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Abstract

A hallmark of ambient displays is their constant presence
in the periphery of the user’s attention, such as the Ambi-
ent Orb' that changes color based on the outdoor weather.
Users of such a device can explicitly turn their attention

to the device if they are curious about the current weather
conditions, and also be notified of a change by noticing the
light changing abruptly, e.g., as a thunderstorm suddenly
begins. However, especially in a mobile context, it can be
difficult to have truly continuous indicators that are not fa-
tiguing, annoying, or consuming considerable power. We
propose “pseudo-ambient” displays that are not continuous,
yet are nearly always accessible since they are triggered at
regular intervals. Our contention is that such displays can
potentially provide most of the benefits of a fully continu-
ous ambient display, with limited drawbacks. In this work we
focus on haptic pseudo-ambient displays. Yet, we believe
the same approach can apply to other modalities, such as
visual and audio.

Author Keywords
Haptics, Ambient displays, Tactons, Notifications.

ACM Classification Keywords
H.5.2 [User Interfaces]: Haptic I1/0O

Thttp://www.ambientdevices.com/about/consumer-devices


https://doi.org/10.1145/3267305.3274111
http://www.ambientdevices.com/about/consumer-devices

Introduction & Background

Many people receive a large number of notifications on a
daily basis, from their computers, watches, phones [12],
and even home appliances such as refrigerators®. Receiv-
ing all of these notifications can impose costs such as de-
laying completion of tasks [6], and can cause users to self
report symptoms of Attention Deficit Hyperactive Disorder
(ADHD) [5]. While some notifications are indeed critical to
receive immediately, such as an important phone call or cal-
endar alert, considerable effort has been applied to better
manage this torrent of notifications, such as finding more
opportune moments in which to deliver them [10, 11].

Another proposed solution is the use of “ambient displays”
that provide ongoing, background references to information.
Many examples are reviewed by Pousman and Stasko, who
organize them around four axes, such as their information
capacity and aesthetic emphasis [14]. To provide a flavor of
one such system, the “Dangling String” [16] spins faster the
more traffic there is on an office computer network. Anyone
seeing the string or hearing the motor has a visceral sense
of the current network load, and abrupt changes serve as

a gentle indicator that something is taking place. However,
systems relying on a fixed physical device in the environ-
ment have limited potential in a mobile context.

Similarly, audio ambient displays can use a signal such as

a beep, where the timing of the sound, as well as the tone,
provides information. For example, a pulse oximeter can be
set to beep each time a medical patient’s heart beats, pro-
viding rate and regularity information. In addition, the tone
of the beep can change depending on the patient’s blood
oxygenation (SpO2) rising or falling, which is crucial infor-
mation during surgery [4]. Although technically periodic, this

2https://www.samsung.com/au/support/home-appliances/
i-heard-a-musical-tone-from-my-refrigerator-is-it-normal/

can effectively be treated as a continuous ambient signal for
all practical purposes, since the heart normally beats more
than once a second.

Although mobile augmented reality (AR) headsets and wire-
less audio AR headphones® hold out the eventual promise
of being able to render ambient information via vision [2]

or sound through wearable technology, these are not yet
widely deployed. Fortunately, with the advent of smart-
watches and fitness trackers, being able to render haptic
vibration patterns at any time is now a relatively common
use case. In the paper, “Putting Haptics into the Ambience”,
MacLean argues that the haptic modality is particularly well-
suited to delivering ambient, background information [8].
She outlines several key aspects of an ambient display, in-
cluding, “Ambience lets us follow up. We become gradually
aware of a developing situation and can access extra infor-
mation as needed — possibly because we already have its
context.” These represent two key features of an ambient
display. First, the ongoing indicator we can pay attention to
on demand to get current status, and second, the constant
signal that our brains can process in the background and
alert us when an important event takes place.

There are mixed results with continuous haptic feedback
being used for ongoing ambient displays that meet these
two goals. Pielot and Oliveira conducted a study showing
that a near-threshold ongoing vibration could effectively
fade into the background, where participants would no-
tice its absense relatively quickly, yet report that the on-
going vibration was not annoying [13]. However, such a
near-threshold vibration is likely of limited use for convey-
ing meaningful information. Nagel et al. created a haptic
belt with 13 motors around the waist, with the vibration mo-
tor closest to North always vibrating [9]. Four participants

Shttps://developer.bose.com/content/tuning-augmented-reality
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wore the belt for six weeks. Although two of the four partici-
pants had a change in perception after wearing the belt, the
other two did not, and, “the vibration was even perceived
as disturbing at times.” The feelabuzz system by Tlnner-
mann et al. directly linked two mobile phones such that

the more one was moving, the more intensely the other
vibrated, giving two partners an ongoing haptic sense of
each-other’s motion [15]. However, this system was not
evaluated outside of short-term laboratory studies, so it is
unclear whether the ongoing vibration would be acceptable
in actual, continuous use.

Ambient systems take advantage of our ability to process
continuous information in the background. In contrast, typ-
ical notifications rely on a computer algorithm to decide
when something “interesting” has occurred, such that the
user’s device must interrupt them to let them know they
should pay attention. Thus, the notifications and information
are pre-filtered before they even reach us. This is not how
our senses typically function. In the real world, our senses
instead receive constant, unfiltered stimuli, and we rely

on our perceptual processing system to sort out when to
pay attention. For example, our ears constantly receive the
sound around us, but we largely tune it out unless our brain
decides that something interesting has occurred (bottom-up
integration), or we purposely turn our attention to it based
on our conscious goals (top-down integration) [7]. Both
bottom-up and top-down integration contribute to the ef-
fectiveness of ambient systems.

Given these results and constraints, we are encouraged to
explore ambient information display techniques that do not
require continuous haptic actuation. Based on preliminary
results, we anticipate that achieving both a background
visceral awareness as well as the ability to explicitly focus

our attention to find out what is happening, can be accom-
plished without a continuous indicator.

Pseudo-Ambient Displays

Instead of rendering a continuous signal, as with most am-
bient displays, we instead propose using periodic sum-
maries at frequent, regular intervals. We refer to this ap-
proach as “pseudo-ambient” since it does not provide the
continuous feedback that a pure ambient system would typ-
ically use, yet has the potential to deliver the key benefits

of a fully ambient interface. We hypothesize that bottom-up
integration does not require a fully continuous signal, and
these regular, non-continuous stimuli will be sufficient to
trigger attention to informative events. In addition to bottom-
up awareness, we expect that a certain level of top-down in-
tegration is also possible, albeit with some latency depend-
ing on how often the information is rendered. For example,
with summaries 10 seconds apart, a user would only have
to wait 5 seconds, on average, after turning their attention
to the signal, before perceiving a value.

For example, instead of a string continuously twitching
based on network activity [16], a user might feel a vibration
every 10 seconds where the vibration intensity would repre-
sent the network activity level over the previous 10 second
interval. Such a system has several potential advantages:

1. Silent periods where there is no vibration, potentially
reducing annoyance or distraction, and possibly re-
ducing habituation.

2. The ability to convey multiple parameters in a single
message, by rendering multi-part tactons.

3. For a haptic motor, reduced power use since actua-
tion is not continuous.



Compared to a fully ambient system, the pseudo-ambient
approach also has several limitations, which could make it
unsuitable for particular applications:

1. One cannot “tune in” to the signal at an arbitrary time,
but instead must wait for the next iteration.

2. There may be some loss of sensitivity to changes in
the signal, since users need to remember the first
stimulus, and compare it to the second, which might
be rendered significantly after the first. Since mem-
ory is flawed, the difference likely needs to be greater
than if the change occurred within a continuous sig-
nal, in order to be detected.

3. Since the information is summarized, changes that

occur within the interval between stimuli will be masked.

A designer will need to choose whether the advantages and
disadvantages make sense for their specific application.
However, note that by shortening the interval between stim-
uli, a pseudo-ambient display can more closely approach
the real-time nature of a continuously ambient system.

Pseudo-Ambient Display Example

Blum and Cooperstock reported initial results from Sense-
Proxy, a mobile app that uses a Pebble smartwatch to give
regular vibrations linked to a partner’s activity [3]. In the
initial implementation, the more your partner’s leg moves,
the longer a periodic vibration you feel. These small haptic
summaries are rendered multiple times each minute, so are
frequent, but not continuous. Initial pilot results from daily
Likert-scale questionnaires indicate that after a few days of
getting used to the system, it is no longer reported as “an-
noying” or “distracting”, and participants report changing

their behaviour based on the signal, demonstrating that it is
not simply being ignored.

It is illustrative to contrast this approach with CoupleVibe,
created by Bales et al. [1], which used geofencing to give
custom vibration patterns whenever a partner entered or
departed one of a pre-selected geographic regions (e.g.,
home, work). In this case, since the events are triggered
only when one’s partner enters or leaves a given location,

it is a background notification rather than an ambient dis-
play. This is certainly an improvement over having to text
one’s partner or look at a shared map location to get their
location, as the notification cue itself contains valuable infor-
mation about the location transition. However, if one misses
a CoupleVibe cue, then the partner’s current location can-
not be divined by orienting one’s attention, since there is no
“signal” to which one can tune in. In contrast, waiting a brief
period for the next periodic motion summary from an appli-
cation such as SenseProxy is a minor downside compared
to having to get out one’s phone, and it appears that such
periodic indicators may effectively fade into the background.

Discussion & Conclusion

Ambient display of information, especially in a mobile con-
text, holds considerable promise for mitigating demands
for attention from “smart” phones. However, continuous in-
dicators have the drawback of being potentially annoying
themselves, or consuming considerable power, especially
for a haptic device. We propose using periodic indicators to
provide key ambient benefits including the ability to “tune in
to the signal even though it is not continuous.

”

Although pilot experiments are promising, current studies
underway must be completed to determine if a pseudo-
ambient display can indeed succeed at conveying useful
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information, yet still fade into the background during long-
term, real-world, and mobile use.

Additional work remains to determine how the periodic
summaries should be ideally spaced, which likely depends
on the particular application.

Last, although we focused on the haptic channel, we see
no reason that a pseudo-ambient approach would not be
potentially useful with audio or visual ambient systems, al-
though the power-saving benefit may not be as relevant.
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