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ABSTRACT

Multimodal interaction can be used to make home care tech-
nology more effective and appropriate, particularly for peo-
ple with sensory impairments. Previous work has revealed
how disruptive notifications in different modalities are to a
home-based task, but has not investigated how disruptive
unwanted notifications might be. An experiment was con-
ducted which evaluated the disruptive effects of unwanted
notifications when delivered in textual, pictographic, ab-
stract visual, speech, earcon, auditory icon, tactile and ol-
factory modalities. It was found that for all the modalities
tested, both wanted and unwanted notifications produced
similar reductions in error rate and task success, indepen-
dent of modality. The results demonstrate the need to con-
trol and limit the number of unwanted notifications deliv-
ered in the home and contribute to a large body of work
advocating the inclusion of multiple interaction modalities.

Categories and Subject Descriptors
H.5.2 [Information Systems Applications]: User Inter-
faces—interaction styles
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1. INTRODUCTION

A home reminder system is a form of assistive technology
designed to help people manage their lifestyle and environ-
ment by providing helpful notifications. Wang & Turner [29]
argued that home care technology should be adaptable, per-
sonalised, customisable and dependable in order to be both
effective and appropriate. Many researchers have argued
that user acceptability is also a vital factor when developing
technology for the home environment [18, 19, 24, 27, 30].
Rejection could lead to the user ignoring or disabling the
system [18], limiting its ability to help its users achieve a
higher quality of life.

Multimodal interaction can help home care technology to
achieve both Wang & Turner’s key properties and accept-
ability requirements by (i) providing interaction opportuni-
ties in user-preferred modalities, (i7) providing alternative
modes of communications for various social and environ-
mental contexts, (i4i) allowing for the consideration of sen-
sory impairment and (iv) providing flexibility in the face of
changing requirements. A number of researchers have ad-
vocated the inclusion of multiple modalities to make such
technology more effective and appropriate [1, 11, 16, 18, 19,
20, 31].

While both hardware and software exists for the inclusion of
multiple interaction modalities, a lack of general guidelines
and models for their use in commercialised systems has pre-
vented their wide-spread adoption. Existing guidelines for
multimodal interaction design need to be refined and val-
idated, which will help give developers the knowledge and
confidence to include a wider range of modalities in their
technology. In the case of home care technology this could
lead to significant improvements in the effectiveness and user
acceptability of reminder systems.

The continued development of guidelines and models for
multimodal interaction requires wide-scale evaluations of the
individual properties of different modalities, both individu-
ally and compared with each other. In the case of home
reminder systems, this involves examining the underlying
properties of different multimodal notifications to determine
which ones are more and less effective. Presented here is a
study into the potential of unwanted notifications in vari-
ous modalities to disrupt a home-based primary task. The
results of this study will contribute towards the continued
development of guidelines and models for multimodal noti-
fication design.

2. RELATED WORK

The primary users of home reminder systems are elderly
persons and people with sensory or cognitive impairments.
Providing multiple ways to interact can improve accessibil-
ity, which has prompted a number of researchers to call for
the inclusion of multiple modalities in home care technol-
ogy [11, 19, 25]. In addition, researchers have argued that
dynamically switching between modalities when appropriate
will also lead to increased user acceptability [1, 18, 30, 31];
for example, switching to a more private modality (e.g. tac-
tile) when delivering sensitive information in a social context
might be desirable.



It is well documented that interruptions can cause stress [10,
17], annoyance and anxiety [4], a higher chance of making
a mistake [15] and increased speed [7, 9, 17]. Notification
schedulers can be used to manage when and how notifica-
tions are delivered to minimise such negative effects. Decid-
ing when to deliver notifications has received a great deal
of attention in HCI research, mostly focussed around of-
fice and high-pressure environments. This usually involves
a cost-benefit calculation based on the importance of the
notification and how ‘interruptible’ the user is. Horovitz’s
attentive user interface paradigm [13] uses attentional focus
to measure interruptibility. Monk, Boehm-Davis & Trafton
[22] suggested that it was most important to consider the
stage of the task; that interruption at the start or end was
preferable to interruption mid-task. Igbal & Bailey’s OASIS
[14] framework scheduled around breakpoints, naturally oc-
curring mental pauses between units of work, such as when
the user has finished writing an e-mail.

When developing notifications for the home context, user
acceptability is a key factor. Unhappy or irritated users
might sabotage or ignore the system [18], which could be
dangerous if it is intended to deliver safety or care-based re-
minders. There have been numerous attempts at creating a
model of when to deliver notifications in the home. Vasten-
burg, Keyson & Ridder [27] argued that user acceptance of a
notification is dependent on the message urgency and the at-
tentional focus of the user, but did not take into account user
activity or social context, which other researchers have ar-
gued is very important in the home [18, 19, 24]. Nagel, Hud-
son & Abowd [24] found that people had different opinions
on which activities could be acceptably interrupted. McGee-
Lennon, Wolters & Brewster [19] reported that people ex-
pressed a strong desire for personalisation in home reminder
technology.

When it comes to how to deliver a notification, there is a
great deal of research into different ways to deliver infor-
mation, but little on how this relates to notification accept-
ability. Vastenburg, Keyson & Ridder [27] found that the
salience of the delivery method combined with the urgency
of the notification had a strong relationship to acceptabil-
ity in the home. McBryan & Gray [18] suggested a con-
figurable model for changing the modality of a notification
based around the user’s current activity. McGee-Lennon,
Wolters & Brewster [19] highlighted the importance of per-
sonal preference when examining modality, and found that
interaction modality preference varied with the type of task
being carried out. McGee-Lennon, Wolters & McBryan [20]
examined 3 types of audio reminders and found that a per-
son’s preferences did not necessarily match the modalities
they performed best with.

For the successful inclusion of multiple modalities in home
reminder systems, models need to be created that allow de-
velopers to identify which modality is appropriate based on
factors such as current user activity, user location, social
context, user impairment, message urgency and user pref-
erence. This requires a good understanding of the relation-
ships between the individual properties of a wide range of
interaction modalities.

Warnock, McGee-Lennon & Brewster [31] carried out a study

into the performance and disruptiveness of visual, audio,
tactile and olfactory notifications and found that modality
did not affect error or activity rates, but did provide differ-
ent response accuracies and timings. In their experiment,
all of the notifications required a response.

However, it is likely that a home reminder system will some-
times deliver notifications that the user will not want or
need. Vastenburg, Keyson & Ridder [28] reported that peo-
ple did not want to be interrupted for low-urgency informa-
tion. A notification may be unwanted because the user is
engaged in an important or demanding task and does not
want to be distracted. The notification may not be valid due
to a deviation from normal routines: e.g. a reminder to pick
up keys before leaving the house may become irritating when
the user only wishes to go into the garden. For other occu-
pants of the home all the notifications may be unwanted.
It is important to understand the effect that such unwanted
notifications could have as an unwanted notification provides
no benefit. The inherent differences between modalities may
make some modalities harder to ignore or process than oth-
ers, causing more disruption. This paper reports on an ex-
periment to examine the effects of unwanted notifications in
various interaction modalities on performance in a simple
card matching game.

3. DESIGN & METHOD

An experiment was carried out to objectively evaluate how
disruptive notifications in different modalities were. The
experiment was a within-subjects design (N = 18) consist-
ing of a primary task and a range of unimodal notifications
which instructed the participant to carry out a brief sec-
ondary task.

The independent variables were:

1. The modality of the notification (text, pictogram, ab-
stract visual, speech, earcon, auditory icon, tactile and
olfactory modalities).

2. The percentage of notifications that were unwanted
(100%, 66%, 33%).

3. The type of notification (wanted vs. unwanted).

The dependent variables were:

1. The error rate in the primary task (measured as su-
perfluous views per click).

2. The activity rate in the primary task (measured as
clicks per second).

3. The success rate in the primary task (measured as
matches per game).

4. The pause time post-notification (measured in seconds).

The experiment was carried out with 18 participants (12
male and 6 female). The participants consisted of 17 people
aged 18-30 and 1 person aged 31-45.

3.1 Primary Task

The task chosen was a simple card-matching game called
‘Concentration’ (also known as Memory or Pairs), as used
by Warnock, McGee-Lennon & Brewster [31]. In concentra-
tion, pairs of cards are presented face-down to the player.
The player can then turn over two cards per turn in an at-
tempt to find the pairs and remove them from the game.



Table 1: Modal Specification

Message
Modality Heating Lights Telephone Description
Text “Heating” “Lights” “Phone” A simple one-word message displayed in a large
bold font above the game area on-screen.
Pictogram TEC-60878 IEC-60878 Light ISO-7001 Taken from two international standards; IEC-
Thermometer Telephone 60878 and ISO-7001.
Abstract Visual Yellow Light Green Light Blue Light Projector used to shine a coloured light against

Voice Spoken Spoken “Lights”
“Heating”
Earcon Rollercoaster Static Ride

Auditory Icon

Gas Ignition

Light Switch

Spoken “Phone’

Water Ride

Phone Dialing

i

the wall.

Created using the same synthetic voice that was
used by McGee-Lennon, Wolters & McBryan
[20].

The earcons varied in rhythm and instrument
and were taken from McGookin & Brewster [21].

Auditory icons at 1 second each taken from an

Click (x2) Beeps online sound effect archive.?
Tactile multiSP textMP voiceLLP Tactons varied in rhythm and roughness, taken
from an experiment by Brewster & Brown [5].
Olfactory ‘Dark Chocolate’ ‘Riverside’ ‘Raspberry’ Smells were created by Dale Air and selected

based on the findings of Brewster, McGookin &
Miller [6].

Concentration is a simple leisure activity that might well be
carried out at home, it is a well-known game with simple
rules and it can quickly build a mental workload. The game
was configured in the same way as by Warnock, McGee-
Lennon & Brewster; the cards showed simple alphabet cari-
catures' and each game comprised 24 cards with a 60 second
time limit.

3.2 Secondary Task

The secondary task in the experiment was to press a single,
large red button when instructed to do so by a notification.
This button was placed directly in front of the participant
within easy reach, as shown in Figure 1. There were two
different notification functions in the experiment, defined as
follows:

The Target Notification
When the participant receives the target notification,
they are to press the red button.

Distractor Notifications

When the participant receives a distractor notification,
they are to attempt to ignore it entirely and continue
focussing on the primary task.

3.3 Notification Design

To evaluate the differences between notifications in different
modalities, a wide range of unimodal notifications were de-
signed for the experiment based on those used by Warnock,

!Speech Teach UK, http://www.speechteach.co.uk

Figure 1: The configuration of the experiment.

McGee-Lennon & Brewster [31]. These included common
notification techniques such as text and speech along with
less common notification modalities such as olfaction and ab-
stract visual display. Eight unimodal notifications in total
were developed for the experiment. The exact configuration
of each notification is shown in Table 1.

The text and pictogram notifications were delivered directly
into the game window to the top of the play area. No addi-
tional hardware was required for this. The abstract visual
display was created with a short-throw projector positioned
to project a coloured light against the wall adjacent to the
participant. The projector was deliberately aligned so that



(c) Tactile (d) Olfactory

Figure 2: Hardware configurations.

the projection lay in the peripheral vision of the participant
as shown in Figure 2a.

In all audio conditions notifications were delivered through
a pair of Sennheiser HD 25-1 II closed-back headphones as
shown in Figure 2b. These headphones helped to prevent
background noise from causing interference.

Tactile notifications were delivered via an Engineering Acous-
tics Inc. C2 vibrotactile actuator® powered by a small am-
plifier. This was secured to the top of the wrist on the par-
ticipant’s non-dominant hand with a stretchable bandage,
as shown in Figure 2c. The device had a very low latency
and was able to create precise tactile messages.

Olfactory notifications were delivered using a Dale Air® Vor-
tex Active smell device, which has the capacity for 4 different
smells. Smells are stored on 1-inch disks, which are blown on
by a fan to deliver the smell. Delivery times are much longer
than other devices, so to ensure the smells were delivered in
a reasonable amount of time, the smell device was placed
directly in front of the participants as shown in Figure 2d.

3.4 Measurements

Other experiments into disruption have examined errors in-
troduced into the primary task and changes in activity rate
post-notification [1, 2, 16, 31]. Latorella [16] observed that
activity rate and error rate disruptions have distinctly differ-
ent properties. In order to measure the effects of a distrac-
tion, both error rate and activity rate should be measured.

Warnock, McGee-Lennon & Brewster [31] measured both
error rate and activity rate in their card-matching game; ac-
tivity rate was measured as ‘turns per second’, while error
rate was measured as ‘superfluous views per turn’. A super-

?Engineering Acoustics, http://www.eaiinfo.com
3Dale Air, http://www.daleair.com
2PacDV Sound Effects, http://www.pacdv.com/sounds/

fluous view occurs when the participant repeatedly views a
card without successfully matching it, suggesting that their
mental mapping of cards to locations has been damaged.
This type of error more accurately reflects disruption than
other error measures (such as failed match attempts) which
could be disproportionately influenced by chance or partic-
ipant playing speed. In this experiment, error rate is mea-
sured as ‘superfluous views per click’.

Higher error and activity rates might not necessarily mean
a higher failure rate in the primary task. Success rate in the
primary task is measuring by the number of matches made
per game, representing a real-world measure of performance.
As discussed in Section 3.1, there are 24 cards meaning this
measure has a range of 0 to 12.

The pause time post-notification is measured as the longest
event-to-event time in seconds between the start of notifica-
tion delivery and the end of the notification response period.
It is assumed that the longest gap at this point represents
the time taken to process notifications when they arrive; for
the target notification this includes the time taken to receive
the notification, process it, stop the primary task, press the
button, and resume. For the distractor notifications this
represents the time taken to receive the notification, process
it, and return to the primary task.

Measurements were taken over two ranges. Primary mea-
surements are taken over the course of the whole game, while
post-notification measurements are measured from notifica-
tion delivery till the start of the next notification delivery
(or the end of the game). Post-notification measurements
are derived from the primary measurements but allow the
removal of the unwanted data measured before the first no-
tification, and also allow each notification to be examined
individually. As described in Section 3.6, notification deliv-
ery times are randomised and split into ‘delivery windows’,
meaning that measurements taken post-notification are not
taken over a uniform time range; this is does not affect the
quality of measurement as post-notification measures are ex-
pressed independent of time.

3.5 Hypotheses

In order to explore the impact of distractor notifications on
the primary task, the following hypotheses were tested.

H1: Notification function will have an effect on the error
rate in the primary task post-notification (measured as su-
perfluous views per click) and there will be an interaction
effect between notification function and modality.

Warnock, McGee-Lennon & Brewster [31] have shown that
these modalities produced equivalent changes in error rate
when all the notifications were useful, and suggested that
it was the act of task-switching that primarily caused the
disruption. However, Sanders & Baron [26] found that dis-
tractions could display similar properties to interruptions.
It is hypothesised that an unwanted notification will lead
to a lower error rate in the primary task post-notification
as task-switching will not take place. In addition, Warnock,
McGee-Lennon & Brewster [31] found differences in response
time that suggested some modalities took longer to process
than others. This could result in a different levels of error



rate change based on the modality of the notification.

H2: Notification function will have an effect on the activity
rate in the primary task post-notification (measured as clicks
per second) and there will be an interaction effect between
notification function and modality.

Warnock, McGee-Lennon & Brewster [31] found that modal-
ity affected activity rate, which was in line with other re-
search that showed activity rate in a task increases when
multitasking [15]. It is hypothesised that the activity rate
will not differ with the notification function, as the partici-
pants will not know a priori if the notifications are distrac-
tors or not.

H3: The number of distractor notifications present will have
an effect on the success rate in the primary task (measured
as number of matches) and there will be an interaction effect
between the number of distractors present and notification
modality.

While it is not expected that notification modality will af-
fect success rate, it is anticipated that distractors will cause
less disruption than target notifications, which should mean
a higher success rate in games with a higher percentage of
distractors. As H1 hypothesises that disruption will vary
with notification modality and notification function, it fol-
lows that there is likely to also be an interaction effect be-
tween the number of distractors present and the modality.

H4: Both notification function and notification modality
will have an effect on the pause time post-notification (mea-
sured in seconds) and there will be an interaction effect be-
tween notification function and modality.

Warnock, McGee-Lennon & Brewster [31] found that reac-
tion times for olfactory and tactile notifications were much
longer than for other notification types. Although it is hard
to differentiate between the mental processing time and ac-
tual delivery time, the longer response time for tactile sug-
gested that participants spent longer processing tactile sig-
nals. It is anticipated that the different notification modali-
ties will produce different pause times, despite having similar
payload delivery times (as discussed in Section 3.3). As tar-
get notifications require carrying out a secondary task, it is
expected that the pause times for target notifications will
be significantly longer, and that there will be an interaction
effect between the notification modality and the notification
function.

3.6 Procedure

At the beginning of each trial participants were given an in-
formation sheet and consent form, then asked to take a short
demographic survey to collect gender and age information.
Participants were also asked to self-assess their sensory abil-
ity on a 21-point Likert scale. Each participant then had the
opportunity to practice the primary task (the card matching
game described in Section 3.1).

The experiment itself consisted of 8 experimental conditions
(one for each modality, as specified in Section 3.3) and a con-
trol condition (where no notifications were delivered). The
conditions were delivered sequentially in a random order un-

til all 9 conditions had been completed. Each experimental
condition consisted of a training segment and 4 games. At
the start of each condition a screen described the notifica-
tion modality and the hardware was configured as required
(see Sect. 3.3). Each participant was given the opportunity
to make minor comfort adjustments (such as volume) before
proceeding to the training segment.

Training began by introducing each of the 3 notifications in
turn. One of the notifications was then randomly selected to
be the ‘target notification’ that participants were to respond
to. Participants pressed a button to reveal this notification
and were asked to press the red button (as shown in Figure
1) in order to signal their understanding. Participants could
re-deliver the target notification as many times as they liked
before continuing. It was stressed to the participants that
they should ignore all other notifications except the target
notification. All 3 notifications were delivered again, with
the participant expected to acknowledge the target and ig-
nore the distractors to complete the training. Participants
who failed this test returned to the previous screen and were
asked to re-acknowledge the target notification and repeat
the test. The participant then played four games of concen-
tration, each with 3 notifications. Each of the 4 games had
a specific configuration, as follows:

No target notifications, 3 distractor notifications.

1 target notification, 2 distractor notifications.

2 target notifications, 1 distractor notification.

3 notifications randomly determined to prevent partic-
ipants deducing a pattern in notification delivery.

The 4 game configurations were played in a random order.
Notifications in each game were delivered at random points
with buffers between them to prevent overlap. A large buffer
at the end of the game helped to ensure that quick partic-
ipants could not finish before all the notifications had been
delivered. At the end of each game participants were pro-
vided with the opportunity to rest before the next game
started. Once all the conditions had been completed partic-
ipants were paid and offered the opportunity to ask ques-
tions. The experiment required around 60 minutes per par-
ticipant.

4. RESULTS

H1: Notification function will have an effect on the error
rate in the primary task post-notification (measured as su-
perfluous views per click) and there will be an interaction
effect between notification function and modality.

A within-subjects two-way ANOVA found no main ef-
fect of notification modality on error rate in the pri-
mary task (F(7,119)=1.20, p=0.31), which agrees with ear-
lier studies [31] as expected. Notification function was
found to have a significant main effect on the error rate
(F(1,17)="7.36, p<0.05). No interaction effect was found be-
tween the notification function and the notification modal-
ity (F(7,119)=0.29, p=0.96). These results appear to sug-
gest that the distracting notifications actually cause a larger
change in error rate than target notifications, which can be
seen in Figure 3. This result will be discussed in Section 5.
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Figure 3: Graph showing the error rate in the pri-
mary task, grouped by modality and notification
function.

H2: Notification function will have an effect on the activity
rate in the primary task post-notification (measured as clicks
per second) and there will be an interaction effect between
notification function and modality.

A within-subjects two-way ANOVA found no main ef-
fect of modality on activity rate in the primary task
(F(7,119)=1.16, p=0.33) and no effect of notification pur-
pose (F(1,17)=0.0, p=0.99). No interaction effects were
found between the two factors (F(7,119)=1.251, p=0.28).
This result does not support the hypothesis.

H3: The number of distractor notifications present will have
an effect on the success rate in the primary task (measured
as number of matches) and there will be an interaction effect
between the number of distractors present and notification
modality.

A within-subjects two-way ANOVA found a main effect of
notification function (F(2,34)=4.84, p<0.05) on the success
rate, but found no main effect of modality on success rate in
the primary task (F(7,119)=1.29, p=0.26). No interaction
effects were found between the two factors (F(14,238)=1.40,
p=0.15). As shown in Figure 4, participants generally per-
formed very well. However this graph also shows that the
mean number of matches is lower in games with 100% notifi-
cations. This finding adds weight to the result of H1, which
seems to show that distractor notifications produced higher
error rate than target notifications. This will be discussed
in Section 5. Post-Hoc pairwise comparisons with Bonfer-
roni corrections found no significant differences between the
conditions.

H4: Both notification function and notification modality
will have an effect on the pause time post-notification (mea-
sured in seconds) and there will be an interaction effect be-
tween notification function and modality.

A within-subjects two-way ANOVA found a main ef-
fect of modality on the pause time post-notification
(F(7,119)=14.53, p>0.001) and a main effect of notification
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o -
Text  Pictogram Abstract Speech  Earcon  Auditory  Tactile  Olfactory
Visual lcon

Figure 4: Graph showing the success rate in the
primary task, grouped by modality and the number
of notifications present.

function (F(1,17)=27.63, p<0.001). The interaction test did
not satisfy Mauchly’s test of sphercity (X?(27) = 61.51,p <
0.05), so the results were corrected using the Greenhouse-
Geisser correction (¢ = 0.6). The results found that
an interaction effect existed between the notification func-
tion and the modality on the pause time post-notification
(F(3.23,54.86)=2.93, p<0.05). Post-Hoc pairwise compar-
isons with Sidak corrections found significant differences be-
tween some of the conditions; similarly to the findings of
Warnock, McGee-Lennon & Brewster [31], olfactory and tac-
tile notifications seem to produce a significantly longer pause
than the other modalities tested, as shown in Table 2. The
mean difference in pause time between target and distractor
notifications is surprising small at 0.29 seconds.

5. DISCUSSION

The primary finding of the experiment was that error rate in
the primary task will increase irrespective of whether the no-
tifications were wanted or not. This disagrees with the sug-
gestion put forward by Warnock, McGee-Lennon & Brewster
[31] that the disruptive effect comes primarily from stopping
and restarting the task. Experimental conditions without
target notifications did not require the users to carry out
a secondary task yet produced a significantly higher error
rate (F(1,)=11.1, p<0.001). In addition, there appears to

Table 2: Table showing the p-values from post-hoc
pairwise comparisons between modality and pause
time.

Modality Olfactory  Tactile
Text p<0.05 p<0.001
Pictogram p<0.01 p<0.001
Abstract Visual = p<0.01 p<0.05
Speech p=0.12 p<0.01
Earcon p=0.06 p<0.01
Auditory Icon p<0.001  p<0.001
Tactile p=0.97 -

Olfactory - p=0.94




Notification
4.0 Function

M Target ]
M Distractar T

LALS

T T T T T T T
Text  Pictogram Abstract Speech  Earcon  Auditory  Tactile  Olfactory
Visual lcon

w
o
1

Pause Time (seconds)
1o
(=]
1

Figure 5: Graph showing the pause time post-
notification, grouped by modality and notification
function.

be no link between error rate in the primary task and re-
sponse accuracy, showing that even when the participants
had difficulty interpreting the notifications, it did not result
in a higher error rate; changes in error rate must come from
another source.

One possibility is that error rate is not influenced by stop-
ping and starting the task but as a result of increased men-
tal demand caused by multi-tasking. Research has shown
that a predictable interruption has a lower negative impact
[8], but in this experiment participants did not know what
the next notification would be or when it would be deliv-
ered. This could leave participants constantly ‘expecting’
additional work; as shown by Bailey, Konstan & Carlis [4]
notifications can increase anxiety and the task’s perceived
difficulty, which could explain the increased error rate. This
can also explain why no differences were found in H2; partic-
ipants mitigated the risk of a high workload by maintaining a
high activity rate, which is in alignment with other research
[?, 8, 10, 15, ?].

Another possibility is that the participants cannot process
notification while carrying out the primary task; so while
physical task-switching does not take place, the mental pro-
cess of stopping and restarting does. This is supported by
research showing that very short interruptions (as short as
fracl4 of a second) will introduce a negative effect [23].

Although the source of the primary task error rate increase is
unclear, it is apparent that unnecessary notifications cannot
easily be ignored and will produce negative effects. This
highlights the importance of a good notification scheduler,
able to manage and control notifications of all modalities so
that low-priority notifications are not delivered disruptively
and that important notifications are delivered in a timely
manner in an appropriate modality. This is an active area
of research which has already shown how effective a well-
designed notification scheduler can be [3, 12, 28]. However,
more research is needed to guide the design of multimodal
notification systems for the home.

This experiment was carried out using a card-matching task,
so at present it is unknown if these results will transfer
across other tasks, such as walking. Our project partners
are currently running experiments using other tasks includ-
ing reading, walking and serial recall to clarify this. This
experiment was also carried out with younger participants;
older participants would be more representative of the home
care user group. As such further experiments are currently
taking place to investigate if age will affect the results of
these experiments.

6. CONCLUSION & FUTURE WORK

The study presented here found that unwanted notifications
are detrimental to error and success rates, however notifica-
tion modality does not have an effect. Notification modality
does not affect any of the primary task performance metrics
except for longest pause, which suggests that some modali-
ties (i.e. tactile and olfactory) took longer to process than
others. The results showed that unwanted notifications have
the potential to be more disruptive than notifications requir-
ing a response, highlighting the need for effective notification
scheduling systems. This knowledge will help to guide the
development of such notification schedulers as well as con-
tribute to the continued refinement of guidelines and models
for the inclusion of multiple modalities.

Development of schedulers, models and guidelines depends
on a knowledge of which modalities are appropriate when de-
livering different kinds of information. Vastenburg, Keyson
& Ridder [28] have provided the foundation for this work by
evaluating the relationship between message urgency and
the salience of the delivery method. Further work is needed
in this area in order to evaluate the relationship between
modality, salience, message urgency and acceptability. Fur-
ther experiments are currently taking place to investigate if
these results transfer across different tasks and age groups.

In conclusion, the results of this study have provided much-
needed groundwork exploring the properties of individual
modalities. The findings show that modality would not af-
fect the disruptive effects of both wanted and unwanted no-
tifications, also suggesting that if unwanted notifications are
not controlled they are likely to be highly disruptive in the
home. This implies that home care developers are free to
capitalise on differences in delivery speed, information ca-
pacity, message obfuscation and salience of delivery method
between modalities to account for factors such as personal
preference, sensory impairment, social context, message ur-
gency and user activity. This study provided new knowl-
edge about the role modality plays in delivering notifica-
tions, contributing to a large body of work that advocates
the inclusion of multiple modalities with the aim of making
technology both more effective and more appropriate.
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