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ABSTRACT

Notifications are one of the smartphones’ key features. However,
notifications can be disruptive, especially during social interaction.
Augmented reality (AR) glasses can embed notifications directly
into the user’s field of view and enable reading them while be-
ing engaged in a primary task. However, for efficient notification
presentation using AR glasses, it is necessary to understand how
notifications should be displayed without negatively affecting social
interaction. Therefore, we conducted a study with 32 participants
(16 pairs) using AR glasses to investigate how to display notifica-
tions during face-to-face communication. We compared center and
top-right positions for notifications while aligning them relative to
the user’s field of view or with the conversation partner. We found
significant effects of notification position and alignment on how
notifications are perceived using AR glasses during face-to-face
communication. Insights from our study inform the design of appli-
cations for AR glasses that support displaying digital notifications.
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+ Human-centered computing — User studies; Mixed / aug-
mented reality.
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1 INTRODUCTION

Permanent mobile connectivity has augmented social interaction
among smartphone users. Previous work showed that smartphones
could satisfy the users’ desire to remain permanently connected to
other people [51]. Most smartphone applications, especially commu-
nication applications, attract users’ attention through push notifica-
tions. A notification is a visual, auditory, or haptic alert that draws
users’ attention to proactively delivered information [21, 41]. Today,
smartphone users receive a large number of notifications through-
out the day [39]. As smartphones are usually kept in a reachable
distance [37], ill-timed notifications can lead to distraction during
social interaction [32, 33, 36, 39]. As a result of a received noti-
fication, the user’s attention shifts from the surrounding setting
to the device. Consequently, this can lead to disconnection from
co-located social interaction [43] and phubbing — preferring paying
attention to the smartphone rather than the other person in the
social setting [6]. On the one hand, notifications keep smartphone
users informed about their social relations. On the other hand,
they can distract people during physically co-located social inter-
action. To prevent users from completely disabling notifications
and potentially developing a sense of disconnectivity [40], design
solutions are required to solve this issue. This is particularly worth
considering, as the use of technology in public spaces does not nec-
essarily detract from conversing with strangers [5]. This suggests
that using appropriately designed technology during face-to-face
communication may blend in with such social interactions [34].
Compared to smartphones, smart glasses can augment human
vision by allowing viewing information continuously through see-
through displays while simultaneously engaging with other activi-
ties. Such devices make it possible to access information without
the need to hold them in hand. By placing information directly in
the user’s field of view, smart glasses allow viewing information
without abrupt attention shifts between the device and the sur-
rounding environment. In addition to the functionality of smart
glasses, augmented reality (AR) glasses allow embedding infor-
mation into the scene. Consequently, AR glasses enable users to
seamlessly view the information by displaying it on or around the
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users’ area of interest. For example, a notification can be displayed
on or around the interlocutor’s face during social interaction, since
it was shown that the interlocutor’s eyes and mouth are dominant
target zones during social interaction [44]. Furthermore, AR glasses
allow utilizing any area in front of the user. Thus, notifications, for
example, can be directly presented in front of the user or aligned
with the user’s area of interest, which is the interlocutor in the
social interaction context. Therefore, displaying notifications using
AR glasses might be promising to reduce distractions during social
interaction. It could make users aware of a received notification
without requiring to pick up and look at another device. However,
it is unclear how notifications should be presented using AR glasses
and how viewing the notification in a social setting affects social
interaction.

In this paper, we investigate the effects of position and alignment
of notifications on binocular see-through AR glasses during social
interaction. Through a study, we compared center and top-right
positions while aligning notifications either relative to the user’s
field of view or with the conversation partner. We conducted the
study with an application we developed for Microsoft’s HoloLens.
To create a social setting, pairs of participants discussed various
topics during face-to-face communication while one of them was
receiving notifications on the AR glasses. By comparing the position
and alignment of notifications on AR glasses during face-to-face
communication, we make the following contributions: (1) We show
that aligning notifications with the conversation partner reduces
users’ task load and perceived intrusiveness of notifications. (2) We
demonstrate that notifications displayed in the center are perceived
as the most urgent when aligned relative to the user’s field of view.
However, notifications in the top-right position are perceived as
the most urgent when aligned with the communication partner.

2 RELATED WORK

Our work is based on previous research investigating interruption
caused by notifications, smart glasses usage during social interac-
tion, displaying notifications, and text placement on smart glasses
that we discuss in the following.

2.1 Digital Notifications

Smartphones generate visual, auditory, and haptic alerts to attract
users’ attention to communicate important messages, upcoming
calendar events, and calls. Previous work showed that smartphone
owners receive a large number of notifications, and they are viewed
within a very short time [9, 39, 48]. To avoid disappointing others
and conform with their expectations, a notification recipient feels
social pressure to attend notifications even in an inappropriate mo-
ment, such as during social interaction [22]. Therefore, ill-timed no-
tifications can cause interruption during a primary task. Stothart et
al. [49] showed that notifications significantly reduce the perfor-
mance of an attention-demanding task, even when users do not
directly interact with a mobile device during the task. Mehrotra et
al. [32] showed that the disruptiveness of a notification depends on
its presentation, alert type, sender-recipient relationship, as well
as the type, completion level, and complexity of the task in which

Rzayev et al.

the user is engaged. Kushlev et al. [28] found that smartphone no-
tifications increase the level of inattention, which predicts lower
productivity and psychological well-being.

Previous work showed that although smartphone owners apply
various management strategies to limit their smartphone use, they
often fail due to a lack of self-regulation [26]. Therefore, a body
of work focused on supporting users in limiting their smartphone
use [13, 25, 26]. Moreover, previous work also investigated strate-
gies for triggering notifications based on opportune moments [10,
38]. However, disabling notifications can make users feel anxious
and lonely [40]. Furthermore, users might feel social pressure through
heightened expectations of viewing and answering to a notifica-
tion [19].

Previous work also investigated displaying notifications on smart
glasses. In comparison to smartphones, smart glasses require fewer
attention shifts. Orlosky et al. [35] showed that users are more
aware of the surrounding environment while using smart glasses
compared to the use of smartphones. They presented a dynamic text
management system that changes the position of a text message on
a see-through smart glasses as the user moves to increase readability.
Their results revealed that users prefer text messages placed in the
background compared to placing them on the smart glasses’ screen.
Lucero and Vetek [29] conducted a study in which participants
walked on a busy street while receiving social network notifications
on smart glasses. They found that a minimalistic user interface to
display notifications supported participants in keeping track of their
surroundings when they dealt with incoming notifications. A body
of work also investigated displaying notifications on immersive
head-mounted display-based virtual reality [14, 46].

2.2 Smart Glasses Use during Social Interaction

Previous work investigated the use of smart glasses during social
interaction. McAtamney and Parker [31] investigated how smart
glasses affect face-to-face conversation by comparing three condi-
tions: no smart glasses, smart glasses with an active display, and
smart glasses with an inactive display. They found that wearing
smart glasses without an active display does not affect a face-to-
face conversation. However, smart glasses with an active display
can negatively affect the quality of conversations and reduce the
eye-contact. Similarly, Hakkila et al. [15] highlighted that effects on
face-to-face interaction with other people can negatively affect the
social acceptability of smart glasses. Ofek et al. [34] compared vi-
sual and auditory information presentations during the face-to-face
conversation. They observed that participants could process infor-
mation while talking with the other participants without this being
detected by an interlocutor. Furthermore, they found that partici-
pants performed better if the information was delivered while they
were not speaking. Alallah et al. [2] found that less noticeable input
modalities on smart glasses are more socially acceptable. Akkil et
al. [1] indicated that applications for smart glasses supposed to be
used during social interaction should minimize the use of eyes for
interaction and free them for face-to-face conversation.

2.3 Text Presentation on Smart Glasses

Notifications are mainly based on textual information. Previous
work investigated various aspects of text styles and placements
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on see-through head-worn glasses. Gabbard et al. [12] compared
text drawing styles for see-through AR glasses using outdoor back-
ground textures and natural lighting. Their results suggest using
green text or a billboard style (i.e., colored text on a semi-transparent
plane with a different color) on AR glasses. In a study, Jankowski et
al. [23] compared different text drawing styles, image polarity, and
background style on readability. Results showed that the billboard
drawing styles results in the fastest and highest performance. Fur-
thermore, white text with a black billboard outperforms black text
with a white billboard. Debernardis et al. [8] suggested that for
indoor augmented reality applications, a good combination of text
drawing style is a white text with a blue billboard. Furthermore,
to convey color information in a text message, the color should be
used for the billboard, and the text should be white.

Tanaka et al. [50] investigated text placement while on the move.
They proposed a method that analyzes the background image taken
from a camera attached to smart glasses to find an optimal area
for placing text. Chua et al. [7] compared nine display positions of
monocular smart glasses in a dual-task scenario. Participants drove
in a car simulator and reacted to three types of notifications (color,
application icon with a number and a text) displayed in different
positions. The results showed that color notifications increase reac-
tion time and decrease the error rate. The authors provided design
recommendations for the positions of monocular smart glasses’
displays in dual-task scenarios: 1) Middle-right, top-center, and
top-right are suitable for dual-task scenarios when smart glasses
have to be used for a long time, center of vision is important for
the primary task or the secondary stimuli is less urgent. 2) When a
high noticeability of the secondary task is required, middle-center
or bottom-center positions should be used for dual-task scenarios.
Rzayev et al. [47] compared top-right, center and bottom-center
text positions. Participants were reading text presented with rapid
serial visual presentation (RSVP) or line-by-line while walking and
sitting. They found that text displayed in the top-right increases
the perceived workload and reduces comprehension. Furthermore,
RSVP results in higher comprehension while sitting, and line-by-
line reading yields better comprehension while walking. In a study,
Rzayev et al. [45] compared three positions for translation text in
a vocabulary learning task using AR smart glasses. They found
that displaying translations on top of foreign words significantly
reduces comprehension and increases perceived workload.

2.4 Summary

In summary, mobile notifications are essential to be informed about
important messages and calendar events. However, previous re-
search showed that notifications during social interaction might
negatively affect the primary activity. However, AR glasses enable
seamlessly embedding information into the scene in front of the
user, which does not require the user to switch attention from the
main activity completely. Thus, using AR glasses to display notifi-
cations during social interaction is a promising approach to read
important notifications and keep up the interaction. Previous work
investigated displaying textual content using AR smart glasses
while aligning the content with the background or the glasses and
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comparing different placements without considering social interac-
tion scenarios. Therefore, insights on the position and alignment
of notifications in AR glasses during social interaction are missing.

3 METHOD

We conducted a study to investigate how receiving notifications on
AR glasses affects social interaction. Similar to previous work [30,
34], we used a face-to-face conversation as a typical type of social
interaction scenario. Pairs of participants held a face-to-face conver-
sation with one of them receiving notifications on AR glasses. As
only one participant received notifications, we refer to participants
who received notifications as the receiver and participants who did
not receive notifications as the observer. During the study, only
receivers were wearing AR glasses. In the study, we compared two
notification POSITIONs and two ALIGNMENTS. The two POSITIONS are
center, as this is the most noticeable position suggested by Chua et
al. [7], and top-right, as this is the display position of Google Glass.

Notifications were displayed either in the receiver’s direct field of
view (receiver-locked) or aligned with the observer’s face (observer-
locked). In the receiver-locked conditions, notifications were dis-
played one meter in front of the receiver. They were aligned to the
receiver’s field of view and thereby in a fixed position of the AR
glasses. In the observer-locked conditions, notifications were aligned
with the observer’s face and displayed in the same distance from
the receiver as the observer’s face. In the observer-locked ALIGNMENT
with center POSITION, notifications were displayed in front of the
observer’s face as people usually look at the eyes and mouth of
the interlocutor during social interaction [44]. Notifications were
presented in the top-right of the interlocutor’s face in the observer-
locked ALIGNMENT with top-right PoSITION. For the observer-locked
conditions, we did not use positions further away as they might be
inappropriate (e.g., chest area of a participant) or minimize the eye
contact with the conversation partner [1].

3.1 Study Design

We conducted the study using POSITION and ALIGNMENT as within-
subjects variables, resulting in four conditions (see Figure 1). The
order of POSITION and ALIGNMENT was counterbalanced across all
participants. At the end of each condition, we handed different ques-
tionnaires to the receiver and the observer. The receivers evaluated
the usability using the System Usability Scale (SUS) [4] and rated the
perceived task load using the Raw TLX (RTLX) [18] questionnaire.
Furthermore, receivers rated if the presentation and duration of no-
tifications were appropriate, if it was easy to concentrate on the
notifications during the conversation (concentrateOnNotification),
and if they could concentrate on the conversation (concentrateOn-
Conversation). All questions were mandatory Likert items and had
to be answered on a seven-point scale ranging from strongly dis-
agree to strongly agree. Moreover, we asked participants to answer
four 7-point Likert scale questions that were adapted from Ghosh et
al. [14]: (1) How easy or difficult was it to notice the notification?
(noticeability); (2) Once you notice the notification, how easy or
difficult was it to understand what it stands for? (understandability);
(3) What level of urgency does the notification convey? (perceived
urgency) and (4) How much of a hindrance was the notification to
the overall communication experience (perceived intrusiveness).
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(d) Receiver-locked ALIGNMENT with top-right POSITION

Figure 1: The four conditions used in the study.

At the end of each condition, to determine the social accept-
ability of using AR glasses during a face-to-face conversation, we
asked observers to rate six Likert items that were adapted from
Profita et al. [42]. The Likert items had the following statements: (1)
It looked awkward that my conversation partner was wearing the
AR glasses (Awkward); (2) It looked normal that my conversation
partner was wearing the AR glasses (Normal); (3) It was appropri-
ate for my communication partner to wear the AR glasses in this
setting (Appropriate); (4) It was rude for my communication partner
to wear the AR glasses (Rude); (5) I felt uncomfortable watching
my communication partner wearing the AR glasses (Uncomfort-
able) and (6) I felt to be distracted by my communication partner
wearing AR glasses (Distracting). Furthermore, we asked observers
with two questions to evaluate if they (observerConcentrated) and
their conversation partner (receiverConcentrated) could concentrate
on the conversation. All questions were mandatory and had to be
answered on a seven-point scale ranging from strongly disagree to
strongly agree. Finally, we conducted semi-structured interviews
with receiver and observer separately.

3.2 Apparatus

To conduct the study, we developed an application for Microsoft
HoloLens that enables displaying notifications in two positions
and either aligned relative to the field of view or with the commu-
nication partner’s face. We used Unity 2018.3.12f1 to develop the
application. We used realistic notifications for the study. However,

to protect participants’ privacy, one of the authors used the No-
tification Log app [52] to collect his notifications. We selected 20
notifications from six different apps and categorized them into mes-
saging, group messaging, email, social, and non-social, approximat-
ing the average distribution of notifications received per day [41].
As a sender name in notifications, we used first names that were
common in the country of the study. Notifications had a rectangu-
lar shape, were displaying sender name, notification text and the
app icon. We displayed the notifications using white sans-serif text
with a semi-transparent dark billboard, as suggested by previous
work [8, 23] (see Figure 1).

During the study, the distance between the receiver and observer
was approximately 2 meters. The receiver-locked ALIGNMENT dis-
played the notifications in one-meter distance from the receiver to
avoid the discomfort due to vergence accommodation conflict, as
recommended by the HoloLens design guidelines !. For the observer-
locked ALIGNMENT, we used HoloFace [27], an open-source frame-
work for face alignment. Based on pilot tests, we decided for the
font sizes of 20 pt for the receiver-locked conditions and 30 pt for
the observer-locked conditions. In the center POsITION, the appli-
cation displayed notifications either at the center of the receiver’s
field of view or of the face of the communication partner based
on the ALIGNMENT. For the top-right POSITION, notifications were
presented either top-right of the receiver’s field of view or of the
observer’s face (see Figure 1).

Uhttps://docs.microsoft.com/en-us/windows/mixed-reality/comfort
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Figure 2: The participant wearing a HoloLens (receiver) is
receiving notifications while talking with the other partic-
ipant (observer).

3.3 Task

During the study, participants had one face-to-face conversation
session per condition (see Figure 2). At the beginning of each con-
versation session, a researcher provided a topic by asking a question.
Similar to Mayer et al. [30], we used the following four questions
from the CAE speaking test by [11]: (1) “Some people say that com-
puters are helping to create a generation without social skills. What
is your opinion?" (2) “What are the advantages and disadvantages
of shopping by a computer?" (3) “How far do you agree that the
computer is the greatest invention of modern times?" (4) “A lot
of personal information about all of us is now kept on comput-
ers. Do you find this worrying?" As backup questions, considering
that most of the potential participants were students, we prepared
student-related topics, such as distance learning, semester abroad
and mandatory participation in the lectures. Each session took
seven minutes. A researcher motivated both the observer and re-
ceiver to actively engage in the discussion. In case the discussion
was less active, a researcher asked additional questions or switched
to the next topic. All pairs of participants received the same topics
to discuss. During each conversation session, one of the participants
(receiver) received notifications on the AR glasses. During the first
two minutes of a session, no notification was displayed to warm
up the conversation. During the following five minutes of a ses-
sion, five notifications were randomly displayed. We made sure that
notifications were always at least 20 seconds apart. Notifications
disappeared after 15 seconds.

3.4 Procedure

We assigned participants to two groups, receiver and observer. Simi-
larly to Mayer et al. [30], we invited participants to the study with
the title Stress in Conversation to ensure that participants do not
know about the notifications provided on the AR glasses. The study
was guided by two researchers. As the pair of participants arrived,
they were separated into two different rooms. We explained the
general aim and procedure of the study. We told the participants
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assigned to be the observer that there will be four sessions of face-
to-face conversation and that the other participant will wear a
HoloLens. We, however, indicated that the HoloLens should not
be part of the conversations. Afterward, the participant filled a
demographic questionnaire and signed a consent form.

The participants assigned to be the receiver were handed a
HoloLens, we helped them wear it and explained how it works.
The receiver was told that notifications will be displayed on the
AR glasses while having a face-to-face conversation. We further
explained that notifications will be displayed for 15 seconds and
that it is important to pay attention to the conversation and to read
the notifications. We also explained that the other participant is
unaware of the notifications and that they should not be discussed
during the study. To ensure that receiver would actually read the
notifications, we informed them that at the end of each session,
we will ask them if they can remember the notifications. Then the
participant had a training session to try the notifications in all four
conditions. As the receiver was ready, a researcher started the first
condition on the HoloLens.

Afterward, the observer was guided to the same room, and both
participants were seated on opposite sides of a table (see Figure 2).
The distance between participants was approximately 2 meters
that are within the social distance range (1.2 m - 3.6 m) defined by
Hall [16]. As both participants were familiar with the study, we
provided the first topic to discuss. For the HoloLens app, the start
of the 7-minute discussion was initialized with the clicker that a
researcher pressed. After 7 minutes, we stopped the discussion,
helped the receiver to take off the HoloLens and provided both par-
ticipants with a laptop to fill in the abovementioned questionnaires
(see section 3.1). Furthermore, the receiver marked the received noti-
fications in the list of ten similar notifications. This step was needed
to ensure that the receiver actually read the notifications. While
participants were filling the questionnaires, a researcher switched
to the next condition on the HoloLens. Afterward, participants
continued with the next POSITION X ALIGNMENT conditions. These
steps were repeated until the participants were subject to all four
conditions. In the end, we conducted semi-structured interviews
with both participant pairs separately. The study took about an
hour per participant pair.

3.5 Participants

We recruited 32 participants (16 females, 16 males) through our
university’s mailing list. Their average age was M = 23.1 (SD =
3.42) years, and most were university students with a technical
background. Eight participants wore glasses. We ensured that all
participants assigned to be receiver had normal vision. While 17
participants never used an AR application, 10 used it more than once,
and 5 used an AR application more than three times. 28 participants
had never interacted with a HoloLens. Participants received course
credits for participating in the study.

4 RESULTS

During the study, 32 participants (16 pairs) completed four con-
versation rounds for each of the POSITION X ALIGNMENT pairs and
received five notifications during each conversation round. For the
evaluation, we performed a quantitative analysis of the collected
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Figure 3: Diagrams displaying quantitative data collected from the receiver. Error bars show standard error.

Position Alignment Position x Alignment

Fiis p  Partial p? Fi1s p  Partial p? Fi1s p  Partial p?
ConcentrateOnNotification  0.008 .929 0.000 2.503 .134 0.143 0.813 .381 0.051
ConcentrateOnConversation 0.084 .775 0.005 0.014 .907 0.000 0.834 .375 0.052
Noticeability 0.759 .397 0.048 0.178 .679 0.012 1.265 .278 0.077
Understandability  0.019 .89 0.001 1132 .304 0.07 0.118 .735 0.008
Urgency 6.464 .022 0.301 0.252 .623 0.016 6.927 .018 0.316
Intrusiveness 1.863 .192 0.11 6.412 .022 0.299 0.000 .983 0.000
SUS  1.027 .326 0.064 1.668 .216 0.1 0.447 513 0.028
RTLX 2461 .137 0.141 8.511 .011 0.362 0.232  .636 0.015

Table 1: ANOVA main effects and interactions for the quantitative data - receiver.

subjective data. We applied two-way repeated measured ANOVAs
for the parametric data. For the nonparametric data, first, we ap-
plied the Aligned Rank Transform (ART) using the ARTool [24],
as suggested by Wobbrock et al. [53]. Since we considered the de-
pendent variables to represent conceptually distinct aspects that
also might be differentially impacted by the conditions, we con-
ducted multiple ANOVAs independently, as suggested by Huberty
and Morris [20]. The statistical analysis of the quantitative data
collected from the receiver and observer is summarized in Table 1
and Table 2, respectively.

4.1 CQuantitative Data - Receiver

At the end of each session, all participants could remember at
least three notifications that they received. On average, partici-
pants were positive about the presentation (Median = 5.5) and the
duration (Median = 5) of the notifications. However, there was
no statistically significant effect of our conditions on presentation
(F1’15 =1.738,p > .207, F1,15 = 0.588, p > .455, and Fy,15 = 0.526,
p > .479 for POSITION, ALIGNMENT, and POSITION X ALIGNMENT

respectively) or duration (F1,15 = 0.111, p > .743, F1,15 = 0.464,
p > .506, and Fy,15 = 0.672, p > .425 for POSITION, ALIGNMENT, and
POSITION X ALIGNMENT respectively) of the notifications.

Figure 3 presents the quantitative data that was collected from
the receivers. For concentrateOnNotification, concentrateOnConversa-
tion, noticeability and understandability, there were no statistically
significant main or interaction effects (all p > .05). For urgency,
there were a statistically significant main effect of posiTION and an
interaction effect of POSITION X ALIGNMENT. For the receiver-locked
ALIGNMENT, displaying notifications in the center PosITION resulted
in a higher level of perceived urgency (M = 4.06, SD = 1.61) com-
pared with the top-right posiTioN (M = 3.25, SD = 1.77). However,
participants showed the opposite pattern while receiving notifica-
tions with the observer-locked ALIGNMENT (M = 3.44, SD = 1.59
and M = 3.56, SD = 1.5, respectively for center and top-right). Per-
ceived urgency of notifications displayed in the center (M = 3.75,
SD = 1.61) was significantly higher compared with the ones in the
top-right (M = 3.41, SD = 1.62).
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Figure 4: Diagrams displaying quantitative data collected from the observer. Error bars show standard error.

Position Alignment Position x Alignment

Fi1s p  Partial p? Fiis p  Partial p? Fi15 p  Partial p?
Awkward 0.273 .609 0.018 0.059 .812 0.004 0.288 .599 0.019
Normal 0.039 .844 0.003 3.655 .075 0.196 0.345 .565 0.022
Appropriate  2.225 .156 0.129 0.243 .628 0.016 0.062 .807 0.004
Rude 2413 .141 0.139 0.122 .731 0.008 5.685 .031 0.275
Uncomfortable 4.153 .059 0.216 3.564 .078 0.192 0.451 .512 0.029
Distracting 0.616 .444 0.039 0.265 .614 0.017 0.219 .646 0.014
ObserverConcentrated 0.2 .661 0.013 0.055 .818 0.004 0.367 .553 0.024
ReceiverConcentrated 0.009 .922 0.000 0.05 .825 0.003 0.645 .434 0.041

Table 2: ANOVA main effects and interactions for the quantitative data - observer.

There was a statistically significant main effect of ALIGNMENT
on the perceived intrusiveness of notifications. The participants
perceived notifications presented with the receiver-locked (M = 4.47,
SD = 2.02) ALIGNMENT as more intrusive compared to the ones
with the observer-locked (M = 3.44, SD = 1.58) ALIGNMENT.

For the SUS score, no statistically significant main or inter-
action effects were found (all p > .05). However, for the RTLX
score, we found a statistically significant main effect of the ALIGN-
MENT. Notifications displayed using the receiver-locked (M = 51.16,
SD = 17.53) ALIGNMENT resulted in significantly higher RTLX
score compared to the ones using the observer-locked alignment
(M = 41.06, SD = 16.1).

4.2 Quantitative Data - Observer

Figure 4 shows the quantitative data that was collected from the
observers. For Rude, there was a statistically significant interaction
effect of POSITION X ALIGNMENT. For the center PosITION, while dis-
playing notifications using observer-locked ALIGNMENT (M = 2.75,

SD = 2.05), observers felt more rude compared with the receiver-
locked ALIGNMENT (M = 2.44, SD = 2.03). However, results showed
the opposite pattern while displaying notifications in the top-right
POSITION (M = 1.88,SD = 1.82 and M = 2.69, SD = 2.33, respec-
tively for observer-locked and receiver-locked). There were no other
statistically significant main and interaction effects for the other
scales used in the questionnaire for the observers.

4.3 Qualitative Feedback

At the end of the study, two researchers conducted semi-structured
interviews with both receivers and observers separately. We audio-
recorded all interviews for later analysis. We transcribed the inter-
views literally while not summarizing or transcribing phonetically,
as suggested by previous work [3]. Three researchers applied a
simplified version of qualitative coding with affinity diagramming
to analyze the interviews [17].

4.3.1 Receivers’ Feedback. Overall, participants had a positive gen-
eral impression of the study settings and the system, as they indi-
cated that the social interaction was pleasant and entertaining (P1,
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P4, P6, P13, P15) and the system good to be informed about notifica-
tions easily and without looking at the smartphone (P2, P4, P9, P11,
P14). However, 10 (62.5%) participants commented on the distract-
ing hardware. 6 (37.5%) stated that they found the HoloLens heavy,
while for 4 (25%) the headset was not comfortable. 2 (12.5%) partici-
pants stated that the HoloLens was heavy only at the beginning of
the study. 8 (50%) participants indicated that receiving notifications
during a face-to-face conversation does not entirely interrupt the
conversation, but can divert attention from the discussion: “The
notifications were not totally annoying, but they could distract my
attention from following the flow of the conversation” (P16). “If I see a
notification, I will concentrate on it although I actually want to have
communication” (P14).

8 (50%) participants commented that it is impolite to read noti-
fications during a face-to-face conversation: “[It is] rude since the
interlocutor does not know that one could read something and be
distracted" (P6). “[It is inappropriate] not to look at the conversation
partner as a notification was received” (P2). However, 3 (18.7%) par-
ticipants stated that it is appropriate to view a notification using
AR glasses if it is very important.

Participants also compared a smartphone and AR glasses as a
medium to view notifications during a face-to-face conversation. 7
(43.7%) participants preferred to view notifications on AR glasses
rather than on a smartphone: “AR glasses [would be for this purpose]
less annoying [than a smartphone]. Because the communication part-
ner does not notice that you read, and you do not have to interrupt
anyone to read a short notification” (P9). ‘It is better [to view a notifi-
cation] on AR glasses since you do not have to look away to read it"
(P15). However, 4 (25%) participants preferred to view notifications
on a smartphone during social interaction: “My conversation partner
can explicitly see that I am viewing a notification at my smartphone
and deal with it" (P6). “Smartphone is better to read notifications. The
communication partner knows that one does not listen for a moment"
(P13). 5 (31.2%) participants indicated that they would prefer to
read a notification neither on a smartphone nor AR glasses during
a face-to-face conversation.

When providing feedback about notification positions and align-
ments, 12 (75%) participants stated that they would not prefer to
receive notifications in the top-right posiTION with receiver-locked
ALIGNMENT: “While receiving these notifications, I lost eye contact
with the communication partner” (P12). However, 4 (25%) indicated
that they do not favor the center posiTION with observer-locked
ALIGNMENT as it was not possible to completely see the interlocu-
tor’s face. Notifications using the center posiTION with the observer-
locked ALIGNMENT were the most preferred (8 participants) as there
was no need to look away from the communication partner. While
6 (37.5%) participants preferred the top-right positioN with the
observer-locked ALIGNMENT, 2 (12.5%) favored the center PosITION
with the receiver-locked ALIGNMENT.

7 (43.7%) participants stated that they would prefer to be in-
formed about notifications than directly receiving it on the AR
glasses: ‘T would prefer to see a small icon and decide whether I want
to read it or not" (P5). “Small indicator would be better. [It would be]
better if I could decide when a notification should be displayed" (P9).

4.3.2  Observers’ Feedback. 5 (31.2%) participants stated that talk-
ing to someone wearing a HoloLens was only at the beginning
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unpleasant: “With time, the AR glasses were no more so conspicuous.
It was possible for me to get used to the HoloLens during our conver-
sation" (P23). 7 (43.7%) participants commented on the HoloLens
that it did not negatively affect the conversation: “The glasses were
very conspicuous, but it did not disturb the conversation” (P27). How-
ever, 4 (25%) participants found the AR glasses disturbing during
the conversation since they could not clearly see the eyes of their
communication partners.

We also asked observers if they noticed any activity with the AR
glasses. 7 (43.7%) participants indicated that they did not recognize
any activity of the receivers with the AR glasses. However, 9 (56.2%)
participants discerned eye movements of the receiver without iden-
tifying the actual activity: “Sometimes, my communication partner
had looked to the side, but I do not know if he did something or if it
simply was a normal behavior" (P25). After answering this question,
the interviewer explained that the participant with the HoloLens
had been receiving notifications on the device.

5 (31.2%) participants indicated that it is appropriate to read
notifications on AR glasses during communication: “The glasses did
not affect the conversation even if you know that your communication
partner reads something simultaneously" (P26). 6 (37.5%) participants
commented on the limitation of the used AR glasses, which made
the glasses not suitable for viewing notifications: “If the glasses
were not so big and heavy then it would be more appropriate than a
smartphone because you do not have to look away" (P22, P23, P30). 5
(31.2%) participants stated that AR glasses are not suitable to read
notifications since the communication partner does not know if the
person with the AR glasses is paying attention to the conversation.

5 (31.2%) participants indicated that they would rather receive
notifications on a smartphone than on AR glasses: “By looking
at a smartphone one makes a conscious conversation break and the
dialog partner knows that the other person does not listen to her
for a moment" (P36). “It is not clear if the person with AR glasses
is listening" (P29). However, 8 (50%) participants stated that AR
glasses are better to view notifications: “With a smartphone, it is
more annoying than AR glasses if one looks over and over at the device
during a conversation. However, with AR glasses, the interlocutor does
not notice it" (P30). “It is rude to look at a smartphone during a
conversation because this causes interruptions" (P24). For 3 (18.7%)
participants viewing notifications on AR glasses was similarly rude
as on a smartphone.

5 DISCUSSION

For the receivers, the study revealed significant main effects of po-
SITION and ALIGNMENT and an interaction effect of posiTION X
ALIGNMENT. For the receiver-locked ALIGNMENT, the notifications
in the center POSITION were perceived more urgent than the ones
in the top-right posiTioN. However, for the observer-locked ALIGN-
MENT, the notifications displayed in the top-right posiTION were
considered slightly more urgent than the ones in the center posi-
TION. The qualitative feedback revealed that notifications using the
center POSITION with observer-locked ALIGNMENT partly occlude the
interlocutor’s face and thus grab the attention. Using this combina-
tion of the ALIGNMENT and POSITION, participants could view both
the notifications and the interlocutor simultaneously without being
urged to look at the notification in another posrtion. However,
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the notifications using the top-right posiTION with receiver-locked
ALIGNMENT result in the loss of eye contact with the communication
partner.

The notifications using receiver-locked ALIGNMENT were consid-
ered more intrusive than the ones using the observer-locked ALIGN-
MENT. This could be explained by the fact that the notifications
using this ALIGNMENT are displayed directly in front of the user.
Consequently, the perceived task load to view notifications using
observer-locked ALIGNMENT during a face-to-face conversation was
lower than the ones using the receiver-locked ALIGNMENT.

Furthermore, our results suggest that in all posITION and ALIGN-
MENT conditions, participants could similarly concentrate both on
the notifications and the conversation. This is also supported by
the fact that we did not find any significant difference in concentra-
teOnNotification and concentrateOnConversation values.

For the observers, the results show that in all conditions, par-
ticipants and their communication partners could similarly well
concentrate on the conversation. Furthermore, participants found
communicating with a person wearing AR glasses similarly awk-
ward, normal, appropriate, uncomfortable, and distracting, regardless
of the study condition. However, the participants felt slightly more
rude when their communication partner was receiving notifications
in the center POSITION using observer-locked ALIGNMENT compared
with the receiver-locked ALIGNMENT. While receiving notifications
in the center POSITION using observer-locked ALIGNMENT, a receiver
was more urged to stare at the interlocutor’s face and read the
notifications, which is not suggested for the design of interaction
mechanics for smart glasses [1]. On the other hand, as the noti-
fications were presented in the top-right position, observers felt
more rude when the receiver-locked compared to observer-locked
ALIGNMENT was used. As eye contact is an important element in
everyday social interactions [1], this could be explained by the fact
that observers could notice the loss of receivers’ eye contact as the
consequence of reading notifications displayed in the top-right of
their direct field of view.

Through the qualitative results, we learned that augmenting
users’ vision with digital notifications during social interaction
does not entirely interrupt the conversation. However, it might
be impolite regarding the conversation partner as the interlocutor
is not aware of notifications in AR glasses. Interestingly, some
participants considered this unawareness positively. Compared to
viewing notifications using smartphones, notifications in AR glasses
might be less annoying for interlocutor as it does not require a user
to hold the device and interrupt the conversation.

6 LIMITATIONS

The majority of both receivers and observers indicated that during
social interaction, they would prefer to receive notifications on
AR glasses rather than a smartphone. However, both receivers and
observers commented on the limitation of the used AR glasses. As
the AR glasses, we used a first-generation HoloLens, which is heavy
and uncomfortable, as stated by our participants. Since we used only
HoloLens as the AR glasses, we assume that AR glasses with better
physical properties, as suggested by the participants, could make
viewing notifications during social interaction more appropriate.
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However, future research is needed to test this assumption, as
different AR glasses can affect the social acceptability.

Furthermore, during the study, participant pairs were sitting in
front of each other and engaging in a conversation. They were told
not to stand up or move during the conversation sessions. Despite
this stationary study setting, we found significant effects of ALIGN-
MENT for both receiver and observer. Repeating the same study in
a more dynamic setting (e.g., the observer and receiver are talking
while walking together) would probably reveal different results
regarding the ALIGNMENT. However, future research is needed to
determine this effect. Moreover, since the disruptiveness of notifica-
tions can be affected by its presentation, alert type, sender-recipient
relationship, as well as the type, duration and importance of so-
cial interaction [32], future research is needed to investigate these
effects while considering notifications on AR glasses.

For the study, we used notifications that were not collected from
participants. To enhance the realism and allow participants to en-
vision how their notifications would appear in AR, we used real
notifications using commonly given names in the country of the
study. Therefore, we assume that we decreased potential effects
caused by not showing participants’ notifications.

7 CONCLUSION

We investigated two positions (center, top-right) for notifications
while aligning them relative to the user’s field of view (receiver-
locked) or with the conversation partner (observer-locked) using
AR glasses during social interaction. We found that displaying no-
tifications using the observer-locked alignment reduces the user’s
task load and perceived intrusiveness. Furthermore, while receiving
notifications in the top-right position, the communication partners
feel less rude when the notifications are aligned with them. Nev-
ertheless, while receiving notifications in the center position, the
communication partner feels slightly less rude when the notifi-
cations are displayed using receiver-locked alignment. Receiving
notifications in the center position results in higher perceived ur-
gency using the receiver-locked alignment. In contrast, notifications
in the top-right position yield higher perceived urgency using the
observer-locked alignment.

The results suggest that general notifications displayed on AR
glasses should be presented with the observer-locked alignment dur-
ing face-to-face communication. Notifications presented using this
alignment are the least intrusive, and the required task load to view
the notifications and engage in the conversation simultaneously is
the least. The qualitative results showed that participants were not
agreed on a single notification position. Thus, users should also be
enabled to specify their preference for the notification position with
the observer-locked alignment. Only very important notifications
should be displayed with the receiver-locked alignment using the
center position. Displaying notifications in this combination will be
perceived as both urgent and intrusive. The users would accept their
negative impact to ensure receiving critical notifications. However,
users should be able to define which notifications are urgent.

In this work, we only investigated receiving notifications us-
ing AR glasses. However, future work that enables users also to
reply to notifications in AR is needed. Furthermore, as we did our
study while only two people were communicating, future work
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should investigate AR notifications during social interaction in a
more crowded environment. As our participants proposed to dis-
play only essential notifications in AR glasses or to inform about
notifications in AR glasses without showing the content, future
work should investigate various approaches to notify users about
incoming messages using AR glasses.

REFERENCES

[1] Deepak Akkil, Andrés Lucero, Jari Kangas, Tero Jokela, Marja Salmimaa, and
Roope Raisamo. 2016. User Expectations of Everyday Gaze Interaction on Smart-
glasses. In Proceedings of the 9th Nordic Conference on Human-Computer Interac-
tion (Gothenburg, Sweden) (NordiCHI ’16). ACM, New York, NY, USA, Article 24,
10 pages. https://doi.org/10.1145/2971485.2971496

Fouad Alallah, Ali Neshati, Yumiko Sakamoto, Khalad Hasan, Edward Lank,

Andrea Bunt, and Pourang Irani. 2018. Performer vs. Observer: Whose Comfort

Level Should We Consider when Examining the Social Acceptability of Input

Modalities for Head-worn Display?. In Proceedings of the 24th ACM Symposium

on Virtual Reality Software and Technology (Tokyo, Japan) (VRST ’18). ACM, New

York, NY, USA, Article 10, 9 pages. https://doi.org/10.1145/3281505.3281541

[3] Ann Blandford, Dominic Furniss, and Stephann Makri. 2016. Qualitative HCI re-
search: Going behind the scenes. Synthesis lectures on human-centered informatics
9,1(2016), 1-115.

[4] John Brooke. 1996. SUS: A “quick and dirty” usability scale. Usability evaluation
in industry (1996), 189—-194.

[5] Scott W Campbell and Nojin Kwak. 2011. Mobile communication and civil society:
Linking patterns and places of use to engagement with others in public. Human
Communication Research 37, 2 (2011), 207-222.

[6] Varoth Chotpitayasunondh and Karen M Douglas. 2018. The effects of “phubbing”
on social interaction. Journal of Applied Social Psychology 48, 6 (2018), 304-316.

[7] Soon Hau Chua, Simon T. Perrault, Denys J. C. Matthies, and Shengdong Zhao.
2016. Positioning Glass: Investigating Display Positions of Monocular Optical
See-Through Head-Mounted Display. In Proceedings of the Fourth International
Symposium on Chinese CHI (San Jose, USA) (ChineseCHI2016). ACM, New York,
NY, USA, Article 1, 6 pages. https://doi.org/10.1145/2948708.2948713

[8] Saverio Debernardis, Michele Fiorentino, Michele Gattullo, Giuseppe Monno,
and Antonio Emmanuele Uva. 2013. Text readability in head-worn displays:
Color and style optimization in video versus optical see-through devices. IEEE
transactions on visualization and computer graphics 20, 1 (2013), 125-139.

[9] Tilman Dingler and Martin Pielot. 2015. T'll Be There for You: Quantifying

Attentiveness towards Mobile Messaging. In Proceedings of the 17th International

Conference on Human-Computer Interaction with Mobile Devices and Services

(Copenhagen, Denmark) (MobileHCI ’15). Association for Computing Machinery,

New York, NY, USA, 1-5. https://doi.org/10.1145/2785830.2785840

Tilman Dingler, Dominik Weber, Martin Pielot, Jennifer Cooper, Chung-Cheng

Chang, and Niels Henze. 2017. Language Learning On-the-Go: Opportune Mo-

ments and Design of Mobile Microlearning Sessions. In Proceedings of the 19th

International Conference on Human-Computer Interaction with Mobile Devices and

Services (Vienna, Austria) (MobileHCI ’17). Association for Computing Machinery,

New York, NY, USA, Article 28, 12 pages. https://doi.org/10.1145/3098279.3098565

[11] Cambridge ESOL. 2008. Speaking Test Preparation Pack for FCE Paperback with
DVD. Cambridge University Press.

[12] Joseph L Gabbard, J Edward Swan, and Deborah Hix. 2006. The effects of text
drawing styles, background textures, and natural lighting on text legibility in
outdoor augmented reality. Presence: Teleoperators & Virtual Environments 15, 1
(2006), 16-32.

[13] Hiseyin Ugur Geng, Fatos Goksen, and Aykut Coskun. 2018. Are We 'Really’
Connected?: Understanding Smartphone Use During Social Interaction in Public.
In Proceedings of the 10th Nordic Conference on Human-Computer Interaction
(Oslo, Norway) (NordiCHI ’18). ACM, New York, NY, USA, 880-885. https:
//doi.org/10.1145/3240167.3240235

[14] Sarthak Ghosh, Lauren Winston, Nishant Panchal, Philippe Kimura-Thollander,
Jeff Hotnog, Douglas Cheong, Gabriel Reyes, and Gregory D Abowd. 2018. Noti-
fiVR: exploring interruptions and notifications in virtual reality. IEEE transactions
on visualization and computer graphics 24, 4 (2018), 1447-1456.

[15] Jonna Hakkild, Farnaz Vahabpour, Ashley Colley, Jani Viyrynen, and Timo
Koskela. 2015. Design Probes Study on User Perceptions of a Smart Glasses
Concept. In Proceedings of the 14th International Conference on Mobile and Ubig-
uitous Multimedia (Linz, Austria) (MUM ’15). ACM, New York, NY, USA, 223-233.
https://doi.org/10.1145/2836041.2836064

[16] Edward Twitchell Hall. 1966. The hidden dimension. 1966.

[17] Gunnar Harboe and Elaine M. Huang. 2015. Real-World Affinity Diagramming
Practices: Bridging the Paper-Digital Gap. In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems (Seoul, Republic of Korea)
(CHI ’15). Association for Computing Machinery, New York, NY, USA, 95-104.
https://doi.org/10.1145/2702123.2702561

[2

=

[10

Rzayev et al.

Sandra G Hart. 2006. NASA-task load index (NASA-TLX); 20 years later. In
Proceedings of the human factors and ergonomics society annual meeting, Vol. 50.
Sage publications Sage CA: Los Angeles, CA, 904-908.

Roberto Hoyle, Srijita Das, Apu Kapadia, Adam J. Lee, and Kami Vaniea. 2017. Was
My Message Read? Privacy and Signaling on Facebook Messenger. In Proceedings
of the 2017 CHI Conference on Human Factors in Computing Systems (Denver,
Colorado, USA) (CHI ’17). Association for Computing Machinery, New York, NY,
USA, 3838-3842. https://doi.org/10.1145/3025453.3025925

Carl J Huberty and John D Morris. 1992. Multivariate analysis versus multiple
univariate analyses. (1992).

Shamsi T. Igbal and Brian P. Bailey. 2010. Oasis: A Framework for Linking
Notification Delivery to the Perceptual Structure of Goal-directed Tasks. ACM
Trans. Comput.-Hum. Interact. 17, 4, Article 15 (Dec. 2010), 28 pages. https:
//doi.org/10.1145/1879831.1879833

Pranut Jain, Rosta Farzan, and Adam J. Lee. 2019. Are You There?: Identify-
ing Unavailability in Mobile Messaging. In Extended Abstracts of the 2019 CHI
Conference on Human Factors in Computing Systems (Glasgow, Scotland Uk)
(CHI EA ’19). ACM, New York, NY, USA, Article LBW0226, 6 pages. https:
//doi.org/10.1145/3290607.3312893

Jacek Jankowski, Krystian Samp, Izabela Irzynska, Marek Jozwowicz, and Stefan

Decker. 2010. Integrating Text with Video and 3D Graphics: The Effects of Text
Drawing Styles on Text Readability. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (Atlanta, Georgia, USA) (CHI '10). ACM,
New York, NY, USA, 1321-1330. https://doi.org/10.1145/1753326.1753524
Matthew Kay and Jacob Wobbrock. 2019. ARTool: Aligned Rank Transform
for Nonparametric Factorial ANOVAs. R package version 0.10.6.9000 (2019).
https://github.com/mjskay/ARTool

Minsam Ko, Seungwoo Choi, Koji Yatani, and Uichin Lee. 2016. Lock N’ LoL:
Group-based Limiting Assistance App to Mitigate Smartphone Distractions in
Group Activities. In Proceedings of the 2016 CHI Conference on Human Factors in
Computing Systems (San Jose, California, USA) (CHI ’16). ACM, New York, NY,
USA, 998-1010. https://doi.org/10.1145/2858036.2858568

Minsam Ko, Subin Yang, Joonwon Lee, Christian Heizmann, Jinyoung Jeong,
Uichin Lee, Daehee Shin, Koji Yatani, Junehwa Song, and Kyong-Mee Chung.
2015. NUGU: A Group-based Intervention App for Improving Self-Regulation of
Limiting Smartphone Use. In Proceedings of the 18th ACM Conference on Computer
Supported Cooperative Work &#38; Social Computing (Vancouver, BC, Canada)
(CSCW ’15). ACM, New York, NY, USA, 1235-1245. https://doi.org/10.1145/
2675133.2675244

Marek Kowalski, Zbigniew Nasarzewski, Grzegorz Galinski, and Piotr Garbat.
2018. Holoface: Augmenting human-to-human interactions on hololens. In 2018
IEEE Winter Conference on Applications of Computer Vision (WACV). IEEE, 141-
149.

Kostadin Kushlev, Jason Proulx, and Elizabeth W. Dunn. 2016. "Silence Your
Phones": Smartphone Notifications Increase Inattention and Hyperactivity Symp-
toms. In Proceedings of the 2016 CHI Conference on Human Factors in Computing
Systems (San Jose, California, USA) (CHI ’16). ACM, New York, NY, USA, 1011-
1020. https://doi.org/10.1145/2858036.2858359

Andrés Lucero and Akos Vetek. 2014. NotifEye: Using Interactive Glasses to Deal
with Notifications While Walking in Public. In Proceedings of the 11th Conference
on Advances in Computer Entertainment Technology (Funchal, Portugal) (ACE ’14).
ACM, New York, NY, USA, Article 17, 10 pages. https://doi.org/10.1145/2663806.
2663824

Sven Mayer, Lars Lischke, Pawel W. Wozniak, and Niels Henze. 2018. Evaluat-
ing the Disruptiveness of Mobile Interactions: A Mixed-Method Approach. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(Montreal QC, Canada) (CHI ’18). ACM, New York, NY, USA, Article 406, 14 pages.
https://doi.org/10.1145/3173574.3173980

Gerard McAtamney and Caroline Parker. 2006. An Examination of the Effects
of a Wearable Display on Informal Face-to-face Communication. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems (Montreal,
Quebec, Canada) (CHI '06). ACM, New York, NY, USA, 45-54. https://doi.org/10.
1145/1124772.1124780

Abhinav Mehrotra, Veljko Pejovic, Jo Vermeulen, Robert Hendley, and Mirco
Musolesi. 2016. My Phone and Me: Understanding People’s Receptivity to Mobile
Notifications. In Proceedings of the 2016 CHI Conference on Human Factors in
Computing Systems (San Jose, California, USA) (CHI ’16). ACM, New York, NY,
USA, 1021-1032. https://doi.org/10.1145/2858036.2858566

Carol Moser, Sarita Y. Schoenebeck, and Katharina Reinecke. 2016. Technology
at the Table: Attitudes About Mobile Phone Use at Mealtimes. In Proceedings
of the 2016 CHI Conference on Human Factors in Computing Systems (San Jose,
California, USA) (CHI ’16). ACM, New York, NY, USA, 1881-1892. https://doi.
org/10.1145/2858036.2858357

Eyal Ofek, Shamsi T. Igbal, and Karin Strauss. 2013. Reducing Disruption from
Subtle Information Delivery During a Conversation: Mode and Bandwidth In-
vestigation. In Proceedings of the SIGCHI Conference on Human Factors in Com-
puting Systems (Paris, France) (CHI ’13). ACM, New York, NY, USA, 3111-3120.
https://doi.org/10.1145/2470654.2466425


https://doi.org/10.1145/2971485.2971496
https://doi.org/10.1145/3281505.3281541
https://doi.org/10.1145/2948708.2948713
https://doi.org/10.1145/2785830.2785840
https://doi.org/10.1145/3098279.3098565
https://doi.org/10.1145/3240167.3240235
https://doi.org/10.1145/3240167.3240235
https://doi.org/10.1145/2836041.2836064
https://doi.org/10.1145/2702123.2702561
https://doi.org/10.1145/3025453.3025925
https://doi.org/10.1145/1879831.1879833
https://doi.org/10.1145/1879831.1879833
https://doi.org/10.1145/3290607.3312893
https://doi.org/10.1145/3290607.3312893
https://doi.org/10.1145/1753326.1753524
https://github.com/mjskay/ARTool
https://doi.org/10.1145/2858036.2858568
https://doi.org/10.1145/2675133.2675244
https://doi.org/10.1145/2675133.2675244
https://doi.org/10.1145/2858036.2858359
https://doi.org/10.1145/2663806.2663824
https://doi.org/10.1145/2663806.2663824
https://doi.org/10.1145/3173574.3173980
https://doi.org/10.1145/1124772.1124780
https://doi.org/10.1145/1124772.1124780
https://doi.org/10.1145/2858036.2858566
https://doi.org/10.1145/2858036.2858357
https://doi.org/10.1145/2858036.2858357
https://doi.org/10.1145/2470654.2466425

Effects of Position and Alignment of Notifications on AR Glasses

[35]

[36

[38

[39

[40

(41

[42

[43

=
&

[45

[46

[47

[48

[49

[50]

[51]

Jason Orlosky, Kiyoshi Kiyokawa, and Haruo Takemura. 2014. Managing Mobile
Text in Head Mounted Displays: Studies on Visual Preference and Text Placement.
SIGMOBILE Mob. Comput. Commun. Rev. 18, 2 (June 2014), 20-31. https://doi.
org/10.1145/2636242.2636246

Chunjong Park, Junsung Lim, Juho Kim, Sung-Ju Lee, and Dongman Lee. 2017.
Don’T Bother Me. I'm Socializing!: A Breakpoint-Based Smartphone Notification
System. In Proceedings of the 2017 ACM Conference on Computer Supported Coop-
erative Work and Social Computing (Portland, Oregon, USA) (CSCW ’17). ACM,
New York, NY, USA, 541-554. https://doi.org/10.1145/2998181.2998189
Shwetak N Patel, Julie A Kientz, Gillian R Hayes, Sooraj Bhat, and Gregory D
Abowd. 2006. Farther than you may think: An empirical investigation of the prox-
imity of users to their mobile phones. In International Conference on Ubiquitous
Computing. Springer, 123-140.

Martin Pielot, Bruno Cardoso, Kleomenis Katevas, Joan Serra, Aleksandar Matic,
and Nuria Oliver. 2017. Beyond Interruptibility: Predicting Opportune Moments
to Engage Mobile Phone Users. Proc. ACM Interact. Mob. Wearable Ubiquitous
Technol. 1, 3, Article 91 (Sept. 2017), 25 pages. https://doi.org/10.1145/3130956
Martin Pielot, Karen Church, and Rodrigo de Oliveira. 2014. An In-situ Study of
Mobile Phone Notifications. In Proceedings of the 16th International Conference
on Human-computer Interaction with Mobile Devices and Services (Toronto, ON,
Canada) (MobileHCI ’14). ACM, New York, NY, USA, 233-242. https://doi.org/10.
1145/2628363.2628364

Martin Pielot and Luz Rello. 2017. Productive, Anxious, Lonely: 24 Hours With-
out Push Notifications. In Proceedings of the 19th International Conference on
Human-Computer Interaction with Mobile Devices and Services (Vienna, Aus-
tria) (MobileHCI ’17). ACM, New York, NY, USA, Article 11, 11 pages. https:
//doi.org/10.1145/3098279.3098526

Martin Pielot, Amalia Vradi, and Souneil Park. 2018. Dismissed!: A Detailed
Exploration of How Mobile Phone Users Handle Push Notifications. In Proceedings
of the 20th International Conference on Human-Computer Interaction with Mobile
Devices and Services (Barcelona, Spain) (MobileHCI '18). ACM, New York, NY,
USA, Article 3, 11 pages. https://doi.org/10.1145/3229434.3229445

Halley Profita, Reem Albaghli, Leah Findlater, Paul Jaeger, and Shaun K. Kane.
2016. The AT Effect: How Disability Affects the Perceived Social Acceptability of
Head-Mounted Display Use. In Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems (San Jose, California, USA) (CHI ’16). ACM, New
York, NY, USA, 4884-4895. https://doi.org/10.1145/2858036.2858130

Andrew K Przybylski and Netta Weinstein. 2013. Can you connect with me now?
How the presence of mobile communication technology influences face-to-face
conversation quality. Journal of Social and Personal Relationships 30, 3 (2013),
237-246.

Stephan Raidt, Gerard Bailly, and Frederic Elisei. 2007. Gaze Patterns During
Face-to-Face Interaction. In Proceedings of the 2007 IEEE/WIC/ACM International
Conferences on Web Intelligence and Intelligent Agent Technology - Workshops
(WI-IATW °07). IEEE Computer Society, Washington, DC, USA, 338-341. http:
//dl.acm.org/citation.cfm?id=1339264.1339721

Rufat Rzayev, Sabrina Hartl, Vera Wittmann, Valentin Schwind, and Niels Henze.
2020. Effects of Position of Real-Time Translation on AR Glasses. In Proceedings
of the Conference on Mensch Und Computer (Magdeburg, Germany) (MuC °20).
Association for Computing Machinery, New York, NY, USA, 251-257. https:
//doi.org/10.1145/3404983.3405523

Rufat Rzayev, Sven Mayer, Christian Krauter, and Niels Henze. 2019. Notification
in VR: The Effect of Notification Placement, Task and Environment. In Proceedings
of the Annual Symposium on Computer-Human Interaction in Play (Barcelona,
Spain) (CHI PLAY ’19). Association for Computing Machinery, New York, NY,
USA, 199-211. https://doi.org/10.1145/3311350.3347190

Rufat Rzayev, Pawel W. Wozniak, Tilman Dingler, and Niels Henze. 2018. Reading
on Smart Glasses: The Effect of Text Position, Presentation Type and Walking. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(Montreal QC, Canada) (CHI ’18). ACM, New York, NY, USA, Article 45, 9 pages.
https://doi.org/10.1145/3173574.3173619

Alireza Sahami Shirazi, Niels Henze, Tilman Dingler, Martin Pielot, Dominik We-
ber, and Albrecht Schmidt. 2014. Large-scale Assessment of Mobile Notifications.
In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(Toronto, Ontario, Canada) (CHI '14). ACM, New York, NY, USA, 3055-3064.
https://doi.org/10.1145/2556288.2557189

Cary Stothart, Ainsley Mitchum, and Courtney Yehnert. 2015. The attentional
cost of receiving a cell phone notification. Journal of experimental psychology:
human perception and performance 41, 4 (2015), 893-897.

Kohei Tanaka, Yasue Kishino, Masakazu Miyamae, Tsutomu Terada, and Shojiro
Nishio. 2008. An information layout method for an optical see-through head
mounted display focusing on the viewability. In 2008 7th IEEE/ACM International
Symposium on Mixed and Augmented Reality. IEEE, 139-142.

Shari P Walsh, Katherine M White, and Ross McD Young. 2009. The phone con-
nection: A qualitative exploration of how belongingness and social identification
relate to mobile phone use amongst Australian youth. Journal of Community &
Applied Social Psychology 19, 3 (2009), 225-240.

NordiCHI ’20, October 25-29, 2020, Tallinn, Estonia

[52] Dominik Weber, Alexandra Voit, and Niels Henze. 2018. Notification Log: An

[53

]

Open-Source Framework for Notification Research on Mobile Devices. In Pro-
ceedings of the 2018 ACM International Joint Conference and 2018 International
Symposium on Pervasive and Ubiquitous Computing and Wearable Computers
(Singapore, Singapore) (UbiComp ’18). ACM, New York, NY, USA, 1271-1278.
https://doi.org/10.1145/3267305.3274118

Jacob O. Wobbrock, Leah Findlater, Darren Gergle, and James J. Higgins. 2011.
The Aligned Rank Transform for Nonparametric Factorial Analyses Using Only
Anova Procedures. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (Vancouver, BC, Canada) (CHI '11). ACM, New York, NY,
USA, 143-146. https://doi.org/10.1145/1978942.1978963


https://doi.org/10.1145/2636242.2636246
https://doi.org/10.1145/2636242.2636246
https://doi.org/10.1145/2998181.2998189
https://doi.org/10.1145/3130956
https://doi.org/10.1145/2628363.2628364
https://doi.org/10.1145/2628363.2628364
https://doi.org/10.1145/3098279.3098526
https://doi.org/10.1145/3098279.3098526
https://doi.org/10.1145/3229434.3229445
https://doi.org/10.1145/2858036.2858130
http://dl.acm.org/citation.cfm?id=1339264.1339721
http://dl.acm.org/citation.cfm?id=1339264.1339721
https://doi.org/10.1145/3404983.3405523
https://doi.org/10.1145/3404983.3405523
https://doi.org/10.1145/3311350.3347190
https://doi.org/10.1145/3173574.3173619
https://doi.org/10.1145/2556288.2557189
https://doi.org/10.1145/3267305.3274118
https://doi.org/10.1145/1978942.1978963

	Abstract
	1 Introduction
	2 Related Work
	2.1 Digital Notifications
	2.2 Smart Glasses Use during Social Interaction
	2.3 Text Presentation on Smart Glasses
	2.4 Summary

	3 Method
	3.1 Study Design
	3.2 Apparatus
	3.3 Task
	3.4 Procedure
	3.5 Participants

	4 Results
	4.1 Quantitative Data - Receiver
	4.2 Quantitative Data - Observer
	4.3 Qualitative Feedback

	5 Discussion
	6 Limitations
	7 Conclusion
	References

