels: how it felt to observe
the phone and what was the experience of declining the call.

Finally, both participants were asked how they dealt with and
where they stored their phone in the following four situations:
1. in a private face-to-face conversation, 2. in a private group
conversation 3. face-to-face in a business situation and 4. in a
business group setting. We wrapped up the interview with an
open question for additional comments

Participants
We recruited 24 participants (17 female) through our univer-
sity’s mailing list. The participants were aged from 19 to 33
years (M = 24.9, SD = 3.9). All of them had either no visual
impairment or corrected to normal vision by wearing contact
lenses. Three of the pairs had known each other beforehand.
We reimbursed the participants with 10 EUR.

EXAMPLE STUDY RESULTS
In this section, we present the results of our example study in
which we compared a standard decline a call technique against
SurfaceSliding. We show how engaging users in a conversation
task allowed us to statistically determine which interaction
technique was less disruptive and how the interview results
allow us identified possible future design improvements.

Eye tracking data
Due to technical problems of the eye tracking software, we
excluded two groups from the eye tracking analysis. We first
used the built-in QR code plug-in of the eye tracker to rec-
ognize where the participants looked. However, in contrast
to pre-study results, the eye tracking accuracy was insuffi-
cient, most likely due to participant not sitting fully upright.
Therefore, we manually labeled the remaining 20 eye tracking
videos. For further analysis we treated participants indepen-
dently from each other by using a new variable HasPhone with
two levels — either the participant had the phone or not. The
results of how long the participants looked on average at the
phone is presented in Figure 5. On average, participants spent
M = 22.5 s, SD = 21.8 with looking at the phone. Participants
in the Touch–Phone condition looked at the phone for the
longest period of time, M = 48.1 s, SD = 23.7. Those in the
SurfaceSliding–NoPhone condition exhibited the shortest time
looking at the phone, M = 8.6 s, SD = 8.6. A two-way anal-
ysis of variance (ANOVA) revealed a statistically significant
difference between the Phone and the NoPhone conditions
F1,16 = 10.587, p = .005. We also found a significant dif-
ference between the Touch and the SurfaceSliding conditions
F1,16 = 4.623, p = .047. We found no significant interaction
effect (p = .139).
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Figure 5. The average values and standard error for TECHNIQUE ×
PHONE.

Qualitative data
Interview recordings were transcribed for analysis, the total
recording time was 4.31 h. We conducted initial filtering with
two researchers to only leave data about in-conversation inter-
actions. Next, three researchers coded 15% of the material to
establish an initial coding tree. A single researcher coded the
rest of the data. Once the initial coding was finished, we used
affinity diagramming with printed quotes to establish higher-
level themes through constant comparison. We labeled quotes
of the participants with group name, the condition, (S) for Sur-
faceSlding or (T) for the Touch condition, and a P if they had
a phone or NP if they had no phone. We first present general
comments about the technique studied and then discuss the
themes of disruption by technology in conversation.

General feedback
As our participants were unaware that we were interested in
studying phone interactions, we asked how their conversation
was influenced by the incoming calls. Independent of TECH-
NIQUE, none of the participants without a phone realized that
the phone was part of the study. Two participants did not
acknowledge the presence of a device on the table until we
asked them explicitly (5–S–NP and 12–T–NP). One partici-
pant believed that the other person was checking the time on
the phone (1–T–NP). All others expressed their awareness of
the interruption quite vividly:
‘(My discussion partner) has repeatedly interrupted (the con-
versation). (2–S–NP)’
Most of the negative statements concerned the lack of famil-
iarity with the method:
‘I’d rather not use (SurfaceSliding), but this may be entirely
due to my current habits. (12–T–P)’
On the other hand, users reflected that the method was easy to
use, even without attributing visual attention to the phone:
‘(With SurfaceSliding) rejecting calls was easy, also without
looking [at the phone]. (5–S–P)’
Another user noted that SurfaceSliding did not have a negative
influence on the conversation:
‘(SurfaceSliding) is clearly unobtrusive. (11–S–P)’
Four participants provided additional suggestions on how to
improve declining incoming calls. Users suggested that one
should always slide away from the body to decline calls, ir-
respective of the location of the phone or the hand used. A
left-handed participant suggested:
‘(The system) should account for right- and left-handed peo-
ple. (3–S–P)’
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Further, by analyzing the recorded videos, we can conclude
that none of the participants tried to pick up the phone from
the table; even those who had the Touch condition and had not
been instructed to keep the phone on the table. It is notable
that all calls were successfully declined.

Levels of phone acceptance in conversation
When asked about the role that smartphones may play in con-
versations, the participants reported many different stances.
Our analysis showed two equally large groups of users. The
first group was strict about eliminating any phone interaction
from the conversation. They believed a smartphone was only
an unnecessary distractor. One participant remarked:
‘Irrespective of the situation, if one wants to participate in a
discussion, the phone belongs in the pocket. (8–T–NP)’
The second group expressed that the acceptance of a smart-
phone in a conversation was highly dependent on the context
of the interaction. These participants mentioned that the topic
and the people present highly affected what was acceptable.
They also believed that the acceptability depended on how the
interactions were handled:
‘It’s only okay when the calls are rejected and the influence
on the conversation is as small as possible. (9–S–P)’
We observed that some of the participants were happy to accept
a phone placed on the table during conversation, especially in
more casual settings. The position of the phone on the table
also appeared to be important
‘In a meeting, (it’s okay to put it) on the table, but a bit on the
side. (7–S–P)’

Private and professional settings
Most users expressed that different acceptance levels were
valid for professional and casual settings. Many recommended
ways where suggested to handle incoming calls specifically
in a business environment. Participants expressed that while
users are often expected to be aware of the state of their smart-
phone, they should not interact with it during meetings:
‘In business meetings, the phone can lay on the table, but it
should not be used. (8–T–NP)’
In contrast, users showed more flexible attitudes when inter-
acting with groups of friends or family members. Attitudes
ranged from simply being more lenient towards interruptions
to not perceiving the presence of a phone as a factor influenc-
ing the conversation:
‘(When talking to) friends, the phone is always on the table,
but not in the case of family. (7–S–P)’
‘[. . .] with friends, the phone can always be in your hand.
(11–S–P)’
Notably, participants were stricter in home environments
where they saw no need to pay attention to their phone when
having family conversations.

Handling interruptions, exceptions and emergencies
Users commented extensively on situations where exceptions
are possible and smartphone use during conversation may be
acceptable. They suggested a number of cultural codes that
could be used in special circumstances, including placing the
phone on the table as an indicator that one is expecting a call:

‘When you have company, [put the phone] on mute in your
pocket. On the table is acceptable when expecting extremely
important calls. (3–S–P)’
Interrupting conversation was perceived as highly problematic,
even in exceptional situations:
‘When one picks up, one should apologize immediately. (12–
T–NP)’
Moreover, participants indicated that one should verify if the
call is important for a possible interruption to be acceptable.
‘There are things that are important and need to be dealt with
immediately... work, family stuff. (9–S–P)’

Influence on group dynamics
Our participants reported that the composition of the con-
versation group and its size highly influenced the handling
of possible interruptions. Conversations involving only two
participants, as the one explored in our study, were consid-
ered most sensitive to interruptions and prompted immediate
reactions:
‘It was very impolite when the conversation partner looked at
the phone. I wanted to say something. (5–S–P)’
Larger groups seemed to offer more leeway in interacting with
a phone. One participant commented on how a bigger group
enabled a limited amount of interruption:
‘It’s also not okay in a group, but a bit more okay (than in a
one-to-one conversation). (9–S–NP)’
Finally, users saw putting one’s phone away as a sign of ap-
preciating the other parties in the conversation and deeming
the social activity interesting:
‘If one’s having a good conversation, the phone should be put
away entirely. (9–S–P)’

LESSONS LEARNT FROM THE EXAMPLE STUDY
We investigated whether SurfaceSliding was less intrusive and
how can the design improved in the future. The presented find-
ings will help to improve SurfaceSliding as well as designers
to build less disruptive ubiquitous systems. As we discuss the
quantitative eye-tracking data showed a reduced disruption
when using SurfaceSliding. The qualitative results discussed
highlights for further improvements. Furthermore, the lessons
learned to rise the discussion about the social acceptability of
disruptions through technologies, in general.

Around device interaction
The eye tracking data indicates that users paid significantly
more attention to their interlocutors when using SurfaceS-
liding. Therefore, we can conclude that our technique pro-
vides an effective and non-interrupting way to decline calls
in-conversation. In the light of the analysis by Vertegaal
et al. [55], it can be inferred that users in the SurfaceSlid-
ing condition were more engaged in the conversations than the
users using the current default method. This fact suggests that
design space for creating new non-disruptive techniques for
managing attention should be explored further. SurfaceSliding
provides a working example of how in-conversation interrup-
tions can be effectively reduced. The fact that none of the users
grabbed the phone in their hand during the study suggests that
they were comfortable with interacting with the device while
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it was lying on table. This confirms previous work on spatial
interaction pattern for on-surface mobile devices [59]. While
past work has shown that sliding mobile devices on surfaces
can be effective for complex task and long interaction peri-
ods, SurfaceSliding illustrates that moving along a horizontal
surface can also be effective for short, atomic tasks.

Addressing complete designs
As it surfaced in the interviews, the users expected they would
be able to choose the direction of the sliding. We recognize
that this improvement may render our technique more effec-
tive. However, this require extensive sensing of the user’s body
position or an explicit set-up phase before using SurfaceSlid-
ing. Further, users may confuse directions, which increase
error rates. These facts showcase that a more explorative ap-
proach not limited to two techniques may have generated more
feedback. However, that providing the participants with an
experience of declining the call, irrespective of the details of
the technique, triggered valuable on-the-spot feedback.

Strict users
We observed that there is a user group strictly opposed to
phones entering conversations. These users find placing the
phone on the table unacceptable and answering calls during
conversation is offensive to them. We believe that future
systems should offer more support for this user group. For
instance, a user should conveniently be able to inform other
participants in the conversation that they do not wish that
phone to be part of the experience. This could be achieved
by a setting in the user’s device that is communicated to other
devices. Furthermore, that specific user group requires an
easy means to deactivate phone output during a conversation.
If future mobile devices are able to sense conversations, this
user group would require all disturbing features to be deac-
tivated. Overall, future mobile devices should provide users
with effective means to both deactivate disturbing features
in their phones and inform other users that they do not wish
to be disturbed. However, as the strict users only represent
part of the user base future systems will also need to provide
opportunities to negotiate behaviors, especially in intercultural
settings. Our approach, however, is not suited to designing
with and for those users.

Emergency cases
Nearly all of the participants in our study reflected that, de-
spite their wish to limit interruptions, designs should account
for emergency cases. Users noted that there were exceptions
where interruptions were acceptable. If future systems are to
offer better management of in-conversation interruptions, they
must incorporate the means to prioritize emergency. While
current systems do include some means to deal with emergen-
cies (e.g. in iOS, the do not disturb mode can be deactivated
when the users receive repeated calls), more extensive features
are required. Again, our study participants reflected that deter-
mining what constituted an emergency was highly dependent
on the context. For instance, while on holiday, calls from
work are likely to be emergencies, and a mid-day call from
the school may require the immediate attention of the parent.
Designers of future mobile devices should help users define

possible emergencies and use context sensing efficiently to
ensure interruptions are efficient exceptional circumstances.

Accounting for changing context
We noticed that our participants often remarked that the de-
cision on whether attending to an event or information was
worth interrupting a conversation depended on many factors.
In a way, deciding whether to answer a call or message during
a conversation is an economic decision. There is a certain
social cost associated with answering the call, which is de-
pendent on the context of the conversation. There is also the
social cost of possibly ignoring an important call or missing
a social interaction. Each time the user decides to accept or
decline, they make a conscious decision, yet current mobile
devices only offer the identity of the caller as a potential aid
in making an informed choice. Further, participants reported
that they not only consider who is calling them when deciding
whether to answer the call; they also considered the context of
the conversation and the possible purpose of the incoming call.
There is an emergent need for mobile devices to adapt to the
richer context. Our approach uses static measures that require
stationary equipment and thus it is not particularly suited for
studying how disruptiveness is affected by change of usage
context. We recognise that the majority of the participants
in our study expressed that their acceptance of interruptions
varied depending on the context of usage. The composition
of the conversational group or the purpose of the conversation
affected the level of interruption that was deemed acceptable.
While our approach allows the experimenter to freely intro-
duce a context, the static setting of the discussion task renders
switching social contexts difficult.

ADVANTAGES OF THE MIXED-METHOD APPROACH
Participants interpreted the phone as an unnecessary distrac-
tion to the conversation, showing the dilemma of notifications
caused by technologies in general. However, today’s smart de-
vice users rely on notifications. Conducting the example study
enables us to reflect on the properties of our mixed-method
approach. In the following, we discuss the applicability of
our mixed-method approach for new technologies and new
interaction techniques. We further discuss how eye tracking
enables a rapid decision on which technology is less disruptive
while the interviews complement the choice of technology and
point out further improvements.

Rapid answers
Our example study showed a clear result in terms of which
studied interaction technique was superior. The eye tracking
data showed a significant effect which strongly indicated that
SurfaceSliding causes less disruption than the baseline tech-
nique. This shows that our approach is well suited to fit in a
design process. The fast quantitative analysis can be used for
quick A/B testing during design sprints for rapid evaluation of
interaction techniques. This is in contrast to past approaches
such as conversation analysis. Once a superior technique
is determined, designers can use the qualitative feedback to
stimulate further refinements to the interaction technique. A
study that offers meaningful feedback can be conducted and
analyzed within a day for a number of participants.
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Focused, on-the-spot feedback
The conducted example study showed that our approach man-
aged to trigger extensive reactions in the participants. We
believe that contextualizing the interview questions enabled
the participants to reflect extensively on the disruptiveness
caused by interruption techniques. The discussion task served
as a kind of priming before the final interviews. We theorize
that the extensive material we obtained was partly provoked
by the direct experience of being engaged in a discussion. We
believe that the fact that participants are interviewed directly
after a discussion facilitates focusing specifically on the disrup-
tion caused by the technology and imagine how the discussion
could be shaped had the technology been different. As only
one of each pair of participants is tasked with using the phone,
designers are able to obtain a first-hand account of how one
attempts to limit the disruption caused to the interlocutor while
using a particular interaction technique. This contributes to
building the ecological validity of our method.

Designing with the social context in mind
It is worth noting that some users in our study were willing
to sacrifice some degree of their social engagement for better
awareness of the events communicated through their phone.
For instance, more interruptions can be acceptable in a per-
sonal conversation when one intends to be informed about the
current score in an important football match. Such situations
produce opportunities for designers to intervene and create
tools for personalized interruption rules, which could act like
the mobile version of an email filter. While we used a neutral
discussion task without any distractions, our approach easily
enables modifying the context of the disruption. One can alter
the pre-study briefings provided to the user or introduce addi-
tional distractors in the study room. Further, we recognize that
while we suggest a quick qualitative analysis and subsequent
iteration, our approach can potentially offer deeper insights if
more detailed analysis is performed.

Potential for a generative role
As the users in our study are engaged directly in a discussion,
the reactions triggered by the prototypes studied can be re-
flected upon immediately. In the final interview, participants
can directly reflect on particular disruption caused by particu-
lar actions. In later stages of the design process, such accounts
enable designers to understand the details of the disruptive-
ness caused by the prototype and stimulate users to provide
generative feedback. As the participants can easily recall the
discussion task, our approach facilitates discussing alterna-
tive techniques or usage contexts. Further, for techniques that
require bodily movements (such as the one in our example
study) the direct engagement with the mobile device makes
users more likely to imagine real-life scenarios. Past work
has shown that direct physical engagement with low-fidelity
prototypes in social contexts can be particularly beneficial in
a design process [52]. Thus, we believe our method can be
applied to a variety of design contexts and constitute a rapid
and versatile formative evaluation tool.

LIMITATIONS OF THE MIXED-METHOD APPROACH
We also recognize that the new technologies which are studied
by the researchers may effect the participant’s behavior. In

our example study, modifying the user’s smartphones would
have rendered the study technically unfeasible. Furthermore,
as our study investigates a new interaction technique, using
multiple smartphone models may play a role in the social
acceptance in interactions. However, using one model guaran-
teed consistency between the studied groups. Furthermore, the
required measurement infrastructure in the study setup itself
might influence the participant’s behavior. In future work,
the influence of wearing an eye tracker and the surrounding
infrastructure should be analyzed.

The proposed mixed-method approach is designed to evaluate
the distinctiveness in social settings. In detail, we focus on two-
people, face-to-face discussions. We believe that the proposed
method is also applicable for social settings involving more
persons. However, applying our mixed-method approach to a
setting with more people needs to be investigated first.

CONCLUSION
This paper contributes a new mixed-method approach to mea-
suring the disruptiveness of technology. Our new approach
uses eye tracking and semi-structured interviews in a generic
conversation task to offer rapid, actionable insights for design-
ing interaction techniques that may be used in conversations.

We presented an example study where we investigated tech-
niques for declining calls in a face-to-face conversation. We
were able to revisit the conversation and draw conclusions
from the participants’ behavior using video and audio record-
ings. Using our approach enabled us to understand the impact
of a new interaction technique on disruptiveness. Eye tracking
revealed a significant drop in time spent looking on the phone
when using the new technique. Interviews provided evidence
for underlining social mechanics that affect disruptions.

Designing techniques beyond existing ones to study the influ-
ence of different interaction mechanisms on conversational
engagement remains an important challenge. We are eager to
see how future designs will explore the design space that we
merely begin to understand.

As we recognize that our study is constrained by the fact
that it was conducted in a lab setting, we hope that using our
approach will be complemented by other studies that use al-
ternative methods such as in-the-wild deployments of new
interaction techniques. We also believe that an ethnographic
study of the social acceptability of smartphone interruptions
in public settings such as cafés or libraries will produce inter-
esting insights for design. We hope that our work will inspire
further developments and the creation of enhanced evaluation
methods for future interaction techniques.
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59. Paweł Woźniak, Kristina Knaving, Staffan Björk, and
Morten Fjeld. 2015. RUFUS: Remote Supporter
Feedback for Long-Distance Runners. In Proceedings of
the 17th International Conference on Human-Computer
Interaction with Mobile Devices and Services
(MobileHCI ’15). ACM, New York, NY, USA, 115–124.
DOI:http://dx.doi.org/10.1145/2785830.2785893

CHI 2018 Paper CHI 2018, April 21–26, 2018, Montréal, QC, Canada

Paper 406 Page 14

http://dx.doi.org/10.1145/1460563.1460605
http://dx.doi.org/10.1145/765891.765954
http://dx.doi.org/10.1145/365024.365119
http://dx.doi.org/10.1002/casp.983
http://dx.doi.org/10.1145/1718918.1718938
http://dx.doi.org/10.1145/2470654.2481296
http://dx.doi.org/10.1145/2785830.2785893

	Introduction
	Related Work
	Collocated interactions
	Evaluating in-conversation interactions
	Disruptiveness in CSCW

	Research Design
	Requirements for a new approach
	Blending existing approaches
	Choice of participants and stimulus
	Study plan

	Example study
	Study design
	Apparatus
	Task
	Procedure
	Participants

	Example Study Results
	Eye tracking data
	Qualitative data
	General feedback
	Levels of phone acceptance in conversation
	Private and professional settings
	Handling interruptions, exceptions and emergencies
	Influence on group dynamics

	Lessons learnt from the Example Study
	Around device interaction
	Addressing complete designs
	Strict users
	Emergency cases
	Accounting for changing context

	Advantages of the mixed-method approach
	Rapid answers
	Focused, on-the-spot feedback
	Designing with the social context in mind
	Potential for a generative role

	Limitations of the mixed-method approach
	Conclusion
	Acknowledgements
	References 



