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ABSTRACT

In this paper we report an experimental comparison betweee t
different types of audio reminders in the home setting: shee

mwl ters@ nf. ed. ac. uk

to be used in pager systems which alert people with minorieogn
tive impairment to scheduled tasks and events. Such systames
proved to be very effective in field trialsl[2]. Earcon$ |7 éjve
been used less widely. Sainz de Salces, England, and Vidkers

earcons, and a simple pager sound. We examine how quicklygjgneq and tested a range of earcons for alerting older @eopl

and accurately participants were able to interpret the ndenrs,
and to what extent presentation of the reminders interferi¢ud

a digit span background task. In addition, a questionna@e w
used to gather user preferences and attitudes towardsftbe di
ent types of reminders. Although participants perform lvegt
speech reminders, there are large inter-subject diffeeirt per-
formance, and over 50% prefer non-speech audio remindées. T
implications for the design and application of auditoryeifiaces
for home-based reminder systems are discussed.

Keywords: audio reminders, earcons, speech synthesi® hare

1. INTRODUCTION

Auditory output can be very useful if used appropriately,iyean
be an annoyance if used carelessly. Furthermore, diffeeeinc
setting, context, personality, user preference, and owpvices
all affect the potential success or failure of auditory nedeirs.
In order to ensure user acceptance, it is crucial that theazse
switch between different types of audio reminders, whethese
are speech or non-speech audio.

Since there have been very few studies comparing speech and

non-speech audio presentation, it is very difficult to pgsiteral
design guidelines. This paper presents a pilot study dedigm
address this gap in the literature. We examine three typesi-of
dio reminders, a simple pager-style chime, earcons (seggesf
sounds with meaning), and speech. In our comparison, wathpt o
compare the effectiveness of the three audio options, veeials
vestigate their acceptability and the degree to which therfere
with the user’s current activities.

1.1. Audio Remindersin the Home Environment

Delivering reminders is a key task in many domains, rangiomf
appointment reminders to memory aids for people with cognit
impairment [1]. Since reminders can be delivered in many dif
ferent ways, both within and across modalities, remindstesys
are ideal for comparing different strategies for auratigime same
content. In a home environment, auditory reminders comeigm
visual reminders well. They can be attended to while the isser
doing something else, and their effectiveness does notorelg
user being near a visual display.

Previous work in assistive technology has explored differe
ways of presenting audio reminders: sound alerts {ég [ledftons
[3. 1], or spoken dialogue systenmis$ [, 6]. Simple soundsterid

events in the homé]3]. Their earcons consisted of two matife
denoting an appliance, one denoting appliance status. ity
not use timbre to differentiate between earcons. Theirrqide-
ticipants found earcons difficult to remember and suggassaty
relevant familiar melodies instead. A related suggestionld/be

to replace earcons by auditory icohs [9]. Research showsVew
that users report auditory icons to be annoying after pggdruse
[L0,[13]. Although earcons do not possess the same intuitae

ping as speech or auditory icons, they can be learned and user
have found them appropriate for general applicatibns [10].

Lines and Honel11Z.°13] have investigated the use of speech
in alarm and alert systems. Their work was implemented in the
Millenium Home home care systein]14]. In this system, aiitic
alerts were always given by broadcasting speech over |eadisp
ers, because speech is a quick and reliable alert mechamégris t
relatively independent of the user’s position. When cormgganat-
ural speech and computer-generated speech, Lines and élow f
that natural speech was more pleasant to listen to than dempu
generated speech, while intelligibility was the same fahligpes
of speech.

Spoken reminder systems have also been implemented as part
of the functionality of a nursing robdtl[5]. The Automindestem
developed for the Carnegie Mellon NurseHoil[15] determihes

best time for giving a reminder by using a sophisticated itz
system that takes the user’s daily routine and currentigctivto
account.

1.2. Speech versus Non-Speech Audioin HCI

There has been very little research comparing speech and non
speech audio presentation of the same content. Bronstads,Le
and Slatin[[15] compared two ways of indicating the presesfce
a hyperlink in a screen reader, a tone and the spoken workf'“lin
They found that participants made fewer errors when theviag
indicated by a simple tone. Frohlich compared differerdiau
cues used to indicate waiting time in a dialogue systemudhicl
ing speech, natural sounds, and musical pieces. Speectateds r
the most appropriate option, closely followed by musicdi¢a-
tors. These results show that the design choice dependsnely
not just on the task, but also on the audio options available-
thermore, it is important to compare the intrusiveness édint
types of audio cues—a key problem in sonification [17].
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1.3. Cognitive Processing of Audio Reminders

Audio reminders should not only be pleasant to listen toy Hiso

need to be easy to decode and minimally disruptive. Users may

be engaged in a cognitively demanding task when the remiader

played, and may not be able to resume this task easily onge the

have attended to the audio signal. Disruptiveness is acpéatly
serious problem for home care reminder systems. A large aumb
of conditions that require people to rely on automated reletin
systems are associated with deficits in performing duaktasich

as Parkinson’s Disease (PID)[18] or head injuries 121 10, A6h-
burn, Stack, Pickering, and Ward [18] showed that PD patient
who were more prone to falling also had lower dual-task perfo
mance. This demonstrates why it is crucial that the remisgler
tem doesn’t make more cognitive demands than necessary.

Fortunately, there exists a large body of work that examines

the disruptiveness of different types of audio stimuli [ZThe key
phenomenon here is the Irrelevant Sound Effect: Attending t
spoken utterance makes it more difficult to recall a serigteais
[22]. Various hypotheses have been advanced to explairethis
fect. Salamé and Baddeldy [23] argue that the effect abisesuse
all speech, be it relevant to the current task or not, is peeg
in a phonological store of limited capacity. Items in thisrst
are kept in memory through subvocal rehearsal. If other mate
rial has previously been stored in the phonological strerecall
of this material is potentially disrupted; if that materfels been
stored in the visuo-spatial component of working memorydise
ruption occurs. Jones, Madden and Milesl [24] proposed Heat t
interference occurs because of parallel processes ofisariane
process which maintains the order of the material to be lextal
and another that parses incoming auditory percepts falseder.
The first hypothesis implies that spoken reminders will ssaely
be more disruptive than earcons, while according to theghgn
state hypothesis, auditory sequences with a strong sedet will

be just as disruptive as speech of equal length.

Various studies/[25. 26] have shown that the irrelevant doun
effect also occurs when non-speech sounds are used. Howeser
only occurs when the acoustic variation in non-speech soisd
the same as the acoustic variation in speech, with acowstiation
encompassing changes in pitch, tempo, or timbre. Thereferg
simple earcons should be less disruptive than speech.

justing the setting of common household appliances. Siroplp

are often engaged in other tasks when a reminder is received,
simple background task was running concurrently with the pr
sentation of the audio reminders. This task is digit spanchwis
highly sensitive to Irrelevant Speech effects becauseadtdsrial
recall task. The three reminder types were compared along tw
dimensions:

User Performance: The best type of reminder is one that dis-
tracts the user the least while still enabling him/her to suc
cessfully perform the required action.

User Preference: Regardless of performance, users will show clear
individual preferences for reminder types which will need
to be squared with their performance. Preferences may also
depend on contexts of use.

More specifically, we make the following predictions:

H1: (Performance) Participants will make more errors attegndin
to reminders when presented with earcons, because speech
gives explicit instructions and earcons do not, and thepage
sound forces participants to check the full reminder irgstru
tions textually.

H2: (Performance) Speech will result in more errors in partici-
pants’ performance in the digit span task than earcons or a
simple pager sound due to irrelevant speech effects.

H3: (Preference) Participant will report a preference for sror
reminders (earcons, pager sound) rather than longer ones
(speech).

H4: (Preference) Participants will report a preference forrthe
minder type that interferes least with their performance in
the digit span task.

2. METHOD

2.1. Design

The experimental task (the primary task) was to attend taidi a
tory reminder when participants heard the reminder playthéa
handheld computer. There were three types of audio reminder
(pager, earcon, speech), three different types of houdeppli-

When designing speech reminders, keeping messages shor@nce to select (heating, TV, fan), and two operations tooperf

and to the point can mitigate some of the deleterious effetts

on each appliance (up +, down -). This resulted in 18 reminder

using speech. Vilimek and Hempg&l]27] found that long spoken trials (3 x 3 x 2). An equal number (18) of blank (no reminder)

messages disrupted serial recall more than short keywaiish
were as disruptive as auditory icons and earcons.

trials was included in order that a reminder was not presermve
ery trial. These reminders were played randomly througttioeit

Another important strand of research concerns general mem-digit span trials in order to reduce the expectation thanainder
ory capacity. As we have already seen, memory may be affectedwould sound at regular intervals. On trials with remindets

in users of home care systems. Although memory tends tondecli
with age [28[2B], there is great variability 130]. Hencer, isers

reminder was played after the digit sequence had conclutfed.
order to avoid tiring participants, the duration of the expent

with severe memory problems, explicit spoken messages may b was limited to 36 trials. The complete experiment, inclgdijues-

better than earcons, whose meaning needs to be remembéisd. T

concern is expressed by Sainz de Salces, England, and ¥jcker

who report that their older participants found earconsadliffito
rememberi[B]. Vilimek and Hempédl[27] found that reactianés

tionnaires, lasted an hour.

We measured user performance for both the background task
(digit span) and the primary task (adjusting an appliancE)e
main independent variable w&eminder Type (Speech, Earcon,

were longer for earcons, where the mapping from audio to mean Pager). The dependent variables were:

ing may not be intuituve, than for auditory icons and keyvgord
This shows that good design of hon-speech auditory cuesais vi
1.4. Hypotheses

In this experiment, we compare three different types of auel
minders in a situation that simulates a real life home sibnaiad-

Digit Span Correct: This was scored 1 if a subject successfully
repeated a digit span with all numbers in the correct order
at the correct position, 0 otherwise.

Reminder Correct: This was scored 1 if a subject selected the
correct appliance (TV, heating, fan) and the correct action
(up vs. down), O otherwise.
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2.2. Participants

11 native speakers of English were recruited. Three ppéaits
were older (age 62 2 years), eight participants were younger
(age 27+ 5 years). 6 participants were male, 5 were female. We
deliberately included both younger and older participietsause
both groups are potential users of reminder systems in theeho

be it in the context of smart homes or in the context of home.car
A power analysis showed that his sample size is sufficiendéor
tecting large effects in user preferences and user perfarenaith
power> 0.8.

Participants were screened for hearing problems using a sim
ple questionnaire. Only two of the older participants réger
slight problems. Participants were also asked to fill in trespec-
tive and Retrospective Memory Questionnaire (PRMQ), a-well
validated instrument for self-reporting memory proble[3&][

PRMQ scores were converted into normalised T-scores usingthe

the software referred to il [31]. T-scores are standardizédve a
mean of 50 and a standard deviation of 10. Most scores wete wel
within a standard deviation of the mean, with some higherexo
within 1.3 standard deviations. This indicates that noigigants
were aware of particular problems with their memory, evengih

one participant mentioned “poor memory” on our questior@ai
Only one subject, a younger female, reported a significdfarei
ence between retrospective and prospective memory. Oitkr a
younger participants did not differ significantly in aveeagrores.

2.3. StimulusDesign

In the pager condition, a short, simple chime (wav file) wagyet

to indicate a reminder had occurred. In this case, no infioma
regarding the object or action were contained within the@ite
self. Instead, the users could “check” what the remindeniaby
pressing the KT button on the device control screen [seelHBig 3].
This button was always available to allow users to check thiera
required and the appliance to be controlled. On selectimng Hhe
instruction would appear textually in a pop up box in the oe=of
the screen. The format of the instruction was “Turn APPLIARNC
DIRECTION”, where APPLIANCE was one of “heating”, “tele-
vision”, or “fan” and DIRECTION was one of “up” or “down”.
Users then had to click on “ok” to return to the main device-con
trol screen.

1™

Figure 1:Sequence of notes corresponding to turning an appliance
up

L
1

Figure 2:Sequence of notes corresponding to turning an appliance
down

The earcons were designed to be simple increasing (up, Fig.

M) or decreasing (down, Fig 2) sequences of three MIDI preduc
notes. Appliances were signalled by the the instrumentrpera
ter: the TV was associated with the marimba, the heating thi¢h
clarinet, and the fan with the harpsichord.

The earcons do not contain much acoustic variation, but the
notes have a pronounced serial order, forming a chord. Tdis p
tentially increases interference with the recall of thatdigan se-
guence, since non-speech audio stimuli with a strong semkr
interfere more with serial recall than unordered stimuli (ce lit-
erature review in[[21]). They were chosen to be simple abstra
mappings to each appliance and were considered easily-disti
guishable from each other given that they were from thretindis
families of musical instrument. Any semantic mapping beme
the earcon and the appliance would be incidental and notigrdes
choice. However, the choice of an ascending sequence fér “up
and a descending sequence for “down” is clearly mnemonic and
will aid recall. Since the main aim of this experiment was pam
ing different types of audio reminder, we did not optimisecea
design any further; this will be left to future work.

The speech reminders were produced using the speech syn-
sis package Cerevoide[32], a high-quality state-eftt unit
selection system. In unit selection speech synthesisubigms-
sembled from a large database of speech recorded by a single
speaker. We chose to use synthetised speech instead of prere
corded prompts because synthetic speech is easier to addift t
ferent domains as well as to user preferences such as sgeakin
style, gender, and persona of voice. The text of the reminfaédr
lowed the pattern “Please turn APPLIANCE DIRECTION”", where
APPLIANCE was one of “television, heating, fan” and DIREC-
TION was either “up” or “down”. This pattern was chosen bessu

it was brief, yet polite. The voice used was the Cerevoicétisto
female voice “heather”.

2.4. Procedure

The experiment was implemented on a handheld computer (PDA,
Dell Axim X51). This was a considered design choice since we
believe that home care systems might typically be conulolia
mobile phones or handheld computers in many circumstances.

The user engaged in a simple number memory task (the Digit
Span task) on the PDA. The digits were presented visualljnen t
screen for 1 second with intervals of 1 second between digits
users were then prompted to repeat back to the experimester v
bally the digit sequence they had just seen. Users were §igen-
onds to respond. After this time had elapsed, the messag “Ta
complete” was displayed on the screen.

Immediately prior to the experiment, each subject was given
the digit span test in the same format they would receive it du
ing the experiment. The digit span sequence was increaseddy
each time they repeated the correct sequence until they get a
guence length incorrect twice. The participants’ maximugitd
span was then recorded and used in the main experiment. A-his e
sured that the digit span task was difficult enough to be ¢ivgiy
demanding and not so difficult that the user became frustrate
unable to perform the task.

During the experiment, the highest sequence of digits toatadv
appear for a subject was N (the maximum digit span for that sub
ject) and the minimum length of sequence was N-3. During the
experiment the length of the digit span was randomized lerwe
these values to reduce the expectation for a fixed length -of se
guence. This resulted in participants having to concentoath
on the digit sequence as well as the reminder instructioasdf
when they received one.

This background task was included because people attending
to reminders in their homes will typically be engaged in aetsr
of other primary tasks, which are disrupted by presentaifche
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reminder. Digit span was chosen because it is easy to adapt tddifficulty of each of the tasks required of them (digit spad ae-

individual ability levels and because it provides an easpsnees
of the distraction caused by the reminders.
To attend to a reminder users had to:

1. select the button “switch to device control” from the mte

face screen
. (for some trials) select the “Hint” button, read the hekgsm

minder, see Sectidn2.4) as well as ease of use of the expedme
interface.

We also asked users to rate the perceived (a) helpfulngss, (b
annoyance, and (c) pleasantness of each of the remindex: fjpe
investigate the suitability for reminders in different ¢exts, users
were asked which type of reminder they would prefer in twe dif
ferent contexts, being alone versus with others preseris Was

sage, and click on the help message to return to the deviceincluded because previous interviews had revealed thaprife

control screen
. select the household appliance to control (heating, an f
4. select the operation to perform (turn up +, turn down -)
5. select the button “Return” to complete the action

Device Control [ )| «£ 3:10

Heating +
TV -
Fan
Hint Done

EP

Figure 3:The Device Control Interface

Users could change their selections until they were happpte
firm the instruction. Users could also choose to receive aihin
they wished to check what the reminder was (cf. Sedfioh 2.3).
Users were asked to verbally recall the sequence of digitsgoh
trial. In conditions where an audio reminder was played; tbi
quired that the users attend to the reminder (as describaeepb
before repeating the number sequence. The verbally readité
span sequences were transcribed from the audio recordjrigob

of the authors.

Participants were shown the PDA interface prior to the dctua
trial and played each of the possible reminders they woult he
during the experiment. In addition, participants had thencie to
listen to each of the reminders. For the earcons, partitspaare

ferred modality of the reminder might depend both on the &aint
of the message and the context in which it is received.

We believe this qualitative analysis to be an important tiofdli
in auditory interface research as many results includer eates
and reaction times without consideration for the true ugglnf
the reminders in practice. In the home care setting in pdatic
it is essential that multimodal and auditory interfacesdasigned
not solely for accurate and speedy responses but also éofdanes
that might be usable and acceptable to users over a prolgeged
riod within their own homes.

3. RESULTS

3.1. Performance

In this section, we examine the effect of reminder type on par
ticipants’ performance both on the primary task (attendinge-
minders) and the background task (serial recall of visupily-
sented digit span). The maximum score on the trials witheut r
minders was 18 (i.e. all 18 digit spans were repeated cdyyect
the maximum score on the trials with reminders was 6 for dpeec
6 for earcons, and 6 for the pager condition. (For a definitfasur
target variables, see Sectionl2.1.) In our results tablegpresent
median scores averaged across all speakersHypothesis H1

Score Reminder Type
None Pager Earcon Speech
Digit Span Correct| 16 3 3 5
Reminder Correct NA 6 5 6

Table 1:Median scores for digit span and reminder task

we assumed that speech would disrupt performance on the digi
span performance to a larger extent than earcons or simpkr pa
alerts. This is not borne out by our results: There is no figanit
difference in digit span scores between the three reminoledic
tions (Kruskal-Wallis test, df=2x?=0.9636, p<0.9). Although
raw scores suggest that participants tend to perform wanshw
presented with pager-style reminders and earcons (cf.eThbI
there is considerable variance in the data, as the boxpletsoits
in Fig. [4 shows. In fact, the distribution of digit span scoegp-
pears to be bimodal for speech and skewed towards lowersscore
for the pager and earcon conditions (cf. Tdllle 2).

Low scores on the pager condition may be due to the need to

asked to guess the message until they got each type of remindeuse the HNT facility when presented with the pager beep. This

correct at least once.

2.5. Questionnaire

A post experimental questionnaire was designed and adeiieds
to collect users opinions on the audio reminder system apdrin
ticular the different reminder types. Questions addrepseckived

not only involves another step in operating the tool, it a&suires
users to read and process a visually presented verbal nee§d@ig
in turn potentially affects both the phonological loop ahd visu-
ospatial store. In contrast, speech only requires audfiorgess-
ing facilities and the phonological loop, while earconsgla load
on auditory processing and memory. This additional load emm
ory may be the reason earcons did not outperform speeche[Jabl
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Digit Span Correct Reminder Type
Pager Farcon Speech Digit Span Performance
0-3|6 6 4
45| 2 4 3 © p—
6|3 1 4 ) , ,
S -
O
0 <
Table 2:Distribution of digit-span scores c
8 o 4
n ! T
= N4 T — !
provides data on users’ reactions to reminders. As pratiintdy- k=) X I
pothesis H2reminder responses to the speech prompts are always O 5 ! —
correct. This result is statistically significant(p.05,x?=6.6112, o
df=2). Although medians suggest perfect performance ipdger T T T
condition, the detailed results tell a different story. Y6lout of beep earcon speech
11 participants attain the maximum score in the pager ciomglias .
opposed to 11 of 11 in the speech condition (T&ble 4). Thidtres Reminder Type

is partly due to participants failing to use thent facility in the

pager condition. The two participants who performed wonstax

the beep condition almost never checked the action to betake Figure 4:Performance on the Digit Span Background Task (aver-

Even though it is tempting to dismiss this reluctance to kteer ~ aged across participants)

a fluke, we suggest that it might be even more pervasive iné fiel

context, where the experimenter is not present, and thet&tiom

to just guess is even stronger, because users think they whetv less with performance for speech remindeys;(0(685,p<0.02),

to do next. and not at all for earcon®€0.483). There are no significant cor-
Furthermore, even two of the eight participants who always relations between self-reported memory problems as refleict

checked the box made one mistake each. This suggests that ththe PRMQ and participants’ performance. More specific psaife

additional step of having to look up the action is sufficienintro- cognitive ability are clearly needed.

duce potential errors. This finding clearly needs to be itiyated

further, because in the home care domain, it is often clitheat

users attend to reminders quickly and process them corréxdr 3.3. Participants’ Responses to the Experiment Interface

results certainly suggest that the simple pager alerts ussys- In our questionnaire, we first assessed how comfortablécpart
tems like those discussed [d [1, 2] need to be rethought. pants were with operating the reminder interface. Whiletrpes-
ple (N=9) responded that they were confident (N=7) or very con
Reaction Reminder Type fident (N=2), two participants responded that they were nafie
Pager Earcon Speech dent. This indicates that in future experiments, participaeed to
Reminder Score 6 5 6 be given more time to familiarise themselves both with theeho
HINT Used | 6 0 0 interface and with the different audio stimuli and their miegs.

This is further borne out by participants’ assessments @f th
usability of the experimental interface. The most difficagpect
Table 3:Reactions to reminder seems to have been selecting the device. Only 7 particifaunsl
this to be easy or very easy, whereas all participants fauadigit
span task and reading the screen easy or very easy. 9 out of 11

Score Reminder Type participants found the reminder facility easy or very easyde.
Pager [Earcon Speech This may explain why some participants did not check reminde
0-3 | 2 3 0 as often as they needed to. Despite this, all but one persed ra
45| 3 4 0 the HINT facility as either helpful (N=1) or very helpful (N=10).
6|6 4 11

3.4. Acceptability

Table 4:Distribution of reminder score Any audio reminder system can only be deployed successfully
the audio reminders are acceptable to the user. Thble 6 stoows
siderable variation in user preferences. @upothesis (H3}hat
shorter reminders would be preferred was not borne out: Rgug
half of our participants liked earcons, whereas the oth#rgne-
Since we did not select our participants according to meroary ferred speech.

3.2. Performance and Memory

pacity, these analyses can only offer some post-hoc irsigtd The questionnaire also yielded rich data on the reasongfer p
the role memory may play in intra-individual difference€eigit ticipants’ preferences: Many people commented on the feadt t
span task as it was used in this experiment mainly measussre  speech was the easiest to get the information from but theedau
tion of information in short-term memory. Participants’rioe- the most interference with the number task. This is not reftein

mance on the pure digit span task only correlates with ttefiop- the results as summarised in Table 1. More fine-grained sealy

mance for the pager-style reminder=(0.86,p<0.001), somewhat  of the digit span production data are needed to determin¢hehe
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Attitude Reminder Type
Pager Earcon Speech Helpfuln f Remi
inder T
Helpfulness| 3 3 5 elp ulness of Reminder ype
Annoyance| 1 2 2 o
Pleasantness 3 4 4 X X
< ! o
Table 5:Median scores for attitudes to each reminder type g
8 ™ 4
n
there may be a difference in the amount of effort needed to re- N |
peat the digit sequence. It was also pointed out that thenciems . |
that are the easiest to understand may become annoyingroeer t S — o
This needs to be tested in long-term case studies. I I I
We asked users about their preferences in two contexts, once beep earcon speech

when alone, and once with others present. Remarkably, the re
sponses were similar for both contexts, except for two gigeits.
One preferred earcons when alone, and speech when wittspther
the other preferred speech when alone, and earcons wheattith ] ) ]
ers. One user liked non-speech audio stimuli in generalefpag ~ Figure 5: Helpfulness ratings for each reminder type averaged
earcon), while another liked meaningful auditory stimekicons across participants)
or speech). Since two participants preferred more than ene r
minder type, the totals in Tablé 6 add up to 13. ) )

When asked for reasons for their preferences, the samedeatu tion, whereas for earcons and pager-style reminders, ti@seno
of a reminder would be seen as both positive and negative. Forlink between preference and performance. .
example, some users felt that the explicitness of speeclamas- These findings suggests that our hypothesis H4 may have to
vantage when others were present, because the remindeis wou P€ rejected or at least further qualified, since performamcene
not need explaining to guests. Others, however, considiisd ~ Primary task appeared to have a greater influence on acdeptab
explicitness inappropriate for some types of alerts, suchad- ity than performance on the background task. The data are too
ication reminders. These alerts were judged as too private a SParse to statistically test correlations—this aspechefexperi-
should be delivered using earcons. Feedback like this soders ~ Ment would benefit from testing a larger number of users. Besp

Reminder Type

the need to couple experimental testing with qualitativie.da this, our findings cpnfirm that user performance needs to & ca
In our questionnaire, we further elicited opinions on trage  fully balanced against acceptability. If users really prehean-
pects of acceptablity: whether the reminders were helpfugther ~ ingful non-speech audio, then the system designer has atecee

they were annoying, and whether they were pleasant. Alethre S€t of sounds that are both easy to interpret and not toopdigeu

reminder types were rated on a five-point Likert scale. Thble
presents the median scores for each property. The onlyfisimi

difference was in ratings of helpfulness: Speech was glquet- Preferred ... | Pager | Earcon | Speech
ceived to be the most helpful (Kruskal-Wallig¢=9.3553, df=2, ... when alone| 3 5 5
p<0.001). The differences in annoyangg€0.693, df=2, p-0.7) .- when with company| 3 5 5

and pleasantnesg1=1.3621, df=2, p-0.5) were not significant.

Again, inter-subject variation was considerable. As Fflishows, . . . .
speech was unanimously perceived as very helpful, wheggas o Table 6:Preferences for reminder types - multiple choices possible
ions about the usefulness of earcons and pager remindeesl var
enormously. While the variation for speech and earcon jociges

is similar, pager ratings range over the whole spectrumie:f).
Reasons for ratings reflected personal experience. Forpgam
one user disliked the pager alert because it sounded likevthe Although our data does not allow us to draw statisticallygigant
dows chime. conclusions about differences between younger and oldécipa
pants, a brief analysis suggests that there is as muchivarkze-
tween older participants as there is between younger onesofl
the three participants for whom earcons were least inteusiere
User preferences cannot be predicted reliably from a stibjtigit older. The older participants also tend to be in the lower enod

span score: Of the five participants who prefer speech orchpee ©f the bimodal performance distributions. However, wite thght
and earcons, only three had their highest score in the speect modality, two of the three older participants perform sigaintly

3.6. Older versusYounger Participants

3.5. Preferenceversus performance: Istherealink?

tion. For the five participants who preferred earcons, ontyhad better. This underscores the need to adapt reminders ts asér
the highest digit span score in the earcon condition. Thereis ities and to test various options with the user.
ancy is largest for participants who preferred pager-sthienes:
Only one of three performend best with the chime. 4. CONCLUSION
The correlation between performance on the reminder task
itself and preference ratings is stronger: All of the fivetigar This study highlights the need for continued research imth b

pants who preferred speech performed best in the speeclir cond the effectiveness and acceptability of various auditorginglers
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Pleasantness of Reminder Type
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Figure 6: Pleasantness ratings for each reminder type averaged
across participants

within the home. Despite the fact that speech was easiesbto p
cess and resulted in only moderate disruption of backgroasid,

a significant number of participants preferred earconsclvvere
perceived to be less obtrusive. This underscores againnthiat
terface design, quantitative, experimental data needs supple-
mented by qualitative methods. Our results also suggessyisa
tems relying on simple pager-style chimes may need to beugtit
because of the potential disruption to the user.

Itis crucial that auditory reminder research continuesoim-c
pare the different auditory modalities (pager, earcongspgrather
than attempt prove one modality as being “best” in all ca3és
optimal choice of auditory reminder will depend on the taskp
eration to be attended to, the urgency of the reminder, tip®im
tance of correctly attending to the reminder, the degreasoéig-
tion caused by the reminder, the context in which the renmiigie
being received, previous exposurel[33], and the usersepéual
and cognitive abilities. Some of these can be measured iquant
tatively (such as perceptual abilities), others need todsessed
qualitatively (such as previous exposure).

In some applications, such as home care reminder systems,

the variation in all of these factors will be such that ther(gewill
need to be able to personalize the system to their needs atifmo
these settings as their requirements change over time ace.sp

4.1. Multimodality

Any full implementation of a reminder system needs to be imult
modal [34], but each component of the multimodal system sieed
to be adapted to user preferendes [33]. Further work is redui
on both user performances and user preferences for difsees

of reminders to ensure that users are presented with enceigh d
sign options to create a customised interface that is baibles
and acceptable. Users must be able to choose in which medalit
they wish to receive the reminders and to switch betweerdiff
ent modalities depending on the content of the message and th
context in which a message will be received.

4.2. Older vs. Younger Users

A significant percentage of users of reminder systems witllder.
One factor is the increasing percentage of older peopleciptip-
ulation. Moreover, reminder systems are a key part of home ca
and telecare systems. Since people tend to prefer to stémgiin t
own homes and manage their known care needs into old age, olde
people are a key user group for these systems. Thereforiéogud
interface research must investigate the effect age-teldtanges
in perception and cognition have on usability. We plan t@eet
this to include comparisons of different age groups botlerms

of performance and preference for each of these types ofcaydi
reminder within the home.

4.3. FutureWork

In future experiments, we will explore inter-subject véoa in
preferences and performance more systematically. Becdube
large inter-subject variation found in this study, we wiltiease
the number of participants tested in future experimentgalic-
ular, we will focus on comparing older and younger partiniga
We plan to look at other tasks which are less dependent oal seri
recall, such as proofreading_135] and investigate the infteeof
participants’ perceptual and cognitive skills and alabton pref-
erences and performance.
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