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Inte ractive  D om e stic Alarm  Syste m s  (ID AS) are  curre ntly be ing de s igne d to sup-

port olde r adults  w ith  inde pe nde nt living. Uptak e  and continue d us e  of an ID AS 

w ill lik e ly de pe nd on succe s sful inte ractions  be tw e e n th e  olde r adult and th e  sys -

te m . Th us , s uitable  m ode s  of syste m  output m ust be  ide ntifie d to facilitate  ID AS-

Us e r inte ractions. Th is  pape r cons ide rs  th e  us e  of spe e ch  as  a m ode  of ID AS out-

put and re ports  de s ign re com m e ndations  aris ing from  an e xpe rim e ntal inve stiga-

tion into olde r adults ’ s ubje ctive  e valuations  of spe e ch . Me th odological re fle ctions  

cons ide r th e  s uitability of e m ploying an e xpe rim e ntal m e th odology w ith  an age -

ing us e r group.

K e yw ords : olde r adults , s pe e ch  output, inte ractive  dom e s tic alarm  s ys te m s

D ue  to transform ations  in h e alth , social 
and life style  tre nds  th e  UK’s  age ing popu-
lation is  rapidly incre as ing, w ith  31% of 
th e  UK’s  population pre dicte d to be  ove r 
th e  age  of 60 by th e  ye ar 20511. Al-
th ough  a caus e  for ce le bration, th e s e  fig-
ure s  also pre s e nt proble m s. Local auth or-
itie s  acros s  th e  UK re port re source  
conce rns  re garding s e rvice  provis ion for 
olde r adults 2. W ith  an e xpe cte d incre as e  
in th e  age d population and m any olde r 
adults  re q uiring local auth ority h ous ing 
and care  s e rvice s , gre ate r de m ands  w ill 
be  m ade  on alre ady unde r-re source d s e r-
vice  provide rs. To alle viate  pre s sure s  on 
th e s e  s e rvice s , th e re  is  curre ntly gre ate r 
e m ph as is  on th e  role  of te ch nologie s  to 
support olde r adults  w ith in th e ir own 
h om e s 3-5. Sm art h om e  te ch nology is  
now  be ing utilis e d to de ve lop assistive  
tech nologie s  s uch  as  Inte ractive  D om e st-
ic Alarm  Syste m s  (ID ASs), de s igne d spe -
cifically to as s ist olde r adults  w ith  living 
inde pe nde ntly in th e ir own h om e s  for 
longe r. 

Th is  pape r introduce s  ID ASs  and con-
s ide rs  th e  im portance  of th e  de s ign of 
th e  us e r inte rface  for an age ing us e r 
group w ith in th e  dom e stic conte xt; spe -
cifically focus s ing on th e  s ubje ctive  e val-
uation of spe e ch  as  a m ode  of ID AS out-
put. Pe rsonal pre fe re nce s , ope rational 
conte xt and syste m  functionality as  
factors  of subje ctive  e valuation influ-
e nce  are  re cognis e d. Follow ing th is  dis -
cus s ion, th re e  critical spe e ch  output 
de s ign factors  [spe e ch  source  (natural, 
synth e tic), spe e ch  ge nde r (m ale , fe m ale ) 
and e nvironm e ntal conditions  (q uie t, 
noisy)] are  ide ntifie d and subs e q ue ntly 
inve stigate d us ing an e xpe rim e ntal 
m e th odology. D iscus s ion of th e  find-
ings  of th is  inve stigation cons ide rs  e ach  
de s ign factor to inform  ID AS de s ign re -
com m e ndations. Me th odological re fle c-
tions  are  also pre s e nte d, toge th e r w ith  
s ugge stions  for m odifications  to tradi-
tional e xpe rim e ntal de s ign w h e n e m -
ploying an age ing us e r group.
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INTERACTIVE D O M ESTIC ALARM  SYSTEM S

To e xplain h ow  an ID AS ope rate s , tak e , 
for e xam ple , th e  Mille nnium  H om e  Sys -
te m  (Figure  1), an acade m ic and industri-
al collaboration bas e d at Brune l Uni-
ve rs ity. It ope rate s  us ing s e nsors , 
re trofitte d to th e  fabric of th e  olde r 
adult’s  h om e  th at de te ct ch ange s  in th e  
dom e stic e nvironm e nt. Se nsor data is  
continuously m onitore d and analys e d by 
a ce ntral com pute r th at, upon de te ction 
of an alarm  state , activate s  th e  us e r inte r-
face  to ale rt th e  us e r to th e  alarm  state . 
Alarm  state s  can be  cons ide re d as  any 
ch ange  w ith in th e  dom e stic e nviron-
m e nt th at m igh t caus e  ne gative , if not 
fatal cons e q ue nce s  (dire ctly or indir-
e ctly) for th e  us e r, for e xam ple , doors  
and w indow s  le ft ope n, taps  le ft running 
or if th e  us e r h as  h ad a fall. H aving re -
ce ive d an alarm  state  ‘ale rt’ s uch  as  
“Th e  syste m  h as  de te cte d th at th e  back  
door is  ope n and ne e ds  to be  clos e d”, it 
is  e xpe cte d th at th e  us e r w ill, e ith e r (i) re -
solve  th e  alarm  state , (ii) cance l th e  
alarm  state  via m anipulation of a de dic-
ate d input de vice , or (iii) re q ue st h um an 
as s istance . If th e  us e r re solve s  th e  
alarm  succe s sfully th e  syste m  w ill re -
s um e  a ‘safe  state ’. If th e  us e r cance ls  
th e  alarm  th e  ID AS w ill continue  to m onit-
or th e  alarm  from  a ‘sle e ping’ state , re -
activating th e  alarm  and re -ale rting th e  
us e r follow ing a pre -de te rm ine d am ount 
of tim e . H ow e ve r, if th e  us e r re q ue sts  as -
s istance  or if us e r fe e dback  is  unde te c-
te d, th e  ce ntral com pute r w ill initiate  an 
alarm  call, via a call ce ntre , to an e xte rn-
al care  age ncy re q ue sting h um an as s ist-
ance . A ‘safe ’ syste m  state  w ill only re -
s um e  w h e n h um an as s istance  h as  be e n 
re ce ive d.

D iffe re nce s  be tw e e n ID ASs  w ill lie  in th e  
spe cific te ch nologie s  utilis e d, th e  num -
be r and type  of alarm  state s  th at can be  
de te cte d and, pe rh aps  m ost critically, 
th e  de s ign of th e  us e r inte rface .

TH E ID AS USER  AND  TH E USER  INTER -

FACE

Th e  us e r inte rface  is  ofte n th e  solitary 
e le m e nt upon w h ich  inte ractive  syste m s  
are  e valuate d3. Us e r inte rface s  for ge ne r-
al syste m s  are  typically de s igne d for 
younge r adults 6 and little  re s e arch  e x-
ists  on th e  de s ign of us e r inte rface s  for 
olde r adults 7. From  a h um an factors  pe r-
spe ctive , th e  de s ign and de ve lopm e nt 
of an ID AS us e r inte rface  m ust cons ide r 
th e  dive rs ity in cognitive , ph ys ical and 
s e nsory abilitie s  pre s e nte d w ith in an 
age ing us e r group. H e re , ID AS us e rs  can 
be  de fine d as  olde r adults  ove r th e  age  
of 651, w h o are  living inde pe nde ntly but 
m ay ne e d as s istance  at tim e s  due  to nat-
ural age ing de cline s  in ph ys ical or psy-
ch ological function, w ith  le ve ls  of de -
cline  diffe ring be tw e e n individuals. Th is  
variability and dive rs ity m ust be  accom -
m odate d by th e  ID AS us e r inte rface  to 
facilitate  e ffe ctive  ID AS-Us e r inte rac-
tions. 

Curre nt re s e arch  s ugge sts  de s igning 
m ultim odal inte rface s  to accom m odate  
olde r adults  pre s e nting de cline s  in one  
or m ore , cognitive , ph ys ical and s e nsory 
abilitie s 8-10. Multim odal inte rface s  can 
e m ploy a varie ty of input and output 
de vice , s uch  as  buttons , pe ns , spe e ch  
and visual displays  to facilitate  us e r-sys -
te m  inte raction. Effe ctive  ID AS-Us e r in-
te raction is  critical for th e  s ucce s sful 
functionality of an ID AS. If th e  us e r can-
not inte ract w ith  an ID AS, alarm  state s  
m ay go unre solve d and le ad to ne gat-
ive , pos s ibly fatal, cons e q ue nce s  for th e  
olde r adult. H e re , th is  inve stigation 
tak e s  a first ste p in cons ide ring w h ich , 

Figure  1. Th e  Millennium  H om e  System
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of th e  large  num be r of input and output 
de vice s  available , could be  us e d w ith in 
an ID AS m ultim odal us e r inte rface ; spe -
cifically cons ide ring th e  e ffe ctive ne s s  of 
spe e ch  output. 

Spe e ch  as  ID AS output
Spe e ch  output is  utilis e d s ucce s sfully 
w ith in a varie ty of te ch nological applica-
tions  in m ilitary and industrial e nviron-
m e nts  and w ith in num e rous  consum e r 
products  and s e rvice s , s uch  as  aircraft 
cock pits , cars  and e ducational ch ildre n’s  
toys. Spe e ch  m ay th e re fore  be  an e ffe ct-
ive  output m ode  for an ID AS. A pote ntial 
be ne fit of spe e ch  output aris e s  from  th e  
om nidire ctional nature  of th e  h um an aud-
itory syste m , w h e re by spe e ch  output can 
h ave  an im m e diate  e ffe ct on th e  auditory 
syste m  unlik e  a visual display th at m ust 
be  w ith in th e  us e rs ’ vie wpoint to be  no-
tice d. In addition, a strong as sociation 
be tw e e n visual im pairm e nt and age ing11 
s ugge sts  m any olde r adults  m igh t h ave  
proble m s  re ce iving visual outputs  but 
m ay be  able  to re ce ive  spok e n outputs. It 
is  ack nowle dge d th at for olde r adults  
w h o pre s e nt s e ve re  h e aring los s e s , 
spe e ch  output m ay be  unsuitable . 
H ow e ve r, for olde r adults  pre s e nting 
sligh t/m ode rate  de cline s  in auditory acu-
ity, s im ply incre as ing syste m  volum e  
m ay ove rcom e  re porte d difficultie s . Fur-
th e rm ore , in th e  dom e stic e nvironm e nt it 
is  lik e ly th at th e  us e r m ay e ngage  in 
h ands/e ye s  busy tas k s , for e xam ple , cook -
ing and cle aning. Unlik e  visual outputs , 
us e rs  can re ce ive  spe e ch  outputs  w h ile  
conducting a concurre nt h ands/e ye s  
busy tas k 12 and th e s e  do not re q uire  th e  
us e r to accom m odate  th e ir location/pos i-
tion to re ce ive  alarm  state  inform ation. 

From  th e s e  be ne fits , spe e ch  appe ars  to 
be  an appropriate  m ode  of ID AS output 
in re lation to th e  us e r, th e  dom e stic e n-
vironm e nt and ID AS functionality. Th us  
it would appe ar appropriate  at th is  
point to cons ide r th e  alte rnative  type s  
of spe e ch  output curre ntly available .

Type s  of s pe e ch  output
Existing spe e ch  output can be  clas s ifie d 
as  natural (h um an) spe e ch  or synth e tic 
spe e ch . Natural spe e ch  outputs  are  cre -
ate d via digital re cordings  of h um an 
spe ak e rs. Alth ough  th is  m ay re tain th e  
naturalne s s  of th e  spe e ch  output, vocab-
ulary is  lim ite d by th e  num be r of re cord-
ings  of natural spe e ch  and once  re cor-
de d, ch ange s  cannot be  m ade  to th e  
vocabulary, intonation or vocal prope r-
tie s 13. Th us , natural spe e ch  outputs  are  
s uitable  for syste m s  re q uiring pre -
de fine d vocabularie s  th at are  unlik e ly to 
ch ange  ove r tim e  and can be  produce d 
in m ale  and fe m ale  form ats  de pe nde nt 
on th e  ‘spe ak e r’ s e le ction. 

In contrast synth e tic spe e ch  is  ge ne r-
ate d by te ch nologie s  th at s im ulate  
h um an spe e ch . For e xam ple , concate n-
ate d synth e s is  pre s e nts  pre  re corde d 
sub-word units  of h um an spe e ch 13 and 
is  ofte n im ple m e nte d in syste m s  re q uir-
ing sm all, but dynam ic vocabularie s . 
O nce  again, th is  form  of spe e ch  synth e s -
is  can cre ate  m ale  and fe m ale  form ats  
bas e d on ‘spe ak e r’ s e le ction. Th is  is  
due  to th e  h igh  num be r of sub-word 
unit re cordings , th e  large  syste m  stor-
age  space  and th e  com putational pow e r 
re q uire d for re as s e m bly. It is  lik e ly th at 
during th e  e arly stage s  of de ve lopm e nt 
ID ASs  w ill pre s e nt lim ite d functionality 
and w ill re q uire  only a sm all vocabulary; 
Th e re fore  ne ith e r natural nor concate n-
ate d spe e ch  output can be  rule d out as  
pote ntial source s  of ID AS spe e ch  output 
at th is  stage  of th e  de ve lopm e nt. 

USER  EVALUATIO N O F SPEECH  O UTPUT

Pre viously, spe e ch  output h as  be e n 
s h own to ach ie ve  a functional le ve l of 
com pre h e ns ion w ith in th e  ID AS con-
te xt14,15. Alth ough  it is  critical to com -
pre h e nd ID AS outputs , it is  argue d h e re  
th at th e  us e r’s  s ubje ctive  e valuation of 
spe e ch  output m ay h ave  an e q ual im -
pact on th e  uptak e  and continue d us e  
of an ID AS. 
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Us e r com pre h e ns ion doe s  not pre dict 
us e r e valuation and vice  ve rsa16. Eve n if 
th e  us e r can unde rstand spe e ch  as  ID AS 
output, th is  doe s  not m e an th at th e  us e r 
w ill pos itive ly e valuate  th e  spok e n in-
form ation pre s e nte d; alte rnative ly, if th e  
us e r e valuate s  th e  ID AS spe e ch  output 
ne gative ly th is  is  not indicative  of poor 
com pre h e ns ion. If an alte rnative  m ode  
is  ch os e n th is  m ay be  ine ffe ctive  or diffi-
cult for th e  us e r to acce s s  w h e n com -
pare d to th e  us e  of spe e ch  as  ID AS out-
put. To m axim is e  pos itive  us e r 
e valuations  and th e re fore  optim is e  th e  
pote ntial for continue d us e , alte rnative  
type s  of spe e ch  output s h ould be  con-
s ide re d and th e  e ffe ctive ne s s  of e ach  
m e asure d in te rm s  of ID AS us e r e valu-
ation. 

Us e r e valuation of spe e ch  output com -
pris e s  th re e  factors; th e  us e rs ’ pe rsonal 
pre fe re nce s; th e  ope rational conte xt; 
and ove rall syste m  functionality17. 
Th e s e  factors  are  not inde pe nde nt of 
e ach  oth e r and w ill inte grate  to inform  
th e  us e r in th e ir e valuation of spe e ch  out-
put. 

Pe rs onal pre fe re nce s , ope rational con-
te xt &  s ys te m  functionality
Pe rsonal pre fe re nce s  for spe e ch  are  con-
structe d th rough  th e  application of th e  
social re pre s e ntations  h e ld by th e  liste n-
e r. Social re pre s e ntations  are  cre ate d 
by, for e xam ple , norm s  and ste re otype s , 
and are  e m ploye d to facilitate  com m unic-
ation w ith in social groups 18. Sim ply 
bas e d on th e  ‘sound’ of spe e ch , social 
re pre s e ntations  are  form e d in re lation 
to, for e xam ple , ge ograph ical origin, 
ge nde r and age . 

A large  am ount of re s e arch  h as  fo-
cus s e d on th e  social re pre s e ntations  ge n-
e rate d by spe e ch  as  ‘h um an’ output, 
but fe w  studie s  cons ide r th os e  ge ne r-
ate d by spe e ch  as  syste m  output. Th e  
lim ite d num be r of studie s  th at h ave  in-
ve stigate d social re actions  to synth e tic 

spe e ch  h ave  discove re d th at synth e tic 
spe e ch , is  ofte n re acte d to in s im ilar 
ways  to natural (h um an) spe e ch . For e x-
am ple , pe rsonality and ge nde r are  awar-
de d to synth e tic spe e ch  outputs 19  and 
ge nde r ste re otype s  m ay aris e  s im ilarly 
for both  natural and synth e tic spe e ch 20-

22. Give n th at spe e ch  output is  e valu-
ate d on th e  bas is  of us e r pre fe re nce s  in-
form e d by social re pre s e ntations , it ap-
pe ars  appropriate  to cons ide r th e  ID AS 
us e rs ’ social re pre s e ntations  of spe e ch  
outputs  to de te rm ine  th e  spok e n ch arac-
te ristics  th at provok e  both  pos itive  and 
ne gative  us e r e valuations. 

Th e  ope rational conte xt in w h ich  
spe e ch  output is  pre s e nte d also influ-
e nce s  th e  us e r’s  e valuation of spe e ch  
output. Us e r e valuations  of ID AS spe e ch  
output m ay be  bas e d on h ow  th e  
spe e ch  output ‘fits ’ w ith  th e  us e r’s  do-
m e stic e nvironm e nt. A robotic sounding 
synth e tic spe e ch  output m ay not m atch  
th e  us e r’s  pe rce ption of th e ir h om e  and 
th e y m ay e valuate  a natural spe e ch  out-
put m ore  pos itive ly. Alte rnative ly, a syn-
th e tic spe e ch  output m ay be  pos itive ly 
e valuate d be caus e  of th e  e as e  at w h ich  
it can be  discrim inate d w ith in th e  e nvir-
onm e nt. H ow e ve r, th e  influe nce  of th e  
dom e stic conte xt on us e rs ’ e valuations  
of spe e ch  output h as  ye t to be  e xplore d.

Syste m  functionality also im pacts  us e r 
e valuations  of spe e ch  output. For e x-
am ple , on m any line s  of th e  London Un-
de rground us e rs  are  pre s e nte d w ith  
spok e n journe y inform ation. W h e n 
as k e d w h ich  voice  th e y would pre fe r to 
m ak e  s uch  announce m e nts , com m ute rs  
ch os e  Marilyn Monroe  be caus e  h e r voice  
sounde d ge nuine ly h e lpful23. Th is  illus -
trate s  h ow  pos itive  us e r e valuations  of 
spe e ch  output w e re  bas e d on m atch ing 
th e  ch aracte ristics  of th e  spe e ch  output 
(i.e . ge nuine ly h e lpful) to th e  syste m  
functionality (i.e . to provide  h e lp w ith  a 
journe y). Furth e rm ore , it is  im portant 
th at spe e ch  outputs  provok e  cons iste nt 



S p e e c h  o u tp u t

82 

w
w

w
.

g
e

r
o

n
t

e
c

h
j

o
u

r
n

a
l
.

n
e

t
J

u
l
y

 
2

0
0

6
,

 
V

o
l
 

5
,

 
N

o
 

2

ste re otype s  w ith  th e  syste m ’s  be h a-
viour19 . Us e rs  re port th at incons iste n-
cie s  can caus e  us e r confus ion and dis -
traction le ading to ne gative  e valuations  
of both  th e  syste m  and th e  spe e ch  out-
put. In th e  cas e  of an ID AS, th e  syste m  
is  lik e ly to be  pe rce ive d as  an auth ority 
on th e  alarm  state s  active  w ith in th e  
us e r’s  h om e . Th e re fore  a spe e ch  output 
th at supports  ste re otype s  of auth ority 
could be  cons iste nt w ith  th e  us e r’s  pe r-
ce ption of ID AS functionality. 

Spe e ch  s ource
Th e  m ajority of studie s  inve stigating th e  
e valuation of th e  sound of spe e ch  are  re -
stricte d to natural spe e ch . H ow e ve r, th e  
lim ite d num be rs  of studie s  inve stigating 
us e r e valuation of both  natural and syn-
th e tic spe e ch  outputs  h ave  re ve ale d th at 
us e rs  m ay pre fe r natural spe e ch  outputs  
com pare d to synth e tic alte rnative s 22. 
For e xam ple , natural spe e ch  is  com -
m only pe rce ive d m ore  pos itive ly th an 
synth e tic spe e ch  output24, w ith  furth e r 
s upport from  Gong and Lai25 w h o indic-
ate  th at us e rs  find synth e tic spe e ch  un-
ple asant to liste n to. 

O th e r th an a strong s e ns e  th at us e r e val-
uation of natural spe e ch  output is  m ore  
pos itive  th an for synth e tic spe e ch , m uch  
of th e  lite rature  fails  to e xplicitly con-
s ide r th e  us e r’s  pe rsonal pre fe re nce s , 
th e  ope rational conte xt and syste m  func-
tionality. Th e re fore  it is  ne ce s sary to in-
ve stigate  us e r e valuations  of spe e ch  as  
ID AS output and to cons ide r th e s e  
factors  of influe nce . 

Spe e ch  ge nde r
Eve n w h e n a spe ak e r is  not pre s e nt, 
spe e ch  is  e xtre m e ly us e ful in ide ntifying 
th e  ge nde r of a spe ak e r and provok e s  as -
sociate d social re pre s e ntations 20. Addi-
tionally, Re e ve s  and Nas s 19  argue  th at 
e ve ryone  as s igns  ge nde r to both  natural 
and synth e tic spe e ch  outputs. Th e y 
found th at e ve n w h e n th e  conte nt of th e  

spe e ch  output was  ide ntical, m ale  
spe e ch  outputs  th at prais e d th e  us e r 
w e re  be tte r re ce ive d th an fe m ale  spe e ch  
outputs; m ale  spe e ch  output was  e valu-
ate d as  m ore  frie ndly th an fe m ale  
spe e ch  outputs; and m ale  spe e ch  out-
puts  w e re  e valuate d as  be tte r inform a-
tion provide rs  on com pute rs. H e re , it 
would be  inte re sting to inve stigate  th e  
curre nt social re pre s e ntations  of ge nde r 
th at are  invok e d in re lation to spe e ch  as  
ID AS output and th e  im pact th at ge nde r 
m ay h ave  on ID AS us e r e valuations. 

Back ground nois e
Give n th at back ground nois e  m ay e ffe ct 
spe e ch  com pre h e ns ion, it is  plaus ible  
th at it m ay also im pact us e r e valuation 
of spe e ch  output. Th e  nois e  ge ne rate d 
w ith in an e nvironm e nt m ay distort th e  
‘sound’ of th e  spe e ch  pre s e nte d and 
m ay ch ange  th e  us e r’s  e valuation of 
spe e ch  pre s e nte d in q uie t and noisy e n-
vironm e nts. W ith in th e  ope rational con-
te xt of an ID AS it is  lik e ly th at dom e stic 
nois e  w ill be  ge ne rate d both  inte rnally 
and e xte rnally. Alth ough  it is  docu-
m e nte d th at spok e n back ground nois e  
h as  a dis ruptive  e ffe ct on cognitive  pe r-
form ance 26, h ow  dom e stic back ground 
nois e  w ill affe ct us e r e valuations  of 
ID AS spe e ch  output re m ains  to be  e x-
plore d. 

Re s e arch  h ypoth e s e s
Inform e d by th e  e arlie r discus s ion th e  
follow ing re s e arch  h ypoth e s e s  are  
offe re d:
(i) Spe ech  source : Th e re  w ill be  a diffe r-
e nce  be tw e e n olde r adults ’ e valuations  
of natural and synth e tic spe e ch  outputs  
[H 11];
(ii) Spe ech  gende r: Th e re  w ill be  a diffe r-
e nce  be tw e e n olde r adults ’ e valuations  
for m ale  and fe m ale  spe e ch  outputs  
[H 21];
(iii) Back ground noise  x spe ech  source : 
Th e re  w ill be  a diffe re nce  be tw e e n olde r 
adults ’ e valuations  of spe e ch  source  
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pre s e nte d in q uie t and spok e n nois e  con-
ditions  [H 31];
(iv) Back ground noise  x spe ech  gende r: 
Th e re  w ill be  a diffe re nce  be tw e e n olde r 
adults ’ e valuations  of spe e ch  ge nde r 
pre s e nte d in q uie t and spok e n nois e  con-
ditions  [H 41]. 

EXPERIM ENTAL D ESIGN

A m ixe d th re e -factorial 2x(2x2) e xpe ri-
m e ntal de s ign was  e m ploye d. Th e  
be tw e e n-subje cts  inde pe nde nt variable  
was  th e  e nvironm e ntal condition [Quie t, 
Nois e ]. Th e  w ith in-s ubje cts  inde pe nde nt 
variable s  com pris e d spe e ch  source  [Syn-
th e tic, Natural] and spe e ch  ge nde r 
[Male , Fe m ale ]. Th e  de pe nde nt variable  
was  th e  participants ’ e valuations  of th e  
spe e ch  outputs  pre s e nte d. 

Spe e ch  e valuations  w e re  m e asure d 
us ing a re spons e  s h e e t containing th e  
follow ing q ue stions  and m e asure m e nt 
scale s : (i) A q ue stion de s igne d to de te rm -
ine  w h e th e r th e  participant would lik e  
th e  spe e ch  output to be  us e d in th e ir 
own h om e , (ii) A s e m antic diffe re ntial 
scale  containing s ix b i-polar attribute s; 
all attribute s  w e re  dire cte d by pre vious  
re s e arch 17,19 ,20,25,27 [Ple asant-Unple asant, 
Inte llige nt-Stupid, Boring-Inte re sting, Irrit-
ating-Sooth ing, Natural-Unnatural, 
Cle ar–Muffle d], and (iii) A final q ue stion 
to as s e s s  w h ich  of th e  spe e ch  outputs  
was  m ost pos itive ly e valuate d by th e  par-
ticipant.

For both  th e  q uie t and noisy e nviron-
m e ntal conditions  ide ntical spe e ch  out-
puts , re spons e  s h e e ts  and proce dure  
w e re  e m ploye d. For bre vity, diffe re nce s  
be tw e e n th e  two conditions  are  e xpli-
citly state d as  appropriate . 

Participants
32 adults  age d 65+ , [15 m ale , 17 fe -
m ale ] atte nding a local day ce ntre  took  
part in th e  inve stigation (16 pe r e nviron-
m e ntal condition). In th e  q uie t condi-

tions , 7 m ale s  and 9  fe m ale s  particip-
ate d; w h e re as  in th e  nois e  conditions , 8 
m ale s  and 8 fe m ale s  took  part. All parti-
cipants  w e re  living inde pe nde ntly and 
pre s e nte d no s e ve re  psych ological or 
ph ys ical de ficits. All participants  spok e  
Englis h  as  th e ir first language . Participa-
tion was  on a voluntary bas is  and parti-
cipants  w e re  re cruite d by m e m be rs  of 
th e  day ce ntre  staff w h o w e re  fam iliar 
w ith  th e  age  and age -re late d de cline s  
pre s e nte d by th e ir clie nts. By re cruiting 
in th is  way scre e ning was  avoide d, e lim -
inating th e  ne e d for intrus ive  e nq uirie s  
in re gards  th e  participants ’ age  and 
state  of ph ys ical and psych ological 
h e alth . Th e  inve stigation took  place  in a 
vacant office  w ith in th e  day ce ntre  build-
ing so as  to m inim iz e  e xte rnal (unre s -
tricte d) nois e  from  com m unal are as  th at 
could influe nce  th e  participants ’ pe rce p-
tion of th e  spe e ch  sam ple s.

SPEECH  O UTPUTS

An IBM Th ink Pad laptop com pute r was  
us e d to pre s e nt re cordings  of four 
spe e ch  outputs. Th e  Laure ate ™ online  
de m onstration (w w w .h tk .co.uk ), a con-
cate nate d spe e ch  synth e s is e r, was  us e d 
to cre ate  both  th e  m ale  and fe m ale  UK 
Englis h  synth e tic spe e ch  outputs  th at 
w e re  m ode lle d on th e  Re ce ive d Pronun-
ciation (RP) acce nt. Th e  natural m ale  
and fe m ale  spe e ch  outputs  w e re  re cor-
de d us ing Goldwave ™, a digital audio 
e ditor and w e re  s e le cte d on th e  bas is  
th at both  spe ak e rs  also h ad RP acce nts. 
Th e  sam e  acce nt was  us e d acros s  
spe e ch  outputs  to e lim inate  acce nt as  a 
‘be tw e e n-voice ’ discrim inatory factor 
th at could obscure  th e  data. 

To re fle ct th e  ID AS ope rational conte xt, 
e ach  spe e ch  output pre s e nte d one  of 
four scripts  providing dire ctions  around 
a h om e  e nvironm e nt. D ire ctions  w e re  
cons ide re d a ne utral topic th at would 
not invok e  participants ’ pre conce ive d 
opinions. Each  script containe d approx-
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im ate ly 60 s e conds  of spe e ch  output so 
th at th e  participant could provide  an in-
form e d e valuation and would not be -
com e  fatigue d. All spe e ch  outputs  and 
scripts  w e re  counte rbalance d to re duce  
orde r e ffe cts  us ing th e  Latin Sq uare  te ch -
niq ue .

Th e  participants  w e re  not as k e d to pe r-
form  a concurre nt tas k  w h ile  liste ning 
to th e  spe e ch  outputs. As  e arlie r re -
s e arch  w ith in th e  ID AS dom e stic con-
te xt14,15 h ad indicate d no s ignificant dif-
fe re nce s  be tw e e n pe rform ance  data 
capture d for e ach  spe e ch  output, it was  
cons ide re d appropriate  to pre s e nt only 
th e  spe e ch  output type  in th is  instance  
to e nsure  th at concurre nt pe rform ance  
tas k s  would not influe nce  th e  parti-
cipant’s  s ubje ctive  e valuation of e ach  
spe e ch  output type . In th is  way, w e  
sough t to isolate  th e  s ubje ctive  e valu-
ation variable  and cons ide r its  im pact 
on th e  uptak e  and continue d us e  of an 
ID AS.

Radio s am ple  (Nois e  conditions  only)
Th e  radio sam ple  us e d was  a re cording 
of ‘Th e  Arch e rs ’, a UK soap ope ra broad-
cast on BBC Radio 4. A radio sam ple  was  
ch os e n be caus e  of th e  re porte d ne gat-
ive  e ffe cts  th at com pe ting spe e ch  m ay 
h ave  on spe e ch  pe rce ption26.

Volum e  le ve ls  
Volum e  le ve ls  w e re  de pe nde nt on e ach  
participant’s  h e aring ability and w e re  
cons ide re d an e cologically valid ap-
proach  for spe e ch  output de live ry. Th e  
volum e  le ve l for all spe e ch  outputs  re -
m aine d constant for e ach  participant. 
W h e n com m e rcially available , ID AS 
volum e  le ve ls  w ill be  configure d in 
m uch  th e  sam e  way, due  to th e  dive rs ity 
and variability of auditory ability w ith in 
th e  targe t us e r group. 

Proce dure
At th e  be ginning of e ach  trial th e  parti-
cipants  w e re  th ank e d for volunte e ring 

to tak e  part in th e  inve stigation and e th -
ical cons ide rations  conce rning th e ir con-
s e nt, w ith drawal and confide ntiality 
w e re  e xplaine d. Each  participant was  
give n a brie f introduction de scrib ing an 
ID AS’s  ge ne ral functionality and ID AS-
Us e r inte raction. It was  e xplaine d th at 
th e  curre nt inve stigation sough t to de -
te rm ine  w h ich  spe e ch  output s h ould be  
us e d as  ID AS output and th e  spe e ch  
e valuation tas k  was  e xplaine d in de tail. 

Th e  participants  w e re  told th at th e y 
would be  liste ning to four spe e ch  out-
put sam ple s; e ach  pre s e nting diffe re nt 
dire ctions  around a h om e  e nvironm e nt. 
It was  stre s s e d th at th e y s h ould focus  
on th e  sound of th e  spe e ch  output, 
rath e r th an its  conte nt. Th e y w e re  in-
form e d th at afte r liste ning to e ach  
spe e ch  output th e y would be  as k e d a 
sm all num be r of q ue stions  and once  all 
th e  spe e ch  outputs  h ad be e n liste ne d 
to, a final q ue stion would be  pos e d. 
Th e y w e re  re q ue ste d not to com pare  
th e  spe e ch  outputs  w h e n answ e ring th e  
q ue stions  unle s s  th e y w e re  spe cifically 
as k e d to do so. Participants  in th e  nois e  
conditions  w e re  inform e d th at a radio 
program  would be  playe d during th e  
pre s e ntation of th e  spe e ch  outputs.

It was  e xplaine d th at th e  re s e arch e r 
would as k  th e  q ue stions  and com ple te  
th e  re spons e  s h e e ts  to re cord th e  parti-
cipant’s  answ e rs. Th e  re s e arch e r, tak ing 
care  to avoid e xpe rim e nte r b ias , e xpan-
de d on th e  q ue stion pos e d if th e  parti-
cipant sough t clarity. O nce  th e  parti-
cipant unde rstood th e  tas k  and was  
re ady to proce e d, th e  tas k  be gan. It was  
at th is  stage  in th e  nois e  conditions  th at 
th e  radio sam ple  was  playe d. It was  
stoppe d only to com ple te  th e  re spons e  
s h e e t afte r th e  pre s e ntation of e ach  
spe e ch  output. Playback  re sum e d on 
pre s e ntation of th e  ne xt spe e ch  output. 
O n com ple tion of th e  tas k  th e  parti-
cipants  w e re  de brie fe d and th ank e d for 
th e ir co-ope ration. 
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R ESULTS &  ANALYSIS 
Th e  re sults  of th e  q ue stions  of (i) would 
you lik e  th is  spe e ch  output to pre s e nt 
ID AS output in your own h om e ? and (ii) 
w h ich  spe e ch  output ove rall is  pre fe rre d 
as  ID AS output? are  pre s e nte d follow e d 
by an analys is  of th e  b i-polar attribute  
data in re lation to e ach  re s e arch  h ypo-
th e s is .

Spe e ch  output s uitab ility for th e  
h om e ?
Th e  affirm ative  re spons e s  to th e  q ue s -
tion of ‘would you lik e  th is  spe e ch  out-
put in your own h om e ?’ are  pre s e nte d in 
Figure  2.

Natural spe e ch  outputs  are  favoure d 
ove r synth e tic spe e ch  outputs  in th e  
q uie t conditions  (Figure  2). H ow e ve r, a 
m ixe d picture  in te rm s  of pre fe re nce  for 
spe e ch  source  is  pre s e nte d in th e  nois e  
conditions. For spe e ch  ge nde r, in th e  

q uie t conditions  th e  m ale  spe e ch  out-
puts  are  favoure d ove r th e ir fe m ale  
counte rparts. Again, in th e  nois e  condi-
tions  th e s e  pre fe re nce s  are  not as  cle ar.

O ve rall s pe e ch  output s uitab ility? 
Figure  3 re ve als  th at in th e  q uie t condi-
tion 15 participants  ch os e  th e  natural 
m ale  spe e ch  output to be  th e  m ost ap-
propriate  for ID AS spe e ch  output. H e re , 
it m ust be  note d th at one  participant re -
fus e d to m ak e  a de cis ion as  h e  fe lt th at 
all of th e  spe e ch  outputs  w e re  appropri-
ate . 

In contrast, th e  re spons e s  provide d by 
th e  participants  in th e  nois e  condition 
re ve ale d th at 50% be lie ve d th at th e  nat-
ural m ale  spe e ch  output was  m ost ap-
propriate  as  ID AS output. 31% ch os e  th e  
natural fe m ale  spe e ch  output, 13% for 
th e  synth e tic m ale  spe e ch  output, fol-
low e d by 6% for th e  synth e tic fe m ale  
spe e ch  output. In th e  nois e  conditions  
th e  natural spe e ch  outputs  w e re  ch os e n 
as  ID AS output by m ore  participants  
th an synth e tic spe e ch  outputs  and m ale  
spe e ch  outputs  w e re  ch os e n as  ID AS 
output m ore  fre q ue ntly th an th e  fe m ale  
spe e ch  outputs. 

O lde r adults ’ e valuation of s pe e ch  out-
puts
To e xam ine  th e  olde r adults ’ e valu-
ations  of spe e ch  source  [natural, syn-
th e tic] and spe e ch  ge nde r [m ale , fe -
m ale ] in q uie t and noisy e nvironm e ntal 
conditions , an e valuation score  for e ach  
b i-polar attribute  pre s e nte d w ith in th e  
five -point s e m antic diffe re ntial scale  
was  de te rm ine d. Th e  b i-polar attribute s  
w e re  as  follow s : Pleasant-Unple asant, In-
telligent-Stupid, Boring-Inte re sting, Irrit-
ating-Sooth ing, Natural-Unnatural, 
Clear-Muffle d. For m e ans  of analys is , 
e valuation score s  w e re  ge ne rate d for 
th e  initial attribute  w ith in e ach  b ipolar 
pair (th os e  italiciz e d above ) us ing a scor-
ing syste m  of 1–5 corre sponding to 
w h e re  on th e  five -point scale  th e  parti-

Figure  2. Re sponse s to th e  que stion 
“W ould you lik e  th is  spe ech  output in 
your ow n h om e?”

Figure  3. O verall ch oice  for ID AS spe ech  
output
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cipant h ad spe cifie d. Th us , a score  of 1 
can be  cons ide re d as  a ve ry h igh  e valu-
ation of th e  first attribute  w ith in e ach  b i-
polar pair and 5 as  a ve ry low  e valu-
ation. Th e re fore  th e  low e r th e  e valu-
ation score  th e  h igh e r th e  e valuation for 
th e  initial attribute  w ith in e ach  b i-polar 
pair.

Th is  s e ction re ports  th e  3 factor ANO VA 
[Environm e ntal condition x (Spe e ch  
source  x Spe e ch  ge nde r)] and post-h oc 
analys is  of th e  b i-polar attribute  data in 
re lation to e ach  of th e  re s e arch  h ypo-
th e s e s  e xam ine d. 

H 1: O lder adults’ evaluations of natural 
and synth etic outputs
Th e  m ixe d 3 factor ANO VA re ve ale d 
(Table  1) th at th e  source  of th e  spe e ch  
output h ad a m ain e ffe ct on th e  e valu-
ations  of ‘ple asant’, ‘inte llige nt’, ‘bor-
ing’, ‘irritating’, ‘natural’, and ‘cle ar’, re -
je cting th e  null h ypoth e s is .

Table  2 docum e nts  post h oc paire d 
sam ple s  t-te sts  re ve aling th at natural 
spe e ch  outputs  w e re  e valuate d as  s igni-
ficantly m ore  ‘ple asant’, m ore  ‘inte lli-
ge nt’, le s s  ‘boring’ , le s s  ‘irritating’, and 
m ore  ‘natural’ th an synth e tic spe e ch  
outputs.

A s ignificant inte raction e ffe ct was  ob-
s e rve d be tw e e n spe e ch  source  and 
spe e ch  ge nde r for th e  attribute s  ‘cle ar-
m uffle d’. Post–h oc paire d sam ple s  t-
te sts  re ve ale d th at th e  natural m ale  
spe e ch  output was  e valuate d as  s ignific-
antly cle are r th an th e  synth e tic m ale  
spe e ch  output [Natural Male  M = 1.5, 
Synth e tic Male  M = 2.41; t = 4.587, df = 
31, p = <0.05] and th e  natural fe m ale  
spe e ch  output [ Natural Male  M = 1.5, 
Natural Fe m ale  M = 2.09 ; t = 2.600, df = 
31, p = <0.05]. Th e re fore  e valuation dif-
fe re nce s  are  due  to th e  natural m ale  
spe e ch  output be ing e valuate d as  s igni-
ficantly cle are r th an th e  alte rnative  
spe e ch  outputs  pre s e nte d.

Table  1. ANO VA m ain effects: Spe ech  
source  [Natural vs synth etic]

Attrib ute
Ple asant

Inte llige nt

Boring

Irritating

Natural

Cle ar

dF
1, 30

1, 30

1, 30

1, 30

1, 30

1, 30

  F
6.412

19 .236

15.840

6.09 5

49 .9 85

11.479

p
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

Table  2. Post-h oc paire d sam ple s t-te sts: Spe ech  source  [Natural vs synth etic]

Attrib ute
Ple asant

Inte llige nt

Boring

Irritating

Natural

Synth e tic m e an
2.80

2.56

2.86

3.06

2.73

Natural m e an
2.23

1.9 7

3.53

3.56

1.84

t
3.066

-4.461

-4.066

2.722

6.09 0

dF
63

63

63

63

63

p
<0.05

<0.05

<0.05

<0.05

<0.05

Table  3 . ANO VA m ain effects: Spe ech  
gende r [Male  vs fem ale]

Attrib ute
Ple asant

Inte llige nt

Boring

Fast

Irritating

Natural

dF
1, 30

1, 30

1, 30

1, 30

1, 30

1, 30

  F
5.000

11.379

15.840

43.404

14.462

7.112

p
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

Table  4. Post-h oc paire d sam ple s t-te sts: Spe ech  gende r [Male  vs fem ale]

Attrib ute
Ple asant

Inte llige nt

Boring

Irritating

Natural

Fe m ale  m e an
2.72

2.50

2.89

2.9 7

2.47

M ale  m e an
2.31

2.03

3.50

3.66

2.11

t
3.066

3.559

-3.808

-3.9 24

2.509

dF
63

63

63

63

63

p
<0.05

<0.05

<0.05

<0.05

<0.05
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H 2: O lder adults’ evaluations of m ale  
and fem ale  spe ech  outputs
Table  3 re ports  th at th e  ge nde r of th e  
spe e ch  output h ad a s ignificant m ain e f-
fe ct on th e  e valuations  of ‘ple asant’, ‘in-
te llige nt’, ‘boring’, ‘irritating’, and ‘natur-
al’, th us  re je cting th e  null h ypoth e s is .

Post h oc te sting s h own in Table  4, us ing 
a paire d sam ple s  t-te st, re ve ale d th at 
m ale  spe e ch  outputs  w e re  e valuate d as  
m ore  ‘ple asant’, m ore  ‘inte llige nt’, le s s  
‘boring’, le s s  ‘irritating’, and m ore  ‘natur-
al’ th an th e  fe m ale  spe e ch  outputs. 

O lder adults’ evaluations of spe ech  
source  [H 3ı] and spe ech  gende r [H 4ı] in 
quiet and spok e n noise  conditions
A s ignificant inte raction e ffe ct was  ob-
s e rve d be tw e e n spe e ch  source  and e nvir-
onm e ntal conditions  [q uie t, nois e ] for 
th e  b ipolar attribute  Natural – Unnatural 
[F (1,30) = 8.138; p = < 0.05], re je cting 
th e  null h ypoth e s is  [H 30]. Post-h oc 
paire d sam ple s  t-te sts  re ve ale d th at syn-
th e tic spe e ch  outputs  w e re  e valuate d as  
m ore  natural in nois e  conditions  th an in 
q uie t conditions  [Synth e tic (q uie t) M = 
3.41, Synth e tic (nois e ) M = 2.16; t = 
5.683, df = 31, p = <.05] and th at natur-
al spe e ch  outputs  w e re  e valuate d as  
m ore  natural in nois e  conditions  th an 
q uie t conditions  [Natural (q uie t) M = 
2.06, Natural (nois e ) M = 1.53; t = 
3.056, df = 31, p = <.05]. Th e re fore  th e  
e valuation of both  natural and synth e tic 
spe e ch  outputs  varie s  w h e n pre s e nte d 
in q uie t and nois e  conditions. 

D ISCUSSIO N

O ve rall, th e  re s ults  re ve ale d th at th e  nat-
ural m ale  spe e ch  output was  m ost pos it-
ive ly e valuate d as  ID AS output by th is  tar-
ge t us e r group. Furth e rm ore , th e  
attribute  data ge ne rally supports  th is  ob-
s e rvation w ith  natural and m ale  spe e ch  
outputs  re ce iving th e  m ost pos itive  e valu-
ations  com pare d to th e ir synth e tic and fe -
m ale  counte rparts. Th e  s ubs e q ue nt dis -
cus s ion cons ide rs  th e  re s e arch  

h ypoth e s e s  and e xplore s  th e  im pact of 
spe e ch  source  [natural, synth e tic], 
spe e ch  ge nde r [m ale , fe m ale ] and e nvir-
onm e ntal conditions  [q uie t, nois e ] on 
th e  de s ign of ID AS spe e ch  outputs.

Spe e ch  Source : Natural vs  Synth e tic
Th is  inve stigation re ve ale d th at for 
s e ve n of th e  e igh t b i-polar attribute s , a 
s ignificant m ain e ffe ct was  obs e rve d for 
spe e ch  source  indicating th at th e  natur-
al spe e ch  outputs  w e re  h igh ly e valuate d 
in com parison to th e  synth e tic spe e ch  
outputs. Th e s e  re s ults  sugge st th at th e  
natural spe e ch  outputs  w e re  e valuate d 
as  m ost ple asant, m ost inte llige nt, m ost 
inte re sting, m ost sooth ing, m ost natur-
al and m ost cle ar, re je cting th e  null h y-
poth e s is  (H 10). H ow e ve r, an inte raction 
e ffe ct was  obs e rve d be tw e e n spe e ch  
source  and e nvironm e ntal conditions  
for th e  b i-polar attribute  natural-unnat-
ural (re je cting H 30) and w ill be  ad-
dre s s e d in th e  discus s ion of e nviron-
m e ntal conditions  be low. It was  also 
obs e rve d th at in te rm s  of clarity [cle ar-
m uffle d] an inte raction e ffe ct occurre d 
be tw e e n spe e ch  source  and spe e ch  
ge nde r, s ugge sting th at ove rall diffe r-
e nce s  w e re  due  to th e  h igh  le ve l of clar-
ity awarde d to th e  natural m ale  spe e ch  
output by th e  olde r adults. 

In both  th e  q uie t and noisy conditions , 
th e  natural spe e ch  outputs  w e re  ch os e n 
m ore  ofte n by th e  participants  to be  
pre s e nte d in th e ir own h om e  and as  
m ost appropriate  for ID AS output. 
Th e s e  findings  s upport pre vious  re -
s e arch  docum e nting th at natural spe e ch  
outputs  are  e valuate d as  m ore  ple asant 
th an synth e tic spe e ch  outputs 22,24,25. 
Sim ply as  a product of th e ir age , olde r 
adults  are  lik e ly to h ave  h ad re lative ly 
m ore  e xposure  to natural spe e ch  th an 
synth e tic spe e ch . Th us  social re pre s e nt-
ations  of natural spe e ch  outputs  m ay be  
de e ply roote d and gre ate r e xposure  to 
synth e tic spe e ch  output m ay be  ne ce s -
sary for th e  oppos ite  e ffe ct to occur. 
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Th e  conte xt in w h ich  an ID AS ope rate s  
m ay also account for us e r e valuation of 
th e  spe e ch  source . Th e  dom e stic e nviron-
m e nt is  ofte n subje ct to a varie ty of nat-
ural source s  of spe e ch  output, s uch  as  
te le vis ion and radio. Th e re fore , natural 
spe e ch  output m ay be  cons ide re d m ore  
appropriate  th an synth e tic spe e ch  out-
put for th e  dom e stic conte xt, re fle cte d 
in pos itive  e valuations  of natural spe e ch  
outputs. 

Alte rnative ly, th e  olde r adults  m ay h ave  
cons ide re d th e  natural spe e ch  output 
m ore  pos itive ly bas e d on syste m  func-
tionality. An ID AS is  an as s istive  te ch no-
logy, h e lping th e  olde r adult to re m ain 
living inde pe nde ntly in th e ir own h om e  
for longe r. Th e re fore , th e  h um an ‘care r’ 
q ualitie s  th at th e  syste m  w ill re fle ct 
w h ile  supporting th e  olde r adult w ith  in-
de pe nde nt living m ay h ave  be e n as soci-
ate d w ith  a natural, rath e r th an a synth e t-
ic, spe e ch  source . 

Spe e ch  Ge nde r: M ale  vs  Fe m ale
No diffe re nce s  w e re  obs e rve d be tw e e n 
th e  olde r adults ’ e valuations  of m ale  
and fe m ale  spe e ch  output in te rm s  of 
cle ar-m uffle d, failing to re je ct H 20. 
H ow e ve r, for th e  re m aining five  b i-polar 
attribute s  a diffe re nce  was  obs e rve d 
be tw e e n th e  olde r adults ’ e valuations  of 
m ale  and fe m ale  spe e ch  outputs , re je ct-
ing H 20. Furth e r analys is  of th e s e  attrib-
ute s  s ugge sts  th at olde r adults  e valu-
ate d m ale  spe e ch  outputs  h igh ly in 
com parison to fe m ale  spe e ch  outputs  in 
te rm s  of ple asant, inte llige nt, inte re st-
ing, sooth ing and natural. Th e  parti-
cipants ’ re spons e s  to th e  additional q ue s -
tions  pos e d s upport th e  e valuations  of 
th e  m ale  spe e ch  outputs  re porte d. Male  
spe e ch  outputs  w e re  cons iste ntly 
judge d m ore  appropriate  th an fe m ale  
spe e ch  outputs  in both  noisy and q uie t 
conditions  w h e n th e  participants  w e re  
as k e d ‘would you lik e  th is  spe e ch  out-
put in your own h om e ?’

Th e s e  findings  appe ar to support 
Re e ve s  and Nas s 19 , and th e ir pos ition 
th at m ale  spe e ch  output is  m ore  pos it-
ive ly e valuate d th an fe m ale  spe e ch  out-
put w h e n pre s e nting te ch nical inform a-
tion. It is  lik e ly th at participants  
pe rce ive d an ID AS as  a te ch nical sys -
te m . Th e re fore  it is  pos s ible  th at th e  de -
live ry of te ch nical inform ation m ay h ave  
influe nce d th e  ove rw h e lm ingly h igh  e val-
uations  of th e  m ale  spe e ch  outputs. Fur-
th e rm ore , give n th e  safe ty-critical func-
tionality of an ID AS, th e  participants  
m ay h ave  fe lt th at th e  m ale  spe e ch  out-
puts  connote d gre ate r le ve ls  of ‘auth or-
ity’. Th e re  is , of cours e , th e  pos s ib ility 
th at th e  m ale  spe e ch  outputs  w e re  e as i-
e r to unde rstand. H ow e ve r, e arlie r re -
s e arch , re porte d e ls e w h e re 14, s ugge sts  
th at th is  was  not th e  cas e . 

Environm e ntal Conditions : Q uie t vs  
Nois e
Th e  e nvironm e ntal conditions  w e re  ob-
s e rve d to h ave  h ad an e ffe ct on th e  
olde r adults ’ e valuations  of th e  spe e ch  
outputs  in te rm s  of boring-inte re sting 
and cle ar-m uffle d. Th e  olde r adults  e val-
uate d th e  spe e ch  outputs  as  h igh ly bor-
ing in th e  q uie t conditions  com pare d to 
th e  nois e  conditions. In te rm s  of clarity, 
th e  olde r adults  e valuate d th e  spe e ch  
outputs  as  pos s e s s ing h igh e r le ve ls  of 
clarity in th e  nois e  conditions  th an in 
th e  q uie t conditions. Th e s e  findings  are  
s urpris ing as  it was  e xpe cte d th at 
rath e r th an induce  pos itive  e valuations , 
th e  pre s e nce  of back ground nois e  
would ne gative ly affe ct th e  spe e ch  out-
put e valuations. 

Inte raction e ffe cts  be tw e e n e nvironm e nt-
al conditions  and spe e ch  source  w e re  
obs e rve d for th e  attribute s  natural – un-
natural, re je cting th e  null h ypoth e s is  
H 30. Th e  inte raction e ffe ct re ve ale d th at 
both  natural and synth e tic spe e ch  out-
puts  w e re  e valuate d as  m ore  natural in 
th e  nois e  conditions  th an in th e  q uie t 
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conditions. In contrast, no inte raction e f-
fe cts  w e re  obs e rve d be tw e e n e nviron-
m e ntal conditions  and spe e ch  ge nde r 
for any of th e  attribute s. Th is  s ugge sts  
th at th e  e nvironm e ntal conditions  did 
not h ave  an e ffe ct on th e  olde r adults ’ 
e valuations  of m ale  and fe m ale  synth e t-
ic spe e ch  outputs , failing to re je ct th e  
null h ypoth e s is  (H 40).

Th e  obs e rve d inte ractions  be tw e e n e nvir-
onm e ntal conditions  and spe e ch  source  
in te rm s  of ‘naturalne s s ’, m ay be  e x-
plaine d by th e  ‘naturalne s s ’ of spe e ch  re -
lying h e avily on th e  tonal q ualitie s  of 
th e  spe e ch  output. Th e  variation 
be tw e e n spe e ch  output e valuations  in 
th e  q uie t conditions  m ay not h ave  be e n 
obs e rve d in th e  nois e  conditions  due  to 
th e  back ground nois e  producing a distor-
tion/m as k ing of th e  spe e ch  source , so 
th at th e  olde r adults  obs e rve d little  dif-
fe re nce  in tonal q uality.

D ESIGN RECO M M END ATIO NS &  M ETH O D -

O LO GICAL REFLECTIO NS

Th is  inve stigation h as  re ve ale d th at ove r-
all, natural and m ale  spe e ch  outputs  are  
m ost pos itive ly e valuate d by olde r 
adults  w h e n cons ide re d as  ID AS output. 
Th e re fore  it is  re com m e nde d th at, by de -
fault, a natural m ale  spe e ch  output 
s h ould be  us e d as  ID AS output. Furth e r-
m ore , give n th at e valuation diffe re nce s  
w e re  obs e rve d be tw e e n spe e ch  source s  
and spe e ch  ge nde rs , future  syste m  de -
s igne rs  m ust cons ide r s ubje ctive  e valu-
ations  of spe e ch  output w ith  e q ual 
w e igh t of im portance  to th at of spe e ch  
com pre h e ns ion if syste m  uptak e  and con-
tinue d us e  is  to be  prom ote d.

Pre vious  re s e arch  s ugge sts  th at a struc-
ture d, syste m atic approach  to inve stigat-
ing de s ign re q uire m e nts  for olde r adults  
s h ould be  us e d28. Th is  re com m e ndation 
was  bas e d on obs e rvations  of focus  
groups  com pris ing olde r adults  and 
th e ir te nde ncy to e xh ib it be h aviours , 

s uch  as  fre q ue nt dive rs ions  from  th e  
topic unde r discus s ion, th at did not 
le nd th e m s e lve s  w e ll to th e  e licitation of 
appropriate  data th at could be  us e d to 
inform  syste m  de s igns. In th is  e arlie r 
work , it was  re com m e nde d th at m e th -
ods  th at e m ploye d control, ye t allow e d 
for som e  fle xib ility, s uch  as  s e m i-struc-
ture d inte rvie w s , s h ould be  us e d w h e re  
in-de pth  q ualitative  data is  re q uire d. 
H ow e ve r, in th is  instance  an e xpe rim e nt-
al m e th odology was  ch os e n bas e d on 
th e  de m ands  of th e  inq uiry (i.e . th e  
m e asure m e nt of s e ve ral inde pe nde nt 
variable s) and th e  fixe d structure  and 
syste m atic proce s s e s  th at an e xpe ri-
m e ntal de s ign offe rs. O n re fle ction, th e  
olde r adults  participating in th is  inve st-
igation appe are d to re spond w e ll to th e  
‘rule s ’ of th e  e xpe rim e nt and w e re  k e e n 
to follow  dire ction. In a fe w  cas e s , dur-
ing paus e s  be tw e e n q ue stions , th e  
sam e  te nde ncie s  to active ly instigate  
conve rsation th at was  unre late d to th e  
curre nt tas k  w e re  obs e rve d. Expe ri-
e nce d in conducting re s e arch  w ith  olde r 
adults , th e  re s e arch e rs  m anage d such  
distractions  w e ll by stating th at th e y 
could h ave  a ‘ch at’ at th e  e nd of th e  e x-
pe rim e nt (w ith  all participants  in th is  in-
stance  be ing w illing to do so). Initially, 
it was  cons ide re d th at th e  conve rsation-
al inte rruptions  offe re d by th e  olde r 
adults  w e re  due  to fatigue  and th at th e  
e xpe rim e ntal de s ign s h ould be  adapte d 
to allow  for ‘re st’ pe riods. H ow e ve r, par-
ticipants  as sure d th e  re s e arch e r th at 
th is  was  not th e  cas e  and th at th e y w e re  
e njoying th e  e xpe rie nce . 

In ligh t of th is , it is  re com m e nde d h e re  
th at ‘ch at’ tim e  s h ould be com e  a form al 
e xpe rim e ntal de s ign fe ature , and is  
form ally h igh ligh te d during th e  e xpe ri-
m e nte r’s  introduction to th e  tas k  and 
th e  proce dure . By incorporating th is  fe a-
ture , th e  age ing us e r group m ay be  le s s  
incline d to strik e  up conve rsation at in-
appropriate  tim e s  th at could le ad to 
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data inaccuracie s/distortions , e njoy th e  
‘e xpe rim e ntal’ e xpe rie nce  and h ave  
th e ir conve rsational/social inclus ion 
ne e ds  m e t. Th us  providing an e q ually 
productive  and e njoyable  e xpe rie nce  for 
both  th e  re s e arch e r and participant.

FUTURE R ESEARCH  D IRECTIO NS

Future  re s e arch  w ill s e e k  to addre s s  k e y 
lim itations  of th e  curre nt inve stigation. 
Fie ld e xpe rim e nts  w ith in th e  dom e stic 
conte xt w ill be  conducte d to de te rm ine  
w h e th e r th e  s ubje ctive  e valuations  
m ade  in th e  laboratory are  re fle cte d w ith -
in th e  ID AS ope rational conte xt and 
w h e th e r s uch  e valuations  re m ain th e  
sam e  ove r tim e .
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