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I t  i s  frequentl y reporte d tha t  ther e i s a n age-associate d declin e i n 
visua l  searc h an d targe t  detectio n perfonnance .  Aqe-relate d decline s an d 
limitation s i n a  wid e variet y o f  capacitie s an d processin g resource s hav e 
bee n invoke d t o accoun t  fo r  adul t  ag e difference s i n visua l  informatio n 
processin g performance ,  suc h a s effortfu l  processin g (e.g. ,  Salthouse ,  i n 
press) .  However ,  olde r  adult s frequentl y sho w preserve d functio n whe n 
carryin g ou t  attentionally-demandin g visua l  searc h task s i n familia r  domain s 
(e.g. ,  se e Charness ,  1987 ;  Hoyer ,  1985 ;  Salthouse ,  1984) . 

Althoug h cognitiv e scienc e researcher s hav e studie d novic e versu s ex|)er t 
difference s i n a  variet y o f  domain s (e.g. ,  Chi ,  Feltovich ,  &  Glaser ,  1981 ; 
Lesqold ,  Rubinson ,  Feltovich ,  Glaser ,  &  Klopfer ,  i n press ;  Pate l  &  Groen , 
1986) ,  relativel y littl e attentio n ha s bee n give n t o th e stud y o f  th e 
interactio n o f  ag e an d skil l  i n accountin g fo r  differentia l  (o r  dissociable ) 
pattern s o f  visua l  informatio n processin g performance .  We repor t  th e result s 
of  a  stud y examinin g skill-relate d (novic e v s expert )  an d age-relate d (youn g 
vs middle-age d adults )  difference s i n visua l  searc h performanc e unde r 
single-tas k an d dual-tas k conditions .  Ou r  primar y ai m wa s t o examin e th e 
exten t  t o whic h skille d searc h performanc e require s les s capacit y fo r  expert s 
as compare d t o age-matche d controls ,  an d th e exten t  t o whic h ther e ar e 
age-relate d decline s i n genera l  searc h performance .  I t  wa s expecte d tha t 
younge r  an d middle-age d contro l  subject s woul d hav e longe r  reactio n time s an d 
highe r  erro r  rate s unde r  dual-tas k condition s o f  skille d visua l  searc h tas k 
compare d t o age-matche d experts ,  an d tha t  olde r  contro l  subject s woul d b e 
particularl y disadvantage d i n th e dua l  tas k conditio n canpare d t o olde r 
skille d subjects .  Th e skil l  domai n selecte d fo r  stud y involve d targe t 
detectio n i n visua l  display s o f  microbiologica l  materials . 

METHOD 

Subjects. Thirty-two female subjects at two age levels (young and 
middle-age d adults) ,  an d a t  tw o skil l  level s (medica l  technologist s an d 
contro l  group )  wer e teste d individuall y i n tw o one-hou r  sessions .  Tti e youn g 
adult s i n th e skille d grou p ha d a  mea n ag e =  26. 5 year s (rang e =  23-2 9 
years) .  Th e mea n ag e o f  th e middle-age d skille d individual s wa s 41. 6 year s 
(rang e 31-5 6 years) .  I n th e contro l  group ,  th e mea n ag e o f  th e younge r 
subject s wa s 21. 6 year s (rang e 20-2 6 years) .  Middle-age d contro l  subject s ha d 
a mea n ag e =  47. 0 year s (rang e 37-5 8 years) .  Score s o n Lauzon' s (1987 ) 
Clinica l  Microbiolog y Laborator y Tes t  fo r  th e medica l  technologist s range d 
fro m 70 % t o 100 % compare d t o 20 % t o 40 % fo r  th e contro l  subjects .  Al l 
subject s wer e i n goo d t o excellen t  healt h (base d o n self-report )  an d ha d 
visua l  acuit y o f  20/4 0 o r  bette r  (wit h correction )  a s measure d b y a n 
Orthorater . 
Desig n an d materials .  We use d a  dual-tas k procedur e t o examin e ag e an d skil l 
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differences j.n the attentional demands of visual search (e.q., see Loqan, 
1978 ;  Madden ,  1987) .  I n th e dua l  tas k condition ,  th e secondar y tas k wa s a 
simpl e ton e reactio n time ,  an d th e primar y tas k wa s a  comple x visua l  searc h 
reactio n tim e task .  Th e visua l  searc h tas k require d th e subjec t  t o mak e a 
decisio n abou t  th e presenc e o r  absenc e o f  a  tarqe t  o r  prob e ite m i n a 
previousl y presente d display .  Tw o type s o f  visua l  searc h task s (skjlle d an d 
qeneral )  wer e administere d usin g computer-drive n tachJstoscopi c display s t o 
al l  subject s unde r  single-tas k an d dual-tas k conditions .  Th e stimulu s 
iTiaterial s fo r  skille d visua l  searc h tas k consiste d o f  colo r  slide s (3 5 mm)  o f 
gra m stains .  Th e sample s use d a s stimul i  reflecte d pathogen s commonl y 
encountere d i n th e microbiolog y sectio n o f  a  clinica l  patholog y laboratory . 
Two block s o f  forty-eigh t  pair s o f  fiel d display s an d probe s wer e presented . 
Each o f  th e positiv e probe s ha d som e degre e o f  diagnosti c significance ,  an d 
eac h wa s a n exac t  cop y o f  par t  o f  th e fiel d display .  Th e stimulu s material s 
fo r  genera l  visua l  searc h consiste d o f  tw o block s o f  forty-eJgh t  pair s o f 
fiel d an d prob e displa y slides .  Stimul i  varie d alon g th e dirnensj.on s o f 
shading ,  size ,  shape ,  numbe r  o f  features ,  an d orientation .  Th e searc h 
display s consiste d o f  four ,  si x o r  eigh t  objects . 
Procedure .  Th e procedure s fo r  bot h visua l  searc h task s wer e a s follows :  1 )  A 
LED warnin g ligh t  wa s presente d fo r  10 0 ms a t  th e centra l  fixatio n point .  2 ) 
The visua l  displa y t o b e searche d wa s the n projecte d fo r  50 0 ms .  3 )  A  mas k 
of  blac k an d re d diagona l  line s wa s displaye d fo r  10 0 ms ,  followe d 
immediatel y b y a  centrally-presente d probe .  4 )  A  yes/n o respons e indicatin g 
th e presenc e o r  absenc e o f  th e prob e i n th e previou s visua l  displa y remove d 
th e probe .  5 )  Onse t  o f  th e LE D fo r  th e nex t  tria l  followe d afte r  a  variabl e 
intertria l  interva l  averagin g 1.7 5 se c (rang e 1.25-2.2 5 sec) .  Fo r  eac h 
searc h tas k an d bloc k o f  dual-tas k trials ,  ther e wer e 3 0 trial s i n whic h bot h 
ton e an d visua l  displa y wer e presente d an d 1 8 trial s i n whic h onl y a  visua l 
displa y wa s presented .  Durin g th e dual-tas k trials ,  ton e onse t  followe d th e 
visua l  displa y b y eithe r  100 ,  55 0 o r  70 0 ms .  Th e 3 0 tone-presen t  trial s 
containe d 1 0 trial s a t  eac h SOA value .  Th e orde r  o f  th e dual-tas k an d 
single-tas k trial s wa s randomize d withi n eac h bloc k o f  trial s an d th e 
presentatio n o f  tas k typ e wa s counterbalance d acros s subjects .  Viewin g 
condition s wer e binocula r  a t  approximatel y 5 5 cd/ m projecte d luminance . 

RESULTS 

For both skilled and qeneral visual search, median correct reaction 
times ,  proportiona l  ton e reactio n time s fo r  correc t  trials ,  an d erro r  rate s 
wer e calculate d fo r  eac h individual .  Separat e split-plo t  ANOVAs wer e compute d 
fo r  eac h measur e wit h ag e an d skil l  a s between-subject s factors ,  an d prob e 
typ e an d tria l  typ e (ton e presen t  vs .  ton e absent )  a s wjthin-subject s 
factors .  Th e simpl e R T dat a fo r  skille d visua l  searc h ar e displaye d i n Figur e 
1.  A  significan t  mai n effec t  o f  age ,  F  (-1,28 )  =  14.90 ,  MSe =  5921 ,  reveale d 
tha t  middle-age d subject s exhibite d longe r  reactio n time s (  M =  1460.3 1 ms , 
SD =  70.08 )  tha n younge r  subject s (  M =  938.1 0 ms ,  S D =  22.20) .  A  significan t 
age b y skil l  b y tria l  typ e (i.e. ,  ton e presen t  vs .  ton e absent )  interactio n 
was als o observed ,  F  (1,28 )  =  5.82 ,  MSe =  1612 .  A  tes t  o f  simpl e effect s 
reveale d tha t  i n th e middle-age d group ,  th e skil l  b y tria l  typ e interactio n 
was significant ,  F_ (1,14 )  =  4.62 ,  MSe =3086 .  A s show n i n Figur e 1 ,  th e 
middle-age d contro l  subject s wer e significantl y slowe r  (  M̂  =  1794.1 0 ms ,  S D = 
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24.72 )  durin g th e ton e presen t  trial s tha n th e middle-aqe d medica l 

technologist s (  m =  1267.5 0 ms ,  S D =  26.59) . 
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Figur e 2 .  Proportlons l  Ton e Reactio n Tim e (RT )  a s a 
Functio n o f  Ag e an d Skil l  I n Ezperlnen C I I 
Under  Skille d Visua l  Searc h Conditions . 

Proportiona l  ton e reactio n tim e dat a ar e displaye d i n Figur e 2 .  Analyse s 

reveale d a  significan t  mai n effec t  o f  age ,  F  (1,28 )  =  7.49 ,  MSe =  .5 1 wi t h 

middle-age d adult s havin g highe r  proportiona l  tone s (  M =  .80 ,  S D =  .57 )  tha n 

younge r  subject s (  M =  .52 ,  S D =  . 3 3 ) .  I n addit ion ,  a  mai n effec t  o f  prob e 

typ e J F (1,28 )  =  5.07 ,  MSe =  .1 4 wa s als o obtaine d i n whic h th e proport iona l 

reactio n tim e t o tone s durin g negativ e prob e trial s (  M =  .72 ,  S D =  .54 )  wa s 

highe r  tha n proportiona l  reactio n tim e t o tone s durin g positiv e prob e trial s 

(  M =  .60 ,  S D =  . 4 2 ) .  Analyse s als o reveale d a n ag e b y skil l  interaction ,  £ 

(1,28 )  =  10.41 ,  MSe =  .51 .  N o ag e effect s wer e observe d i n proportiona l  ton e 

i n th e medica l  technolog y group ,  F  (1,14 )  =  .32 ,  MSe =  .24 .  However ,  i n th e 

contro l  group ,  middle-age d subject s ha d significantl y large r  proport iona l 

ton e reactio n time s (  M =  1.07 ,  S D =  .67 )  tha n younge r  individual s (  M^  =  .45 , 

SD =  . 2 8 ) ,  F  (1,14 )  =  11.70 ,  MSe =  .77 . 
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For general visual search> no main effects of skill or interaction 
effect s involvin g skil l  wer e expected ;  no r  wer e the y obtained .  B y extendin g 
th e result s o f  previou s studie s o f  olde r  adult s (e.g. ,  se e Madden ,  1986) ,  th e 
dua l  tas k conditio n wa s expecte d t o b e relativel y mor e difficul t  fo r 
middle-age d subject s tha n fo r  younge r  adults .  A s predicted ,  ther e wa s a  mai n 
effec t  o f  age ,  £  (1,29 )  =  11.92 ,  wit h middle-age d subject s havin g longe r 
reactio n time s (  M =  1516.6 0 ms ,  S D =  53.13 )  tha n younge r  subject s (  M = 
1102.1 0 ms ,  S D =  27.52) .  Althoug h th e ag e b y dua l  tas k interactio n di d no t 
reac h significanc e base d o n th e analysi s o f  simpl e R T data ,  th e analysi s o f 
proportiona l  ton e R T di d yiel d a  statisticall y significan t  ag e b y dua l  tas k 
effect .  Sinpl e effect s an d othe r  interaction s base d o n th e analysi s o f 
proportiona l  reactio n time s an d error s supporte d th e expecte d findin g o f 
age-relate d declin e a s processin g demand s increased . 

DISCUSSION 

It is interesting that age differences in the efficiency of general 
visua l  searc h ca n b e foun d eve n whe n comparin g middle-age d subject s wit h 
youn g adults .  CXj r  result s rais e severa l  importan t  question s regardin g natur e 
of  age-relate d declin e i n domain-genera l  visua l  processin g i n th e absenc e o f 
age-relate d reduction s i n danain-specifi c  visua l  search .  Ther e ar e severa l 
ways o f  interpretin g th e beneficia l  effect s o f  th e observer' s domain-specifi c 
experienc e o n adul t  ag e difference s i n searc h performance .  First ,  consisten t 
wit h previou s work ,  domain-genera l  computationa l  processe s ar e susceptibl e t o 
age-relate d declin e becaus e the y requir e mor e o f  som e unspecifie d limite d 
capacity ,  bu t  onc e develope d les s o f  thi s genera l  capacit y i s require d fo r 
th e "ru n off "  o r  executio n o f  performanc e (Salthouse ,  1987) .  Althouq h i t  ma y 
be reasonabl e t o speculat e tha t  wit h advancin g age ,  ther e i s increase d 
constrain t  o n th e exten t  t o whic h genera l  computationa l  processe s ca n b e 
applie d t o specifi c  contents ,  i t  i s  difficul t  t o formaliz e suc h a n 
explanation . 

Alternatively ,  i t  ca n b e suggeste d tha t  i f  skille d observer s kno w wha t 
t o se e o r  loo k fo r  i n familia r  displays ,  the n compare d t o les s skille d 
observers ,  les s processin g tim e (and/o r  capacity )  i s  require d fo r  handlin g 
nonsalien t  information .  Tha t  is ,  compare d t o novices ,  skille d observer s us e 
differen t  (o r  fewer )  processin g component s t o perfor m th e sam e mola r  task . 
Thus ,  aqe-norma l  deficit s i n processin g spee d o r  capacit y ar e eithe r 
circumvente d o r  suc h processe s a s orientation ,  recognition ,  inpu t  analysis , 
filtering ,  search ,  comparison ,  an d othe r  normall y age-sensitive , 
capacity-demandin g processe s hav e sufficien t  lea d tim e t o "ru n off "  withou t 
noticeabl e deficit .  Fo r  example ,  ther e ma y b e reduce d susceptibilit y  t o 
distracto r  informatio n i n skille d domains .  Compare d t o younge r  adults ,  olde r 
adult s hav e bee n show n t o b e mor e susceptabl e t o th e effect s o f  nois e factor s 
whic h distur b th e receptio n an d processin g o f  incomin g signal s (e.g. ,  se e 
Lindhol m &  Parkinson ,  1983 ;  Sekule r  &  Ball ,  1986) .  Skille d olde r  observers , 
may b e abl e t o effectivel y "se e through "  nois e i n familia r  informatio n 
processin g tasks ,  eve n thoug h olde r  adult s ar e generall y mor e pron e t o nois e 
distractor s whe n searchin g unfamilia r  danains/displays .  I t  ma y b e tha t  th e 
disadvantageou s effect s o f  nois e ar e a t  minimu m fo r  experts ,  withi n a 
relativel y wid e ag e range ,  becaus e o f  th e benefit s o f  attentiona l  selectivit y 
and preparation ,  whic h attenuat e th e typica l  patter n o f  age-relate d 

402 



CLANCY AN D HOYER 

differences found when familiarity or preparation effects are not available 
(e.g. ,  se e Hoye r  &  Familant ,  1987) .  Tha t  is ,  domain-specifi c  searc h minimize s 
th e differentia l  effect s o f  distractor s o n ag e difference s i n visua l  search . 

I t  i s  als o reasonabl e t o sugges t  tha t  searc h performanc e i n skille d 
domain s involve s a  criterio n adjustmen t  a t  th e encodin g o r  identificatio n 
stage s o f  informatio n processing .  Familia r  contex t  may affec t  th e observer' s 
criterio n fo r  acceptin g partia l  stimulu s informatio n a s evidenc e fo r  th e 
presenc e o r  absenc e o f  a  probe .  Particula r  feature s o f  th e displa y ma y 
operat e a s prime s fo r  th e expert ,  whic h facilitat e th e encodin g an d stimulu s 
identificatio n processe s throug h networ k activatio n (e.g. ,  Chiarello ,  Church , 
& Hoyer ,  1985) .  Thus ,  skille d visua l  searc h performanc e ma y involv e 
increase d contextualizatio n an d th e activatio n o r  impositio n o f  usefu l 
constraint s o n th e processin g o f  visua l  information .  Althoug h i t  ma y b e 
usefu l  t o explai n ag e b y skil l  interaction s i n term s o f  contextua l  factor s 
whic h suppor t  acces s and/o r  retrieva l  o f  informatio n withi n domain s o f 
expertise ,  th e proble m remain s o f  criticall y testin g th e variou s availabl e 
explanation s o f  th e paradoxica l  effect s o f  ag e an d skil l  i n visua l  searc h 
performance . 
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