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Figure 7.9: Party: Devices were provided for guests who did not have an Android smart-
phone.

the Chromecast, which overrides Cast Together. It can seem a little tedious to have to re-
launch or join Cast Together, so I often find myself not getting round to it. I’ll sometimes
only notice I have not signed in when I realise I’ve been listening to several tracks in a row
of my partner’s music” [Paul].

Party

Paul and Audrey used Cast Together to play music and display themed photos at two dinner
parties in their home. 11 guests attended a Halloween party, and 8 guests attended a tradi-
tional supper in celebration of the Scottish poet Robert Burns, including Brian who attended
both events.

Paul “found the display works very well for a party. It makes it very easy to theme music and
pictures towards a specific event. For example, at Halloween we instantly had pictures and
music appropriate for the event”. The zombie themed party was enhanced by performing
an image search for zombies, and the Burns supper event was themed with photos of tartan
and haggis. “Some of our guests were able to install the app and take part as a user, we also
had other devices signed in to allow non-Android users to select music and images. It makes
for a fair and interesting Jukebox style set up for the music” [Paul]. During both parties,
guests were interested in using their own Android 4.2+ devices to set their music and photo
preferences with Cast Together. Audrey invited guests who requested access to the private
Google+ Community, where they could become beta testers and download the Cast Together
app. Guests who installed the prototype on their personal devices were instructed on how to
remove the application before they left.

On one occasion, only allowing profiles to generate a music playlist was found to be a limi-
tation. “During the party, two people requested a specific song, which is a limitation of the
display, which will only allow you to choose an artist or will randomise a Last.fm history.
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For most occasions, this works well, but this scenario showed the need to sometimes be more
specific about music choice. We resorted to signing into my Google Play Music account and
casting that for a while” [Paul]. Playing these songs on Paul’s smartphone had further un-
expected effects. “This was a good compromise and solved the problem during the party,
but had the undesired effect of scrobbling these tracks to my Last.fm account, which in turn
showed up the next time I connected to the display after the party, when I wasn’t really in the
mood to be playing these specific songs. I was able to skip past those songs, but eventually
decided to delete them from my last.fm history to avoid having them appear in the future”
[Paul].

Paul “noticed notifications on the display and had notifications of mine pointed out to me on
a couple of occasions, which was helpful as they were messages and calls from guests, to
say when they would be arriving etc. It might have been easy to miss one of them without
the display in this scenario, as I may not have heard/felt my phone in my pocket while I
was talking to guests with music on etc.”. When asked about the privacy settings in the
party, Paul responded, “I don’t remember anyone having a problem with notifications being
displayed on the screen. I didn’t feel the need to reduce the detail of my notifications either,
as I couldn’t think of any notifications that I might want to be kept private”.

Holiday

Paul and Audrey set up the Chromecast during a one week holiday visiting relatives. The
Chromecast was plugged into the television in the living room of the holiday home that was
shared by Audrey’s parents, sister, brother-in-law and nephew.

Audrey noted observations of the family learning how to share photos on the Chromecast
on the first evening. Audrey’s mother was using her smartphone to show her recent photos
to the group. Audrey demonstrated the cast button that shared the photo on the television.
Her father and sister asked if their devices could share photos on the big screen. They had
opened their photos in an app that did not support casting, and were shown to the app that the
mother was using. Though the 3 performers enjoyed sharing their photos from the device,
the chaotic experience that followed was difficult to enjoy as the remaining 3 spectators, as
storytelling was frequently interrupted by new photos being shared. During the free for all,
a video was interrupted by a photo that someone had found to share, and Audrey’s father did
not realise that everyone could still see his photos as he browsed photos of his work.

Paul “found Cast Together to be most useful when the relatives were visiting, as they took
notice and regularly commented on the pictures that were displaying on the screen. The
pictures were a range of events and holidays that we had been to in the past, and even some
pictures that we had taken on the current trip. It seemed like a nice organic way to view
pictures together on a big screen... I’ll often wonder how interested people really are in
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Figure 7.10: Board Game Event: Cast Together was set up beside the table where a board
game was played.

looking at every single photo you have to show from an event or holiday. Cast Together
seems to allow for moments of engagement which will often spark a conversation”. One of
the Flickr profiles that was shared was Audrey’s brother who was not attending the trip this
year. Audrey’s mother pointed to the display as a photo of her son and his wife appeared from
their recent trip to America, prompting an update on how they had been since the previous
year when they had visited. A search was also performed to aid a conversation about the
Kelpies, which are structures in Falkirk that opened that year, which the family would be
visiting the following month. Audrey’s father pointed at an interesting photo of the Falkirk
Wheel that appeared, helping his explanation of how it operated.

A limitation of the display in this scenario was that “we didn’t have everyone that was stay-
ing in the house set up” and “it might have been useful if we did, as it turned out that several
people on the trip had the same message alert tone which caused confusion on quite a few oc-
casions. Had we all been connected, we might have been able to more easily see who’s phone
was requiring attention, or if indeed it was important enough to be such a big distraction”
[Paul].

Board Game Event

Brian invited Paul and Audrey to a board game event with 3 other guests in his living room.
Brian asked if he could use Cast Together on his home Chromecast at the beginning of the
event, which Audrey set up. Paul explained, “Cast Together allowed us to listen to music
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based on our history and search criteria, which made it easy to have background music
throughout the night”.

During the event, “songs sparked conversations and it was helpful to see whose track it was
when talking about it” [Paul]. A song that Paul had scrobbled was one that he had learned
to play on the piano. A guest told this to Brian’s piano teacher, who did not know that Paul
also played. “People did also take notice of and comment on different photos that appeared.
It worked as a nice point of reference or subject of conversation, especially in this scenario,
entertaining us when there was a lull in the game without being too intrusive” [Paul]. An
example was photos from Audrey and Paul’s recent trip to the Kelpies, and other guests were
curious about what they were.

After the board game had ended, one guest was interested in the app that Brian had used
to play music and asked how he could install the app. Brian explained the design of Cast
Together, and that he and Paul had been using it in their office to manage their smartphone
notifications. A notification that was displaying at the time was Google Now informing
Brian about the time to reach the motorway, and everyone joked about where Google Now
was planning to take him. While everyone was looking at the display, “the clock acted as a
way of mutually noticing that it was probably time to call it a night” [Paul].

Paul shared that “one improvement on the evening would have been if everyone were con-
nected to the display. As it was, three people present were not connected to the display, one
of whom held up the game while focusing their attention on their phone. It would have been
interesting to see how the rest of us might have acted differently if we were able to see what
action they were performing on the phone. For example, had it been Facebook, we may have
made a joke in order to ‘shame’ them into putting down their phone. As we had no idea how
important the interaction with the phone may be, it seemed impolite to comment”.

Summary of Results

These initial results with Cast Together indicate several benefits of inclusive and unobtrusive
mobile interaction in co-located environments:

1. Sharing notifications can avoid collateral disruption when alert tones are similar and
can draw attention to important notifications.

2. Searching for profiles can lead to serendipitous discovery of music and images.

3. Sharing personal profiles lets others learn about previous activity and can spark con-
versations.

4. Implicit and explicit interactions can manage the sharing of content with little engage-
ment with a personal device.
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Figure 7.11: A user with many devices finds it difficult to manage all tasks at once.

7.2.2 Discussion

A user study was conducted with three participants who used Cast Together in dynamic social
settings. The inclusion of the author, and the relationship of the author to the participants,
are major limitations of this user study. Furthermore, this user group were comfortable with
sharing media and events from their smartphones with their close family and friends, and
so the privacy levels that were in place were not fully evaluated. However, these results are
included as a first step to identifying the potential uses of Cast Together in places. A major
benefit of Cast Together was that notifications could be read at a glance without interacting
with the smartphone. The next step will be to compare the cost of reading notifications on a
situated display to other notification displays when focusing on a task.

7.3 Choice in Notification Displays

Smartphone notifications provide awareness of important emails and messages. However,
without consideration of the user and their context in the physical environment, notifications
can be distracting, and frequent interruptions can result in stress [166]. Negotiated interrup-
tions [106] let the user decide the onset of an interruption, and is an approach to managing
notifications that can improve concentration on a primary task.
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(a) Notification bar (Android 5.0) (b) Eyewear (Google Glass) (c) Desktop (Linconnect)

(d) Lockscreen (Android 5.0) (e) Smartwatch (Moto 360) (f) Situated display (Cast Together)

Figure 7.12: Notification displays.

On an Android smartphone, users negotiate interruptions via the notification bar. The no-
tification bar displays a list of recent notifications in a pull-down menu, and is always one
step away when the device is in use. However, when the smartphone is not in use, the no-
tification bar can require many actions to read the notification. Displaying notifications on
the lockscreen can reduce the cost of reading a notification when the device is in hand but
not unlocked. Compared to the notification bar, the cost of responding to the notification is
increased, as the device has still to be unlocked. By making it simpler to consume notifica-
tions, but more difficult to act, notification display choice has the potential to encourage the
user to focus on a task, and be less likely to engage in prolonged smartphone habits when
attention is committed to a task, whether a co-located social situation or an individual typing
task.

External displays create new opportunities to deliver notifications to the user. Smartwatches
and smart eyewear allow users to read notifications when the device is not in hand, by looking
towards the wrist or glancing upwards. Notifications can also be displayed on a monitor as
desktop pop-ups, or on a situated display in the user environment. As new ways of reading
smartphone notifications become available, it is important to consider the impact that they
will have on attention to everyday tasks.

This work contributes a study of six smartphone notification displays, shown in Figure 7.12,
and their impact on attention to a typing task. Though many notifications do not require
a response or can be ignored [132, 120], an equal number is selected to be ignored and
acted on, in order to compare the relative importance of each notification type on subjective
opinion, performance and resumption lag.
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7.3.1 Research Methods: Measuring Interruptions a Typing Task

When a notification requires a response, it is possible to record the response event on the
smartphone. However, if a notification is ignored, then there is uncertainty about when the
user reads the notification. Additionally, if the notification can be read at a glance with a neg-
ligible delay, then there is uncertainty in the resumption lag. To improve the identification of
when a participant reads a notification, face tracking with the Microsoft Kinect was explored
as a way to record head movements towards each notification display. The Virtual Sensors
tool from Section 4.1 integrates with the Kinect to record the position of the eyes, nose and
mouth, and the 3D rotation of the face. Smartphone events were also recorded with this tool,
including the accelerometer, notification events, and screen on and off events. However, the
Kinect tracking was unreliable, and it was not possible to record the data for all participants.
Face tracking was most unreliable for participants with hair that overlapped the face, and for
participants who leaned out of view while looking towards a notification display. Therefore,
the quantitative results are reported as a worst-case estimate of the interruption to the typing
task.

7.3.2 Research Design: Notification Display Choice in a Typing
Task

30 participants took part in a 1.5 hour lab experiment, and were asked to manage notifications
while performing six 10 minute typing tasks. A £10 reward was provided for participation.
The experiment setup can be seen in Figure 7.13.

Research Hypotheses

1. Glanceable displays will increase productivity more than smartphone displays.

2. Smartphone displays will increase the overall resumption lag compared to glanceable
displays.

3. Notifications situated around the typing task will be preferred most overall.

Participants

Participants were aged 18 - 35 (mean=25, st.dev.=5), 10 were female. 26/30 participants
studied Computing Science and were recruited from an undergraduate mailing list.

A preliminary questionnaire was provided to understand any source of bias. On a 7-point
Likert scale, all participants reported to type on a keyboard regularly (6.63 +/- 0.82), and
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(a) Experiment setup

(b) Google glass (c) Moto 360

Figure 7.13: Typing experiment setup. A test participant is negotiating interruptions with the
situated display. (The photo of Google Glass is available with a Creative Commons licence.2)

were more likely to receive smartphone notifications (6.28 +/- 0.91) than to respond (5.25
+/- 1.30). Participants were most likely to position the smartphone beside them (left or
right) while typing at a computer (27/30), which is in line with the design of the experiment.
Allowing participants to choose the onset of an interruption fits with the design of negotiated
interruptions: 16/30 participants would finish a task before checking notifications, and 12/30
participants would allow notifications to interrupt their task. Few participants would wait
until a predefined time of day. Participants were asked which display they would choose
to read smartphone notifications while typing at a desktop PC. 16/30 participants indicated
that they would choose a smartphone display, and 9/30 chose a desktop pop-up or situated
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(a) Text editor. (b) Notification scheduler.

Figure 7.14: [Left] Typing task on Desktop PC. [Right] Notification Scheduler.

display, and only 4/30 chose a wearable.

Typing Task

A custom text editor was implemented as a web page to log key strokes as participants typed
phrases during the typing task, as displayed in Figure 7.14 (a). Phrases were consistently
displayed in a single line at the top of the page to minimise head movements during the
typing task. The next phrase appeared when a newline was entered in the editor.

Notification Task

Smartphone notifications acted as distractions from the typing task. An app was developed
to schedule notifications stored in a text file, as displayed in Figure 7.14 (b). At the start of
each condition, a log file was created to record the timing of notification events. Messenger
notifications were chosen as the response task, where the message requesting a response was
prefixed with ‘Please respond!’. In reality, smartphone users decide themselves whether a
notification requires a response. Though it is possible to provide limited input to a smart-
watch or smart eyewear, it is assumed that smartphone users take action on their smartphone,
an assumption also made by [100]. Therefore, the response task always required participants
to click the ‘Respond’ button on the notification bar, as shown in Figure 7.12 (a).

Equipment

The equipment used in this experiment is displayed in Figure 7.13. A Nexus 5 smartphone
running Android 5.0 was used by all participants. The notification scheduler app was in-
stalled, and notifications from this app were prioritised to ensure that no other notifications

2https://commons.wikimedia.org/wiki/File:Google_Glass_Front.jpg
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would display during the experiment. The default notification bar and lockscreen were used
as notification displays.

A Sony Vaio laptop running Ubuntu 12.04 OS was connected to a 12” monitor, USB key-
board and mouse, which acted as the desktop PC. The typing application was opened on the
laptop in the Chrome web browser.

Linconnect,3 an open source notification server for Android smartphones, was chosen to dis-
play desktop pop-up notifications. As opposed to services like PushBullet which display
notifications in the web browser, Linconnect integrates with system notifications, which can
be customised with NotifyOSD, including the size, position, timeout and colour. Notifica-
tions were customised to appear for 10 seconds in the top-right corner, as in Figure 7.12
(d). The Linconnect server was installed on the laptop, and the client was installed on the
smartphone, and both communicated via a shared Wi-Fi connection.

The Cast Together application for Google Chromecast was used as the situated display, as
described in Section 7.1. A Chromecast connected to a 18” monitor was positioned to the
right of the desktop monitor, as shown in Figure 7.13. This Android application was installed
on the smartphone to detect the notifications and app launch events, and communicated with
the Chromecast through a shared Wi-Fi connection. A pre-selected collection of photos
displayed in the background, and notifications appeared in the top-left side, as displayed as
in Figure 7.12 (c).

A Moto 360 smartwatch and Google Glass smart eyewear were used as the wearable condi-
tions, with screenshots displayed in Figure 7.12 (e) and (f). The Android Wear and My Glass
applications were installed on the smartphone to pair with the devices via Bluetooth. Ambi-
ent mode was enabled on the smartwatch, which acts as an e-ink display when the screen is
dimmed. The head-up trigger for Google Glass was found to be the simplest way to display
notifications by rotating the head upwards after an auditory alert arrived on the headset. A
head angle of 10 ◦ was used as a sensitive trigger, and was tested with each participant before
starting the smart eyewear condition.

A Microsoft Surface Pro installed with the Virtual Sensors evaluation tool was used to per-
form face tracking with the Microsoft Kinect v2.0. The Kinect was positioned below the
monitor, approximately 20cm above the keyboard and 60cm from the end of the desk. Data
from the Kinect is recorded to an SQL database with the evaluation tool, which can replay the
experiment conditions. After the experiment, Kinect and smartphone data could be exported
to a CSV format.

3Linconnect client/server. https://github.com/hauckwill/linconnect-server
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Figure 7.15: The Mobile and Kinect Interaction Manager recorded data from the facial po-
sition in relation to the notification displays, in addition to the events from the smartphone.
The experimenter could monitor the smartphone events in real time to ensure that each par-
ticipant understood which notifications to respond to during the training task.

Procedure

At the start of the experiment, a consent form and preliminary questionnaire were presented.
A short training task introduced the participant to the typing task and notification task. Next,
the participant was asked to read the objective of the experiment, and clarified which noti-
fications to respond to and which to ignore. The objective informed participants to respond
to notifications in under 15s, and to resume typing quickly. A £20 incentive was awarded to
the participant who responded accurately and who typed the most phrases.

At the start of each condition, a screenshot and short description introduced the notification
display, which was set up by the experimenter. When the participant was ready, the typing
task was started on the desktop, and the notification scheduler was started on the smartphone.
The smartphone was positioned 15cm to the right of the keyboard.

The steps to a notification event are illustrated in Figure 7.16. (1) First, the user starts typing,
and (2) a notification arrives on the smartphone, with an audio alert and a vibration. (3) Then
the user decides to stop typing, and the notification is read on the appropriate notification
display. (4) If required, a response is given from the notification bar of the smartphone. (5)
Finally, the user resumes the typing task.

After 10 minutes, the typing task ended and the user was alerted on the desktop. The file
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Figure 7.16: Flow of attending to a notification alert while performing a typing task.

generated by the typing task was downloaded, and the participant was asked to fill out a short
questionnaire. After all six conditions were completed, the participant was presented with
a questionnaire to rank all notification displays in order of preference. The questionnaires
used in this study are available as Appendix H.

7.3.3 Statistical Design

This section explains how dependent variables were measured in the experiment, and how in-
dependent variables were controlled by selecting phrases to type and notifications to manage
in each condition.

Task Dataset Selection

Two popular phrase sets for text entry [102, 154] were merged to create a large collection
of simple phrases. Phrases were localised for UK English and phrases with names and
numbers were removed. The remaining phrases were randomised and formed six groups
of 80 phrases.

In an initial test with 2 participants, 25 seconds was found experimentally to be the minimum
time required to respond to a notification and resume typing without feeling overloaded.
Both test participants found that the notification bar was the most demanding, as it required
accessing the notification bar even when a notification could be ignored. With an interval
of 25 seconds, 23 notification events were issued in a 10 minute typing task. The first 3
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notifications of each condition were not considered in the results, and the remaining 10
notifications could be ignored and 10 required a response. Six sets of 23 notifications based
on real smartphone events were generated for the study, with examples displayed in each
notification display in Figure 7.12.

Task Measurements

All keystrokes were recorded with a timestamp in the text editor, which was downloaded
as a log file at the end of each condition. From the final text entered into the text editor,
counts were recorded of the number of phrases per minute (PPM), words per minute (WPM),
characters typed (CPM) and keypress events (KPM). The average characters per minute was
measured as the final number of characters, minus the number of characters typed during the
test phase.

Notification events were recorded with the notification scheduler app on the Android smart-
phone, and were stored in a log file at the end of each condition. Timestamps were recorded
when the notification was displayed, the Respond button was clicked in the notification bar,
and after screen on and screen off events. Computed from these events were: the time
between a notification alert arriving and stopping the typing task to read the notification
(tinterruption), the time between stopping the typing task and returning to the typing task
(tresumption) and the time between a notification alert arriving and a response given to the
notification (tresponded).

The Virtual Sensors tool described in Section 4.1 was used to record the position of the eyes,
nose and mouth, and the 3D rotation of the face. Smartphone events are also recorded with
this tool, including the accelerometer, notification events, and screen on and off events. As
Kinect tracking was found to be unreliable, the resumption lag is reported as a worst-case
estimate, and focus mainly on the subjective results.

After each condition, subjective responses were recorded in a questionnaire, and conditions
were ranked in order of preference in a final questionnaire.

Statistical Methods

An ANOVA was performed to test the significance of typing delays between smartphone vs.
wearable vs. external displays, with p ≤ 0.05. A log transformation was used to control for
non-normal distributions in this timed data. A two-tailed Mann-Whitney U-test was used to
test ordinal data, with p < 0.05 and a normal distribution to calculate U for 30 participants,
with z ≥ 1.96.
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s Read ↓ 7 5 4 2 5 5 6 4
Respond (extra) ↓ 1 4 8 8 8 8 2.5 8
Avg. steps ↓ 7.5 7 8 6 9 9 7.25 8

Pr
od

. WPM ↑ 42.8 41.7 42.9 44.5 39.7 42.9 42.3 42.5
CPM ↑ 220.1 213.8 224.6 227.6 207.2 223.2 217.0 220.7
KPM ↑ 244.8 239.0 251.7 258.0 232.4 251.2 241.9 248.3

R
.L

ag Ignore delay (s) ↓ 5.61 4.53 2.41 1.86 4.12 2.41 5.07 2.72 *
Respond delay (s) ↓ 4.39 5.58 4.80 4.45 6.75 5.38 5.34 4.99
Avg. delay (s) ↓ 5.00 5.05 3.60 3.14 5.36 3.84 5.03 3.99 *

Su
bj

ec
tiv

e Ease of Intepreting ↑ 5.0 5.0 7.0 7.0 5.0 6.0 5.0 6.0 *
Ease of Concentration ↑ 4.0 5.0 6.0 6.0 5.0 6.0 4.0 6.0 *
Convenience ↑ 3.0 5.0 6.0 7.0 3.0 6.0 4.5 6.0 *
Frustration ↓ 4.0 3.0 2.0 2.0 5.0 2.0 4.0 2.0 *
Urgency ↓ 5.0 5.0 4.0 4.5 4.0 4.0 5.0 4.0
Overall Preference ↓ 5 4 3 2 5 2 5.0 3.0 *

Table 7.1: Summary of experiment conditions, with the mean of measured data and median
of subjective data. ↓ indicates that a lower value is better.

7.3.4 Results

Table 7.1 provides a summary of results. The impact of notification display choice on pro-
ductivity, resumption lag, subjective opinion and overall preference are reported in the fol-
lowing sections.

Productivity

In the training task, the average productivity of participants was 38.4 (SD=11.0) WPM. In the
smartphone display conditions, this increased to 42.3 (SD=10.9) WPM, and 42.5 (SD=12.2)
WPM in the glanceable display conditions. No significant difference was found in produc-
tivity between notification displays (p = 0.978).

Interruptions

Figure 7.17 displays the resumption lag after ignoring or responding to a notification, with a
summary of values in Table 7.1. As expected, reading a notification from the notification bar
allowed the lowest response delay (4.39+/-2.97s). This was unsurprising, as the notification
bar only required a single step to respond to a message after reading it. However, there
was no significant difference between the notification bar, desktop and situated display when
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responding to a notification (p > 0.1). Additionally, the desktop (4.45+/-3.10s, p < 0.001)
and situated display (4.80+/-3.84s, p < 0.01) were significantly faster to respond than the
lockscreen (5.58+/-3.44s), and the smartwatch (5.38+/-3.88s, p = 0.52) was also faster, but
this was not significant. This result is surprising, since these displays required more steps
to respond to the notification than the lockscreen, where the device was already at hand.
One possible explanation for this result is that participants were able to continue typing
while reading the message before deciding to stop the typing task, and were able to quickly
navigate to the notification bar without stopping to look at the lockscreen, yielding results
similar to the notification bar. Overall, glanceable displays were not significantly slower than
smartphone displays to respond to a notification (p = 2.44).

When ignoring a notification, the resumption lag was lowest with the desktop pop-up (1.86+/-
1.48s), followed by the smartwatch (2.41+/-2.03s) and situated display (2.41+/-2.49s). The
desktop pop-up was significantly faster than the situated display (p < 0.001) and the smart-
watch (p < 0.001). No significant difference was found between the situated display and
smartwatch (p = 1.0), or the lockscreen and smart eyewear (p = 0.18) when ignoring
a notification. Overall, smartphone displays were significantly slower (5.03+/-2.75s) than
glanceable displays (3.99+/-3.85s) when ignoring a notification (p < 0.001).

The resumption lag was largest (6.75+/-4.95s) after responding to a notification with the
smart eyewear, followed by ignoring a notification with the notification bar (5.61+/-1.85s).
This result implies that participants would be faster using the notification bar to respond or
ignore notifications than using smart eyewear while typing. The desktop pop-up was sig-
nificantly faster than all other notification displays when ignoring a notification, and was
not significantly slower than the notification bar when responding to a notification. If the
resumption lag of notifications that were ignored and responded are considered together, an
average interruption lasted 3.14s with the desktop pop-up, and 5.00s with the notification
bar. Therefore, the desktop pop-up was the most efficient for negotiating smartphone noti-
fications overall, resulting in an average saving of 1.86s per notification compared to using
the notification bar.

Subjective Opinion

Subjective ratings are displayed in Figure 7.18. Participants rated smartphone displays sig-
nificantly less convenient (p < 0.001), less easy to read content (p < 0.001) or concentrate
(p < 0.001), and more frustrating (p < 0.001). The most common qualitative points that
participants made are presented for each display in the following sections.

Notification bar. With the notification bar, many participants liked being “able to respond
easily using the display method” [P6] and “it is a common and straightforward method for
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reading notifications” [P25], but disliked “having to unlock and manually look at every no-
tification even though not all of them you needed to respond to. Also having to do that each
time broke my rhythm of typing and made me lose my place a few times” [P3]. Many par-
ticipants acknowledged that “at the moment for most people this all there is available” [P1],
and “I do this all the time” [P15]. Participants also reported that they use the notification bar
in “everyday life, but not because I would choose this method, but due to lack of better one”
[P17] and “this method [is used] in my everyday life and I’m tired of it” [P20].

Lockscreen. With the lockscreen, participants “liked the fact that I could see the notification
without unlocking the phone” [P10] and “it was faster than using the basic notification bar
for non-urgent notifications” [P11], but disliked that “I still had to turn on my display to
read it, distracting me from whatever I was doing” [P20] and “you still had to take your
hands off the keyboard” [P27]. The lockscreen could be used “pretty much anywhere, even
though it might be quite obvious you’re checking your phone” [P22] and “when I need a
glance overview of notifications (check periodically without unlocking phone)” [P8]. Some
participants reported that “I do use this as my default, I suppose. But I don’t exactly like it”
[P9] and would use the lockscreen “only where no other option was available” [P6].

Situated display. Participants “liked that [the situated display] didn’t interrupt what I was
doing so much and felt it was easier to concentrate. I also felt it was less urgent to pick up the
smartphone as I knew what the notification was about already” [P13]. Several participants
reported that “you just need a glance at the screen to see whether you need to respond to the
message” [P5], and “I could glance at the display to check the notification without my hands
leaving the keyboard” [P14]. Participants felt that it was “much faster than the smartphone
since I just had to slightly turn my head around” [P2] and “easy to manage to concentrate
on writing at the same time” [P22]. However, participants disliked that “The fact that the
background changed meant that I sometimes thought that something was trying to get my
attention over there when it maybe wasn’t” [P9] and “because the display was very big, it was
hard to read the messages and therefore took some time to read it and was easily distracted”
[P18]. Participants could imagine using the situated display “at home or at a workplace”
[P24], “at the office or in my flat/at a party” [P3], and “I would definitely use it either when
I am working at home or at the office since I receive notifications regularly” [P20].
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(a) Responding. (b) Ignoring. (c) Responding or ignoring.

Figure 7.17: Resumption lag when responding or ignoring a notification. It was faster to resume the typing task after ignoring a notification with
the desktop pop-up, and slowest with the notification bar.
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Figure 7.18: Ratings of subjective opinion. The situated display, desktop pop-up, and smartwatch are rated significantly higher than the notifica-
tion bar, lockscreen and smart eyewear.
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Desktop pop-up. Participants liked that the desktop pop-ups made it “very convenient to
look at the notification because it’s literally on the screen I’m already looking at” [P24],
“was easy to casually glance and check” [P6], and “everything’s all in the one place. You
only need to look away from the screen if the message is urgent” [P7]. Some participants
found that “it seems to me that it’s a bit disturbing when you are working, as notifications
will frequently pop up on the same screen” [P5], “Might be an issue if popup come in front
of my work” [P16] and “it’s not bad, however if I was trying to concentrate in real life it can
be distracting” [P7]. P13 “felt that I had to respond more urgently than the prior experiment
[situated display] as previously it was to the side of me and somehow I could almost prioritise
more easily and finish my typing whereas when it was on the monitor I felt I had to do it right
then”. Desktop pop-ups could be used in a “daily working situation” [P5], while “working
on a desktop PC in a workplace where others won’t have the need to look at your screen”
[P1], and “it is very useful for any time I using a computer. Though it is quite distracting
while I am supposed to be working” [P14]. Some participants “use something similar already
(PushBullet)” [P27] or were “just about to install AirDroid on my computer. I think that’s
what it does. Very very helpful thing to have!” [P15].

Smart Eyewear. Wearing the smart eyewear, participants liked “not having to move my
hands from the keyboard” [P11], and “only I could see the notifications. Better privacy
than when notifications are displayed on your laptop” [P15]. However, participants found
that the “head gesture feels very unnatural and awkward, gesture detection was inconsistent
leading me to view the notification on the phone instead” [P24]. Participants did not like
“The narrow field of view” [P3], “having to move my head up to trigger the display‘’ [P11]
and “the notification did not appear immediately on the Glass screen” [P26]. Participants
could imagine using eyewear while “doing a task that involved more complicated use of
your hands than typing, like if you were wearing gloves or something that would make it
harder to check on your phone” [P11], “in case I am driving or have a very limited liberty
of movement with my hands” [P2] and “when outside walking about, not necessarily when
inside using a desktop computer” [P7] and “I would be nice when I was carrying out a task
where I needed to pay attention to it, but where there wasn’t already a screen in front of me
(cooking, or walking, etc)” [P9].

Smartwatch. Participants liked that the smartwatch “was outside your vision so wasn’t a
distraction. The vibration was very short - let you know something was there but left you
alone quickly” [P8], and “the notifications waited on you to be ready for them, so they
didn’t distract you” [P27]. P1 liked that “I tend to look at my hands while typing, so it
was easy to glance down to my wrist (easier than other display methods). I also liked that
the was a vibration I could feel when notifications came in” [P1]. Participants found the
smartwatch to be “less distracting that I thought it would be. It was easy to glance at the
screen and understand the notification without moving too much” [P9] and “with my hands
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Figure 7.19: Overall preference. (Left-to-Right: Notification Bar (NB), Lockscreen (LS), Sit-
uated Display (SD), Desktop Pop-ups (DP), Smart Eyewear (SE), Smartwatch (SW)). Desk-
top pop-ups are most preferred, and the notification bar is least preferred.

on the keyboard I didn’t have to move my hands, just drop my eyes on the watch.. also
that the watch lights up itself to show the notification” [P17]. Some participants felt that “it
was annoying that you had to lift your hand to read the notification. This meant stopping
typing. It was also quite heavy on the wrist, so it was a bit annoying to type with” [P14],
‘’it was a little frustrating typing in a keyboard while wearing a watch but that’s probably
because I am not used to it” [P10] and “actually having to move my arm when I am typing”
[P12]. Participants could imagine using the smartwatch “while I am hanging out with friends
I would prefer using a fast method to check my notifications like this, rather than having to
take out the phone of my pocket” [P10], “receiving notifications in public when wanting to
be discreet” [P1] and “if I was out and didn’t want to constantly check my phone in my
pocket” [P14].

Overall Preference

The ranking of each display is displayed in Figure 7.19. The desktop pop-up was preferred
most overall (12/30). In final comments, participants shared that “pop-ups were the best
cause it was the quickest way to decide whether the notification was important or not” [P15],
“the desktop pop-up required least effort to read” [P14] and “really liked the desktop and
situated display as it was easy to interpret” [P30].

The desktop pop-up was not preferred significantly more than the smartwatch (p = 0.083),
which was ranked second most preferred. Many participants (10/30) preferred the smart-
watch most. In the final comments, P3 shared that “the watch was my favourite, with its
bright notification screen it was handy for seeing what needed my attention and did not in-
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terrupt with the task”, and P7 stated “need to get me a smart watch”. The preference of
smartwatch was surprising, as few participants expected to choose a wearable in the prelim-
inary questionnaire. In addition to the concerns over the comfort of wearing a smartwatch
while typing, visual appeal was also considered to be important. P15 felt that “the watch
was great as well [but] the notifications were not that well displayed on it though”. Addi-
tionally, the smartwatch was not significantly preferable to the situated display (p = 0.056).
P9 shared that “I only choose the situated display over the desktop popup because the no-
tifications were formatted more pleasantly”, and P11 commented that “the auto changing
background on the situated display was a little distracting, if I was using one I’d prefer to
have a static background so it didn’t catch your eye when it changed”.

The notification bar was least preferred, despite the majority of participants choosing smart-
phone displays in the preliminary questionnaire. Interestingly, the notification bar was not
preferred significantly less than smart eyewear (p = 0.169). Participants felt that “the smart
eyewear required the most [effort to read]’ [P14], ‘eyewear was different to use but a bit dis-
tracting” [P30], and “apart from the Google Glass device, all notification methods seemed
quite easy to read without disrupting my current task very often” [P26].

Some participants were frustrated that the response task required using the notification bar.
P1 felt that “the ideal response would be to answer the message verbally by speaking into the
device”. P9 acknowledged that the choice of notification display depended on the context,
and that “some of the notification displays would have ranked differently had I not been
using a computer at the time. E.g. the watch and glass would have been better if I was
doing a different task (cooking, walking...pottery, whatever) where I didn’t have a screen
directly in front of me. When the main screen is there, I think the extra displays are a
bit unnecessary”. Figure 5.13 highlights the application of a situated display as a way for
multiple smartphone users to negotiate interruptions in a social context. Overall, participants
felt that the “experiment was very enjoyable” [P30], “it was fun” [P19] and they were “pretty
interesting ways of getting notifications” [P22].

7.3.5 Implications for Design

Fewer actions to ignore is better than fewer actions to respond. The notification bar required
many interactions and quickly became irritating, especially when the notification could be
ignored. In comparison, the desktop pop-up required only 2 steps to ignore a notification, and
was preferred most overall. Additionally, the desktop pop-up was not significantly slower
than the notification bar to respond, despite requiring 8 additional steps to respond to the
notification.

Glanceable notifications are most suitable when focusing on a task. The desktop pop-up was
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most preferred as participants could read the notification with little movement and no inter-
action. The smartwatch and situated display were also valued for this feature. In particular,
participants appreciated the notifications making use of existing displays that are required
for the main task. However, the smart eyewear was not rated the same as the other three
displays, as highlighted in the following point.

Glanceable notification displays must be reliable to negotiate interruptions. Participants
disliked that Google Glass did not display the notification if they waited too long, and found
the head-up feature to be unreliable. This greatly reduced the user experience of negotiating
interruptions with this notification display. Future work should improve this comparison
with a more reliable trigger, such as a peripheral display [34] or finger input [100].

A subtle notification display is more socially acceptable than an intrusive one. The smart-
watch was considered to be a fast and discreet way of reading notifications, and was con-
sidered more appropriate in a public or social setting. Participants reported that they would
prefer to use a smartwatch instead of their smartphone display in this context.

Privacy in notification displays will depend on context. Several participants noted privacy
issues, including not wanting their smartphone notifications to appear when others are look-
ing at the desktop PC. The context of the user, including who is near the display, will have
an impact on the choice of a notification display. Future work should consider how a user
might manage multiple notification displays that react to the context of the user.

7.3.6 Discussion

A comparison of six smartphone notification displays and their impact on attention to a typ-
ing task was presented. External displays were rated significantly higher than smartphone
displays overall, despite requiring more actions to respond to a notification. The data col-
lected allowed more detailed analysis of notification display choice on typing performance
and a worst-case estimate of resumption lag.

Desktop pop-ups were found to be most efficient, saving 1.86s on average than the noti-
fication bar, and was preferred most overall. The smartwatch and situated display closely
followed desktop pop-ups in preference and efficiency, and glanceable displays were more
preferable than smartphone displays overall, despite requiring more steps to respond to a
notification. The notification bar was least preferred, and reduced performance most when a
notification could be ignored, but was the fastest way to respond. In comparison, smart eye-
wear was not significantly more preferable to the notification bar, and increased the average
resumption lag by 0.36s when the number of response and ignore tasks were equal. Under
these conditions, it would be better to choose the notification bar than eyewear as presented
in this study. However, as more notifications are usually ignored than responded to, any dis-
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play that does not involve the notification bar could increase the decrease the resumption lag
overall.

Due to the uncertainty of which display the user was attending to during the typing task,
the measure of resumption lag was a worst-case estimate. Despite the limitations of visual
tracking to detect a visual attention switch to a notification display, the approach proved to
be promising. With the release of more reliable eye tracking solutions, such as the Tobii
Glasses4, it will soon be possible to gather more reliable quantitative evidence to compare
resumption lag with a set up similar to the experiment presented.

This work was a controlled pre-cursor to the application of notification displays in social
scenarios. Future work should consider the impact of smartphone notification display choice
on attention to social situations and in more natural settings with personal devices.

7.4 Summary

This chapter considered ways of designing interactions with a situated display that support
social engagement and the negotiation of notifications in places (RQ-3 of Section 3.1).

Cast Together was designed as a probe to investigate inclusive and unobtrusive mobile inter-
actions, by allowing connected smartphones to automatically co-ordinate music and photos
on the display, and to share notifications and app launches so that they can be easily reviewed
by co-located persons. The hedonic and pragmatic design of Cast Together was evaluated in
a questionnaire. Three groups of 4 participants completed the questionnaire after experienc-
ing Cast Together during a short board game session. The results show that Cast Together
delivers an inclusive and unobtrusive experience.

A user study followed the experience of the author and two close friends who used Cast
Together in their dynamic social situations: intimate home and office environments, social
parties and board game events and during a family holiday. The feedback from these case
studies provides initial insights to the use of a shared display in personal places.

A lab experiment with 30 participants evaluates Cast Together in a lab experiment by com-
paring notification displays while focusing on a typing task. Three groups of notification
displays were compared: smartphone displays (notification bar, lockscreen), external dis-
plays (desktop, situated display) and wearables (smart eyewear, smartwatch). Cast Together
was considered appropriate for in an office or a home environment, and confirmed its design
as a social display.

4http://www.tobii.com/
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Chapter 8

Conclusions

This chapter revisits the research aims and provides a summary of the contributions made
by this thesis. A discussion of the results and implications for design of utilising presence in
places to support mobile interaction around co-located social situations and primary tasks.
The rapid prototyping approach taken has several limitations, and further work is required to
generalise these contributions. The challenges that remain and the opportunities to build on
this work are presented.

8.1 Research Questions

Four research questions were explored, with the aim to support mobile interaction in personal
places:

1. How might mobile interaction be situated around artefacts of personal places, and
support users to access content from their smartphone while managing their physical
presence?

2. How might adapting menus to personal places reduce the time and effort of app navi-
gation on the smartphone, and increase self-reflection on where apps are used?

3. How might coordinating smartphone content on a situated display support social en-
gagement and the negotiation of notifications?

4. What are the capabilities and limitations of a rapid-prototyping approach with the Mi-
crosoft Kinect depth sensor and Bluetooth beacons to detect the smartphone in places?
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8.2 Contributions

8.2.1 Adapting Menus to Mobile Information Needs in Places

A contribution was made to adaptive menu design on the mobile homescreen. In Chapter 6,
an app launch and notification dataset was collected in the context of places, and provides
quantitative evidence to suggest that app habits can relate to personal places. This dataset
can be explored in an interactive visualisation, and is available to be further analysed by
others. The app launch dataset enabled the evaluation of an adaptive homescreen menu in a
lab experiment and a user study. Results from an experiment of adaptations on the mobile
homescreen provides evidence that users prefer apps to be ordered by rank when movements
are large, and was published in the International Journal of Human Computer Interaction
[115]. This contribution provides a first step to automatically gathering app launch data in
indoor places.

8.2.2 Inclusive and Unobtrusive Interaction with a Collaborative
Media Display

A contribution was made to the pervasive display community. In Chapter 7, evaluations
of a collaborative media sharing display in a social board game situation and primary typ-
ing task was described. Results from a social board game evaluation provide evidence that
coordinating events from a smartphone automatically can reduce direct interaction with a
private display, and sharing media can stimulate conversation and encourage an inclusive
user experience. Results from an evaluation of notification displays in a typing situation pro-
vides qualitative insights from smartphone users who prefer a faster approach to reading a
notification while managing a primary task, compared to a faster method of responding to a
notification. The design of the Cast Together probe was published as a poster at the Pervasive
Display conference [113], and the result of the typing scenario was published as a workshop
paper at the Mobile Human Computer Interaction conference [114], and was extended for
the International Journal of Mobile Human Computer Interaction [116].

8.2.3 Utilising Presence in Places

Four place-aware prototypes were described in Chapters 5.5, 6 and 7 that demonstrate in-
teractions between: web pages and physical objects, digital books and physical structures,
smartphone apps and physical places, and digital media and co-located people. Each proto-
type enabled user evaluations to be performed with the context of physical places, and are
available to be built on by others. Results from user evaluations highlight opportunities to
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increase the visibility of private smartphone interactions by interacting around objects and
structures, and overcome the discoverability of invisible interfaces by utilising personal rela-
tionships with places. Movement around personal places was demonstrated to reduce visual
attention to a private display. This design of movement to interact with a digital bookshelf
application was published as a poster at the Mobile and Ubiquitous Multimedia conference
[110].

8.2.4 A Rapid Prototyping Approach to Sensing Places

Two rapid prototyping tools were described in Chapter 4 to integrate the sensing of the user
environment with a smartphone. Tools were built with the low-cost sensors that are currently
available: the Microsoft Kinect enables the tracking of fine-grained movements in a small
area, and Low-Energy Bluetooth beacons can be detected by the smartphone and assigned to
logical places. Each tool is designed with minimal set-up costs to enable rapid exploration
in personal environments. Results of positioning experiments with each tool highlight the
capabilities and limitations of current sensing techniques for interacting with a smartphone
in personal places. In addition to positioning and visual tracking, NFC was explored to tag
physical objects in places with the Cast Together probe. The rapid prototyping approach to
ubiquitous interaction with a mobile device and Kinect was published as a short paper at the
Mobile Human Computer Interaction conference [112].

8.3 Future Work

8.3.1 Recommending Media to Co-Located People

There are opportunities to perform collaborative filtering based on the people who share
a place and their personal preferences. For example, Netflix, the video streaming service,
filters its vast collection of videos to recommend ones that it predicts a user will like but
might not have seen. Cast Together demonstrates that multiple personalities can be projected
on a situated display by combining public historical activity from social media profiles. A
simple round-robin schedule was chosen to manage the songs and photos of connected users.
By combining the profiles of other users who share a display, the collective preferences
could help to find films that the group are most likely to enjoy, but might not have seen.
Alternatively, a service could automatically find music that all nearby users have in common,
and would enjoy listening to. Furthermore, if one person were to leave the group, a system
could remove their preferences, and dynamically adapt to the preferences of users in the
place. Collaborative filtering with co-located user profiles could improve user experience,
while allowing users to disengage from their devices.
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Privacy concerns are an inherent challenge to sharing personal information. An assumption
was made that personal places are shared by people whom the user knows, which separates
this work from public displays and location-aware services, as strangers might also share or
visit a public place. However, real-life contexts can be complicated, and the privacy issues
associated with making personal information public is still a challenge that needs to be faced
before sharing smartphone events can generalise to every day life.

8.3.2 Utilising Presence in Places

There are opportunities to explore interactions with mobile applications that bridge the gap
between the digital and physical by using movement around physical artefacts in a place.
Evaluations in the wild will be required to understand the implications of making interactions
visible, and the extent to which users will choose movement as a supplimentary form of
interaction. The Virtual Sensors platform demonstrates that it is possible use the Kinect
to sense interactions independent of the mobile device. Multiple device interactions are
possible by using a single gesture or entering a certain region of a place. Similarly, multiple
persons can interact with a single device by detecting their movement in a room. Future
work should consider the opportunities of presence in personal place to help users manage
content from their personal devices.

An insight from user evaluations with the Microsoft Kinect was that movement would only
be suitable as a supplementary form of mobile interaction, and participants were unsure
of when movement might be preferred over a touchscreen. Long-term evaluations will be
required to understand the role of movement as an interaction technique for mobile users in
personal places.

8.3.3 Advanced Sensing of Personal Environments

This research was motivated by the challenge of detecting the smartphone user in the physical
environment. A rapid prototyping approach made it possible to leverage the low-cost sensing
techniques currently available, and tools were developed to combine this sensing with a
mobile device. Though the Microsoft Kinect provides low-cost motion tracking, it was found
to be too unreliable for a robust system. Similarly, Low Energy Bluetooth beacons alone are
not enough to reliably detect places indoors. The limitations of each sensing approach were
accepted in order to explore the interactions that are possible when more advanced sensing
techniques are available, and provides motivation to improve the development of low-cost
positioning systems that make it easy for interaction designers to design interactions with
the context of the smartphone user in personal places. Prototypes developed with a rapid
prototyping approach will require more robust sensing to be used in the wild.
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More advanced sensing techniques will be required to improve the accuracy of place de-
tection. User studies will also be required to improve the usability of evaluation tools, and
reduce the set up costs for users. Marking places with Bluetooth beacons could be used to
learn place labels from other sensors. This could determine to what extent logical labels
represent complex features, such as GPS location, time of day and previous app launches.
Beacons could be used to train contextual features, which could simplify the deployment of
place detection by relying on a small number of beacons for short-term while learning from
a larger number of features.

8.4 Outlook

Sensing technologies are becoming as pervasive as mobile devices, and it will soon be pos-
sible to perform reliable place detection with smartphones. This thesis highlighted the op-
portunity to utilise presence in personal places to support mobile interaction. Adapting the
mobile interface to personal places can reduce the time and effort of app navigation. Situat-
ing the mobile interface into the physical environment can create opportunities for inclusive
interactions with a private display. Coordinating media and events from a smartphone to
a situated display can support the negotiation of interruptions, and stimulate conversation
without active engagement with a mobile device. Challenges still exist before presence in
personal places can be fully utilised. Developers and interaction designers will require robust
tools and frameworks to design better user experiences with mobile applications. The rapid
prototyping approach taken in this thesis allows user experiences to be explored early in
the design stage. Novel interactions can encourage users to manage their physical presence
around the people and places that matter most in everyday life.
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Appendix A

Questionnaire: Relationships
Between Websites and Personal
Places
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Relating Websites to Physical Places
We ask you to think of 10 websites that you use frequently. If you are unsure, you can check your 
personal web history on your browser, your bookmarks folder or look for 'most visited' on Chrome. 

We will then ask you to think about something in your physical places that you think best represents 
each website.

There are a total of 15 questions and the form should take no longer than 15 minutes to fill out.

*Required

1. Specify the name of 10 websites that you
visit often and an artefact for each that you
would represent it with in your physical
environment. *
i.e. website ­ artefact

2. Do you currently own a smartphone? *

3. How frequently do you use your smartphone
to browse the Internet? *

4. How frequently do you use any device to
browse the web? *

5. Age range.

6. Gender.



172

Appendix B

Questionnaire: Object Tagging with a
Mobile Web Browser



Spatial Web Browser Experiment
*Required

1. Dominant hand *

Scenario 1
Please answer the questions in the order requested by the experimenter.

2. To which artefact did you assign the url
www.amazon.co.uk/Romance­Books/b?
node=88 *

3. How did you find where you had placed
the website in the space? *

Scenario 2

4. To which artefact did you assign the url
www.vimeo.com/channels/robots? *

5. How did you find where you had placed
the website in the space? *

Experience
Rate the following from 1=strongly disagree to 7=strongly agree.

6. I was confident about where I placed the
webpages in the space. *

7. I would remember which artefact I
attached a webpage to over time. *

8. The artefacts in the space provided me
with plenty of options to store the
webpages. *
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9. I can imagine attaching web pages to
artefacts in my environment. *

10. I can imagine retrieving web pages on my
mobile device from artefacts in my
environment. *

11. Additional comments *

Demographic information

12. Gender.

13. Age bracket.
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Appendix C

Questionnaire: App Tracking in
Places



AppWhere Mid­point Questionnaire
Please answer a series of questions to help us understand your mobile phone use. There are 20 
questions and the form should take no longer than 15 minutes to complete.

*Required

Smartphone experience

1. How long have you been using your current
smart phone? *

2. How long have you been using an Android
smart phone? *

3. How experienced are you with your
smartphone? *
(1=novice, 5=expert)

4. Do you use apps to customise your phone?
If so, why? *

Your apps

5. How many apps do you use daily? *

6. What category of apps do you use daily? *

7. How many apps have you installed in the
past 2 weeks? *

8. How often do you install apps?



9. How many apps have you uninstalled in the
past 2 weeks? *

10. How often do you uninstall apps? *

Your home screen
The homescreen is a collection of pages that display a selection of shortcuts to your apps.

11. For which reasons do you arrange icons on
your homescreen? *

12. How are icons on your homescreen
arranged? *

13. How often do you arrange icons on your
homescreen? *

14. What do you think about your homescreen? *

15. I remember which apps are on my home
screen *
(1=strongly disagree, 5 =strongly agree)

16. I always check my home screen when I want
to launch an app *
(1=strongly disagree, 5 =strongly agree)

17. I always check the front page of the home
screen when I want to launch an app *
(1=strongly disagree, 5 =strongly agree)

18. I do not use my home screen *
(1=strongly disagree, 5 =strongly agree)
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19. I always check the full app list when I want to
launch an app, instead of the homescreen *
(1=strongly disagree, 5 =strongly agree)

Your places
Please answer a few questions about where you use your phone.

20. In which places do you use your phone
most? *

21. Do you use different apps in your personal
places compared to in public? Why? *

Demographic Information

22. Gender

23. Age range



Appwhere ­ Final
Please answer a few questions about the adaptive widget that was placed on your home 
screen in the third week of the experiment.

*Required

1. How aware of the adaptive changes to the widget were you? *
Mark only one oval.

1 2 3 4 5 6 7

Unaware Very aware

2. How useful were the adaptive changes to the widget? *
Mark only one oval.

1 2 3 4 5 6 7

Not useful Very useful

3. How predictable were the adaptive changes to the widget? *
Mark only one oval.

1 2 3 4 5 6 7

Random Predictable

4. How satisfied were you with the adaptive changes to the widget? *
Mark only one oval.

1 2 3 4 5 6 7

Not satisfied Very satisfied

5. The adaptive changes were useful in helping me complete the tasks. *
Mark only one oval.

1 2 3 4 5 6 7

Strongly
disagree

Strongly
agree
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6. I felt in control of the adaptive changes to the widget. *
Mark only one oval.

1 2 3 4 5 6 7

Strongly
disagree

Strongly
agree

7. The adaptive changes made it frustrating to use the widget. *
Mark only one oval.

1 2 3 4 5 6 7

Strongly
disagree

Strongly
agree

8. The adaptive changes made me efficient in completing the tasks. *
Mark only one oval.

1 2 3 4 5 6 7

Strongly
disagree

Strongly
agree

9. I used the adaptive widget to launch app shortcuts often. *
Mark only one oval.

1 2 3 4 5 6 7

Strongly
disagree

Strongly
agree

10. I would use an adaptive widget for my app shortcuts in the future. *
Mark only one oval.

1 2 3 4 5 6 7

Strongly
disagree

Strongly
agree

11. Please provide any additional feedback
below.
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Appendix D

Questionnaire: Stability in an
Adaptive Homescreen
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Adaptive Homescreen Experiment ­ Preliminary
*Required

1. Please rate your experience with
smartphones *
(1=no experience, 7=very experienced)

2. Please rate your experience with Android
smart phones *
(1=no experience, 7=very experienced)

Demographic Information

Please tell us a little about yourself so that we can better understand our results.

3. Gender *

4. Age Range *



Adaptive Homescreen Experiment
*Required

1. How aware of the adaptive changes to
the widget were you? *
(1=very unaware, 7=very aware)

2. How useful were the adaptive changes to
the widget? *
(1=not useful, 7=very useful)

3. How predictable were the adaptive
changes to the widget? *
(1=random, 7=very predictable)

4. How satisfied were you with the adaptive
changes to the widget? *
(1=not satisfied, 7=very satisfied)

5. The adaptive changes were useful in
helping me complete the tasks *
(1=strongly disagree, 7=strongly agree)

6. I felt in control of the adaptive changes to
the widget *
(1=strongly disagree, 7=strongly agree)

7. The adaptive changes made it frustrating
to use the widget *
(1=strongly disagree, 7=strongly agree)

8. The adaptive changes made me efficient
in completing the tasks *
(1=strongly disagree, 7=strongly agree)
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9. Additional comments
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Adaptive Homescreen Experiment ­ Final
*Required

1. Preference 1 *
Most preferred
Mark only one oval.

 Most Frequently Used Next ­ Ordered alphabetically

 Most Frequently Used Next ­ Ordered by most frequent

 Most Recently Used ­ Ordered alphabetically

 Most Recently Used ­ Ordered by time

2. Preference 2 *
Mark only one oval.

 Most Frequently Used Next ­ Ordered alphabetically

 Most Frequently Used Next ­ Ordered by most frequent

 Most Recently Used ­ Ordered alphabetically

 Most Recently Used ­ Ordered by time

3. Preference 3 *
Mark only one oval.

 Most Frequently Used Next ­ Ordered alphabetically

 Most Frequently Used Next ­ Ordered by most frequent

 Most Recently Used ­ Ordered alphabetically

 Most Recently Used ­ Ordered by time

4. Preference 4 *
Mark only one oval.

 Most Frequently Used Next ­ Ordered alphabetically

 Most Frequently Used Next ­ Ordered by most frequent

 Most Recently Used ­ Ordered alphabetically

 Most Recently Used ­ Ordered by time

5. Additional comments



186

Appendix E

Questionnaire: Appwhere in Places



Appwhere ­ End of Experiment
Please answer a few questions about the Appwhere experiment. This questionnaire will have 
3 pages on the topics of the My Places and Appwhere apps, and the adaptive homescreen 
widget. It should take no longer than 30 mins to complete.

*Required

1. Gender

2. Age

3. How long have you been using an
Android smartphone?

Places
This section is about the My Places app and the Bluetooth beacons that you were provided 
with to mark each of your personal places. 

Bluetooth Beacons

The Kontact.io Bluetooth beacons were small white boxes that you were asked to put in each 
of your places.

4. What did you think about using the
Bluetooth beacons to identify your
places? *

5. If you put Bluetooth beacons in your
places, in which places did you find to be
most useful? *

6. Were there any places that you would
have liked to have put Bluetooth beacons
in? *



7. I did not like having Bluetooth beacons in
my places *
(1=strongly disagree, 5 =strongly agree)

8. I forgot about the Bluetooth beacons in
my places. *
(1=strongly disagree, 5 =strongly agree)

My Places app

The My Places app allowed you to assign a name to each Bluetooth beacon. These names 
appeared in the Appwhere app and adaptive widget.

9. I added Bluetooth beacons with the My
Places app *

10. What did you think about using the My
Places app to label the Bluetooth
beacons in your places? *

11. What did you think about the accuracy of
the My Places app? *

12. What did you think about the My Places
notification that appeared when you
entered a place? *

13. The My Places app was accurate in
detecting which of my places I was in *
(1=strongly disagree, 5 =strongly agree)

14. I was aware of the My Places notification
*
(1=strongly disagree, 5 =strongly agree)

15. I found the My Places notification to be
useful *
(1=strongly disagree, 5 =strongly agree)



Overall

16. I am more aware of where I use my
device after using My Places. *
(1=strongly disagree, 5 =strongly agree)

17. I felt self­conscious about using My
Places. *
(1=strongly disagree, 5 =strongly agree)

18. I would use Bluetooth beacons to mark
my places in the future. *
(1=strongly disagree, 5 =strongly agree)

19. I would use an app like My Places to
detect my places in the future. *
(1=strongly disagree, 5 =strongly agree)

20. Do you have any other comments about
the Bluetooth beacons or My Places app?

Appwhere
This section is about the Appwhere app and homescreen widget that tracked your app 
launches and displayed statistics on how often you used apps in your places.

App Tracking

The app tracking feature logged your app launches in the background.

21. What did you think about the app
tracking feature of the Appwhere app? *

22. I forgot about the app tracking feature. *
(1=strongly disagree, 5 =strongly agree)

23. I did not like the app tracking feature. *
(1=strongly disagree, 5 =strongly agree)



Statistics

The statistics in the Appwhere app displayed a summary of your app use in each of your 
places over the past week.

24. I checked my app use statistics with
Appwhere. *

25. What did you think about the statistics in
the Appwhere app? *

26. If you checked the Appwhere statistics,
were there any occasions in particular
that you checked them? *

27. Did you learn anything new about your
app use through the Appwhere
statistics? *

28. I was aware of the statistics in the
Appwhere app. *
(1=strongly disagree, 5 =strongly agree)

29. I was satisfied with the statistics in the
Appwhere app. *
(1=strongly disagree, 5 =strongly agree)

30. I found the statistics in the Appwhere app
to be useful. *
(1=strongly disagree, 5 =strongly agree)

31. Were there any statistics or features that
you felt were missing in the Appwhere
app? *

32. Can you think of any way that Appwhere
statistics changed the way that you used
your mobile device? *



Photo

The photo feature allowed you to set a photo to represent each of your places. This photo was 
displayed in the homescreen widget.

33. I set a photo for my places with the
Appwhere app. *

34. What did you think about the photo
feature of the Appwhere app? *

35. If you set a photo, how did you choose
one? *

36. I was aware of the photo feature. *
(1=strongly disagree, 5 =strongly agree)

37. I was satisfied with the photo feature *
(1=strongly disagree, 5 =strongly agree)

38. I found the photo feature to be useful *
(1=strongly disagree, 5 =strongly agree)

Excluding apps

The exclusion feature allowed you to blacklist apps from appearing in the Appwhere statistics 
and homescreen widget.

39. I excluded apps in the Appwhere app *

40. What did you think about the exclusion
feature of the Appwhere app? *

41. If you excluded apps in Appwhere, for
what reasons did you want to exclude
them? *



42. I was aware of the exclusion feature. *
(1=strongly disagree, 5 =strongly agree)

43. I was satisfied with the exclusion feature.
*
(1=strongly disagree, 5 =strongly agree)

44. I found the exclusion feature to be useful.
*
(1=strongly disagree, 5 =strongly agree)

Overall

45. I am more aware of which apps I use on
my device after using Appwhere. *
(1=strongly disagree, 5 =strongly agree)

46. I am more aware of how often I use my
device after using Appwhere. *
(1=strongly disagree, 5 =strongly agree)

47. I felt self­conscious about using
Appwhere. *
(1=strongly disagree, 5 =strongly agree)

48. I would use an app tracker like Appwhere
to log my app launches in the future. *
(1=strongly disagree, 5 =strongly agree)

49. Do you have any other comments about
the Appwhere app?

Adaptive Homescreen
This section is about the homescreen widget that adapted your app icons to your places.

Homescreen Widget

The homescreen widget arranged your app icons automatically



50. I placed the widget on my homescreen *

51. What did you think about the
homescreen widget? *

52. If you used the homescreen widget, when
did you find it to be most useful? *

53. I did not like the adaptive homescreen
widget. *
(1=strongly disagree, 7=strongly agree)

54. I knew when an app would be in the
homescreen widget. *
(1=strongly disagree, 7=strongly agree)

55. I found the adaptive homescreen widget
to be useful. *
(1=strongly disagree, 7=strongly agree)

56. If you also used the My Places app, how
did you feel about the homescreen
widget reacting to your places? *

57. If you also used the My Places app, were
there any apps that you knew would be in
the widget? *

58. Can you think of any way that the
adaptive homescreen widget changed the
way that you used your mobile device? *

Adaptive changes

The homescreen widget adapted your app icons automatically to show you the icons that you 
are most likely to launch next.



59. What did you think about the apps
updating in the widget? *
E.g. changes to the order of apps and the
selection of apps.

60. If you noticed apps updating in the
adaptive widget, were there any
occasions in particular that you noticed
them? *

61. I was aware of the adaptive changes to
the widget. *
(1=strongly disagree, 7=strongly agree)

62. I found the adaptive changes to be
frustrating *
(1=strongly disagree, 7=strongly agree)

63. The adaptive changes to the widget were
useful. *
(1=strongly disagree, 7=strongly agree)

64. I found the adaptive changes to the
widget to be predictable. *
(1=strongly disagree, 7=strongly agree)

65. I felt in control of the adaptive changes to
the widget. *
(1=strongly disagree, 7=strongly agree)

Overall

66. I could access my apps more quickly
when I used the adaptive widget. *
(1=strongly disagree, 7=strongly agree)

67. I felt self­conscious about using the
adaptive widget. *
(1=strongly disagree, 7=strongly agree)
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68. I would use an adaptive widget to
organise my app shortcuts in the future. *
(1=strongly disagree, 7=strongly agree)

69. Do you have any other comments about
the adaptive homescreen?

Final comments

70. Do you have any other comments about
this experiment? *
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Appendix F

Questionnaire: User Experience of
Cast Together



Cast Together: User Experience Questionnaire
Please complete the following questions about using Cast Together, the shared media 
display on the television, while in a social situation, playing a board game with friends. 

There are 4 pages with 7 bi­polar questions in each page. At the end you will be provided 
with a text box to enter any comments that you may have. 

This questionnaire should take no longer than 10 minutes to complete. 

*Required

PQ

Please rate the following word pairs.

1. Complicated or Simple *
Mark only one oval.

0 1 2 3 4 5 6

Complicated Simple

2. Technical or Human *
Mark only one oval.

0 1 2 3 4 5 6

Technical Human

3. Cumbersome or Straightforward *
Mark only one oval.

0 1 2 3 4 5 6

Cumbersome Straightforward

4. Impractical or Practical *
Mark only one oval.

0 1 2 3 4 5 6

Impractical Practical



5. Unruly or Manageable *
Mark only one oval.

0 1 2 3 4 5 6

Unruly Manageable

6. Unpredictable or Predictable *
Mark only one oval.

0 1 2 3 4 5 6

Unpredictable Predictable

7. Confusing or Clearly structured *
Mark only one oval.

0 1 2 3 4 5 6

Confusing Clearly structured

HQ­I

Please rate the following word pairs.

8. Unprofessional or Professional *
Mark only one oval.

0 1 2 3 4 5 6

Unprofessional Professional

9. Isolating or Connective *
Mark only one oval.

0 1 2 3 4 5 6

Isolating Connective

10. Cheap or Premium *
Mark only one oval.

0 1 2 3 4 5 6

Cheap Premium



11. Tacky or Stylish *
Mark only one oval.

0 1 2 3 4 5 6

Tacky Stylish

12. Unpresentable or Presentable *
Mark only one oval.

0 1 2 3 4 5 6

Unpresentable Presentable

13. Alienating or Integrating *
Mark only one oval.

0 1 2 3 4 5 6

Alienating Integrating

14. Separates me or Brings me closer *
Mark only one oval.

0 1 2 3 4 5 6

Separates
me

Brings me
closer

HQ­S

Please rate the following word pairs.

15. Unimaginative or Creative *
Mark only one oval.

0 1 2 3 4 5 6

Unimaginative Creative

16. Conventional or Inventive *
Mark only one oval.

0 1 2 3 4 5 6

Conventional Inventive



17. Conservative or Innovative *
Mark only one oval.

0 1 2 3 4 5 6

Conservative Innovative

18. Cautious or Bold *
Mark only one oval.

0 1 2 3 4 5 6

Cautious Bold

19. Ordinary or Novel *
Mark only one oval.

0 1 2 3 4 5 6

Ordinary Novel

20. Dull or Captivating *
Mark only one oval.

0 1 2 3 4 5 6

Dull Captivating

21. Undemanding or Challenging *
Mark only one oval.

0 1 2 3 4 5 6

Undemanding Challenging

ATT

Please rate the following word pairs.

22. Bad or Good *
Mark only one oval.

0 1 2 3 4 5 6

Bad Good

23. What did you not like about using Cast
Together? *



24. Do you have any comments about using
Cast Together? *

25. Discouraging or Motivating *
Mark only one oval.

0 1 2 3 4 5 6

Discouraging Motivating

26. Rejecting or Inviting *
Mark only one oval.

0 1 2 3 4 5 6

Rejecting Inviting

27. Repelling or Appealing *
Mark only one oval.

0 1 2 3 4 5 6

Repelling Appealing

28. Disagreeable or Likeable *
Mark only one oval.

0 1 2 3 4 5 6

Disagreeable Likeable

29. Ugly or Attractive *
Mark only one oval.

0 1 2 3 4 5 6

Ugly Attractive

30. What did you like about using Cast
Together? *

31. Unpleasant or Pleasant *
Mark only one oval.

0 1 2 3 4 5 6

Unpleasant Pleasant


