Cognitive Support for Older People from Multimedia Options
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Abstract— If older users of multimedia displays could
select among presentation options, would they chaoslisplay
combinations that supported their performance? Afer three
short touch-screen tasks which measured the percepml and
cognitive abilities of 50 older adults, they answed questions
about a route on an online map that could be acconamied by
written and/or spoken text. Half the participants saw
animated routes; and they were less accurate answieg
guestions than those who saw static routes but thidid not
affect people’s multimedia choices which, althoughiverse,
were systematic. Spoken text was more often selettdy
people who had lower scores on the spatial workingnemory
task, than by the older adults with higher scores.This
suggests that older people with cognitive limitatins recognise
ways in which multimedia information can be supporive.

I. INTRODUCTION

attention from researchers concerned with reading
processes, although there is some educational robsea
with students [7]. In contrast, researchers intecksn
human-computer interaction have explored how people
navigate through digital documents in a range oftexts
[e.g. 8]. Reference tasks, in which people seekerssto
queries that they have, may be typical of the waymuter
resources such as the www are used by older people.
Reference tasks can vary in how precisely the targe
information is specified, and so in how much dexcisi
making is involved [9]. On the one hand there anepke
searches with almost no decision-making, for exampl
wanting the phone number of a particular shop; rothe
searches may have under-specified criteria sugbaatng
something to wear for a special occasion. The ptese

THE potential value of modern information andresearch focus will be on simple reference taskerevthe
communication technology for older people, and ¢hosfarget is fully specified. Even within these simptasks
who support them, is increasingly being recognised there remains diversity because sometimes the amsaje

particularly the usefulness of informational websif1].

be found at a single location (e.g. if checkingmite

Although the content of such sites may sometimes ha@vailability at a store), but at other times it mhg

begun as printed leaflets, digital media afford mticher

necessary to make comparisons across locations (e.g

communication options. Two of the features of digit COmparing a price in two or more stores). Here mgmo

documents that distinguish them from printed infation
are (a) that they can have audio, so text on sarearbe
spoken, and (b) the graphics can be animated. Résby
educational psychologists has shown that the caatibim
of listening while watching an animation is partanly
effective in assisting understanding and remembgelia.

processes become involved to a greater extentithtre
single location search although, if forgotten, the
information can be re-checked. So, as a referesmle it
remains very different from learn-and-remembergask

An interface was created where people were able to
select whether to listen while they read, or listesiead of

applies in reading tasks where the text does ne labe

an animated route or highlighted a static versibrihe

remembered, and when the readers are much older ti$&Me route. Although it has been reported that Ipeane

those usually taking part in educational reseafttere is
evidence that interfaces which appeal to youngtadarke
not necessarily those preferred by older people[43]

less likely to choose to listen when engaged ieresfce
activities than when following procedural instrocts [10],
the involvement of animated graphics in the present

Because it is known that older people often havieference task might well change this, making fistg a

memory problems [5], [6], an ‘open book’ referenask
was chosen, and people only had to consult therrEton
on screen in order to be able to answer the qumesstithis
kind of reading activity has received relativelyttld
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more helpful option.

It is known that diversity among peer groups insesa
with age [11] and that people vary in their multdize
preferences [12]. The present study explored whetie
multimedia selections made by older people werated|
to sensory and/or cognitive factors associated it
ageing process rather than chronological age. Befor
engaging in the reference task, three sensory/togni
abilities were assessed, all of which if impaireijhmh be
expected to increase the choice of spoken textfafdy
obviously, visual impairments are likely to increathe
desire for spoken information. So the ability tarsh for
and read information from the screen was assefispthe
ease of hearing and understanding the computereyvoic

(email coupled with the ability to remember what it sa&lalso

likely to influence multimedia choices. So a shautlitory
digit span test was devised. (c) Visuo-spatiallskilere



assessed because in a simulated real-world thsls ibeen

found that visuo-spatial skills had significant &g on
performance when people completed online fuel tam$
for trips taken by truck drivers [13]. Visuo-spéat&kills

of the screen (see Fig. 2). As the buttons weketi the
digits appeared in the horizontal row of boxes i t
middle of the screen. In total there were 12 digijuences
which varied in length from four to nine digits.r8e came

have also been shown to predict differences amorfiggm a human female voice, others from a male stith

students on information search tasks [14], andnlclyy

voice (Microsoft SAM).

use by older adults in Japan [15].
NEE
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Il. METHOD

A. Participants

50 adults were recruited by advertising in locabgra
for people up to 80 years to receive payment iarnefor
giving us feedback on our talking computer. Thesage
the volunteers ranged from 59-81, mean age 67.2.

Quit

Start Again
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B. Materials and Tasks

All materials were presented online via a 15 irmich-
screen display (Protouch), with a resolution of 4@2768,
driven from a Dell Inspiron 4000 laptop running \&faws
2000. The volume of an audio speaker adjacent ¢o t
screen was adjusted to suit each person at theofttire
session.

. . Fig. 2. Screen display in the Verbal Short Terrmidey task.
Pretests were devised to be readily understood by

people who might be unfamiliar with computers. Otfig

) - Spatial Working MemoryThis task was presented to
Verbal Short Term Memory task involved audio.

participants as an opportunity for them to comn@anthe
possible uses of animation, thereby reducing ayabbut
Visual SearchA name and address were shown at thg {535k which some people found difficult.
top of the screen on the right and people weredaske People viewed a graphic sequence in which a scpfare
locate this target in a 20 item phone list, thenttee seven paper was folded three times and pierced by a ey
digit phone number into an onscreen keypad (see1ig then selected which of five graphics depicted thislded
and check it was correct before continuing by tagghe paper (see Fig. 3). There were six such problemes thf
OK button. There were eight trials, each havingf@m@nt \ynich were animated and three were static. Theesems
target and phone list. were derived from a web version of this task awdéa
, from [16] who had based his version on measures of
visualization ability included in cognitive testeweloped
by [17], [18].

Sithers J. Waterloo Road
Sithers M. Beechwood Drive
Sivell G. Greenway Road

Sivell R.E. Romilly Crescent
Sivori G.T. Bwich Road

Sivyer |.G. Amethyst Road
Skagestad P. Baroness Place
Skamp A.P. Nora Street
Skardon M. Queens Road
Skeats V.A. School Street
Skeavington R. Barberry Close
Skedgwell L.C. Ham Lane North
Skehan D.M. Allerton Street
Skelding H.K. Lavernock Point
Skelding M.P. Summerhill Drive
Skellern L. Cherrytree Grove
Skellon M.C. St Fagans Road
Skellon M.R. Stephenson Road
Skelly M.J. Theodora Street
Skelton H.W. Cornwall Street

4620788
6304873
2146358
3779688
9520534
5687153
3428756
9642583
3462286
4427001
7034055
1156782
8224996
3846214
3266509
5067793
3553468
3356242
7953046
6597953

3) Dial the number for M Skardon.
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A piece of paper is folded like this:

C

Click the drawing below which shows how the
piece of paper will be unfolded.

Start Again

Quit

If you change your mind just click on another

drawing.
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Fig. 1. The visual search task with addressespéiodie numbers listed
on left and the keypad on right.

Verbal Short Term Memoryhis task was presented to
participants as an opportunity to comment on th
acceptability of the computer voice. People listebe a
sequence of audio digits from the computer and thenpmain task

tapped this digit sequence into a row of buttorthatfoot  people answered multiple-choice questions aboogd r

Fig. 3. Screen display in the Spatial Working Meyntask showing the
gequence of folds at the top, and the pin holeooptivhen unfolded.



route between two locations in the UK which wasvaio participants half the questions involved only onepm

on a map above the question (see Fig. 4). For all
& Route Guide N =lox]

Al R Edinburgh to Dundee
Route Details: :
Follow the A90 for 8 miles North West
E?ai;:;;%ﬁ_ over the Forth river to the M90. Take
T the M90 for 19 miles North to the A91, gl 8 s
- St Andrews past Dunfermline. Stay on the A91 for & s odbries o
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]
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1) In Scotland, which reute uses the M30 for the most miles?

" a) Glasgow to St. Andrews " b) Inverness to Aberdeen (~ ¢) Edinburgh te Dundee

_ Show List of Regions _

Fig. 4. Screen display in the main Routes task

attempt to comply with the suggestion that menucstires
whereas the other eight questions required comparifyr older users should be shallow [19], while retiaing
information from three routes. that an alphabetic listing of all 32 pairs of stagtpoints

By tapping buttons on the left of the screen, peophng destinations would probably seem confusingl an

chose to work with the map alone, or a map plus afould be contrary to the evidence that limiting thenber
auditory description of the route from a femaletBgtic  of choices required at any one time can be helpfgn
voice (Microsoft SAM), or a map plus a writtenaqyits have cognitive problems [20]. Other resedrab
description of the route that was identical to #uglitory agstaplished that having navigation options remasible
information and shown to the left of the map, drtlatee alongside digital documents can help readers [21].
information sources: map + written text + spokert.te  Ng route information was displayed in the centrehef
People answered questions about 16 routes, camjirati  screen until presentation options had been selefoted
their own pace with ample time to change their nabdut  the Jower green panel on the left of the screem Fanel
the way information was presented. If selected, tthe (emained visible throughout the trial, so presémat
appeared all at once on the screen. options could be changed at any point. Selectiosiadt

For half the participants the highlighted route thie  carry over from one trial to the next but had tonbede at
map was animated for all 16 routes and progrespeiel the outset of every trial.

screen in synchrony with the voice reading the, tiaking
on average 32.5s to complete the route. For theroth I. RESULTS
participants the highlighted route between stard an
destination was shown already completed on a sSt&[T.
To cope with the non-standard pronunciation of so

In a debriefing interview people said they foune th
mt%)uch—screen easy to use (mean rating 1.86 onle fsom
. . =very easy to 7=very difficult). Across all 16ats 78%
place names, the text-to-speech synthesizer didreaut y y y .) 0
N of answers to the route questions were correctrelvere
the text shown on screen but read a parallel texthich .
no accuracy differences between men (mean 2.9sgrror

place names were spelt in the way that resulted In
) L and women (mean 2.8 errors). However, more errerg w
appropriate pronunciation.

All trials began with a question, to which partisifis made when the routes were animated (mean 4.0458) 2

responded by navigating to the appropriate mapgusie than when they were not (mean 2'.96’ sd 1)60.16:3'3’
. . p<0.05, one tailed). It was also noticed that tbhizer was
top beige panel on the left of the screen wheréonsg

o tri
within the UK were listed (e.g. Scotland, Walesgdinds, more often selected. (76.6% fmals) v:)/hen_ the rouss w
etc). When one of these regions was tapped, thel paﬁmlmated than when it was static (37.5% trials).

' ' In the routes task, most people retained their @mos

changed to show four pairs of startin oints and ' . . o .
'ged . pairs . g p multimedia combination throughout the 16 trials asal
destinations. This two-level hierarchic design was



could be classified by this choice. Table 1 sumsearithe Breaking the route into shorter segments which [eeop
distribution of dominant choices, and shows theediity could move between at their own pace would haven bee
among these volunteers. However, the data fromnsevene way of having the advantages of animation tirgc
people were not included either for technical reasor the viewer’s attention in synchrony with the voigghout
because their choices varied (4 had animated roBtead the disadvantage of the viewer needing to keep pétte
static routes). Although the biggest single grodp ( the route’s progress up the screen. This suggesisitpe
people) chose to work with the map alone, nearlgevas boundary conditions to the multimedia principlessiag
many (28) chose to work with the map plus some fofm from educational research [2]. That literature presd
verbal support. Table 1 also shows that those tiedethe enhanced performance from combining animation and
addition of written text were more accurajé({)=12.47, audio, but the educational research has often \nedol
p<0.01). students studying for a memory test. In contrakg t
Table I. Multimedia choices and performance on Reute ~ Present study was more akin to an open-book reaesig
where information only has to be consulted rathemt

Multimedia N Age Accuracy memorized. Both cognitive demands and available
Chosen (SD) resources may be critical factors determining fifiects of
Map only 15 67.2 | 11.4(2.4) multimedia combinations. In a study of older peaming
Map+Audio 10 69.0 | 11.7(1.6) printed leaflets, it has been found that older peepn be
Map+Text 10 67.7 14.0 (1.6) impaired by graphics that have no detrimental ¢femn
Map+Aud+Txt 8 64.6 14.0 (2.2) younger adults [22].

The importance of knowing the boundary conditiohs o
Of central concern in this study was how the patt#r | ogearch findings is again highlighted when thesgme
choices depicted in Table | would relate to pretesﬁndings are compared with those of [23] where
performance. Table Il summarises performance @n thingergraduates learned a procedural task of how to
three pretests, and shows that although the grop Whandage a hand. That study reported no advantage fo
chose map-+audio had the lowest score on VisualcBeargnimation (a video) over text-plus-graphics, altjfouhe
as might be expected, this was not the case fosethqigep was better than either just the text or jhst static
choosing map+audio+text. Rather, it was people With graphics. Again both the task and the participaiftered
lowest Spatial Working Memory scores who were mostom the present study. So simplistic advice based
likely to select audio. single studies seems unlikely to be useful in i@tato
multimedia combinations. Instead a task taxonomy in

Table Il. Accuracy on each of the three pretests terms of processing resources required to do tkk ta
Multimedia Visual Auditory Spatial (memory demands were small in the present studyg, a
Chosen Search STM WM other content and contextual factors, would be an
Map only 74 249 31 gdvantage for knoyvjng h(?w best tq provide multiraedi
Map-+Audio 6.3 43 16 information to specn‘l_c audlences. It is alreadykn that
Map+Text 79 40 29 people who do not find reading easy, and people areo
Map+Aud+Txt 77 4.9 1.9 not native speakers of the language of the textavaen,

are more likely to select spoken text when follagvin

Of the 15 people with good scores on the SpatiélrllstrUCtlons from the screen [24]. _
Working Memory task (having four or more of the six The greater accuracy of those people who choséewrit

items correct) only one person chose to listen,rede of text is open to several interpretations. It migatthbe case

the 24 people who scored two or less correct oiSiatial g;atk;hbee tf;:gt W:(S) ?esuﬁg?(retlltv(?or?n?c)ur?:élénrg:Zh'ligmiltt
task, ten chose to listeg?(1)=3.3, p<0.05). . people w X

on screen were visually better able to cope wighrtiap. If
they were better readers for sensory reasons thiddw
have been expected to show in performance on theaVi
These older participants found the touch-screegegrch pretest. Table 1 suggests that there may bean
computer easy to use and most of them readily dgi@e gy,ch a tendency but it was not statistically sigaiit. This
return for a second session if invited (a few hadlth ssye could be pursued either with a larger samplsith
problems). Because these volunteers were a selftsel a different measure of ability to read from theeser, but it

sample, who therefore can be assumed to havg 5 faigeems scarcely worth establishing that people with
positive attitude towards computer technology, fnts ifficulty reading from the screen are unlikely ¢hoose
about the generality of this observation are appat®  sypport from written text.

Nevertheless, their interactive experience whikéntapart The main finding of interest in this study is tae

in this study, with no keyboard involved, would rbleely  5,,dio was most frequently chosen by those oldeplpeo

have been very different from any previous exp@een wnho had problems doing the Spatial Working Memory

with using computers they might have had. task. It is possible that this may relate to aedéhce in
The slightly less accurate performance with theognitive styles that some researchers have refdaas

animated routes may have reflected pacing problemge distinction between imagers and verbaliser. [B5

II. DiscussION



people with low Spatial Working Memory tend to beof growing older is that there can be time to tiieescenic

verbalisers, then listening while viewing could fhéhem
integrate the two information sources; whereasinggtihe
text either before or after viewing the map leatkesm
with a difficult integration task if they cannot sig
remember the map.

It was noted that for most people the multimediaios
made on the routes task remained consistent atiiaks
This was unexpected. It had been thought that iunesst
involving the comparison of several routes migharade
people’s multimedia choices. Elsewhere it has besad
that people’s preferences for multimedia combimstiare
likely to vary across tasks [10]. When the sanmugrof
older people did seven different tasks across &gsiens,
fewer than one third of these participants constite
chose to listen, or not listen, to a voice. Thiggasts that

in general people are responding to the information

processing resources required by specific taskerahan
classifying themselves as listeners or readershaperin
the present routes task the increment in cogniter@ands

when more than one route needed to be consulted may
have been too small to influence people’s multimedi

choices. Not only could people check back if thesgbt
information but, for questions such W#hich of routes A,

B, C was the longesthey need only remember the currents)
answer after each comparison. So memory demands wer

small.

I1l. IMPLICATIONS

Accommodating diversity by letting people selecis

among multimedia options would appear to be a pabfe
alternative to providing a ‘best guess’ combinatioh
modalities for the age group concerned. Indeedrangt
implication of the present findings is that peopbdger
people in particular, would benefit from having yeasmys
of combining or dispensing with information in spiec
modalities. This accords with the proposal thairenease
is needed in “polite computing” that respects ugwesice
and offers users relevant helpful alternatives.[R6E true
that many modern applications (e.g. word procesants
email) offer users ways of tailoring the interfatcetheir
personal liking; but these options may lie buriedesal
layers deep in a menu structure that requires petipl
distinguish at the outset between an
Preferencesnd another calle@ustomizelt is likely to be
helpful for older people if some options, in pautar
modality options, are much more accessible.

This paper has deliberately not reported time data

because the authors recognize that older peopyenaia
have efficiency as their highest priority. Evensitudies
where younger adults collaborated with a compuittee
through speech or written text, on tasks suchrairfg a
restaurant or planning a trip, it was found tha spoken
interactions resulted in longer times to solve gheblems
but in a more collaborative interaction [27]. Thee
evidence from focus groups that older adults tenbase
their decisions about using computers more on émefits
they anticipate than on any cost factors, whichldou
include time spent on an interaction. One of theilpges

item calledi]

route, to do things in whichever way feels most
comfortable, rather than assuming there is a needd the
fastest method. This fits well with the recent depenents
within research on human-computer interaction, wher
there is a growing tendency to look beyond the ilisabf

the interface and to consider more broadly the diser
experience [28]. Creating multimedia interfacest tban
easily be modified by users themselves to accomteoda
changing priorities across the lifespan, or acoagmitive
profiles within peer groups, would seem to be apdrtant
means of enhancing universal access.
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