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(PD As) as Medication Rem inding Tools: Exploring Age  D iffe rence s in Usability. 

Ge rontech nology 2005; 4(3):128-140. Purpos e  Me dication adh e re nce  by olde r 

adults  can be  im portant in re turning to and m aintaining h e alth . Ne w  te ch nologie s  

m ay be  h e lpful in facilitating adh e re nce . Th is  article  e xam ine s  age  diffe re nce s  in 

usability for one  de vice : th e  pe rsonal digital as s istant (PD A). D e s ign and M e th od In 

th e  e xpe rim e nt re porte d h e re , 25 olde r and 26 younge r adults  w e re  as k e d to le arn 

to us e  m e dication adh e re nce  software  s upporte d by a PD A. In addition to 

com ple ting a batte ry of cognitive  te sts  and a surve y de s igne d to as s e s s  pe rce ive d 

PD A usability, e ach  participant’s  PD A s k ill acq uis ition was  as s e s s e d ove r tim e  (i.e ., 

during training, im m e diate ly follow ing training, and afte r a de lay). Re s ults  

Cons iste nt w ith  pre vious  re s e arch , olde r adults  re q uire d longe r to le arn to us e  th e  

PD A and com m itte d m ore  e rrors  com pare d to younge r adults. O ve r tim e , age  

diffe re nce s  in PD A pe rform ance  w e re  re duce d sugge sting th at olde r adults  m igh t 

be ne fit from  PD As  as  prospe ctive  m e m ory aids  during m e dication adh e re nce . 

Im plications  Pote ntial dire ctions  for PD A training curricula, h ardware  de s ign, and 

future  re s e arch  are  discus s e d. 

K e yw ords : aging, te ch nology, us ab ility, m e dication adh e re nce , cognitive  s upport

O lde r adults , age d 60+ , are  be com ing in-
cre as ingly aware  of th e  be ne fits  of us ing 
com pute riz e d te ch nology to e nh ance  
th e ir daily live s 1,2. W h ile  a com m on m is -
conce ption is  th at olde r adults  are  
ave rs e  to ch ange  and unw illing to us e  
ne w  te ch nology such  as  com pute rs  or 
th e  inte rne t, re ce nt as s e s sm e nts  of 
olde r adults  ge ne rally s h ow  th at th e y 
pos s e s s  pos itive  attitude s  and e xpre s s  a 
w illingne s s  to le arn to us e  th e s e  
de vice s 3,4. Alth ough  th e s e  re s ults  are  e n-
couraging be caus e  th e y s ugge st th at 
olde r adults  are  adopting de s k top com -

puting te ch nology, th e  findings  m ay not 
be  applicable  to ne w e r te ch nology th at 
is  be com ing available  to th e  public. Cur-
re nt tre nds  in de vice  de s ign are  trans -
itioning from  traditional de s k top work -
stations  to m obile , h andh e ld de vice s  
s uch  as  pe rsonal digital as s istants  
(PD As) and ce llular te le ph one s 5. It is  un-
cle ar w h e th e r th e s e  ne w e r, m iniaturiz e d 
de vice s  would be  of be ne fit to olde r 
adults  give n w e ll-docum e nte d pe rce ptu-
al, m otor, and cognitive  de cline s 6,7.

O wne rs h ip of h andh e ld de vice s  is  be -
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com ing incre as ingly ubiq uitous  am ong 
us e rs  of all age  groups 8, ye t th e  usabil-
ity ne e ds  of olde r adults  h ave  re ce ive d 
ve ry little  atte ntion. Cons ide r th e  re ce nt 
tre nd in com bining th e  bas ic functional-
ity of ce llular te le ph one s  w ith  th e  ad-
vance d com puting attribute s  of PD As. 
PD As  are  h andh e ld com pute rs  th at pos -
s e s s  m ultiple  fe ature s  s uch  as  addre s s  
book s , to-do-lists , and cale ndars  th at 
can s e rve  a m ne m onic function. Be caus e  
PD As  are  be com ing incre as ingly afford-
able  and allow  portable  acce s s  to inform -
ation, th e  lik e lih ood th at olde r adults  
can be ne fit from  adopting th e  us e  of 
th e s e  ne w  de vice s  is  prom is ing. For in-
stance , PD As  m igh t re duce  th e  ris k  of in-
jury to olde r adults  by is s uing warnings  
th at call atte ntion to th e m s e lve s  and de -
live r safe ty inform ation w h e n and w h e re  
it is  ne e de d 9 . For th e s e  re asons , ad-
vance s  in w ire le s s  te ch nology h ave  be e n 
h aile d as  one  approach  to m e e ting th e  
h e alth care  ne e ds  of olde r adults  in th e  
ne w  m ille nnium 10. 

O ne  are a w ith in th e  re alm  of h e alth care  
th at is  particularly proble m atic for olde r 
adults  is  m e dication adh e re nce  w h ich  
h as  be e n de fine d as  a patie nt us ing doc-
tor pre scribe d m e dication as  dire cte d11. 
Corre ct adh e re nce  e ntails  tak ing th e  
m e dication at th e  corre ct tim e s , at th e  in-
dicate d dosage , and follow ing any spe -
cial instructions  as  dire cte d on th e  labe l 
(w h ich  can be  q uite  com plicate d). D ue  
to th e  ons e t of ch ronic conditions  s uch  
as  oste oarth ritis  and h ype rte ns ion, th e  
ave rage  olde r adult us e s  4-5 pre scrip-
tion m e dications  concurre ntly and it is  
not uncom m on for som e  olde r adults  to 
us e  as  m any as  10 or m ore 12,13. 

Th e  cons e q ue nce s  of im prope r m e dica-
tion usage  can be  s e ve re , and are  in fact 
stagge ring. In te rm s  of h um an suffe r-
ing, one  re ce nt study indicate d th at 
m ore  th an 2.2 m illion pe ople  are  h ospit-
aliz e d e ach  ye ar for s e rious  adve rs e  
drug re actions  and th at approxim ate ly 

106,000 pe ople  los e  th e ir live s  due  to 
m e dication e rror e ach  ye ar14. Th e  annu-
al e conom ic cost of m e dication-re late d 
e rrors  in th e  Unite d State s  alone  h as  
be e n e stim ate d at ne arly US$85 m il-
lion15. W h ile  a num be r of variable s  s uch  
as  illne s s  re pre s e ntation, patie nt-doctor 
com m unication, m e dication labe ling, 
and patie nt m otivation h ave  be e n e x-
plore d to e xplain th e  caus e s  of m e dica-
tion-re late d e rror, th e  cognitive  aspe cts  
of th e  m e dication adh e re nce  tas k  h ave  
be e n th e  focus  of num e rous  studie s 16. 
Cognitive  factors  s uch  as  com ple xity of 
sch e dule , num be r of pre scrib ing ph ys i-
cians , and num be r of m e dications  all 
te nd to corre late  w ith  non-adh e re nce 13. 
An e stim ate d 71% of non-adh e re nce  is  
unde r us e  of th e  m e dication, in large  
part due  to forge tfulne s s 17. 

Re m e m be ring to tak e  m e dication re -
q uire s  th e  us e  of prospe ctive  m e m ory 
w h ich  can be  de fine d as  re m e m be ring 
to pe rform  an action som e  tim e  in th e  
future 13. O ne  way to as s ist in th e  accom -
plis h m e nt of prospe ctive  m e m ory tas k s  
is  to provide  cognitive  s upport. H e re , 
cognitive  s upport re fe rs  to th e  as s istive  
aspe cts  of te ch nology th at e nh ance  th e  
m e ntal capabilitie s  (and avoid th e  lim ita-
tions) of us e rs. For instance , active  s up-
ports  s uch  as  alarm  clock s  call atte ntion 
to th e m s e lve s  and h ave  be e n s h own to 
be  e ffe ctive  in facilitating prospe ctive  
m e m ory18. 

Give n th e s e  findings , PD As  h ave  th e  po-
te ntial to be ne fit individuals  of all age s  
w h o h ave  com plicate d m e dication sch e d-
ule s. Th e s e  de vice s  can re lie ve  th e  indi-
vidual of h aving to re ly on m e m ory to re -
tain de tails  of h is  or h e r sch e dule  and 
oth e r pe rtine nt m e dication-re late d in-
form ation (e .g., tak e  w ith  m ilk , afte r din-
ne r) as  w e ll as  s e rving as  a source  of act-
ive  s upport by activating an alarm  to 
announce  a sch e dule d dosage . Argu-
ably, a num be r of e xisting e xte rnal 
m e m ory aids  s uch  as  voice m ail re m ind-



PD A s  a n d  O ld e r A d u lts

130

w
w

w
.

g
e

r
o

n
t

e
c

h
j

o
u

r
n

a
l
.

n
e

t
D

e
c

e
m

b
e

r
 

2
0

0
5

,
 

V
o

l
 

4
,

 
N

o
 

3

ing syste m s , vibrating w ristwatch e s , and 
spe cial pill dispe ns e rs  are  com m e rcially 
available  and lik e ly to im prove  m e dica-
tion adh e re nce 11,13. H ow e ve r, s e ve ral lim -
itations  of th e s e  de vice s  m ay m ak e  
th e m  le s s  e ffe ctive  at m e dication re m ind-
ing th an PD As. For instance , th e  voice -
m ail re m inding syste m  w ill only be  e ffe ct-
ive  if pe ople  re m ain in clos e  proxim ity 
to a te le ph one  and m ay not be  cost e f-
fe ctive  in te rm s  of s e tup. Vibrating w rist-
watch e s  m ay provide  an active  re m inde r 
alarm  th at som e th ing h as  to be  done  at 
a particular tim e  but pe rtine nt m e dica-
tion-re late d inform ation (i.e ., w h at m e dic-
ation m ust be  tak e n; prope r dosage , 
e tc.) is  not available . Lik e w is e , spe cial 
pill dispe ns e rs  m ay provide  th e  ne e de d 
m e dication-re late d inform ation but lack  
th e  active  alarm  syste m . Th us , PD As  
m igh t be  m ore  s ucce s sful th an th e s e  
oth e r de vice s  be caus e  th e y com bine  th e  
fe ature s  of affordability (as  th e  de vice s  
be com e  m ore  w ide ly dis s e m inate d), port-
ability, acce s s  to m e dication-re late d in-
form ation, and active  alarm  syste m s.  

O bviously th e  pote ntial financial and 
h e alth  be ne fits  of PD A usage  by olde r 
adults  are  gre at, ye t th e  re aliz ation of 
th is  pote ntial is  de pe nde nt on th e ir usab-
ility w ith  re spe ct to th is  spe cial popula-
tion. For instance , curre nt PD As  utiliz e  
sm all LCD  displays  th at h ave  le s s  ability 
to display s h arp contrasts  th an large r 
m onitors  do. Scre e n s iz e , and th e re fore  
font, icon, and control s iz e  is  lim ite d 
m ak ing for gre ate r difficulty in re ading 
and m anipulating th e  inte rface . W h ile  it 
h as  be e n re porte d th at olde r adults  
h ave  difficulty w ith  te xt e ntry on 
PD As 19 , oth e r aspe cts  including th e  ove r-
all usability of th e s e  de vice s  w ith  olde r 
adult sam ple s  h ave  not be e n inve stig-
ate d. Alth ough  olde r adults  h ave  appar-
e ntly adopte d traditional de s k top com -
pute rs , th is  study w ill focus  on h ow  w e ll 
th e y can le arn to us e  h andh e ld de vice s. 
Th us , th e  purpos e  of th e  pre s e nt study 
was  to com pare  th e  pe rform ance  of 

younge r and olde r adults  on a PD A-
bas e d m e dication sch e duling tas k  on 
th re e  s e parate  occas ions.  Tas k  pe rform -
ance  data such  as  tim e  to com ple te  th e  
tas k s  and e rror production w e re  s upple -
m e nte d w ith  s ubje ctive  m e asure s  of pe r-
ce ive d usability.  Th e  goal was  to de -
te rm ine  w h e th e r age  diffe re nce s  in 
pe rform ance  influe nce d th e  lik e lih ood 
to us e  th e s e  de vice s  in th e  future . 

M ETH O D

D e s ign and Participants
A 2 (age : younge r vs. old) X 3 (tim e  of 
as s e s sm e nt: practice , im m e diate  as s e s s -
m e nt, de laye d as s e s sm e nt) m ixe d 
factorial de s ign was  us e d. Age  was  th e  
be tw e e n subje cts  grouping variable  and 
tim e  of as s e s sm e nt was  a w ith in s ubje ct 
variable . Th e  de pe nde nt variable s  w e re  
tim e  on tas k  and num be r of e rrors  
m ade . Each  de pe nde nt variable  h ad 
th re e  m e asure s  s uch  th at th e re  was  one  
for e ach  ph as e  of th e  training: practice , 
im m e diate  as s e s sm e nt, and de laye d as -
s e s sm e nt. 

Tw e nty-s ix younge r (m e an age  of 18.6 
ye ars , SD  = 1.36, range  = 18-23) and 25 
olde r (m e an age  of 67.3 ye ars , SD  = 
5.24, range  = 60-76) adults  particip-
ate d. Th e  younge r participants  w e re  re -
cruite d from  an unde rgraduate  re s e arch  
participant pool and re ce ive d partial 
cours e  cre dit. Th e  olde r participants  
w e re  com m unity-dw e lling adults  w h o 
w e re  re cruite d from  com pute r e ducation 
clas s e s  at a local s e nior ce nte r and paid 
for th e ir participation. O nly participants  
w ith  som e  com pute r e xpe rie nce  and no 
PD A e xpe rie nce  w e re  allow e d to particip-
ate . Th is  was  done  to e nsure  at le ast 
m inim al com pute r lite racy and ye t not in-
troduce  th e  confounding variable  of 
prior PD A e xpe rie nce . Te sting was  di-
vide d into two e xpe rim e ntal s e s s ions  
s uch  th at D ay 1 was  com pris e d of group-
adm iniste re d de m ograph ics  and abilit-
ie s  te sts  w h e re as  D ay 2 was  com pos e d 
of individual PD A instruction and te sting.
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D e m ograph ic and abilitie s  inform ation 
was  colle cte d for th e  purpos e  of de scrib -
ing th e  two sam ple s. W h e n participants  
e valuate d th e ir ge ne ral h e alth  on a scale  
of 1 (‘Poor’) to 5 (‘Exce lle nt’), m e an re -
spons e s  from  both  age  groups  approxim -
ate d 4 (‘Ve ry Good’) s uch  th at no age -re -
late d diffe re nce s  in pe rce ive d h e alth  
e m e rge d, p = .36. To de scribe  th e  le ve l 
of e ducation th at th e y h ad com ple te d, 
participants  us e d a scale  of 1 (‘Le s s  
th an h igh  sch ool’) to 7 (‘MD , JD , Ph D , 
oth e r advance d de gre e ’). Th e  m e an re -
spons e  for th e  younge r adults  approxim -
ate d 3 (‘Som e  colle ge ’) w h ile  th at of th e  
olde r adults  was  s ignificantly h igh e r and 
approxim ate d 4 (‘Bach e lor’s  de gre e ’); 
t(49 ) = 4.33, p < .001. As  illustrate d in 
Table  1, th e  te ch nology e xpe rie nce  and 
usage  q ue stionnaire  (TCEQ)20 was  us e d 
to as s e s s  participants ’ e xpe rie nce  w ith  
and usage  of com pute rs  and th e  world 
w ide  w e b. O lde r adults  re porte d s ignific-
antly le s s  e xpe rie nce  w ith  com pute rs  
and th e  world w ide  w e b th an younge r 
adults; t(49 ) = 2.32, p < .05, t(49 ) = 
2.89 , p < .01, re spe ctive ly. O lde r adults  
also re porte d us ing th e  world w ide  w e b 
le s s  th an younge r adults , t(49 ) = 3.9 4, p 
< .001.  Th us , th e  sam ple s  w e re  ge ne r-
ally h e alth y, but varie d s ignificantly in 
te rm s  of th e ir e ducation and re porte d 
usage /e xpe rie nce  w ith  de s k top com -

pute r te ch nology.

A batte ry of cognitive  te sts  was  adm in-
iste re d to all participants  and include d 
m e asure s  of vocabulary21, re ading com -
pre h e ns ion22, spatial abilitie s 23, work ing 
m e m ory24, and pe rce ptual spe e d25. 
Me an pe rform ance  for e ach  age  group is  
liste d in Table  1. O lde r participants  pe r-
form e d s ignificantly be tte r th an younge r 
participants  on th e  vocabulary te st, 
t(49 ) = 3.09 , p < .01. H ow e ve r, younge r 
adults  pe rform e d s ignificantly be tte r 
th an th e  olde r adults  on th e  m e asure s  
of work ing m e m ory, re ading com pre h e n-
s ion, spatial ability, and pe rce ptual 
spe e d; t(49 ) = 2.20, p < .05, t(49 ) = 
3.12, p < .01, t(49 ) = 6.44, p < .001, 
t(49 ) = 8.46, p < .001, re spe ctive ly. Col-
le ctive ly, th e s e  patte rns  of re sults  indic-
ate d th at th e  sam ple s  w e re  re pre s e ntat-
ive  of th e ir re spe ctive  populations. 

Stim ulus  M ate rials
Participants  w e re  as k e d to e nte r inform a-
tion into a com m e rcially available  m e dic-
ation track ing software  pack age  on a 
PD A. Th e  PD As  w e re  th e  Palm  Z ire , utiliz -
ing th e  Palm  ope rating syste m , w ith  a 
160x160 pixe l m onoch rom e  display. 
Th e  O n-Tim e  Rx software  was  us e d be -
caus e  it was  adve rtis e d by th e  m anufac-
ture r as  ‘intuitive  and e asy to us e ’ 26. 

Table  1. Group Means (Standard D eviations in parenth e se s) for Tech nology Expe ri-
e nce  and Cognitive  Measure s; a Total Score  from  th e  Sh ipley Vocabulary Te st21; b Num -
be r of trials correctly recalled on th e  Alph abet Span Te st24; c Total Score  from  th e  Nel-
son-D enney Reading Com pre h e nsion Te st22; d Num be r of trials correctly com pleted on 
th e  Pape r Folding Te st23; e  Total Score  on th e  D igit Sym bol Substitution Te st25

Variab le

TCEQ  - Com pute r Expe rie nce
TCEQ -W e b Us e
TCEQ -W e b Expe rie nce
Vocabularya

W ork ing Me m oryb

Re ading Com pre h e ns ionc

Spatial Abilityd

Pe rce ptual Spe e d e

Younge r (n = 26)

35.5 (3.4)
13.4 (1.4)
20.2 (6.2)
28.8 (4.5)
36.0 (12.9 )
31.9  (5.5)
13.8 (3.0)
70.3 (8.8)

O lde r (n = 25)

30.1 (11.5)
9 .5 (4.8)
13.9  (8.9 )
32.7 (4.7)
29 .1 (9 .2)
25.2 (9 .3)
7.8 (3.6)
49 .5 (8.8)
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Th e  on-scre e n k e yboard was  us e d as  it 
is  O n-Tim e  Rx’s  de fault m e th od of data 
e ntry. 

Bas e d on pilot te sting w ith  olde r adults , 
th e  m anual provide d by th e  O n-Tim e  Rx 
software  m anufacture r was  de e m e d inad-
e q uate  for us e  by participants. To clari-
fy, th e  com m e rcially available  m anual 
lack e d proce dural de tail, provide d only 
abbre viate d te xt-bas e d instructions  for 
software  usage , and did not provide  
ste p-by-ste p illustrations  to guide  pe r-
form ance . To addre s s  th e s e  is s ue s , a 
tas k  analys is  was  conducte d. Bas e d on 
th e  re s ults  of th e  tas k  analys is , an illus -
trate d m anual (available  from  th e  first au-
th or upon re q ue st) was  constructe d to 
te ach  th e  participants  to us e  th e  O n-
Tim e  Rx software . Th e  m anual illus -
trate d e ve ry ste p ne ce s sary to e nte r a 
m e dication’s  inform ation. Participants  
le arne d to us e  th e  PD A and software  by 
follow ing th e  instructions  in th e  m anual 
to pe rform  a m e dication e ntry tas k  dur-
ing th e  practice  ph as e  of training. Th is  
active  le arning m e th od, w h ich  pairs  in-
struction w ith  h ands -on action, h as  
be e n s h own to be  m ore  e ffe ctive  th an 
s im ply re ading instructions  for olde r 
adults 27.  

Be caus e  m e dication e ntry was  accom -
plis h e d th rough  th e  us e  of th e  PD A 
stylus , a stylus  te ste r program  was  de -
ve lope d by th e  e xpe rim e nte rs  to e nsure  
a m inim um  le ve l of com pe te ncy w ith  th e  
stylus  and th e  tap-scre e n inte rface .  Th e  
program  random ly place d a box on th e  
scre e n and th e  participants  h ad to tap 
th e  inte rior of th e  box w ith in two 
s e conds. Th is  was  re pe ate d 20 tim e s . 
An 85% succe s s  rate  was  cons ide re d m in-
im um  com pe te ncy. Participants  w e re  
give n th re e  atte m pts  to re ach  m inim um  
com pe te ncy. All participants  w e re  able  
to attain th e  m inim al le ve l of com pe t-
e ncy.

Proce dure
O n D ay 1 of te sting, groups  of up to 10 
participants  com ple te d a de m ograph ic 
q ue stionnaire  and th e  cognitive  batte ry 
during an e xpe rim e ntal s e s s ion th at las -
te d for approxim ate ly two h ours. O n 
D ay 2 (non-cons e cutive ), participants  
w e re  individually te ste d for ne ar-norm al 
vis ion (de fine d as  20/40 corre cte d), and 
th e  ability to accurate ly us e  a stylus. 
Th e y w e re  th e n te ste d for th e ir ability to 
le arn th e  proce dure s  ne ce s sary for m e d-
ication e ntry on th e  PD A program . 

Participants  w e re  give n th e  instruction 
m anual and as k e d to follow  th e  m anual 
ste p by ste p to practice  e nte ring a m e d-
ication (practice  as s e s sm e nt). Th e y w e re  
th e n as k e d to e nte r a s e cond m e dica-
tion (initial as s e s sm e nt). Th e  Eve ryday 
Cognition Batte ry Re asoning Que stion-
naire 28, was  th e n give n as  a distracte r 
tas k , for a pe riod of 25-30 m inute s  to re -
duce  th e  lik e lih ood of re h e arsal of th e  
PD A proce dure  during th e  inte rve ning 
pe riod. H aving com ple te d th e  distracte r 
tas k , participants  w e re  as k e d to e nte r a 
th ird m e dication (de laye d as s e s sm e nt). 
As  instruction us e  is  not m andatory in 
re al life , us e  of th e  instruction m anual 
was  optional for th e  initial and de laye d 
as s e s sm e nts. Th is  was  done  to m ak e  
th e  tas k  as  naturalistic as  pos s ible . An 
e xpe rim e nte r was  pre s e nt at all tim e s , 
th ough  th e  participants  w e re  e ncour-
age d to pe rform  as  m uch  of th e  work  on 
th e ir own as  pos s ible  w ith out as k ing th e  
e xpe rim e nte r for as s istance . 

To e nte r a m e dication, participants  
e nte re d th e  nam e  of th e  m e dication, th e  
dosage , num be r of dos e s  pe r day and 
th e ir adm inistration tim e s , fre q ue ncy 
(daily, w e e k ly, m onth ly), and any spe cial 
adm inistration instructions  (e .g., afte r 
m e als , at be dtim e ). Th e y w e re  th e n to re -
vie w  th e  daily sch e dule  scre e n to ve rify 
th e  accuracy of th e ir work . For e ach  
trial, th e  e xpe rim e nte r watch e d and re -
corde d tim e  on tas k  and e rror produc-
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tion. Errors  w e re  clas s ifie d as  e ith e r cog-
nitive  or m otor control. Som e  e xam ple s  
of cognitive  e rrors  are  forge tting to in-
clude  a ste p (e .g. not s e tting th e  sch e d-
ule  to re pe at), adding a ste p (e .g. ch an-
ging th e  fre q ue ncy w h e n th e  de fault is  
corre ct), re pe ating a ste p, or e vide ncing 
s e arch  e rrors  (e .g., re pe ate dly re turning 
to th e  sam e  page s  in th e  m e nu). Motor 
control e rrors  occurre d w h e n th e  parti-
cipant m is s e d a targe t, m ove d th e  stylus  
off th e  targe t during s e le ction, or faile d 
to pre s s  h ard e nough  to activate  th e  tar-
ge t. 

To supple m e nt th e  pe rform ance  data de -
rive d from  th e  e xpe rim e ntal s e s s ion, par-
ticipants  com ple te d a surve y de s igne d 
to as s e s s  th e  pe rce ive d usability of th e  
PD A. Th e  s urve y include d s ix usability 
agre e m e nt ratings  and th re e  ope n-
e nde d q ue stions  re garding PD A fe ature  
utility. To as s e s s  th e  pe rce ive d usability 
of th e  PD A h ardware , participants  w e re  
as k e d to rate  th e ir agre e m e nt on state -
m e nts  conce rning: (i) ove rall satisfac-
tion, (ii) s im plicity of ope ration, (iii) e as e  
of m e dication inform ation e ntry, (iv) 
e as e  of le arning, (v) e rror re cove ry, and 
(vi) lik e lih ood of future  us e . Th e  spe cific 
state m e nts  w e re :

1) O ve rall, I am  satisfie d w ith  h ow  e asy 
it is  to us e  th e  PD A.

2) Th e  PD A was  s im ple  to us e .
3) I could e ffe ctive ly e nte r m e dication in-

form ation into th e  PD A.
4) It was  e asy to le arn to us e  th e  PD A.
5) W h e ne ve r I m ade  a m istak e  us ing th e  

PD A, I could re cove r e as ily and 
q uick ly.

6) I am  lik e ly to us e  a PD A in th e  future .

Each  state m e nt was  accom panie d by a 
Lik e rt-type  scale  w ith  w h ole -num be r an-
ch ors  ranging from  one  to s e ve n. O n 
th e  scale , 1 was  labe lle d ‘strongly dis -
agre e ’, 4 was  labe lle d ‘ne utral’, and 7 
was  labe lle d ‘strongly agre e ’.

Ne xt, participants  w e re  as k e d to com -
ple te  th e  follow ing ope n-e nde d q ue s -
tions  re garding utility judgm e nts  of th e  
‘be st’, ‘worst’, and ‘future ’ PD A fe ature s :

1) D e scribe  one  th ing you cons ide r be st 
about th is  PD A.

2) D e scribe  one  th ing you cons ide r 
worst about th is  PD A.

3) D e scribe  som e th ing ne w  you would 
m ost w is h  to s e e  in a future  ve rs ion 
of a PD A. 

Afte r participants  com ple te d th e  q ue s -
tionnaire , th e y w e re  paid for th e ir tim e , 
de brie fe d, and e xcus e d. 

R ESULTS

To as s e s s  age  diffe re nce s  in PD A pe r-
form ance , a s e rie s  of analys e s  w e re  con-
ducte d. First, tas k  pe rform ance  in te rm s  
of tim e  on tas k  and e rror production 
was  analyz e d. Se cond, z e ro-orde r corre l-
ations  w e re  us e d to de te rm ine  th e  re la-
tions h ip be tw e e n tas k  pe rform ance  and 
spe cific cognitive  abilitie s  during th e  
de laye d as s e s sm e nt. Th ird, bas e d on 
th e  corre lational analys e s , a s e rie s  of 
h ie rarch ical re gre s s ions  w e re  conducte d 
to de te rm ine  w h ich  pre dictor variable s  
w e re  m ost im portant in producing PD A 
pe rform ance  during th e  de laye d as s e s s -
m e nt. Fourth , th e  re s ults  of th e  pe r-
ce ive d usability surve y w e re  e xam ine d 
to de te rm ine  w h e th e r th e  age  groups  
h e ld diffe ring opinions  on PD A usability. 
Alph a le ve ls  of all analys e s  w e re  s e t to 
.05. 

Analys e s  of PD A Tas k  Pe rform ance
Th re e  2 (Age ) X 3 (Tim e  of As s e s sm e nt) 
re pe ate d m e asure s  analys e s  of variance  
w e re  pe rform e d on th e  de pe nde nt vari-
able s  of (1) tim e  on tas k , (2) num be r of 
cognitive  e rrors , and (3) num be r of 
m otor control e rrors. Analys is  of tim e  
on tas k  re ve ale d a m ain e ffe ct of age , 
F(1, 49 ) = 56.82, p < .001. Also s ignific-
ant w e re  th e  m ain e ffe ct of tim e  of as -
s e s sm e nt, F(2, 9 8) = 141.5, p < .001, 
and th e  inte raction of age  and tim e  of 
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as s e s sm e nt, F(2, 9 8) = 12.9 7, p < .001. 
Th e s e  re s ults  illustrate  th at th e  younge r 
adults  w e re  faste r at com ple ting th e  m e d-
ication e ntry tas k  th an olde r adults  
acros s  trials  (Table  2). Tuk e y’s  H SD  te st 
indicate d th at participants  of both  age  
groups  took  m ore  tim e  in th e  practice  as -
s e s sm e nt (M = 465.9 1 s ), th an in initial 
(M = 284.53 s ) w h ich  in turn was  gre ate r 
th an th e  am ount of tim e  spe nt on th e  
de laye d as s e s sm e nt (M = 165.9 1 s ).

Th e  pre s e nce  of th e  inte raction s h ow e d 
th at th e  ge ne raliz e d de cre as e  in tim e  
was  not as  cons iste nt for th e  younge r 
adults  as  for th e  olde r adults. Th is  pat-
te rn of m e ans  is  lik e ly due  to a floor e f-
fe ct. Th e  younge r adults  s e e m e d to 
re ach  a point of dim inis h ing re turns  on 
practice , w h ile  th e  olde r adults  contin-
ue d to im prove . It s h ould be  note d th at 
e ach  age  group m ade  s ignificant im -
prove m e nt acros s  as s e s sm e nts; 
h ow e ve r, th e  olde r adults  faile d to ob-
tain th e  sam e  le ve l of proficie ncy as  th e  
younge r adults. 

Analys is  of th e  cognitive  e rrors  s h ow e d 
a m ain e ffe ct of age , F(1, 49 ) = 19 .75, p 
< .001, and tim e  of as s e s sm e nt, F(2, 9 8) 
= 54.61, p < .001, ye t th e  inte raction of 
age  and tim e  of as s e s sm e nt faile d to 
re ach  s ignificance , F(2, 9 8) = 2.55, p >  
.05. Th e  younge r adults  m ade  fe w e r cog-
nitive  e rrors  acros s  trials  (Table  2). Each  
age  group displaye d a s im ilar patte rn of 
pe rform ance , in th at th e re  w e re  m ore  e r-

rors  m ade  in th e  initial as s e s sm e nt th an 
in practice  or de laye d as s e s sm e nt. Th is  
finding is  cons iste nt w ith  th e  e cologic-
ally valid nature  of th e  tas k  be caus e  us e  
of th e  instructions  was  m andatory in 
practice , but optional for th e  oth e r tri-
als. 

Analys is  of m otor control e rrors  s h ow e d 
a m ain e ffe ct of age , F(1, 49 ) = 13.06, p 
= .001. Th e re  was  also a m ain e ffe ct of 
tim e  of as s e s sm e nt, F(2,9 8) = 3.16, p = 
.05; but no inte raction of age  and tim e  
of as s e s sm e nt, F(2,9 8) = 1.66, p >  .05. 
Th e  olde r group h ad a m uch  large r vari-
ance , but th e  m e ans  of th e  last two as -
s e s sm e nts  are  q uite  s im ilar. Both  age  
groups ’ m otor control e rrors  de cline d 
acros s  trials  (Table  2). 

Corre lation Analys e s  
A s e rie s  of z e ro-orde r corre lations  w e re  
pe rform e d on de m ograph ic variable s  
s uch  as  age  and pre vious  com puting e x-
pe rie nce , cognitive  m e asure s  from  th e  
abilitie s  te sts , and th e  de pe nde nt vari-
able s  (i.e ., tim e  on tas k , cognitive  e rrors  
and m otor-control e rrors) during th e  
de laye d as s e s sm e nt. Th e  focus  on th e  
de laye d as s e s sm e nt re fle cts  an e ffort to 
de te rm ine  th e  re lations h ip be tw e e n th e  
various  cognitive  factors  th at m igh t in-
flue nce  PD A pe rform ance  afte r le arning 
h as  occurre d. 

Th e  re s ults  illustrate d in Table  3 sugge s -
te d th at th e re  was  a com ple x re lation-

Table  2. Group Means (M) and Standard D eviations (SD ) for Tim e  on Task , Cognitive  
and Motor Errors

Tim e  of 
As s e s s m e nt

Group Tim e  on Tas k  in 
s e conds

Cognitive  Errors M otor Errors

M                SD M               SD M               SD

Younge r

O ld

Younge r

O ld

Younge r

O ld

308

623

152

416

9 7

234

63

216

54

19 1

15

106

0.9 2

4.52

3.31

5.76

1.9 2

3.60

1.3

4.39

2.35

3.62

1.16

2.00

1.27

4.04

1.12

3.38

1.04

2.64

1.34

3.88

1.37

3.50

2.4

2.83

Practice

Initial

D e laye d
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s h ip be tw e e n de m ograph ic variable s , 
cognitive  function, and PD A pe rform -
ance . Cons iste nt w ith  pre vious  analys e s , 
age  was  corre late d w ith  all of th e  cognit-
ive  and de m ograph ic variable s. All of 
th e  de m ograph ic and cognitive  m e as -
ure s  w e re  s ignificantly corre late d w ith  
tim e  on tas k  w h e re as  only cognitive  
m e asure s  corre late d w ith  cognitive  e rror 
production. Inte re stingly, s e lf-re porte d 
w e b-us e  (r = -.3) was  corre late d w ith  th e  
num be r of m otor control e rrors  ob-
s e rve d, h ow e ve r, none  of th e  cognitive  
m e asure s  w e re  re late d. 

Re gre s s ion Analys e s
A s e rie s  of h ie rarch ical re gre s s ions  w e re  
pe rform e d on e ach  of th e  outcom e  m e as -
ure s  of tim e  on tas k  and cognitive  e r-
rors  during th e  de laye d as s e s sm e nt. Be -
caus e  th e  standard pre dictors  of 
com pute r pe rform ance  h ave  not ye t 
be e n as s e s s e d in th e  PD A e nvironm e nt, 
th e  num be r of pre dictor variable s  and 
th e ir orde ring in e ach  h ie rarch ical re gre s -
s ion w e re  guide d by th e  corre lational 
analys e s . As  none  of th e  cognitive  or e x-
pe rie nce  variable s  strongly corre late d 
w ith  th e  occurre nce  of m otor control e r-
rors  during th e  de laye d as s e s sm e nt, th e  
occurre nce  of m otor control e rrors  w ill 
not be  discus s e d furth e r. To control for 
ch ronological age , th is  variable  was  
e nte re d first in all re gre s s ions  follow e d 
by th e  re m aining cognitive  and e xpe ri-
e nce  variable s  th at corre late d w ith  e ach  

crite rion variable  (i.e ., tim e  on tas k  and 
cognitive  e rrors). 

Tim e  on task
In th e  de laye d as s e s sm e nt; age , w e b 
us e , com pute r e xpe rie nce , pe rce ptual 
spe e d, and w e b e xpe rie nce  all adde d s ig-
nificantly to th e  m ode l, accounting for 
alm ost 85% of th e  variance , R2= .845, 
F(1,48) = 4.9 6, p < .01. Th e s e  re s ults  
im ply th at k nowle dge  transfe rs  from  th e  
PC e nvironm e nt to tim e ly PD A tas k  pe r-
form ance ; w e b us e , com pute r us e  and 
w e b e xpe rie nce  w e re  e ach  s ignificant in-
de pe nde nt of ch ronological age . Th e  
only s ignificant cognitive  pre dictor, pe r-
ce ptual spe e d, s ugge sts  th at th e  ability 
to transpos e  inform ation from  th e  in-
struction m anual to th e  PD A inte rface  
q uick e ne d spe e d of pe rform ance . 

Cognitive  e rrors
H ie rarch ical re gre s s ion for th e  num be r 
of cognitive  e rrors  obs e rve d during th e  
de laye d as s e s sm e nt indicate d th at age  
and re ading com pre h e ns ion e ach  con-
tribute d s ignificantly to th e  m ode l and 
accounte d for approxim ate ly 35% of th e  
variance , R2= .354, F(1, 48) = 7.82, p < 
.01. Th e  influe nce  of re ading com pre -
h e ns ion on late r PD A pe rform ance  
m igh t re pre s e nt an e ffe ct of diffe re ntial 
re te ntion of th e  k nowle dge  gle ane d 
from  practice  s uch  th at th os e  w h o suc-
ce s sfully com pre h e nde d th e  instructions  
locate d in th e  m anual w e re  m ore  lik e ly 

Table  3. Z e ro-orde r Correlations of Predictors and O utcom e  Measure s during D elayed 
Asse ssm ent; * p < .05. ** p < .01

Variab le s

Age

Pe rce ptual Spe e d

Spatial Ability

Re ading Com pre h e ns ion

W ork ing Me m ory

TCEQ -W e b Us e

TCEQ -W e b Expe rie nce

TCEQ -Com pute r Expe rie nce

Age
D e laye d 
Tim e

D e laye d Cognitive  
Errors

D e laye d M otor 
Errors

1.0

-.77**

-.67**

-.41**

-.32*

-.43**

-.34*

-.26

.65**

-.70**

-.59 **

-.57**

-.42**

-.79 **

-.63**

-.76**

.5**

-.41**

-.44**

-.50**

-.34*

-.30*

-.22

-.13

.36**

-.22

-.18

-.19

-.25

-.30*

-.25

-.03
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to avoid cognitive  e rrors  during th e  
de laye d as s e s sm e nt. Bas e d on th e  corre l-
ational analys e s , th e  cognitive  variable s  
for work ing m e m ory, spatial ability, and 
pe rce ptual spe e d w e re  e nte re d into suc-
ce s s ive  ste ps  of th e  re gre s s ion proce d-
ure  but e ach  faile d to e xplain a s ignific-
ant am ount of variance  and w ill not be  
discus s e d furth e r in th is  re port.

Us ab ility Surve y Analys e s
Usability agre em ent ratings
Th e  m e an usability agre e m e nt ratings  
for e ach  age  group are  pre s e nte d in 
Table  4. For all ite m s , th e  m e an agre e -
m e nt rating was  above  4.80 w h ich  indic-
ate s  th at e ach  age  group on ave rage  
h e ld pos itive  attitude s  re garding th e ir 
first e xpe rie nce  w ith  PD As. T-te st com -
parisons  re ve ale d age  diffe re nce s  in pe r-
ce ive d usability for five  of th e  s ix state -
m e nts. Younge r adults  rate d th e  PD As  
as  s ignificantly e as ie r and s im ple r to 
us e  and rate d th e  e as e  of le arning to 
us e  th e  de vice s  as  h igh e r th an th at re por-
te d by th e  olde r adults; t(49 ) = 2.80, p 
<.01, t (49 ) = 3.42, p <.01, and t (49 ) = 
2.46, p <.01, re spe ctive ly. Furth e rm ore , 
younge r adults  also rate d th e ir e ffe ctive -
ne s s  at e nte ring m e dication sch e duling 
inform ation and e rror re cove ry as  h igh -
e r th an th at of th e  olde r adults; t(49 ) = 
2.69 , p <.01 and t (49 ) = 4.65, p <.01, re -
spe ctive ly. Com paris ion of th e  re m ain-
ing final m e an ratings  re ve ale d no age  
diffe re nce s  on th e  state m e nt re garding 
th e  lik e lih ood of future  us e . Inte re st-
ingly, th e  olde r adults  (M = 5.24) rate d 
th e ir lik e lih ood of future  us e  as  sligh tly, 

but not s ignificantly h igh e r th an th at re -
porte d by th e  younge r adults  (M = 
5.15).  

Re sponse s to open-e nde d que stions 
Re spons e s  to th e  ope n-e nde d q ue stions  
w e re  transcribe d and code d by two inde -
pe nde nt rate rs. Pe rce ntage  agre e m e nt 
be tw e e n th e  ratings  of th e  code rs  was  
calculate d to de te rm ine  inte r-rate r re liab-
ility. Th e  h igh  pe rce ntage  agre e m e nt 
w h ich  was  9 7.6% indicate d th at th e  cod-
ing sch e m e  was  ade q uate ly de fine d and 
re liable .  

W h e n as k e d for th e  BEST ‘th ing’ about 
th e  PD A, th e  younge r adults  gave  th e  fol-
low ing re spons e s : 15 (58%) state d th at 
th e  de vice  was  ge ne rally e asy to us e , 12 
(46%) note d th e  sm all/portable  s iz e  of 
th e  de vice , and 4 (15%) m ade  re fe re nce  
to its  pote ntial us e  for pe rsonal organiz -
ation. Th e  olde r adults  gave  th e  follow -
ing re spons e s  to th e  sam e  q ue stion: 11 
(44%) note d th e  sm all/portable  s iz e , 6 
(24%) state d th at th e  display was  e asy to 
re ad, and 3 (12%) note d th at th e  q uality 
of th e  m e nu/scre e n organiz ation m ade  
th e  de vice  e asy to us e . Th us , younge r 
and olde r adults  w e re  ge ne rally in agre e -
m e nt re garding th e ir opinion of th e  
‘be st’ fe ature s  of th e  PD A: portability 
and e as e  of us e . 

W h e n as k e d for th e  W O RST ‘th ing’ about 
th e  PD A, younge r adults  gave  th e  follow -
ing re spons e s : 9  (35%) dislik e d th e  
sm all display scre e n, 5 (19 %) com m e n-
te d on th e  m onoch rom e  display, w h ile  

Table  4. Mean usability agre em ent ratings; Standard D eviations in parenth e se s;
*p < .01

Q ue s tion Younge r O lde r

O ve rall satisfaction
Sim plicity of ope ration
Eas e  of inform ation e ntry
Eas e  of le arning
Error re cove ry
Lik e lih ood of future  us e

6.42 (.64)
6.50 (.71)
6.62 (.50)
6.46 (.65)
6.31 (.84)
5.15 (1.9 1)

5.72 (1.10)*

5.68 (.9 9 )*

5.9 6 (1.14)*

5.9 2 (.9 1)*

4.80 (1.41)*

4.24 (1.48)
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oth e rs  2 (8%) de scribe d proble m s  us ing 
th e  stylus  and 2 (8%) e xpre s s e d diffi-
culty re ading th e  scre e n be caus e  of 
glare . Th e  olde r adults  gave  th e  follow -
ing re spons e s  to th e  sam e  q ue stion: 5 
(20%) dislik e d th e  sm all scre e n display, 
4 (16%) e xpre s s e d annoyance  at th e  
ide a of k e e ping th e  de vice  w ith  th e m , 
and 4 (16%) de scribe d difficulty w ith  th e  
stylus. Le s s  fre q ue nt re spons e s  in-
clude d: sm all button s iz e , unappe aling 
appe arance  of th e  PD A, and poor scre e n 
contrast m ak ing th e  de vice  display diffi-
cult to re ad. Th us , th e  age  groups  w e re  
ge ne rally in agre e m e nt th at th e  sm all dis -
play s iz e  and difficulty m anipulating th e  
stylus  re duce d pe rce ive d PD A usability.

W h e n as k e d to de scribe  ‘som e th ing 
NEW ’ in future  ve rs ions  of th e  PD A, 6 
(23%) younge r participants  m ainly e x-
pre s s e d re vis ions  to th e  visual layout 
(e .g., s h ape , color, button configuation) 
of th e  de vice , w h e re as  5 (19 %) e x-
pre s s e d a pre fe re nce  for a color scre e n. 
By contrast, 3 (12%) olde r adults  wante d 
voice  inte raction, 2 (8%) wante d an e m e r-
ge ncy button (e .g., 9 11) for rapid-as s ist-
ance  com m unication, and 2 (8%) re q ue s -
te d a large r, color scre e n. Le s s  fre q ue nt 
re spons e s  include d: back ligh ting of th e  
display, privacy m e asure s  for m e dica-
tion inform ation, and be tte r sound fe a-
ture s . Th us , oth e r th an both  age  groups  
e xpre s s ing inte re st in a color scre e n, 
th e  two groups  diffe re d in th e ir pre fe r-
e nce  for future  de s ign. Th e  younge r 
adults  wante d ch ange s  to th e  visual lay-
out w h e re as  olde r adults  wante d future  
PD As  to include  voice  inte raction and an 
e m e rge ncy button. 

D ISCUSSIO N

Colle ctive ly, th e  re s ults  from  th e  curre nt 
e xpe rim e nt illustrate  th at olde r adults  
can le arn to us e  PD A-bas e d m e dication 
adh e re nce  applications  if give n th e  ap-
propriate  training. Furth e rm ore , th e s e  
findings  indicate d th at m any of th e  
tre nds  obs e rve d in pre vious  studie s  th at 

inve stigate d de s k top com pute r s k ill ac-
q uis ition29  w ith  olde r adults  w e re  also 
pre s e nt w h e n PD A s k ill acq uis ition was  
e xplore d. First, olde r adults  re q uire d 
m ore  tim e  to com ple te  th e  PD A-bas e d 
m e dication e ntry tas k  and com m itte d 
m ore  cognitive  and m otor e rrors  th an 
younge r adults. Se cond, th e  PD A pe r-
form ance  of olde r adults  im prove d in 
te rm s  of re duce d tim e  on tas k  and e rror 
com m is s ion ove r tim e  ye t th e y faile d to 
re ach  th e  sam e  le ve l of proficie ncy 
de m onstrate d by th e  younge r adults. Fi-
nally, th e  q ualitative  re spons e s  from  th e  
s urve y of PD A usability indicate d th at 
de spite  age  diffe re nce s  in pe rce ive d us -
ability be tw e e n young and olde r adults , 
th e  olde r adults  re taine d th e ir ge ne rally 
pos itive  attitude s  re garding de vice  
usage . 

A prim ary m otivation for th is  re s e arch  
was  to de te rm ine  w h e th e r usability-re -
late d is s ue s  m igh t act as  barrie rs  to re -
duce  or e lim inate  th e  pote ntial be ne fits  
of us ing PD As  to e nh ance  m e dication ad-
h e re nce . Alth ough  m e dication adh e r-
e nce  was  not te ste d dire ctly in th is  e x-
pe rim e nt, th e  pe rform ance  of th e  olde r 
adults  was  e ncouraging be caus e  th e y 
continue d to im prove  ove r tim e  w ith  
practice . Spe cifically, olde r adults  com -
ple te d th e  m e dication e ntry tas k  m ore  
q uick ly and w ith  fe w e r cognitive  and 
m otor e rrors  as  th e ir e xpe rtis e  w ith  th e  
PD A gre w . Im portantly, th e  re s ults  of 
th e  re gre s s ion analys e s  h igh ligh te d th e  
ne e d for e ffe ctive  training program s  to 
m axim iz e  th e  usability of th e s e  h and-
h e ld de vice s. Be caus e  pe rce ptual spe e d 
and re ading com pre h e ns ion e xplaine d a 
portion of th e  variance  in th e  de pe nde nt 
variable s  of tim e  on tas k  and cognitive  
e rror production, re spe ctive ly, a num be r 
of training de s ign re com m e ndations  
m igh t be  cons ide re d to m e e t th e  ne e ds  
of olde r adults. For instance , it is  im pe r-
ative  th at instruction doe s  not progre s s  
at a rate  too fast for olde r adults  give n 
th e ir re duce d proce s s ing spe e d1.  Lik e -
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w is e , re ading com pre h e ns ion of instruc-
tions  m igh t be  facilitate d by th e  us e  of 
e laborative  m e m ory strate gie s  and th e  
us e  of e xplicit s ignals  th at h igh ligh t th e  
m ain ide as  and re lations  in th e  te xt1,3. 
More ove r, th e  finding th at pre vious  
de s k top com puting e xpe rie nce  is  pre dict-
ive  of PD A s k ill acq uis ition sugge sts  
th at it m ay be  us e fully applie d to th e  de -
ve lopm e nt of training curricula. As  ne w  
inform ation is  usually inte rpre te d in th e  
conte xt of th e  pre -e xisting k nowle dge  
bas e , instructional m ate rials  s h ould be  
pre s e nte d us ing fam iliar te rm inology 
th at capitaliz e s  on th e  pre vious  de s k top 
e xpe rie nce s  of olde r adults  to facilitate  
le arning9 ,30. 

O f cours e , th e  s ucce s s  of any te ch no-
logy-re late d training program  w ill h inge  
on th e  attitude s  of th e  olde r adults  un-
de rgoing training30,31. Be caus e  pre vious  
re s e arch  s ugge sts  th at olde r adults  w h o 
vie w  com pute r te ch nology as  be ing us e -
ful to th e m  are  also m ore  lik e ly to us e  
th e s e  de vice s 32, th e  findings  from  th e  us -
ability surve y are  particularly ins igh tful 
in de te rm ining w h e th e r olde r adults  are  
lik e ly to us e  PD As  outs ide  of th e  laborat-
ory. Analys is  of th e  s urve y data re ve ale d 
th at alth ough  th e  m e an usability ratings  
for five  of th e  s ix state m e nts  did vary by 
age , olde r adults  re taine d ge ne rally pos it-
ive  attitude s  in spite  of difficultie s  e xpe ri-
e nce d during th e  m e dication e ntry tas k . 
Most surpris ing was  th e  finding th at 
olde r adults  e xpre s s e d a large r m e an 
agre e m e nt th an younge r adults  to th e  
lik e lih ood of us ing PD As  in th e  future . 
Ane cdotally, th e s e  findings  w e re  furth e r 
s ubstantiate d by s e ve ral of th e  olde r par-
ticipants  us ing th e  m one y e arne d from  
study participation to purch as e  th e ir 
own PD As. 

W h e n as k e d to m ak e  utility judgm e nts  
of PD A fe ature s , opinions  of th e  ‘be st’ 
and ‘worst’ fe ature s  w e re  ge ne rally con-
s iste nt acros s  age  groups. H ow e ve r, th e  
patte rn of re sults  for ‘future ’ fe ature s  

are  s ugge stive . W h ile  th e  younge r parti-
cipants  appe are d to be  inte re ste d in al-
te ring th e  appe arance  of PD As  for m ore  
ae sth e tic purpos e s , th e  ide as  of th e  
olde r adults  w e re  m ore  as sociate d w ith  
im proving function to com pe nsate  for re -
duce d usability. Alth ough  both  age  
groups  de scribe d difficulty w ith  us ing 
th e  stylus  as  one  of th e  ‘W orst’ fe ature s  
of th e  PD A, only th e  olde r adult sugge s -
tion of voice  inte ractivity approxim ate s  
a de s ign solution. Lik e w is e , th e  re q ue st 
for an e m e rge ncy as s istance  button sug-
ge sts  th at olde r adults  are  aware  of 
th e ir pote ntial ne e d to us e  s uch  a fe a-
ture  to com pe nsate  for ph ys ical vulne r-
ability. More ove r, th e s e  data illustrate  
th e  value  of us ing olde r adults  to te st 
th e  usability of de vice s  s uch  as  PD As  be -
caus e  us e rs  in oth e r age  groups  m ay 
also be ne fit from  th e  inclus ion of fe a-
ture s  th at incre as e  safe ty and privacy 
functionality33,34. 

W h ile  th e  re s ults  of th is  study are  pote n-
tially inform ative  for future  PD A training 
curricula and h ardware  de s ign, a num -
be r of lim itations  m ust be  m e ntione d. 
First, th is  study was  a be st-cas e  sce n-
ario— only re lative ly w e ll e ducate d and 
h e alth y olde r adults  participate d in th is  
study. Th e  ave rage  olde r adult w ill lik e ly 
m ak e  m ore  e rrors , and h ave  gre ate r dif-
ficulty w h ich  could re sult in clinically s ig-
nificant re ductions  in m e dication adh e r-
e nce . Se cond, th e  be h avior of a 
re lative ly sm all sam ple  of individuals  
from  e ach  age  group was  obs e rve d dur-
ing a re lative ly brie f pe riod. Th e  inclu-
s ion of a PD A s k ill as s e s sm e nt s e ve ral 
w e e k s  afte r th e  com ple tion of training 
s h ould be  inform ative  in de te rm ining 
h ow  w e ll such  s k ills  are  m aintaine d ove r 
tim e . Th us , caution m ust be  us e d in in-
te rpre ting tre nds  in th e  data. Th ird, PD A 
us e  m e asure s  and pe rce ive d usability 
ratings  w e re  colle cte d in th e  controlle d 
e nvironm e nt of th e  laboratory w h e re  all 
of th e  participants  w e re  aware  th at th e y 
w e re  be ing obs e rve d. To addre s s  th e s e  
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pote ntial s h ortcom ings , future  inve stiga-
tions  s h ould cons ide r obs e rving th e  nat-
uralistic be h avior of large r, m ore  di-
ve rs e  sam ple s  s uch  as  spe cial ne e ds  
populations  w ith in th e  olde r de m ograph -
ic w h e re  actual m e dication adh e re nce  
data is  colle cte d ove r tim e  to provide  a 
m ore  accurate  as s e s sm e nt of s k ill re te n-
tion and com pliance . 

Be caus e  olde r adults  com m only e xpre s s  
th e  de s ire  to re tain th e ir functional inde -
pe nde nce 35, it is  cle ar th at one  approach  
to as s isting th e m  to ach ie ve  th is  goal is  
th rough  th e  de ve lopm e nt of te ch nology 
tailore d to m e e t th e ir spe cific ne e ds. 
W h e th e r th e  prom is e  of e nh ance d m e dic-
ation adh e re nce  can be  re aliz e d by ove r-
com ing th e  usability barrie rs  th at olde r 
adults  e ncounte r w ith  PD As  is  an e m piric-
al q ue stion ripe  for furth e r re s e arch . Fu-
ture  work  in th is  are a w ill focus  on e f-
forts  to re duce  e rror production by 
isolating pe rce ptual and cognitive  
factors  as sociate d w ith  diffe re nt type s  
of e rrors. Th rough  th e  ide ntification of 
usability is s ue s  couple d w ith  k nowle dge  
of de s ign re com m e ndations  bas e d on 
pre vious  cognitive  aging and h um an 
factors  re s e arch , th e  de s ign of ne w  and 
e m e rging te ch nologie s  s uch  as  PD As  
m ay offe r an opportunity to prom ote  suc-
ce s sful aging, im prove d safe ty, and pe r-
sonal e m pow e rm e nt th rough  m undane  
tas k s  s uch  as  m e dication adh e re nce . 
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