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Lexica l  vs .  Nonlexica l  Cognitiv e Processing ; 
I s Genera l  Slowin g Domain-Specific ? 

SUSAN D .  LIM A 

Department of Psychology 

Universit y o f  Wisconsin-Milwauke e 

SANDRA HAL E AN D JOE L MYERSON 

Department of Psychology 
Washingto n Universit y 

The result s fro m severa l  meta-analyse s plac e ne w 
constraint s o n th e genera l  slowin g hypothesi s o f  age -
relate d change s i n th e rat e o f  cognitiv e processing .  I t 
was foun d tha t  i n th e lexica l  domain ,  a  linea r  functio n 
describe d th e relationshi p betwee n th e respons e latencie s 
of  olde r  (ag e 6 5 -  75 )  an d younge r  (ag e 1 9 -  29 )  adult s 
wit h grea t  precision :  0  =  1.U 8 Y  -  .067 ,  wher e 0  an d Y 
refe r  t o olde r  an d younge r  latency ,  respectively ,  an d th e 
uni t  i s  th e second ;  adjuste d r }  =  .976 .  Thi s functio n 
was base d o n dat a fro m lexica l  decisio n experiment s an d 
accuratel y predicte d performanc e i n a n independen t  se t  o f 
experiment s employin g othe r  lexica l  tasks .  I n contrast , 
performanc e i n nonlexica l  task s spannin g th e sam e rang e 
of  tas k difficult y wa s describe d b y a  nonlinear , 
positivel y accelerate d powe r  function :  0  =  1.6 0 y' '  ̂ , 
adjuste d r ^  =  .951 .  I t  wa s conclude d tha t  althoug h 
genera l  slowin g i s observe d i n bot h th e lexica l  an d th e 
nonlexica l  domains ,  latencie s i n th e forme r  ar e 
consistentl y shorte r  tha n woul d b e predicte d base d o n 
performanc e i n th e latter .  Thes e result s ar e interprete d 
withi n th e framewor k o f  th e Informatio n Los s Model ,  a 
mathematica l  mode l  o f  age-relate d cognitiv e slowin g 
(Myerson ,  Hale ,  Wagstaff ,  Poon ,  &  Smith ,  i n press) . 

One o f  th e mos t  strikin g observation s o f  adul t  agin g i s tha t  olde r 
adult s perfor m cognitiv e task s mor e slowl y tha n younge r  adults .  I s thi s 
age-relate d slowin g a  consequenc e o f  qualitativ e change s i n cognitiv e 
processes ,  o r  i s i t  mor e aptl y characterize d a s a  generalize d quantitativ e 
slowin g o f  cognitiv e processe s tha t  remai n qualitativel y stabl e wit h age ? 
The purpos e o f  thi s pape r  i s t o compar e th e quantitativ e an d qualitativ e 
natur e o f  age-relate d slowin g i n tw o cognitiv e domains ,  th e lexica l  an d th e 
nonlexical ,  an d t o explai n th e finding s withi n th e framewor k o f  th e 
Informatio n Los s Mode l  (Myerson ,  Hale ,  Wagstaff ,  Poon ,  &  Smith ,  i n press) . 
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Age-relate d slowin g ha s bee n foun d 
i n experiment s employin g lexica l  task s 
(e.g. ,  lexica l  decision ,  categor y 
judgment ,  naming )  a s wel l  a s thos e 
employin g nonlexica l  task s (e.g. ,  choic e 
reactio n time ,  memor y scanning ,  menta l 
rotation) .  Th e result s o f  thes e 
experiment s indicat e tha t  a s tas k 
difficult y increases ,  s o doe s th e 
differenc e i n respons e latencie s betwee n 
olde r  an d younge r  adul t  groups .  Th e 
ubiquit y o f  thi s "complexit y effect "  le d 
t o th e developmen t  o f  th e genera l 
slowin g hypothesis ,  whic h state s tha t 
al l  cognitiv e processe s slo w a t  th e sam e 
rat e wit h advancin g adul t  ag e (e.g. , 
Birren ,  1965) . 

The existence of general slowing 
has bee n elegantl y corroborate d i n meta -
analyse s i n whic h th e mea n latencie s o f 
th e olde r  grou p wer e plotte d a s a 
functio n o f  th e mea n latencie s o f  th e 
younge r  grou p i n th e sam e experimenta l 
conditions ,  followin g th e metho d o f 
Brinle y (1965) .  I n th e firs t  majo r 
meta-analysi s o f  thi s type ,  Cerella , 
Poon,  an d William s (1980 )  suggeste d tha t 
th e relatio n betwee n ol d an d youn g 
latencie s wa s linear .  A n expande d an d 
more systemati c meta-analysi s b y Hale , 
Myerson ,  &  Wagstaf f  (1987) ,  whic h 
encompasse d dat a fro m a  remarkabl y wid e 
variet y o f  nonlexica l  tasks , 
demonstrate d tha t  th e relatio n wa s 
actuall y a  nonlinear ,  positivel y 
accelerate d powe r  functio n (th e dat a ar e 
shown i n Figur e 1 ) ;  thi s functio n 
accounte d fo r  98.9 % o f  th e variance . 
Such precisio n o f  predictio n suggest s 
tha t  genera l  quantitativ e slowin g wa s 
responsibl e fo r  th e greate r  latencie s o f 
th e olde r  adults .  I f  i t  ha d instea d 
been th e cas e tha t  task-specifi c 
cognitiv e processe s differe d betwee n ol d 
and young ,  o r  tha t  qualitativel y stabl e 
cognitiv e processe s slowe d a t  differen t 
rates ,  the n ther e woul d hav e bee n n o 
singl e mathematica l  functio n relatin g 
ol d an d youn g latencie s acros s th e 
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Figur e 1 .  Ol d latenc y a s a  functio n o f 
youn g latenc y (nonlexica l  tasks) . 

The figur e i s take n fro m Hal e etal . 
(1987) . 
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entir e dat a set .  Th e significanc e o f  th e singl e functio n i s tha t  th e olde r 
group' s latenc y i n an y nonlexica l  experimenta l  conditio n ca n b e reliabl y 

predicte d fro m th e younge r  group' s latenc y i n tha t  conditio n withou t 
knowledg e o f  th e exac t  natur e o f  th e task .  Fo r  example ,  i f  a  youn g adul t 
grou p perform s a  nonlexica l  tas k wit h a  latenc y o f  1.2 5 seconds ,  the n a n 
olde r  adul t  grou p wil l  perfor m tha t  tas k wit h a  latenc y o f  approximatel y 
2.1 6 seconds ,  regardles s o f  whethe r  th e tas k i s choic e reactio n time ,  memor y 
scanning ,  o r  menta l  rotation . 

Evidence from psychometric testing indicates that verbal ability is 
les s susceptibl e t o age-relate d declin e tha n nonverba l  ability ,  suggestin g 
th e possibilit y  tha t  lexica l  slowin g ma y b e lesse r  i n quantit y tha n 
nonlexica l  slowin g an d tha t  ther e wil l  exis t  n o singl e mathematica l  functio n 
tha t  relate s ol d an d youn g latencie s i n bot h th e lexica l  an d th e nonlexica l 
domains .  I n orde r  t o compar e lexica l  an d nonlexica l  slowing ,  w e conducte d 
tw o meta-analyse s i n th e lexica l  domai n analogou s t o th e on e Hal e e t  al . 
(1987 )  ha d conducte d i n th e nonlexica l  domain .  I n thei r  study ,  Hal e e t  al . 
surveye d al l  issue s o f  th e Journa l  o f  Gerontolog y fro m 197 5 t o 198U ; 
include d i n th e meta-analysi s wer e al l  experiment s involvin g nonlexica l 
reactio n tim e task s tha t  require d th e pressin g o r  releasin g o f  a  respons e 
ke y an d tha t  employe d a  younge r  grou p (mea n ag e betwee n 2 0 an d 2 5 years )  an d 
an olde r  grou p (mea n ag e betwee n 6 5 an d 7 5 years) .  Nin e studie s me t  th e 
inclusio n criteria ,  yieldin g a  dat a se t  consistin g o f  result s fro m 8 6 
experimenta l  conditions . 

The data base for our two lexical meta-analyses included all issues of 
nin e differen t  journal s fro m th e year s 197 5 throug h 1987 -  Th e firs t  meta -
analysi s wa s restricte d t o studie s employin g th e lexica l  decisio n task ,  i n 
whic h subject s decid e a s quickl y a s possibl e whethe r  visuall y presente d 
lette r  string s -ar e word s o r  nonwords .  Thi s tas k wa s b y fa r  th e mos t 
prevalen t  reactio n tim e tas k use d i n studie s o f  wor d recognitio n an d aging . 
Typically ,  th e lexica l  decisio n respons e i s signale d b y pressin g on e o f  tw o 
resp>ons e keys ,  makin g th e moto r  componen t  equivalen t  t o tha t  o f  th e studie s 
include d i n th e nonlexica l  meta-analysi s o f  Hal e e t  al .  (1987) .  Te n studie s 
met  th e followin g inclusio n criteria :  th e mea n ag e o f  th e younge r  grou p fel l 
betwee n 1 9 an d 2 9 year s an d tha t  o f  th e olde r  grou p fel l  betwee n 6 5 an d 7 5 
years ;  th e lexica l  decisio n respons e wa s base d o n on e o r  tw o lette r  string s 
per  trial ;  th e author s reporte d bot h wor d an d nonwor d respons e latencies ; 
and erro r  rate s wer e simila r  fo r  youn g an d ol d subjects .  Th e resultin g dat a 
se t  consiste d o f  result s fro m 9 0 experimenta l  conditions . 

The mean latency of the older group in each experimental condition was 
plotte d a s a  functio n o f  th e mea n latenc y o f  th e younge r  grou p i n th e sam e 
condition ;  th e result s ar e show n i n Figur e 2 ,  i n whic h lexica l  decisio n 
respons e latencie s ar e indicate d b y close d circles .  Becaus e wor d response s 
and nonwor d response s yielde d statisticall y equivalen t  regressio n functions , 
function s base d o n al l  response s wer e calculated .  Th e exponen t  o f  th e best -
fittin g powe r  functio n wa s no t  reliabl y differen t  tha n 1.0 ,  indicatin g tha t 
th e relatio n betwee n ol d an d youn g latencie s wa s essentiall y  linear .  Th e 
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linear regression equation that best fit the data was 

0 = 1.48 Y - .067 

(represented by the solid line in Figure 2); 0 and Y represent the latencies 
of  ol d an d youn g group s respectivel y an d th e uni t  o f  tim e i s th e second . 
The adjuste d r ^  wa s .976 . 

•  Lexica l  Decisio n Tosk s 

a Other Lexical Tasks 

2. 0 2. 5 

Y O U N G A D U L T L A T E N C Y ( s e c ) 

Figur e 2 .  Ol d latenc y a s a  functio n o f  youn g 
latenc y (lexica l  tasks) .  I f  th e performance s 
of  olde r  an d younge r  adul t  group s wer e equal , 
th e dat a point s woul d fal l  alon g th e dashe d 
diagona l  line . 
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Becaus e th e younge r  adul t  latencie s I n th e nonlexlca l  meta-analysi s o f 
Hal e e t  al .  (1987 )  spanne d a  muc h wide r  rang e (0. 2 s  t o 9. 0 s )  tha n thos e i n 
our  lexica l  decisio n meta-analysi s (O. U s  t o 1. 6 s ) ,  w e compute d a  best -
fittin g functio n fo r  th e 6 2 nonlexica l  condition s i n whic h th e younge r  adul t 
latenc y fel l  betwee n 0. 4 s  an d 1 .6s ;  th e equatio n o f  thi s functio n wa s 

1.2 6 
0 =  1.6 0 Y 

with an adjusted r} of .951. This positively accelerated function is 
indicate d b y th e dashe d curv e i n Figur e 2 .  (Th e functio n i s ver y simila r  t o 
tha t  foun d b y Hal e e t  al. ,  1987 ,  acros s thei r  entir e dat a set :  0  =  1.6 2 y' ^  . ) 
A compariso n o f  th e lexica l  decisio n dat a an d th e nonlexica l  functio n make s i t 
apparen t  tha t  lexica l  decisio n performanc e show s les s age-relate d slowin g tha n 
nonlexica l  performance ;  l^^A t  o f  th e lexica l  decisio n dat a point s fal l  belo w 
th e nonlexica l  curve . 

Are the results from the lexical decision meta-analysis unique to the 
lexica l  decisio n task ,  o r  d o the y captur e a  genera l  slowin g tren d common t o 
th e entir e domai n o f  lexica l  processing ? T o answe r  thi s question ,  w e 
conducte d a  secon d lexica l  meta-analysi s b y surveyin g ou r  nine-journa l  dat a 
bas e fo r  al l  lexica l  experiment s tha t  employe d reactio n tim e task s othe r 
tha n lexica l  decision .  Thi s surve y yielde d a  dat a se t  o f  7 6 condition s fro m 
nin e studie s employin g fou r  tasks :  naming ,  same-differen t  judgment ,  categor y 
membershi p judgment ,  an d relatednes s judgment .  When olde r  latencie s wer e 
plotte d a s a  functio n o f  younge r  latencies ,  th e resemblanc e t o th e lexica l 
decisio n functio n wa s striking .  Th e result s ca n b e see n i n Figur e 2 ,  i n 
whic h latencie s fro m th e secon d lexica l  meta-analysi s ar e indicate d b y ope n 
squares .  Th e regressio n equatio n tha t  bes t  fi t  thi s secon d se t  o f  lexica l 
dat a wa s 

0 = 1.47 Y - .100 

with an adjusted r^ of .960. The close similarity of this equation and the 
th e equatio n fro m th e lexica l  decisio n meta-analysi s implie s tha t 
essentiall y  on e rat e o f  cognitiv e slowin g characterize s lexica l  processing . 
I t  canno t  b e argue d tha t  th e result s fro m th e lexica l  decisio n meta-analysi s 
wer e attributabl e t o age-relate d change s i n post-acces s decisio n processe s 
uniqu e t o th e lexica l  decisio n task . 

The results of the two lexical meta-analyses thus indicate that 
althoug h olde r  subject s proces s word s mor e slowl y tha n younge r  adults ,  th e 
degre e o f  age-relate d decremen t  i s les s tha n tha t  foun d i n nonlexica l 
processing .  Th e findin g tha t  th e lexica l  domai n i s associate d wit h a 
differen t  functio n tha n th e nonlexica l  domai n indicate s tha t  age-relate d 
cognitiv e slowin g i s no t  s o genera l  tha t  on e rat e o f  slowin g characterize s 
performanc e i n bot h domains .  On th e othe r  hand ,  th e existenc e o f  a  precis e 
mathematica l  relationshi p betwee n ol d an d youn g latencie s withi n eac h domai n 
indicate s tha t  th e rat e o f  cognitiv e slowin g t s genera l  acros s experimenta l 
condition s withi n tha t  domain .  I t  appears ,  then ,  tha t  th e rat e o f  genera l 
slowin g i s domain-specific ,  wit h a  lesse r  rat e o f  slowin g i n th e lexica l 
domai n tha n i n th e nonlexica l  domain . 
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The meta-analysi s o f  Hal e e t  al .  (1987 )  showe d tha t  complexit y effect s 
i n performin g nonlexica l  task s ar e nonproportional ;  no t  onl y doe s th e 
differenc e betwee n ol d an d youn g latenc y increas e a s a  functio n o f  tas k 
difficulty ,  bu t  th e rati o o f  ol d latenc y t o youn g latenc y als o increase s a s 
tas k difficult y increases .  Recently ,  Myerso n e t  al .  (i n press )  develope d 
th e Informatio n Los s Mode l  o f  age-relate d slowing ,  a  mathematica l  mode l  tha t 
rest s o n thre e assumptions : 

(a) the more complex the task, the more information processing steps 
require d t o complet e th e task ; 

(b) the duration of each processing step is inversely proportional to 
th e amoun t  o f  informatio n availabl e a t  tha t  step ;  an d 

(c) a constant proportion of information is lost at each processing step. 

Based on these assumptions, the equation for the relation between latencies 
of  olde r  an d younge r  adult s i s 

0 = {[1 + Y-Py/Dy(l-Py )]'' - l} Dq ( 1 - Pq ) / Pq 

wher e 

b =  ln(1-P o )/ln(1-P y ) , 

Do an d Pq are ,  respectively ,  th e duratio n o f  a  processin g ste p withou t 
informatio n los s an d th e proportio n o f  informatio n los s pe r  ste p fo r  th e 
olde r  group ,  an d Dy an d Py ar e th e correspondin g parameter s fo r  th e younge r 
group .  I f  Po i s greate r  tha n Py ,  the n b  i s greate r  tha n 1.0 ,  an d th e 
relatio n betwee n olde r  an d younge r  latencie s i s positivel y accelerated . 
However ,  i f  Po equal s Py ,  the n th e equatio n fo r  th e relatio n betwee n 
latencie s o f  olde r  an d younge r  adult s simplifie s t o 

0 = Y-Do/Dy. 

In this case, all processing steps in the older adults are proportionally 
greate r  tha n thos e o f  th e younge r  adult s b y th e genera l  spee d facto r 
Do/Dy ,  an d th e relatio n betwee n th e latencie s o f  olde r  an d younge r  adult s i s 
linear . 

Thus, according to the Information Loss Model, the linearity of the 
relatio n betwee n ol d an d youn g lexica l  latencie s ca n onl y aris e i f  th e 
informatio n los s proportio n doe s no t  increas e wit h advancin g age .  I f  th e 
informatio n los s proportio n doe s increase ,  the n th e predictio n i s tha t  th e 
relatio n betwee n ol d an d youn g latencie s wil l  b e positivel y accelerated . 
Therefore ,  i n th e lexica l  domain ,  th e rat e o f  informatio n los s durin g 
cognitiv e processin g appear s t o remai n stabl e a s a n adul t  ages ,  wherea s i n 
th e nonlexica l  domain ,  i t  appear s t o increas e wit h age . 

739 



LIMA,  HALE ,  MYERSON 

REFERENCES 

Birren, J. E. (1965). Age changes in speeded behavior: Its central nature 
and physiologica l  correlates .  I n A .  T .  Welfor d 4  J .  E .  Birre n (Eds.) , 
Behavior ,  agin g an d th e nervou s system .  Springfield ,  IL :  Charle s C . 
Thomas, 

Brinley, J. F. (1965). Cognitive sets, speed and accuracy of performance in 
th e elderly .  I n A .  T .  Welfor d &  J .  E .  Birre n (Eds.) ,  Behavior ,  agin g 
and th e nervou s system .  Springfield ,  IL :  Charle s C .  Thomas . 

Cerella, J., Poon, L. W., Williams, D. M. (1980). Age and the complexity 
hypothesis .  I n L .  W.  Poo n (Ed.) ,  Agin g i n th e 1980s :  Psychologica l 
issue s (pp .  332-3^2) .  Washington ,  DC:  America n Psychologica l 
Association . 

Hale, S., Myerson, J., & Wagstaff, D. (1987). General slowing and nonverbal 
informatio n processing :  Evidenc e fo r  a  powe r  law .  Journa l  o f  Gerontology , 
42 ,  131-136 . 

Myerson, J., Hale, S., Wagstaff, D., Poon, L. W., & Smith, G. A. (in press). 
Agin g an d informatio n loss :  A  mathematica l  mode l  o f  cognitiv e slowing . 
Psychologica l  Review . 

740 


	cogsci_1989_734-740



