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A bstrac t

IMPLICIT AND EXPLICIT RECOGNITION MEMORY FUNCTION IN NORMAL, 

READING DISABLED, AND ADHD CHILDREN AND ADULTS

by

Kathleen E. McKay 

Adviser: P ro fessor  J e f f r e y  M. Halperin

The curren t  d i s s e r t a t io n  is comprised of tw o  studies . The 

f i r s t  Experiment was  intended to inves t iga te  developmental  

d i f fe rences  in implic i t  and explic i t  memory function ac ro ss  a m ajor  

port ion of the  l ife-span. A to ta l  of 108 su b je c t s  ranging in age from 

7 to 45 years  were  evaluated  using s tandard  m easures  of cognit ive 

and academic functioning, a s  well a s  laboratory m easures  of 

implic i t  and explic i t  memory function. Implici t  memory 

performance was  a s se s s e d  using tw o  tasks: one percep tua l ly -dr iven  

(cued word-s tern  completion) and one conceptually-dr iven (category 

fluency). Explicit  memory performance w as  a s se s s e d  using a 

conceptually-driven recognit ion te s t .  It was  predic ted th a t  

performance on the conceptually-dr iven  ta s k s  would be vulnerable  

to age and leve ls -o f -p rocess in g  e f f e c t s  w hereas  performance on the 

perceptual ly-dr iven  measure  would not. Consis ten t  w i th  th i s  

prediction performance on both conceptually-driven m easu res  

( implic i t  and explici t )  w as  found to be a f fec ted  s im ila r ly  by 

manipulat ions in levels  of processing, whereas  performance on the 

perceptual ly-dr iven  m easure  w as  not. While s ign i f ican t  age e f f e c t s



w ere  obtained on both conceptually-driven m easures ,  on the  implici t  

measure ,  th i s  e f f e c t  was  random. These r e s u l t s  suggest  th a t  the 

vulnerab il i ty  of performance on conceptually-driven implic i t  

m easu res  to d i f fe rences  in age may re su l t  from something o ther  

than developmental  differences. The r e s u l t s  a re  d iscussed  with in  

the  contex t  of processing theor ies  of memory function.

Experiment 2 was designed to inves t iga te  potent ial  group 

d i f fe rences  in implic i t  and explic i t  memory function in a sample of 

reading disabled individuals, normal con tro ls  as  well  as  individuals 

w i th  a t t e n t io n -d e f i c i t  hyperact iv i ty  disorder. Resul ts  revealed tha t  

groups did not  d i f fe r  in th e i r  performance on the explic i t  measure. 

However, s ign i f ican t  group d i f fe rences  were  obtained in 

performance on the perceptually-dr iven  implic i t  measure. These 

r e s u l t s  a re  d iscussed  in te rm s  of the i r  relevance to process ing 

theo r ies  of implic i t  memory function.
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Introduction

Within the  d isc ipl ine  of psychology, r esea rch  on memory has 

t rad i t iona l ly  been l im ited  pr imari ly  to s tu d ies  inves t igat ing  

explic i t  recol lect ion.  While the idea th a t  behavior and cognition can 

r e f l e c t  prior  experience w i thou t  conscious a w are n es s  of th a t  

experience is rooted in ancient  philosophy, it  w as  not until  the  ear ly 

1970's  t h a t  contemporary  psychology w as  equipped w i th  the 

methodological  techniques to  study the phenomenon. Since th a t  

time, r e s e a rc h e r s  from a v a r ie ty  of d isc ip l ines  have a l loca ted  much 

a t ten t io n  to  the  s tudy of implic i t  in addition to exp l ic i t  memory 

function. As a r e s u l t  of th e i r  e f fo r t s ,  a tremendous l i t e ra tu re  has 

developed which d e ta i l s  the  c h a r a c t e r i s t i c s  of these  memory forms,  

as  well  as the  purported neural mechanisms which underl ie them.

This d i s s e r t a t io n  is comprised of two experiments. Motivation 

for  the  f i r s t  experiment  derived from the fac t  that ,  while  a handful 

of s tud ies  have compared impl ic i t  and explic i t  memory in su b je c t s  

of various ages, age comparisons have been r e s t r i c t e d  to those  

between young and old adu l ts  or be tween children of various ages. 

Only two s tu d ie s  have a t t em p ted  to compare the  performance  of 

children and adults.  As wil l be seen, the r e s u l t s  of one of these  

s tu d ies  are  tenuous due to methodological  problems in th a t  d i f fe ren t  

ta sk s  w ere  used for  d i f fe ren t  groups. The second study, although 

methodologically sound in comparing implic i t  and exp l ic i t  memory 

performance of th ree  groups of children to  t h a t  of young adults ,  

excluded individuals be tween  the  ages of 12 and 18 years.  Thus, the 

primary purpose of Experiment 1 w a s  to in v es t ig a te  the  development
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of Implici t  and explic i t  memory, ac ro ss  a major  port ion of the l i f e ­

span (i.e., middle childhood to mid-adulthood).

A second motivation for  Experiment 1 r e l a t e s  to the  recen t  

suggest ion th a t  the demonstra t ion  of age e f f e c t s  on memory t e s t s  

depends upon the  task  demands of the  t e s t s  employed (i.e., 

conceptually  vs. perceptual ly-dr iven)  r a the r  than the form of 

memory ta rge ted  (i.e., impl ic i t  vs. explicit).  Specif ical ly ,  it  has 

been suggested  th a t  conceptually-driven ta s k s  (be they impl ic i t  or 

explici t )  are  vulnerable  to age e ffec ts ,  w hereas  percep tua l ly -dr iven  

t a sk s  are  not.

The memory ta s k s  employed in Experiment 1 d if fe red  in the  

extent  to which they engage conceptually-driven processing.

Implicit  memory performance was a sse ssed  using tw o  tasks:  one 

percep tua l ly -dr iven  (cued word-s tern  complet ion) and one 

conceptually-driven (category fluency). Explicit  memory 

performance w as  a s se s s e d  using a conceptually-driven recognit ion 

tes t .  It w a s  predic ted  th a t  performance on the  conceptual ly-dr iven  

ta sk s  would be vulnerable  to age e f f e c t s  w hereas  performance on 

the percep tua l ly -dr iven  measure  would not.

Experiment 2 w as  intended to inves t iga te  hypothesized 

d i f fe rences  in implic i t  and explic i t  memory function in a sample  of 

reading disabled (RD) children re la t ive  to non-RD children. The 

manner in which th is  group would differ , however, w a s  uncertain. 

One poss ib i l i ty  is th a t  RD children would be impaired r e la t iv e  to 

non-RD children on t e s t s  of implic i t  memory. The primary impetus  

for  th is  predic t ion  r e l a t e s  to  the  belief  th a t  performance on 

implici t  t a s k s  r e f l e c t s  the domain-specif ic  p rop e r t ie s  of the
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cognitive sys tem  engaged by th a t  task. In keeping w i th  th is  logic, it  

would fol low th a t  impl ic i t  memory for  lexical  information would be 

c r i t ic a l ly  dependent on the in tegr i ty  of in tac t  language mechanisms. 

Consequently, chi ldren w i th  a lex ica l ly -based  d isabi l i ty  would be 

expected to dem ons tra te  impairment  on such a task. Alternatively, 

i t  was  hypothesized tha t  RD children would dem onstra te  increased 

priming re la t iv e  to non-RD children on the implic i t  measures. This 

prediction was  based on rep o r t s  of increased priming in individuals 

w i th  process ing d e f ic i t s  (e.g., Scarborough, Cortese  &

Scarborough, 1977). The f a c t  th a t  RD children exhibit  sem ant ic  

process ing d e f ic i t s ,  therefore ,  argues for enhanced priming re la t ive  

to non-impaired peers.

The hypothesized d i f fe rence  between RD and non-RD children 

on the explic i t  memory t e s t  w as  based on findings which indicate  

th a t  RD children d em ons t ra te  impairment  in sem an t ic  encoding and 

processing,  as  well  as  in the explic i t  re t r ieva l  of information. The 

memory performance of RD children in Experiment 2 was  also 

compared to th a t  of a sample  of children w i th  A t ten t ion -d e f ic i t  

Hyperactivity Disorder (ADHD). The reason for  including th is  

sample  w as  to provide a p a t ien t  control group in order to 

d em ons t ra te  th a t  performance d i f fe rences  in the  RD group were  not 

due to non-spec i f ic  impairment.
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Im plic i t  And Explicit Memory Defined

Historically ,  s tu d ies  of memory have re l ied  on t e s t s  which 

require  su b je c t s  to consciously reco l lec t  t a rg e t  information by 

making explic i t  re fe rence  to a spec i f ic  learning episode. In these  

s tud ies ,  performance on t e s t s  of f ree  recal l ,  cued recal l  and 

recognition have served as  the indices of memory. Over the  pas t  

decade, however, a number of r e sea rch e r s  have focused on those  

s i tu a t io n s  in which information tha t  has been encoded a t  some 

point in t im e  is expressed  under conditions which do not  require  

conscious or de l ibera te  reco l lec t ion  of the encoding episode. In 

these  s i tua t ions ,  memory is  revealed when a change ( typical ly  a 

fac i l i ta t ion )  in task  performance re s u l t s  from previous exposure to 

a given s t im u lus  w ithou t  the conscious evocation of the  

c i rcum s tances  under which the exposure took place (e.g., the  

spa t io tem pora l  context)  or aw areness  th a t  one is  engaging in 

recollect ion.

The f a c t  th a t  these  two types  of memory have been found to be 

dissoc iable  (i.e., independent of one another under ce r ta in  

conditions) has led numerous inves t iga to rs  to conceptualize  the 

memory types, as well as  the t a s k s  used to a s s e s s  them, using 

various dichotomies. For example, in the mid 1980's , Graf and 

Schac ter  (1985)  introduced the e x p lic it vs. im p lic it  dichotomy as 

descr ip t ive  concepts  which re la te  to a person 's  psychological 

experience a t  the t ime of re t r ieval .  In describing the  methods used 

to evaluate  the two form s of memory, Johnson and Hasher (1987) 

and Jacoby (1984)  introduced the  te rm s  d ire c t vs. in d ire c t and 

in te n tio n a i vs. in c id e n ta l, respectively .
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According to Graf and Schacter 's  (1985)  conceptualizat ion,  

explic i t  memory r e f e r s  to the  conscious reco l lec t ion  of recen t ly  

presen ted  information as expressed on standard m easu re s  of f ree  

recall ,  cued recal l  and recognition. Thus, c o n s i s ten t  w i th  Jacoby’s 

(1984)  and Johnson and Hasher's (1987)  understanding of the  

m easures  used to evaluate  th i s  type of memory, exp l ic i t  memory 

in s t ruc t ions  require  the evocation of a previous incident  w i th  the  

concomitant  aw are n es s  of recollection.  In co n tra s t ,  impl ic i t  

memory, as  measured  by incidental or indirect  m easures ,  is  revealed 

when a previous experience f a c i l i t a t e s  performance on a ta sk  in the  

absence of in s t ruc t ion s  th a t  require  conscious or intent ional  

reco l lec t ion  of th a t  experience. The te rm s  im p lic it/e x p lic it wil l  

be adopted throughout  th is  d i s s e r ta t io n  to r e f e r  to  two types  of 

memory task.

It should be noted th a t  the im p l ic i t /exp l ic i t  dichotomy 

proposed by Graf and Schac ter  ( 1985)  was intended n e i th e r  to  r e f e r  

to, nor imply the  ex is tence  of, two separa te  or independent neural 

sys tems.  As s t a t e d  previously, the  te rm s  were  offered  as  

descr ip t ive  concepts  which re l a te  to a person's psychological 

experience a t  the  t im e  of re t r ieva l .  The quest ion of w he ther  or not 

these  memory types  depend on a single underlying neural mechanism 

continues to be an issue of g rea t  debate. The implica t ions  th a t  

observed experimental  d issoc ia t ions  between impl ic i t  and explic i t  

memory have for  the postu lat ion  of mult iple  memory s y s te m s  will 

be addressed  later.

Our p re sen t  understanding of implici t  memory derives  from a 

confluence of ideas and observat ions  from various independent
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f ie ld s  of study, including philosophy, physiology, psychology, 

neurology and biology. Despite  this ,  many of our cu rren t  ideas 

regarding implic i t  memory are  no d i f fe ren t  from those  offered  

cen tu r ie s  ago. Insights regarding the  ex is tence  of mult ip le  fo rm s of 

memory obtained with in  the la s t  decade are  a t t r ibu tab le ,  primarily ,  

to methodological  improvements.

The idea of mult ip le  memory forms is not new. In fac t ,  the 

idea can be found re f lec ted ,  in sub t le  form, in the  w r i t in g s  of the  

ancient  Greek philosophers in th e i r  w r i t in gs  on sensa t ion  and 

perception. The spec i f ic  concept  of " implici t  memory" developed 

som ew hat  l a te r  and s temmed from the more general be l ief  th a t  

prior  experience is capable of influencing behavior in the absence  of 

conscious aw aren ess  for  th a t  experience. In the  cen tu r ie s  to follow, 

th i s  idea inspired specula tion regarding the nature  of the 

unconscious,  and provided the  impetus for  sy s te m a t i c  inves t iga t ion  

of the  mechanisms which underlie th is  phenomenon.

As described in S chac te r ’s (1987)  h is to r ica l  survey of implic i t  

memory, the idea th a t  previous experience can influence behavior 

w i thou t  a w arenes s  of th a t  experience w as  f i r s t  espoused c lear ly  

during the middle of the seventeen th  century in the w r i t in g s  of the 

French philosopher, Rene Descartes . In cit ing a sec t ion  from 

Descar tes '  (1649)  Passions o f the Soul, Schacter  points  out th a t  th i s  

philosopher w a s  among the  f i r s t  to note  th a t  t r au m a t ic  childhood 

events  "remain imprinted on his  [the child's] brain to the  end of his 

life" w i thou t  "any memory remaining of it" (Haldane & Ross, 1967, p. 

391, c i ted  in Schacter ,  1987). It was  not until  the  early e igh teen th  

century, however, th a t  philosophers began to rea l ize  th a t  prior
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experience not only im pacts  on behavior in the  absence of conscious 

aw areness ,  but th a t  cognit ion is influenced as  well. This l a t t e r  idea 

was made explic i t  by the German philosopher, Gottfr ied Leibniz, who 

suggested that ,  " . . .  o f ten  we have an extraordinary  fac i l i ty  for  

conceiving cer ta in  things,  because we formerly  conceived them, 

w ithou t  remembering them" (Leibniz, 1916, p. 106 c i ted  in 

Schacter ,  1987). Only a handful of fo l low ers  embraced Leibniz' idea. 

Most phi losophers a t  th is  time, heavily influenced by the Bri t ish  

A ssoc ia t ion is t s ,  focused th e i r  a t t en t io n  on a sp ec t s  of explic i t  

memory.

The idea of implic i t  memory did not resur face  until  the  early 

n ineteenth  century. This t im e,  a French philosopher, Maine de Biran, 

in his 1804 t r e a t i s e  t i t l e d  The in fluence o f H ab it on the F acu lty  o f 

Thinking  (ci ted in Schacter ,  1987) introduced the idea tha t  

behaviors, which have become autom at ic  through pract ice ,  of ten 

occur without  aw aren ess  of the  d i sc re te  act ions  which ch arac te r ize  

them or of the  contex t  in which the  behaviors were  acquired. Maine 

de Birans'  ideas served as  the  origin for  much of our curren t  thinking 

about impl ic i t  memory. For example, his analyses  of habit  and 

a u tom at ic  behavior an t ic ipa ted  l a t e r  thinking about procedural 

memory. Similarly ,  in hypothesiz ing the  exis tence  of th ree  types  of 

memory, he introduced wha t  may be considered the f i r s t  theory of 

mult ip le  memory sys tem s.  Mechanical memory, re fe rr ing  to 

unconscious memory for  repea ted  movements, p reda tes  Mishkin's 

theory of habit  memory (Mishkin & Petr i ,  1984). Sens i t ive  memory, 

refe r r ing  to the  a f fe c t iv e  component of behavior, which also occurs 

w ithou t  conscious recol lect ion ,  may be seen as being akin to
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a f fec t iv e  memory. Lastly, r ep re sen ta t ive  memory, involved in the  

conscious reco l lec t ions  of ideas and events,  is  s im i la r  to what  

Tulving (1972)  called "episodic" memory and w ha t  Cohen and Squire 

(1980)  labeled "declarative" memory.

By the middle of the  nineteenth  century, r e s e a rc h e r s  and 

p rac t i t io n e r s  from a number of d isc ip l ines  had become in te re s te d  in 

the concept of the  unconscious. Some began to  focus on the 

re la t ionsh ip  of unconscious processing to memory funct ion and 

te rm s  such as  unconscious cerebration  (Carpenter , 1874  as  c i ted  in 

Schacter ,  1987) and unconscious memory (Hering, 1920, as  c i ted  in 

Schacter ,  1987) were  introduced to descr ibe  how prior  experience 

could e f f e c t  behavior in the  absence of conscious reco l lec t ion  for  

the  conten t  or context  of those  experiences. Evidence in support  of 

these  te rm s ,  and the theory behind them, derived from clinical  and 

anecdotal observat ions  w ith in  the  f ie lds  of physiology, psychia try  

and neurology. In the  mid to la te  nineteenth,  and early  tw e n t i e th  

cen tur ies ,  c a se s  w ere  documented in which individuals  

dem ons tra ted  the  acquis i t ion  of cer ta in  sk i l l s  and /o r  information in 

the absence  of aw aren ess  for  the  condit ions under which the 

information was  acquired.

Numerous examples of th is  phenomenon w ere  descr ibed  by 

neuro log is ts  working w i th  amnesic  pa t ien ts .  Schac te r  (1987)  

c re d i t s  Sergei Korsakoff, however, w i th  being the f i r s t  to consider  

the  theo re t ica l  impl ica t ions  of th is  phenomenon fo r  a theory of 

memory. At the end of the  nineteenth  century, based on his v a s t  

experience w i th  amnesics ,  Korsakoff descr ibed a syndrome which 

would l a t e r  bear  his  name. Individuals diagnosed w i th  Korsakoff 's



9

amnesic  syndrome demonstra ted  temporal ly-graded re t rograde  and 

profound anterograde amnesia  with in  the context  of preserved  sk i l ls  

and habits.  Korsakoff a t t r ib u te d  the observed impl ic i t  memory 

phenomena which charac te r ized  his syndrome to  the  ex is tence  of 

memory t r a c e s  which, while  having the capaci ty  to e f f e c t  behavior, 

were  too weak to reach conscious awareness .

In te re s t  in implic i t  memory, or "unconscious" memory as it 

w a s  re fe r red  to a t  th a t  time, pe rs i s ted  throughout the  ear ly 

tw e n t i e th  century  and p sy c h ia t r i s t s  and neuro log is ts  continued to 

provide case  examples. Among the m ost  noteworthy  of th e se  cases  

w as  th a t  descr ibed by the  neurologist  Claparede (1912,  c i ted  in 

Schacter ,  1987) who, a f t e r  having pricked an amnesic  woman w ith  a 

pin, noted her  re luc tance  to shake his  hand desp i te  her  inabil i ty  to 

recal l  the  reason for  her hesi tance.  Claparede explained th is ,  and 

s im i la r  events ,  in te rm s  of a d issoc ia t ion  between the  memory t r ace  

and the ego. He did not, however, consider  the im plica t ions  of his 

experience for  a more general theory of memory.

Other neurologis ts  such as Sigmund Freud and Pierre  J a n e t  

documented s im i la r  c ase  f indings w i th  hyste r ics .  While th e i r  

observat ions  resembled  those  of Korsakoff, Freud and J a n e t  

concerned them se lves  w i th  how th e i r  observat ions  re la ted  to 

psychopathology. Like Claparede, these  men did not focus on how 

the i r  observat ions  re la ted  to normal cognitive function.

Ebbinghaus w as  among the f i r s t  psychologis ts  to  d is t inguish  

between implic i t  and expl ic i t  forms of memory and his method of 

savings provided the means w ith  which to inves t iga te  im pl ic i t  

memory. Despite his acknowledgment  th a t  use of th is  method could
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provide evidence for  wha t  he term ed  "involuntary" memory (1885, 

c i ted  in Lockhart and Blackburn, 1993), Ebbinghaus chose not to 

pursue th is  line of investigation. It was  not until  the m id - tw e n t i e th  

century th a t  experimental  psychologis ts  began to u t i l i z e  Ebbinghaus’ 

paradigm as a vehicle  for  the  sy s te m a t i c  inves tigat ion  of implic i t  

memory. Since th a t  t ime, methodological  improvements have 

resu l ted  in the development  of a number of procedures used to 

a s s e s s  implic i t  memory.

Methods Used To A sse ss  Implici t  And Explicit Memory 

Traditionally, r e sea rch e rs  have re l ied  on t e s t s  of f ree  recal l ,  

cued recal l  and recognit ion to a s s e s s  memory function. In all of 

these  methods, re fe r red  to as  d ire c t t e s t s  of memory, the 

ins t ruc t ions  make re fe rence  to a previous episode and require  the 

individual to ac t ive ly  reco l lec t  information acquired a t  t h a t  time. 

Success  on these  tasks ,  there fo re ,  depends on one's a w are n es s  t h a t  

an event occurred in which the  individual acquired information 

with in  a pa r t i cu la r  spa t io tem pora l  context. With the  advent of the  

im p l ic i t /e x p l ic i t  d is t inc t ion ,  however, i t  became apparent  th a t  an 

individual could dem o n s t ra te  the  acquisi t ion of information in a 

manner which did not n e c e s s i t a t e  conscious aw aren ess  of a prior 

learning episode. Under th ese  c i rcum stances ,  a change in 

performance was  seen to r e s u l t  from prior experience in the  absence 

of d i rec t  refe rence  to t h a t  experience. These l a t t e r  m easures ,  

re fe r red  to  as  indirect  t e s t s  of memory, have increased in number 

and complexity over the p a s t  decade and have been used by 

re sea rch e rs  studying impl ic i t  memory. This rapid increase  in the



number of available  t e s t s  has re su l ted  in a paral le l  expansion of 

ta sk -com par ison  methods intended to quantify and qualify these  

measures .  Based on observed d issoc ia t ions  (and paral le l  e f f e c t s )  

be tw een  performance on d i rec t  and indirect  ta sks ,  r e s e a rc h e r s  have 

specu la ted  w i th  regard to the  nature  of the underlying cognit ive 

p ro cesses  and /o r  mental  s t a te s .  Theories which derive from t a s k -  

comparison s tu d ies  fall  under the general heading of "processing 

theories". These theo r ies  can be fu r th e r  categorized  based on the 

type of paradigm and /o r  cognit ive sub-a rea  (e.g., conceptual,  lexical 

or  perceptua l)  w i th  which each is associated.

Direct  Memory Tests .  Broadly defined, d i rec t  t e s t s  are  those  

in which, in the  ins t ruc t ions ,  re fe rence  is made to a previous event  

or episode in the  personal  h is to ry  of the su b je c t  and the su b je c t  is 

asked to produce information which w as  p resen ted  during th a t  

episode. Free recal l ,  cued recal l  and recognition t e s t s  a re  c la s s i f i ed  

as  d i rec t  memory t e s t s  and are  used to a s s e s s  explic i t  memory. At 

study, s u b j e c t s  are  p resen ted  w i th  t a rg e t  information (e.g., a l i s t  of 

words, p ic tu res )  and are  required to process  th is  information in 

some way. Frequently, s u b je c t s  are  asked to encode th is  

■information according to some predetermined c r i t e r i a  (e.g., respond 

to a quest ion about the  words). At a l a t e r  t ime, the  examiner  r e f e r s  

the su b je c t  back to  the  spec i f ic  episode in which the individual 

encoded the information and asks  the  individual to  produce th a t  

t a rg e t  information.  A necessa ry  requirement  for  success fu l  

complet ion of these  ta s k s  is th a t  the  individual consciously  

a t t e m p t s  to r e t r i ev e  the reques ted  information w i th  full a w are n es s  

of the spa t io tem pora l  con tex t  w ith in  which th a t  information w as
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acquired. On t e s t s  of f ree - reca l l ,  the  su b je c t  is  asked to recal l  the 

t a rg e t  information without  any a s s i s ta n c e  from the examiner. For 

example, when recal l ing a l i s t  of words, a s u b je c t  may be asked 

merely  to r e c i te  the l i s t  of words in any order. A s im i l a r  demand is 

made on t e s t s  of cued recal l wi th  the exception th a t  cues are 

provided to a s s i s t  re t r ieval .  For example, a s u b je c t  may be asked to 

produce the l i s t  of words having been provided w i th  the  in it ia l  

l e t t e r s  of the  words.

In co n tra s t ,  recognition t e s t s  typical ly  take  one of two forms: 

"yes/no" or "mult iple  choice". On a yes /no  recogni t ion  t e s t ,  an 

individual is asked to indicate  w he ther  a s t im u lu s  i tem  was  presen t  

or absen t  during a specif ied  learning episode. On a m ult ip le  choice 

t e s t ,  an individual is p resented  w ith  a number of choice i tem s  and is 

asked to  s e l e c t  the  one tha t  w as  presen ted  during the  learning 

episode. The f a c t  tha t  an individual is required to make explic i t  

re fe rence  to a pr ior  learning episode when perform ing a recognition 

task  is crucial  in the c la s s i f ica t io n  of th is  ta sk  as  a d i rec t  measure  

of memory.

While there  is l i t t l e  debate  th a t  t e s t s  of f ree  and cued recal l 

a re  t ru ly  d i rec t  m easures  of exp lic i t  memory, th e re  has  been some 

quest ion regarding the s t a tu s  of recognition t e s t s .  Based on 

findings from s tud ies  investigat ing the  e f f e c t s  of aging on implic i t  

memory, a number of re sea rch e rs  have dem ons t ra ted  th a t  

performance on recognition t e s t s  can, a t  t im es ,  be supported by 

impl ic i t  m echanism s (e.g., Johnston,  Hawley & Elliot,  1991). For the  

purposes of the  curren t  paper, however, recognit ion wil l  be 

c la s s i f i ed  as a d i rec t  measure  in tha t  the  individual is in s t ruc ted  to
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make conscious re fe rence  to a prior learning episode and recal l  

information acquired during tha t  episode.

Indirect  Memory T e s t s : There are a wide va r ie ty  of t a s k s  and 

procedures used to evaluate  implic i t  memory. Despite  th e i r  

he terogeneity ,  for  all indirect  measures ,  memory is inferred  from 

the dem ons tra t ion  th a t  information has been acquired in the  absence 

of a conscious intent ion to recal l  the  content  or the  con tex t  in 

which the information w as  acquired. Thus, on all of these  m easures ,  

pr ior  experience enhances performance ( re la t ive  to performance 

w i thou t  pr ior  experience) desp i te  the  fac t  t h a t  the  in s t ru c t io n s  

make re fe rence  only to the task  a t  hand and do not require  the 

individual to in tent ionally  evoke a pr ior learning episode. The t a s k s  

are  considered to be in d ire c t for  two reasons. F irs t ,  they do not 

explic i t ly  d i rec t  the  individual to the  prior learning experience. 

Second, evaluation of implic i t  memory is "inferred" from the 

d i f ference  be tw een  performance on a task  following exposure to an 

event r e la t iv e  to performance on the  same task  in the  absence of 

such prior  experience.

Much of the  cu r ren t  resea rch  on implic i t  memory focuses  on 

the phenomenon of d ire c t or re p e titio n  prim ing. Both t e r m s  r e f e r  to 

a f a c i l i t a t io n  in the  process ing of a s t imulus  ( typical ly  an increase  

in accuracy a n d /o r  decrease  in latency of response)  r e s u l t a n t  to a 

previous encounter  w i th  the same s t imulus  w ithout  exp lic i t  

re fe rence  to the  pr ior  study episode. The m ajo r i ty  of t a s k s  

c la s s i f i ed  as  priming m easures  are  perceptually  or lexical ly  based. 

This is not surp r is ing  when one considers  th a t  much of our cu rren t  

in te r e s t  in rep e t i t io n  priming derives  from resea rch  on word
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recognition and lexical organizat ion where r e sea rch e r s  use  the 

p a t te rn s  of priming e f f e c t s  in order  to make inferences regarding 

the nature  of lexical a cc ess  and rep resen ta t ion  (Schacter ,  1987).

In th e i r  review of memory measures ,  Richardson-Klavehn and 

Bjork (1988)  provide a summary of indirect  memory t e s t s .  They 

introduce a useful c la s s i f i ca t io n  scheme which divides indirec t  

t e s t s  into four  broad categories:  (1) t e s t s  of fac tual ,  conceptual,  

lexical and perceptual  knowledge; (2) t e s t s  of procedural knowledge 

(i.e., ski l led  performance and problem solving); (3) m easu res  of 

evaluat ive response  and (4) neurophysiologic responses  and 

condit ioning measures. This c la s s i f i c a t io n  wil l  be used in the 

p resen t  d isse r ta t ion .

Virtually  all exemplars  from the f i r s t  grouping fall under the 

category of priming measures. While the m ajo r i ty  of t a sk s  

belonging to th is  group would be c la ss i f ied  as  m easu res  of d i rec t  or 

repe t i t ion  priming, severa l  would be considered t e s t s  of indirect  

priming. The d is t inc t ion  be tween  d i rec t  and ind irec t  priming 

m easures  wil l be addressed  later.  For now, i t  i s  importan t  to note 

th a t  all t a s k s  belonging to th is  f i r s t  category a re  used to 

inves t iga te  s t r u c tu r e s  and p rocesses  involved in the  re t r iev a l  of 

permanent  knowledge.

Included among the m easu res  intended to a s s e s s  fac tual  and 

conceptual  knowledge are  t e s t s  which, following exposure to a given 

s t im u lus  event (e.g., p resen ta t ion  of a w ord - l i s t ) ,  require  an 

individual to r e t r i e v e  i tem s of general knowledge (e.g., Roediger & 

Blaxton, 1987), genera te  mem bers  of a given sem an t ic  category



15

(Graf, Shimamura & Squire, 1985) or c la ss i fy  or ca tegor ize  given 

s t imuli  (e.g., Durso & Johnson, 1979).

A va r ie ty  of ta sks  fal l  w i th in  the  lexical priming domain.

Most popular  examples of these  t a s k s  are: lexical decision t a s k s  

(i.e., deciding w he ther  a p a r t i cu la r  l e t t e r  s t r ing  c o n s t i t u t e s  a legal 

word; e.g., Scarborough, Cortese  & Scarborough, 1977); word-s te rn  

completion (i.e., producing a word which completes  a given th r e e -  

l e t t e r  stem; e.g., Graf, Mandler & Haden, 1982); w o rd -f ragm en t  

complet ion (i.e., supplying dele ted l e t t e r s  to complete  a word

fragment  such as  s s s s . ; e.g., Roediger & Blaxton, 1987) and

spelling orally presented homophones (e.g., Howard, 1988).

Measures fal l ing under the  rubric  of perceptual  priming ta s k s  

include t e s t s  of p ic ture  naming (e.g., Durso & Johnson,  1979), as 

well as  those  requiring an individual to  identify t ach is toscop ica l ly  

p resented  whole words (e.g., Jacoby & Dallas, 1981), fragmented  

words and degraded p ic tu res  (e.g., Srinivas, 1991, as  c i ted  in 

Roediger & Srinivas , 1993).

S tudies  ut i l iz ing these  t a s k s  typically  expose s u b je c t s  to a 

study episode during which they are  presen ted  w ith  t a rg e t  s t im ul i  

of in te res t .  For example, an individual might be asked to a n sw er  

quest ions about a l i s t  of words or indicate  p reference  for  p ic tured  

objects .  Subsequent to t h a t  s tudy episode, the  individual is 

p resen ted  w ith  the  tes t .  On t a sk s  evaluating fac tua l ,  conceptual and 

lexical knowledge, the  frequency w i th  which an individual responds 

with  a p revious ly-s tudied  ta rg e t  i tem se rves  as  the  index of 

implic i t  recall.  On the more percep tua l ly -based  ta sks ,  increased



16

accuracy of Ident i f icat ion  and /o r  decreased  latency to respond 

provide a measure  of priming.

As mentioned previously, a d is t inc t ion  should be made between 

d ire c t and in d ire c t p rim in g  tasks.  On t e s t s  of d ire c t p rim in g  an 

enhancement in the  process ing of a s t im u lus  occurs  a f t e r  prior  

experience w i th  th a t  same s t imulus .  It has been found, however, 

th a t  priming e f f e c t s  are  not l imited to these  conditions. Exposure 

to a given s t im u lus  can also f a c i l i t a t e  the  process ing  of s t imuli  

which a re  e i th e r  a ssoc ia t ive ly  or sem ant ica l ly  re la te d  to th a t  

s t imulus.  For example, Murrell and Morton (1974)  found enhanced 

performance on a word iden t i f ica t ion  ta sk  for  words  t h a t  were  

morphological ly s im i la r  to words  presen ted  a t  study (e.g., exposure 

to the word seen f a c i l i t a t e d  iden t i f ica t ion  of the word sees) but 

not  fo r  words th a t  a re  v isually  s im i la r  (e.g., seen did not f a c i l i t a t e  

iden t i f ica t ion  of the word seed). The f ac t  th a t  p r io r  experience 

w ith  a s t im u lu s  enhances the  process ing of m ater ia l  which is 

r e la ted  or s im i la r  to tha t  s t im u lus  se rves  as  the  defining fea tu re  of 

in d ire c t p rim in g  Thus, as Klavehn-Richardson and Bjork (1988) 

point out, in d ire c t p rim in g  occurs  when a change in performance 

r e s u l t s  from the p resen ta t ion  of information th a t  is  r e la ted  in some 

way (e.g., a ssoc ia t ive ly ,  sem ant ica l ly ,  graphemically, phonemically 

or morphologically) to t e s t  s t imuli .

Subsumed under the category  of procedural t e s t s  a re  those 

which eva lua te  an individual 's performance as  a funct ion of 

p rac t ice ,  i.e., those  which evaluate  the acquis i t ion  of ski l ls .  Skill 

acquis i t ion  paradigms d i f fe r  from repe t i t ion  priming paradigms in 

two respec ts ,  F irs t ,  ongoing feedback is provided throughout the
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e n t i re  performance of the  task. Second, procedural t e s t s  typical ly  

involve t a s k s  which are  novel to  the  individual and th e re fo re  do not 

qualify a s  a rep re sen ta t ion  of permanent knowledge (Kirsner, 

Speelman & Shofield, 1993). T es ts  which a s s e s s  one's ab il i ty  to 

acquire a pe rcep tua l -m oto r  skil l  such as pursu i t  ro to r  and mirror  

drawing (e.g., Squire & Cohen, 1984) serve  as examples. T e s t s  which 

evaluate  the  development of ce r ta in  cognit ive sk i l l s  (e.g., 

proofreading) and problem-solving a b i l i t i e s  (e.g., complet ing the 

Tower of Hanoi puzzle) a re  a lso  c la ss i f ied  as  procedural t e s t s  used 

to evaluate  impl ic i t  memory.

Tasks studying the e f f e c t  of pr ior experience on an individual's 

evaluat ive  responses  and cognit ive judgments  comprise  the  th ird  

group of indirec t  memory t e s t s .  On these  tasks ,  experience  w ith  

t a rg e t  s t im ul i  has been found to influence one's a f f e c t iv e  

preference,  as  well  a s  various types  of cognit ive judgm en ts  for  

those  s t im ul i  (e.g., Zajonc 1980).

Among the final grouping of ta sks  considered to be indirect  

m easu res  of memory a re  those  which m easure  changes in 

physiologic responses  such as  the  galvanic skin response  and event-  

re la ted  po ten t ia ls ,  as well a s  conditioned responses  (e.g., 

conditioned eyeblink). As th ese  behaviors typical ly  occur  without  

conscious a w aren ess  or intention,  changes in the i r  magnitude or 

s t r e n g th  are  v iewed as  an indication for  the  acquis i t ion  of a 

behavioral response  to a previously neutral  s t imulus .  Consis ten t  

w i th  t h i s  idea, is tha t  of r e sea rch e rs  (e.g., Schac te r  & 

Moscovitch,1984) who view an infant’s  tendency to  hab i tua te  in 

response  to a fam i l ia r  s t im u lu s  as  a fac i l i t a t io n  in the  processing
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of th a t  s t imulus .  In th i s  regard, habituat ion may a lso  be considered 

an example of an Indirect  m easure  of memory. As will  be seen, such 

a considera t ion  has implica t ions  for  the  ontogenetic  development of 

the sy s te m s  which underlie implic i t  and explic i t  memory.

Experimental Dissocia t ions  Between Implici t  And Explicit Memory

A g rea t  deal of r esea rch  over the  pas t  decade has indicated 

that ,  under ce r ta in  c i rcum stances ,  performance on t e s t s  of impl ic i t  

memory is d issoc iab le  from, and independent of, performance on 

t e s t s  of exp l ic i t  memory. The cumulat ive findings of re sea rch  in 

th is  a rea  provide s ign i f ican t  evidence of the  functional  and 

s t a t i s t i c a l  independence of th ese  memory types.

Dissocia t ions  Suggesting Functional Independence. Two ta s k s  

are  sa id to be functional ly  independent when manipulation of an 

independent var iab le  e f f e c t s  performance on one but not  the o ther  

task, or e f f e c t s  performance on both tasks ,  but in opposite  

d i rec t ions  (Tulving, 1985). The performance of normal s u b je c t s  on 

t e s t s  of exp lic i t  (i.e., recal l  and recognition) and implic i t  (e.g., 

priming m easures)  memory has revealed four important  

c h a r a c t e r i s t i c s  which have served  as  evidence for  the  funct ional  

independence of th ese  types  of memory.

First ,  changing the modali ty  of s t im ulus  p resen ta t ion  be tween  

study and t e s t  has been found to have l i t t l e  or no e f f e c t  on explic i t  

memory performance (e.g., f ree  recal l  or recognition). In co n tra s t ,  it 

has been dem ons tra ted  th a t  im pl ic i t  memory depends grea t ly  on the 

su r face  c h a r a c t e r i s t i c s  of the  s t im ul i  presented. For instance,  

Jacoby and Dallas (1981)  dem ons tra ted  th a t  changing the modali ty
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of p resen ta t io n  from study (i.e., auditory) to t e s t  (i.e., v isual)  

g rea t ly  reduced the e f fec t  of priming on a perceptual  iden t i f ica t ion  

task ,  but had no e f f e c t  on y es /n o  recognition performance.

Similarly , priming e f f e c t s  on lexical decision, w o rd -s te m  and w ord-  

f ragment  completion ta sk s  have been found to be e f fe c te d  by s tudy-  

t e s t  modali ty  changes, w hereas  performance on recal l  and 

recognition t e s t s  have been le s s  sens i t ive  to these  changes (e.g., 

Graf, Shimamura  & Squire, 1985; Roediger & Blaxton, 1987 and 

Roediger & Weldon, 1987, in Berry & Dienes, 1993). This  m oda l i ty -  

spec i f ic  c h a r a c t e r i s t i c  of im pl ic i t  memory performance has been 

termed tra n sfe r-ap p rop ria te  processing  and sug g es ts  th a t  the 

amount of priming is g r e a te s t  when process ing opera t ions  a t  t e s t  

are  m ost  s im i la r  to those engaged during the learning phase. The 

principle  is akin to th a t  expressed  in the  concepts  of primary and 

secondary s t im u lu s  general iza t ion  in s tud ies  of conditioning, as 

well  as in Tulving's (1983) encoding spec i f ic i ty  principle. The 

implica tion of t r a n s fe r  appropria te  processing for  a general ized 

theory of implic i t  memory wil l  be addressed l a te r  in t h i s  paper.

A second c h a r a c te r i s t i c  providing evidence for  the  functional  

independence of implic i t  and explic i t  memory derives  from s tu d ies  

which have demonstra ted  th a t  impl ic i t  memory performance is less  

e f fec ted  than performance on m easures  of explic i t  recal l  by 

manipulat ions of re ten t ion  interval .  For example, using a word-  

s tem  completion task ,  Tulving, Schac ter  and S tark  (1982)  found th a t  

priming e f f e c t s  pe rs i s ted  ac ro ss  delays of several  days and months 

desp i te  marked decl ines in recognition performance.  Jacoby and 

Dallas (1981)  obtained s im i la r  findings using a w o rd - id en t i f ica t io n
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tes t .  Despite  this ,  Graf and Mandler (1984)  found priming e f f e c t s  on 

a w o rd -s tem  complet ion task to be a t r an s ie n t  phenomenon re la t ive  

to performance on explici t  m easures  of recognition.

The third c h a ra c te r i s t i c  used as  evidence of functional 

independence is th a t  explici t ,  but not implici t ,  memory is e f fec ted  

by va r ia t ions  in the  encoding requ irem ents  a t  study. Jacoby and 

Dallas (1981)  found th a t  performance on a y es /no  recognition task  

w as  e f fec ted  by var ia t ions  in the type of encoding required a t  study, 

w hereas  performance on a w ord - iden t i f ica t ion  ta sk  w as  not.

S im i la r  f indings were  reported by Schac te r  and McGlynn (1987), who 

stud ied  implic i t  memory for  common idioms (e.g., sour  grapes)  using 

a f r e e -a s so c ia t io n  t e s t  (i.e., by having s u b je c t s  respond with  the  

f i r s t  word th a t  comes to mind when p resen ted  w i th  a prompt; e.g., 

sour -  ?). Here too, performance on the explic i t  m easure  w as  

e f fe c te d  by manipulation of the  independent variable ,  whereas  

performance on the free assoc ia t ion  t e s t  w as  not.

The fourth piece of evidence in support  of a functional  

d issoc ia t ion  derives from research  evaluating the  e f f e c t s  of 

p roact ive  and re t ro ac t ive  in te r fe rence  on each form of memory. 

While performance on t e s t s  of recall  and recognit ion have been 

found to be vulnerable to manipulations in proact ive  and re t roac t iv e  

in te r ference ,  priming e f f e c t s  obtained on t e s t s  of w o rd -s tem  (Graf 

& Schacter ,  1987) and w ord-fragm ent  complet ion (Sloman, Hayman, 

Ohta, Law & Tulving, 1988) were  not.

S t a t i s t i c a l  Independence. S t a t i s t i c a l  ana lyses  demonstra t ing  

the  s to c h a s t i c  independence of performance on m easu res  of implici t  

and exp l ic i t  memory have frequently  been c i ted  as additional
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evidence for the  independence of these  memory forms. S to ch as t ic  

independence r e f e r s  to “the re la t ion  between two even ts  in which 

the probabil ity  of th e i r  jo in t  occurrence is equal to the product  of 

the  p robab i l i t ie s  of the  occurrence of each event alone" (Ostergaard 

& Jern igan ,  1993, p. 328). When considering memory tasks ,  

s to c h a s t i c  independence can be seen using a w i th in - s u b je c t s  design 

in which memory for  ce r ta in  t a rg e t  information is  evaluated 

success ive ly  using two d i f fe ren t  tes ts .  The r e s u l t s  of the  two t e s t s  

a re  sa id  to occur independently when performance on the f i r s t  does 

not e f f e c t  performance on the second. For example, th a t  c e r ta in  

t a rg e t  i tem s  a re  produced during an implic i t  t e s t  should not e f f e c t  

the likelihood th a t  these  i te m s  will be co rrec t ly  iden t i f ied  on a 

subsequent  exp lic i t  tes t .

Within the  implic i t  memory l i te ra tu re ,  s t o c h a s t i c  

independence has been found to ex is t  in performance on ind irec t  and 

d i rec t  m easures  under a va r ie ty  of condit ions (e.g., Tulving, Schac ter  

& Stark,  1982, as  well  as Hayman & Tulving, 1989, using t e s t s  of 

w o rd -f ragm en t  completion and recognition; Schacter ,  Cooper, Tharan 

& Rubens, 1991, using a t e s t  of objec t  perception). This finding has 

been in te rp re ted ,  by many re sea rche rs ,  a s  evidence fo r  the  

hypothes is  t h a t  performance on these  ta s k s  is m edia ted  by d i f fe ren t  

memory sys tem s.  That s to c h a s t i c  independence has also been found 

to e x is t  be tween  various im pl ic i t  measures  (e.g., Witherspoon & 

Moscovitch, 1989), however, se rv es  to weaken the  argument  for  

m ult ip le  memory sys tem s.  Recently, the  finding t h a t  performance  

on im pl ic i t  m easu res  is influenced by numerous f a c to r s  o ther  than 

the  previous study episode (e.g., perceptual p ro ce sse s  and
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fam i l ia r i ty  w i th  t a rg e t  information) has led re s e a rc h e r s  to quest ion 

how much of the variance in these  ta sk s  is a t t r ib u ta b le  to  memory 

per se. Given th is ,  the  issue regarding the s ign if icance  of a finding 

for  s to c h a s t ic  independence be tween  m easures  continues to w arran t  

fu r th e r  investigation.

Dissocia t ions  Between Im plic i t /Expl ic i t  Memory in Memory- 

Disordered P a t i e n t s . Dissocia t ions  be tween  im pl ic i t  and explic i t  

memory have been reported by r e s ea rch e r s  using a v a r ie ty  of 

ind irec t  ta s k s  in a number of memory-d isordered  p a t ien t  

populations. In tac t  performance on indirect  m easures ,  in the  

presence  of poor performance on d i rec t  m easures ,  has  been found in 

individuals w i th  amnesia,  early  s tage  Alzheimer 's  d i sease  (e.g., 

Keane, Gabrieli, Fennema, Growdon, &. Corkin,1991, using w ord -  

iden t i f ica t ion  and completion priming tasks) ,  herpes s implex 

encephal i t i s  (e.g., Kapur, 1988, using pursu i t - ro to r ) ,  Multiple 

S c le ro s is  (e.g., Rao, Grafman, DiGiulio, Mittenberg, Bernardin, Leo, 

Luchetta  & Unverzagt, 1993, using ident i f ica t ion  of degraded words 

and m ir ro r  reading, and, Beat ty  &Monson, 1990, using w ord -s te m  

complet ion),  as  well  as in Huntington's and Parkinson's D iseases  

(Heindel, Salmon, Shults ,  Walicke & Butters ,  1989, using m oto r -sk i l l  

learning and w o rd -s tem  completion).

Dissocia t ions  in Other Syndromes. Im p l ic i t /exp l ic i t  

d isso c ia t io ns  have also been observed in o ther  neuropsychological  

syndromes,  although the  evidence is som ewhat  fragmented.  For 

example, d issoc ia t ions  have been reported  in individuals w i th  a lexia  

w i thou t  agraphia (e.g., Cosle t t  & Saffran, 1989), prosopagnosia (e.g., 

Tranel & Damasio, 1988), Broca's aphasia  (e.g., Andrewsky & Seron,



23

1975), Wernicke’s aphasia  (e.g., Milberg &Blumstein ,  1981) and 

visual  ob jec t  agnosia  (e.g., Margolin, Friedrich & Carbon, 1983). As 

examinat ion of these  d i ssoc ia t ions  is beyond the scope of th i s  

paper, the reader  is re fe r red  to Berry and Dienes (1993)  fo r  a 

review.

D issocia t ions  Observed in Amnesic P a t i e n t s . The m os t  

s t r ik ing  d issoc ia t io n s  be tween implic i t  and explic i t  memory 

performance have re su l ted  from s tud ies  inves t iga t ing  th ese  

p ro cesses  in amnesics .  The finding th a t  severe ly  amnesic  p a t i e n t s  

have been found to  perform well,  and a t  t im e s  equal to contro ls ,  on 

numerous m easu re s  of implic i t  memory, has served  as  impetus  for  

continued re sea rch  in the a rea  of learning and memory. Evidence for 

preserved  implic i t  memory in the presence of de f ic ien t  exp l ic i t  

memory f i r s t  emerged in the  la te  1960's in s tu d ie s  of skil l  learning. 

In 1968, Corkin repor ted  re ten t ion  of pe rcep tu a l -m o to r  sk i l l s  in 

am nesics  as  dem ons tra ted  on t e s t s  of m irror- t rac ing .  Brooks and 

Baddeley (1976)  l a t e r  repor ted  s im i la r  findings on a t e s t  of p u r su i t -  

ro to r  abil ity. In the  decades to follow, preserved memory funct ion 

in am nes ics  w as  repor ted  in s tud ies  of c la ss ica l  condit ioning (e.g., 

acquis i t ion  of eye-blink; Weiskrantz  & Warrington, 1979), reading of 

m ir ro r - rev e r se d  words  (e.g., Cohen & Squire, 1980) and, more 

recently,  on t e s t s  of d i rec t  and indirect  priming (e.g., Graf, Squire & 

Mandler, 1984; Shimamura & Squire, 1984; Smith & Oscar-Berman, 

1990), as well  as ,  exclusion t e s t s  (e.g., Cermak, Verfaell ie ,

Sweeney, & Jacoby, 1992). In all of these  paradigms, preserved  

performance on ind irec t  m easu res  was  observed only in the  absence 

of conscious a w aren ess  th a t  memory w as  being tes ted .
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The d ram atic  d issoc ia t io ns  be tween implic i t  and explic i t  

memory observed in amnesic  p a t i en t s  have inspired a t remendous 

amount of theorizing intended to e lucidate  the  neural mechanisms 

and cognit ive p rocesses  which underlie these  dissociat ions .

Explaining Dissocia t ions Between Memory Types 

Numerous theo r ies  have been offered to explain observed 

d issoc ia t ions  be tween impl ic i t  and explici t  memory. The m ajo r i ty  

of these  theo r ies  derive from a t t e m p t s  to account for  the 

d issoc ia t ions  observed in amnesic  patients .  During the  1970's the 

memory d e f ic i t s  charac ter iz ing  amnesia  were  in te rp re ted  in t e rm s  

of consolidation theory. Activation theories  were  proposed as  a 

r e s u l t  of the  inabi l i ty  of consolidation theory to  account adequate ly  

for  findings which suggested  t h a t  impl ic i t  memory w a s  preserved  in 

th is  population. More recently ,  observed d issoc ia t ions  have been 

explained e i the r  in te rm s  of various processing a b i l i t i e s  which 

underl ie performance on d i rec t  and indirect  m easures ,  or as 

providing evidence for  the  ex is tence  of mult ip le  memory sys tem s.  

The r e la t iv e  advantage of one view over the o ther  continues to be an 

issue of grea t  debate  among learning and memory theo r i s t s .

Activation Views. In the  1970's, the  explici t  memory d e f ic i t s  

observed in amnesic  p a t i e n t s  w ere  explained in t e rm s  of d i f f ic u l t i e s  

in consolidation. According to consolidation th e o r i s t s ,  poor 

performance on t e s t s  of recall  and recognition re f le c ted  a 

defic iency in the t r a n s fe r  of information from a primary ( sh o r t ­

term) memory sys tem  to a secondary (i.e., long-te rm) memory
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system. The fa i lu re  of consolidation theory to account  adequate ly  

for  the observed d is so c ia t io n s  be tween  implic i t  and exp l ic i t  

memory funct ion in amnesics ,  however, gave r i s e  to w h a t  a re  now 

cal led "ac t iva t ion  theories".

The m a jo r  pr inciple  common to all ac t iva t ion  th eo r ie s  is  t h a t  

impl ic i t  memory phenomena (verbal and nonverbal) r e s u l t  from the 

temporary  ac t iv a t io n  of p re -e x i s t in g  r ep re se n ta t io n s  r a t h e r  than 

re f le c t in g  the  e s ta b l i s h m e n t  of new memory t races .  Diamond and 

Rozin (1984)  proposed, in explanation of rep e t i t io n  priming, t h a t  

exposure to a word r e s u l t s  in the  au tom at ic  a c t iva t ion  of a 

p reex is t ing  re p re se n ta t io n  for  t h a t  word. Thus, exposure  to a word 

during the encoding phase of a memory t e s t  s e rv es  to a c t iv a te ,  or 

prime, sem an t ic  memory where  the  rep re sen ta t io n  e x i s t s  in a non 

contextual  form. Once ac t iva ted ,  the  preex is t ing  r e p re se n ta t io n  

rem ains  avai lable  fo r  a period som ew hat  beyond the  span of s h o r t ­

te rm  memory and is  more a ccess ib le  than non-ac t iva ted  

rep re sen ta t io ns .  This  ava i lab i l i ty  inc reases  the  probabi l i ty  t h a t  the  

r e p re se n ta t io n  (e.g., the word) wil l  be produced when th e  s u b je c t  is  

exposed to condit ions  which a re  s im i la r  to  those  experienced a t  

encoding.

The s t r e n g th  of a c t iv a t io n  theo r ies  l ies  in t h e i r  ab i l i ty  to  

account for  a number of im p l ic i t  memory phenomena. For example, 

ac t iva t ion  th e o r i e s  could eas i ly  accommodate  the  finding th a t  

performance on ind irec t  m ea su re s  w a s  r e s i s t a n t  to  leve ls  of 

process ing  w hi le  th a t  on d i rec t  m easu res  w a s  not. The v iab i l i ty  of 

th e se  th eo r ie s  has re l ied  on re sea rch  which has indicated  th a t  

am nes ics  do not dem o n s t ra te  priming e f f e c t s  for  novel in formation



26

such as pseudowords (e.g., Cermak, Talbot, Chandler & Wolbarst,  

1985; Diamond & Rozin, 1984).

More recently ,  however,  f indings (e.g., Gordon, 1988; and Smith  

& Oscar-Berman, 1990; Bowers, 1994) th a t  amnesics ,  and normal 

su b jec ts ,  do exhibit  priming e f f e c t s  for  information which has no 

preexis t ing  rep re sen ta t io n  (e.g., pseudowords and novel 

a ssoc ia t ions )  have posed problems for  ac t iva t ion  t h e o r i s t s  resu l t ing  

in th e i r  gradual w i thdraw al  from the foref ron t  of memory research.

Processing Views. Process ing  v iew s  were  offered  as  an a l t e rn a t iv e  

to ac t iva t ion  theories .  Broadly defined, p rocess ing  v iew s  are  those  

which a t t r ib u t e  im p l ic i t /e x p l ic i t  d is so c ia t ion s  to d i f fe rences  in 

process ing opera t ions with in  a s ingle memory sys tem  (e.g., Blaxton, 

1989, and Roediger, 1990). The principle  of tra n s fe r-a p p ro p ria te  

processing  is integral  to the theo r ie s  which fall  into th is  category. 

According to th is  principle , implic i t  memory t e s t s  wil l  yield 

priming when the process ing  opera t ions  a t  t e s t  resem ble ,  or  mimic,  

those engaged during p r io r  learning (Roediger, 1990b). The theory 

success fu l ly  c h a rac te r ize s  the  t r a n s f e r  of learning which takes  

place in priming and accounts  nicely for  findings which have 

demons tra ted  that ,  w i th  changes in s t u d y / t e s t  modality , the  amount 

of priming observed on indirec t  t e s t s  declines.

The principle  of t r a n s fe r - a p p ro p r ia t e  process ing  has inspired 

t h e o r i s t s  to explain experimental  d i s so c ia t ion s  be tw een  implic i t  

and explic i t  memory in t e rm s  of how the cognit ive  opera t ions  

engaged a t  study compare  to those  required a t  t e s t .  The r e s u l t s  of 

several  s tud ies  have been in te rp re ted  to sugges t  th a t  the  amount of
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priming obtained on a given ta sk  depends on the ex ten t  to which the 

encoding opera t ions overlap w i th  the  re t r ieva l  processes .  The 

e a r l i e s t  evidence of th is  derives  from the research  of Winnick and 

Daniel (1970),  who documented a d issoc ia t ion  between performance 

on word ident i f ica t ion  and f ree  recal l  as  a r e su l t  of va r ia t ion s  in 

study condition. S u b jec ts  in th i s  study were  required to  read 

fam i l ia r  words, genera te  a word from a picture ,  or genera te  a word 

from a definition. It was  found th a t  priming e f f e c t s  obtained on a 

w ord - iden t i f ica t ion  task  w ere  g re a te r  fo r  words th a t  w e re  read in 

i so la t ion  than for  those  p resen ted  in e i th e r  of the tw o  generat ion 

conditions. In con tra s t ,  f ree  recal l  w as  b e t t e r  for  words  which 

w ere  generated than for words  read in isolation. Jacoby (1983)  

obtained s im i la r  r e s u l t s  in a study on word repe t i t ion  when he 

varied  the  context  in which t a r g e t  words were  in i t ia l ly  encountered. 

In th is  l a t t e r  experiment , s u b je c t s  were  required to p rocess  words 

in one of th ree  contexts :  (a) to read words presen ted  in isolation,

(b) to read words presen ted  in the context  of a sem ant ic  a s so c ia te  

(e.g., nor th-south) ,  or (c) to  genera te  a word from a sem ant ic

a sso c ia te  (e.g., north - ______ ). Jacoby 's  suggestion th a t  the

con tex ts  d iffered in the  e x ten t  to which they provided conceptual 

support  to the word recognition process  led to his d is t inc t ion  

be tween  t e s t s  which require  da ta-d riven  and conceptua lly-d riven  

processes.

Conceptually-dr iven p ro cesses  a re  charac te r ized  by a c t iv i t i e s  

such as  elaborating,  rehears ing,  imaging, re f lec t ing ,  organizing and 

reconstruct ing.  These p ro cesses  are s u b j e c t - in i t i a t e d  and require  

conscious intention. In co n tra s t ,  da ta -dr iven  p ro cesses  a re  guided
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by the  information th a t  is presen ted  a t  s tudy or tes t .  They are  

believed to  occur au tom at ica l ly  as  soon as a s t im u lu s  is p resented  

and include perceptual ,  phonemic and auditory processes .

Insofar as Jacoby 's  (1983)  d is t inc t ion  can be used to  describe  

the opera t ions  engaged during encoding, so too can they descr ibe  the 

re t r ieva l  p ro cesses  required a t  te s t .  Explicit  memory t e s t s  (i.e., 

d i rec t  m easures)  a re  typical ly  conceptually-dr iven w hereas  

implic i t  memory t e s t s  a re  m ost ly  data-driven.  Despite th is ,  both 

types  of process ing can be engaged on e i th e r  type of task.  It is 

possib le , there fo re ,  to  have a d i rec t  measure  w i th  a da ta -d r iven  

component and an ind irec t  measure  which requ ire s  conceptua l ly-  

driven processes .  Given this ,  i t  would follow th a t  information 

acquired when conceptual encoding is required should t r a n s f e r  bes t  

to  conceptually-dr iven  t e s t s ,  be they d i rec t  or indirect.  Similarly , 

information th a t  is acquired under condit ions which evoke 

perceptual  process ing should t r a n s f e r  bes t  to da ta -d r iven  t e s t s ,  be 

they d i rec t  or indirect.  The findings obtained by MacLeod (1989)  

when studying f ragm ent-com ple t ion  performance provide support  

fo r  th i s  argument. MacLeod presen ted  s u b je c t s  w i th  words  in 

iso la t ion  (i.e., under condit ions th a t  were  pr imar i ly  da ta -d r iven)  or 

w i th in  the  context  of a paragraph (i.e., under condit ions which 

engaged conceptual processes) .  Priming e f f e c t s  obtained on a d a ta -  

driven indirect  t e s t  (i.e., f ragm ent  completion task )  were  g rea te r  

fo r  words  presen ted  in iso la t ion (i.e., under condit ions  which evoked 

s im i la r  p ro cesses  to  those  required a t  t e s t )  than  for  words  

p resen ted  under condit ions which evoked conceptual  processing.
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A m ajo r  c r i t ic i sm  (see e.g., Roediger, 1990b) of the re sea rch  in 

th i s  a rea  r e l a t e s  to the tendency for  r e s e a rc h e r s  to focus only on 

performance d i f fe rences  be tween d i rec t  and ind irec t  m easures  

w ithou t  consideration for  the  f ac t  th a t  both t a s k s  may require  the 

same type of processing. Only recen t ly  has a t t en t io n  been d irected 

to exploring comparisons between performance on e i the r  impl ic i t  or 

exp lic i t  t e s t s  which vary in process ing requ irem ents  (i.e., d a ta -  

driven implic i t  t e s t s  vs. conceptually-dr iven implic i t  t e s ts ) .  

Researchers  who have inves t iga ted  th i s  issue have reported 

d i ssoc ia t ions  between m easures  of implic i t  memory which are  

conceptually-dr iven and those  th a t  are  da ta -d r iven  (e.g., Blaxton,

1989; Smith & Branscombe, 1988 and Srinivas & Roediger, 1990).

The r e s u l t s  of these  s tud ies  provide evidence in support of 

process ing views. However, fu r th e r  study is  c r i t ic a l  in order  for  a 

de te rm ina t ion  to  be made regarding the i r  advantage re la t ive  to o ther  

v iew s  in accounting for  d issoc ia t ions  be tween  implic i t  and explic i t  

memory.

Mult iP le-Systems Views. Proponents of m u l t ip le - sy s te m s  v iews 

contend th a t  human memory is  composed of functionally  d i f fe ren t  

sys tem s.  Historically, r e sea rch e rs  have tended to  explain 

im p l ic i t /e x p l ic i t  d issoc ia t ions  in t e rm s  of s e p a ra te  underlying 

memory sys tem s:  one sys tem  subserving impl ic i t  memory function 

and another  underlying explic i t  memory function. Demonstrat ion of 

innumerable d issoc ia t ions ,  however, has resu l te d  in the postu la t ion  

of numerous dichotomies. Of these ,  only severa l  key dichotomies 

wil l be reviewed here.
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Dichotomy approaches, Amnesic s u b je c t s  are  able to learn to 

perform a task  without  reco l lec t ion  of e i the r  the learning episode, 

or the  fac t  tha t  they have ever  performed the task  a t  all. This 

finding led Tulving (1972) to d is t inguish  be tween  episodic  and 

sem antic  memory. As summarized by Cermak (1984),  episodic 

memory includes memory for  specif ic ,  personal ly-experienced 

even ts  w hereas  sem antic  memory is charac te r ized  by memory for  

l inguis t ic  knowledge, general principles, a s so c ia t ion s  and rules. 

According to Tulving's theory, reco l lec t ion  of a spec i f ic  episode 

depends on an individual’s ab i l i ty  to recal l  the  contex t  with in  which 

the episode occurred. In con tra s t ,  while  the  con ten ts  of semant ic  

memory are  assumed to have been acquired w ith in  a specif ic  

context,  recol lec t ion  of th a t  context  is not necessa ry  when recal l ing 

a general or sem ant ic  fact.

In 1985, Tulving modified his theory to include a third type of 

memory: Procedural Memory. Procedural memory is defined as 

knowledge which is inaccess ib le  to consciousness . As such, 

procedural memory can be expressed  only indirect ly  through some 

form of act ion and, perhaps, conditioned responses  or other  

behaviors th a t  permit  the  inference  th a t  the  pe rfo rm er  p o ssesse s  

c e r ta in  types of knowledge. It is procedural memory th a t  is 

dem ons tra ted  in the  performance of motor  sk i l l s  which, on becoming 

automatic ,  a re  d i f f icu l t  to descr ibe  consciously. The use of 

gram m atica l  knowledge in the  production and comprehension of 

language would a lso  be considered an example of procedural 

knowledge.
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The second dichotomy, based on the r e s u l t s  of research  w ith  

amnesics ,  w as  proposed by Cohen and Squire (1980). These 

r e sea rch e r s  introduced the procedura l-decla ra tive  d is t inct ion.  The 

procedura l sy s tem ,  as explained above, enables re ten t ion  of how to 

perform a t a sk  w ithout  conscious awareness .  In con tra s t ,  the 

decla ra tive  sy s tem ,  comprised of sem ant ic  and episodic  memory, 

conta ins  information which is access ib le  to consciousness .  That is, 

i t  p e rm i ts  conscious aw aren ess  of the  learning episode, a s  well as 

aw aren ess  th a t  one has performed the task  in the pas t  (i.e., 

dec la ra t ive  knowledge of the  act).

Based on e labora t ions  of th i s  theory, Cohen (1984)  and Squire

(1987)  included repe t i t ion  priming as  a form of procedural memory 

and c la s s i f i e d  indirect  m easures  such as w ord -f ragm en t  completion 

and w o rd - iden t i f ic a t ion  ta s k s  a s  being data-driven. The rea l iza t ion  

tha t  many ind irec t  t e s t s  require  p rocesses  o ther  than those  of a 

purely perceptual  nature , however, has led t h e o r i s t s  to su b s t i tu t e  

the more general te rm  nondeclarative  for  the  term procedural. The 

overly - inclus ive  na ture  of th is  l a t t e r  term, however, has led to 

d i f f ic u l t i e s  w i th  using th is  dichotomy.

Independent neural mechanisms.  In th e i r  most  ex treme form, 

m u l t ip le - sy s te m s  v iews argue for  the ex is tence  of two complete ly  

independent neural mechanisms as  the bas is  for implic i t  and 

explic i t  memory function. The u l t im a te  goal then fo r  re sea rch e rs  

who in v es t ig a te  memory with in  a m u l t ip le - sy s te m s  framework,  is 

to localize  the  s t r u c tu r e s  responsib le  for  impl ic i t  and expl ic i t  

memory function. Evidence in support  of a v iew proposing 

independent neural mechanisms is based on ex tensive  resea rch  w ith
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amnesic  individuals w ith  known brain pathology (e.g., H. M., Scoville 

& Milner, 1957; Milner, Corsi & Teuber, 1968). The r e s u l t s  of these  

s tudies ,  in addition to those  obtained from the s tudy of animal and 

biochemical  models of amnesia, have provided s ign i f ican t  evidence 

th a t  damage to s t ru c tu re s  on the medial su r face  of the  temporal  

lobe (i.e., hippocampus and amygdala) and the p ro jec t ion  s i t e s  of 

these  s t r u c tu r e s  with in  the  diencephalon (i.e., a n te r io r  and 

dorso la te ra l  thalamus,  and hypothalamus) cau ses  amnesia.  The 

pro jec t ion  s i t e s  of the diencephalon within  the  prefron ta l  cortex
4

(i.e., ventromedial  prefron ta l  cortex), a s  well  as  d isrupt ion of the  

cholinergic  neurons in the basal forebrain, have a lso  been implicated 

in amnesia. For a review of the  l i t e ra tu re  outlining the  neural 

mechanisms of exp lic i t  memory, the  reader  is re fe r red  to Mayes

(1988).

In terpret ing im p l ic i t /e x p l ic i t  d issoc ia t ions  w ith in  the context  

of what  is  known about the  neuropathology underlying memory 

d isorders  has enabled t h e o r i s t s  to  specu la te  about  wha t  neural 

sy s te m s  might underl ie  implic i t  memory function. Early a t t e m p t s  

a t  localizing the  mechanisms which underlie im pl ic i t  memory were  

inspired by findings of spared implic i t  memory function in amnesic  

pa t ien ts .  The impetus for  early localizat ion hypotheses s t e m s  from 

the belief  th a t  s t ru c tu re s  which underlie implic i t  memory function 

m ust  be o ther  than those  which are  damaged in amnesia  (i.e., 

hippocampus, amygdala, diencephalon).

Recently however, evidence has been repor ted  suggest ing  th a t  

the neural mechanisms responsib le  for  exp lic i t  memory function 

also contr ibute  to performance on implic i t  memory t a s k s  (see e.g.,
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Jern igan  & Ostergaard , 1993). Such findings have m otiva ted  some 

re s e a rc h e r s  to abandon the be l ief  th a t  the neural mechanisms which 

underlie th e se  forms of memory are  complete ly  independent.

Repetit ion Priming And M ult iP le-Sys tem s Views

Repeti t ion priming has typical ly  been regarded as  a form of 

procedural  memory; however, i t s  re la t ionsh ip  to m u l t ip le - sy s te m  

v iew s continues  to be debated. When considering the phenomenon 

with in  the  context  of the  proposed dichotomies,  i t  becomes c lea r  

th a t  r ep e t i t ion  priming does not quite  f i t  e i th e r  the  procedural or 

the  sem an t ic  category. As Sherry and S chac te r  (1987)  point  out, 

priming is not a form of procedural memory as  i t s  demons tra t ion  

occurs following one t r ia l  and does not develop gradually  a s  does the 

acquis i t ion  of hab i ts  or skil ls .  Neither can rep e t i t io n  priming be 

considered an example of sem an t ic  memory a s  i t  occurs  in the 

absence of conscious recollection.

In an a t t e m p t  to reconci le  th is  d i f f icu l ty ,  Tulving and Schacter  

(1990)  (see  a lso  Schacter ,  1990) proposed a m u l t ip le - sy s te m  theory 

which has several  advantages re la t iv e  to the  previously  mentioned 

dichotomy views. Firs t ,  i t  accommodates  a number of observed 

im p l ic i t /e x p l i c i t  d issocia t ions .  Second, i t  is compatib le  w ith  

process ing  in te rp re ta t ion s  of these  d issoc ia t ions ,  and third, it  has 

implica t ions  for  a developmental theory of memory. The theory 

d i f fe r s  from those previously presen ted  in th a t  it  is 

monohierarchical  r a th e r  than dichotomous. The theory proposes tha t  

da ta -d r iven  priming depends on the ex is tence  of w ha t  Tulving and 

Schac te r  te rm a percep tua l representa tion system  (PRS). The PRS
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is v iewed as  a subsys tem  of procedural memory and should be 

considered as  d i s t in c t  from other  memory types (e.g., sem an t ic  and 

episodic). Ontogenet ical ly, the  PRS, and consequently the procedural 

sys tem ,  are  believed to develop f i r s t .  Some forms of implic i t  

memory (e.g., c la s s ica l ly  condit ioned responses)  are  seen in infancy, 

suggesting th a t  th is  sys tem  is in place from birth, if not earl ier .  In 

the t rue  s p i r i t  of Hughlings Jackson 's  a sse r t ion  (1880, as  c i ted  in 

Parkin, 1993) t h a t  the vulnerab il i ty  of brain s y s te m s  is inversely 

re la ted  to th e i r  evolutionary s t a tu s ,  i t  is  believed t h a t  the  implici t  

sy s tem  is r e s i s t a n t  to the  e f f e c t s  of aging, as  well  as  t raum a and 

disease. In co n tra s t ,  episodic memory, the  most  spec ia l ized  system, 

is the l a s t  to develop ontogenetical ly  and maturat ional ly .  As such, 

it  is the  m ost  vulnerable  to aging and trauma. Tulving (1991) 

v iewed the neural m echanism s which subserve  episodic  memory as 

unnecessary  for  priming.

Based on th is  theory, the  PRS is divided into several  

subsys tem s,  each of which subserves  d i f fe ren t  types  of priming.

For example, da ta -d r iven  lexical priming (observed on t a s k s  such as 

s tem  and fragm ent  completion)  is dependent upon a w ord-fo rm  

system . In con tra s t ,  pr iming observed on ob jec t -pe rcep t io n  ta s k s  

(e.g., degraded-object  iden t i f ica t ion  tasks)  is dependent upon a 

s tru c tu ra /-d e sc rip tio n  system . Based on th is  hierarchy, sem ant ic  

memory is a lso seen  as a subsys tem  of the PRS and is believed to 

underl ie priming on conceptually-dr iven tasks.

Evidence for  the PRS derives,  in part ,  from s tu d ie s  of persons 

w ith  known brain pathology who, desp i te  severely impaired access  

to sem ant ic  knowledge, d em ons t ra te  re la t ive ly  in ta c t  a c c ess  to
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p e rc e p tu a l - s t ru c tu ra l  knowledge of words  and o b je c t s  (e.g., 

Warrington, 1982; Warrington & Weiskrantz , 1982). Such f indings 

argue for  a perceptual  component  to the  performance  on verbal as 

well  as  nonverbal tasks.

Additional evidence for  the  PRS s t e m s  from s tu d ie s  which 

have used pos i t ron  emiss ion  tomography (PET) to explore various 

a s p e c t s  of lexical  process ing  (e.g., Peterson, Fox, Posner, Mintun & 

Raichle, 1988). These s tu d ie s  have indicated th a t  one brain region 

underl ies  p rocess ing  of se m an t ic  information w h e reas  another  is 

responsib le  fo r  w ord-fo rm  information.  R esu l ts  of PET s tu d ie s  have 

been in te rp re ted  to indicate  tha t ,  while  th ese  s y s te m s  a re  a t  t im e s  

in te rac t ive ,  they a re  a lso capable  of act ing  independently.

Tulving and S chac te r 's  theory would typical ly  be c la s s i f i e d  as 

a "m u l t ip le - sy s tem s"  view. Alternat ive ly ,  however , i t  may be 

v iew ed as the  f i r s t  a t t e m p t  to reconci le  s y s t e m s  w i th  process ing  

v iews.  S y s tem s  and process ing  v iew s  are  not mutual ly  exclusive. In 

fac t ,  the re  is  a growing tendency to t r e a t  them as  complimentary.

Reconcil ia t ion of M ul t ip le -System s and Process ing  Views

Proponents of m u l t ip le - s y s te m s  v iew s  have h is to r ic a l ly  

in te rp re te d  s ingle  d is so c ia t io n s  be tween  im p l ic i t  and exp l ic i t  

memory as  evidence for  the  ex is ten ce  of tw o  independent and 

nonoverlapping memory sys tem s .  Recently however,  r e s e a rc h e r s  

(e.g., Shimamura, 1993) have become c r i t ic a l  of th i s  in te rp re ta t io n  

arguing tha t ,  whi le  s ingle  d issoc ia t io n s  provide good evidence for  a 

q u a l i ta t iv e  d is t in c t ion  be tw een  ta sks ,  they should not be 

in te rp re ted  to r e f l e c t  the  ex is tence  of independent memory sys tem s.
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Single d i ssoc ia t ions  be tween  performance on two m easu re s  indicate  

th a t  a t  l ea s t  one component or process  is not shared by the  two 

measures ;  they do not  imply the exis tence  of nonoverlapping memory 

systems.

To infer  the  ex is tence  of independent sy s tem s ,  a double 

d issoc ia t ion  be tw een  performance on implici t  and exp l ic i t  memory 

t a sk s  m ust  be dem ons tra ted  for  groups w ith  d i f f e ren t  pathology. 

That  is, a p a t ien t  group would have to exhibit  severe ly  impaired 

impl ic i t  memory in the  p resence  of in tac t  exp l ic i t  reca l l  fo r  the 

same m ater ia l  for  which amnesic  p a t i en t s  dem o ns t ra te  impaired 

explici t ,  but in ta c t  implici t ,  recal l.  A double d issoc ia t ion  of th is  

type would sugges t  s t rongly th a t  the tasks  are  subserved  by 

independent neural mechanisms.

While double d issoc ia t ions  between d i f fe ren t  types  of implici t  

memory have been observed, the re  have been no r e p o r t s  of re l iab le  

double d issoc ia t io n s  be tween  implic i t  and explic i t  memory. The 

absence of such evidence s ign if ican t ly  weakens the  m u l t ip le -  

s y s te m s  argument  suggest ing  the poss ib i l i ty  t h a t  im pl ic i t  and 

explic i t  memory share  common neural mechanisms.  Several 

re sea rch e r s  (e.g., Je rn igan  & Ostergaard, 1993; Randolph, 1991) have 

reported  recen t  evidence in support  of th is  possibi l i ty .

Double d isso c ia t io ns  be tween  performance on d i f fe ren t  

implic i t  memory ta s k s  in d i f fe ren t  pa t ien t  groups se rve  a s  evidence 

th a t  impl ic i t  memory is  not a uni tary phenomenon. Rather, i t  is 

believed th a t  im pl ic i t  memory is subserved by m ult ip le  neural 

su b s t r a t e s  and th a t  d i f fe ren t  brain s t ru c tu re s  underl ie  d i f fe ren t  

types of implic i t  memory. For example, the neural m echanism s
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thought to underl ie c la ss ica l ly  conditioned responses  and motor 

ski ll  learning (i.e., cerebellum and basal ganglia) a re  d i f fe ren t  from 

those  implica ted  in lexical priming (i.e., pos te r io r  tem pero-pa r ie ta l  

cortex)  (Ostergaard & Jernigan,  1993).

The finding of a double d issoc ia t ion  between lexical priming 

and skil l  learning in individuals w i th  Alzheimer 's  Disease (AD) and 

Huntington's Chorea (HC) provides evidence for  the  idea th a t  

d i f fe ren t  types  of implic i t  memory are  subserved by d i f fe ren t  brain 

s t ru c tu re s .  Several r esea rch  groups (Heindel, Salmon, Schults ,  

Walicke, & But ters ,  1989, Keane, Gabrieli,  Fennema, Growdon, & 

Corkin, 1991) have reported  th a t  p a t i e n t s  w i th  e a r ly - s t a g e  AD, a 

cor t ica l  degenera t ive  d isease ,  exhibi t  impaired performance on 

t e s t s  of w o rd -s te m  completion and f r e e -a s so c ia t io n  priming in the 

presence  of preserved  ski ll  learning on p u r su i t - ro to r  and perceptual 

iden t i f ica t ion  tasks.  In con tra s t ,  p a t i en t s  w i th  HC, a subcort ical  

d isease  th a t  causes  cell loss  in the  neos t r ia tum , have demonstra ted  

the opposite  pattern .  These p a t i e n t s  were  found to exhibit  in tac t  

performance on w o rd -s te m  complet ion and f r e e -a s so c ia t io n  t a sk s  in 

the presence  of impaired abi l i ty  on the  p u r s u i t - ro to r  task.

Consis ten t  w i th  Tulving and Schac te r 's  (1990)  theory of a PRS, 

the above r e s u l t s  have been in te rp re ted  to suggest  the  ex is tence  of 

two se p a ra te  sy s te m s  to account fo r  the  two priming types: a 

s t ru c tu ra l -p e rce p tu a l  sys tem  which purportedly underl ies  m otor-  

skill  learning; and a lex ica l - sem an t ic  sys tem  which underlies 

lexical or word-based  priming. Based on the na ture  of the 

d issoc ia t ion  dem ons tra ted  by p a t ie n t s  w i th  HC, m oto r -sk i l l  learning 

is presumed to be subserved by n eo s t r ia ta l  a reas ,  such as the  basal
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ganglia, which are  disrupted  in th is  disorder.  In con tra s t ,  lexical 

priming, impaired in AD p a t ien ts ,  is hypothesized to depend on the 

in tegr i ty  of co r t ica l  s t r u c tu r e s  th a t  are  disrupted  in AD (i.e., 

a ssoc ia t ion  a re a s  in the  o c c ip i to - tem p ero -pa r ie ta l  cortex).

Ostergaard  and Je rn igan  (1993)  have proposed an a l te rn a t ive  

explanation of th i s  research.  They argued th a t  the observed 

d issoc ia t ion  between the  performance of AD and HC may re f le c t  a 

d issoc ia t ion  be tween  language and motor  funct ion r a th e r  than 

d i f fe ren t  memory processes .  Specif ically , the  impaired 

performance of AD p a t i e n t s  may be a t t r ib u ta b le  to  the  f ac t  th a t  they 

had more severe  l inguis t ic  def ic i ts .  In con tra s t ,  the  impairment  of 

HD p a t ie n t s  on the  m oto r - sk i l l  task  may have re su l ted  from 

impaired motor  functions.

For m os t  proponents of m u l t ip le - sy s te m s  v iews,  the 

m echanisms which underl ie  explic i t  memory funct ion are  thought to 

be unnecessary  for  implic i t  memory function. The r e s u l t s  of two 

recen t  s tu d ie s  (Jernigan & Ostergaard,  1993; Randolph, 1991), 

however, have sugges ted  o therwise .  These s tu d ie s  will  be reviewed 

in depth as  the  anatomical  f indings of both have implica t ions  for  

sy s tem s ,  as  well  as  process ing views.

Je rn igan  and Ostergaard  (1993) conducted a s tudy w ith  the 

intent ion of linking priming and explic i t  memory funct ion to the 

amount of damage to ce r ta in  s t r u c tu r e s  found in individuals w ith  

AD, HC, amnesia  due to anoxic episodes, alcoholic Korsakoff (AK) 

p a t ien t s  and normal age-m atched  sub jects .  Volume e s t im a t e s  of the  

caudate  nuclei,  mesia l  temporal  lobes and p o s te r io r  tem poro-  

p a r ie to -o cc ip i ta l  cor tex  for  all su b je c t s  w ere  determined using
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magnetic  resonance imaging (MRI). The su b je c t s  were  t r ea te d  as  a 

single group and memory impairment  and anatomical  abnorm ali t ie s  

were  viewed along a continuum of severi ty .  It w as  reasoned that ,  

should the  e x te n t  of damage to a pa r t icu la r  s t ru c tu re  c o r re la te  w ith  

impairment  of a given function, the  same re la t ionsh ip  should be seen 

rega rd le s s  of etiology.

During the study phase of th e i r  experiment,  Je rn igan  and 

Ostergaard  (1993)  required s u b je c t s  to read aloud a l i s t  of words 

th a t  were  p resen ted  on a computer  screen. Following a delay, 

su b je c t s  were  then asked to identify  a se r i e s  of tach is to sco p ica l ly -  

presen ted  words. The s e r i e s  was comprised of words  th a t  were  

presen ted  during the s tudy phase, as well as  new words. Following 

the p resen ta t ion  of a word,  s u b je c t s  were  asked to  indicate  w he ther  

the word w a s  p resen ted  during the  study phase. The number of 

c o r rec t  c la s s i f i c a t io n s  (i.e., h i t s  plus co rrec t  r e je c t io ns )  provided 

during t h i s  recognit ion t e s t  served as  the  measure  of explic i t  recall.  

The d i f fe rence  be tween  mean la tenc ies  to identify  old and new 

words w as  used as  an index of implic i t  memory. A th ird  dependent 

measure  w a s  provided in the  use of mean latency to identify new 

words a s  an index of lexical process ing efficiency.

As pred ic ted  for  explic i t  memory, only the amount of volume 

loss  to  tem poro- l im bic  s t r u c tu r e s  corre la ted  w ith  poor recognition 

memory. No co rre la t ion s  were  obtained between anatomical  

m easu re s  and priming performance. Multiple reg ress ion  analysis ,  

however, revealed  th a t  caudate  volume loss and tem poro- l im bic  loss 

both contr ibu ted  to priming performance. The nature  of th is  

contr ibution  was  such th a t  caudate  damage w as  a s soc ia ted  w i th
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increased priming, whereas  damage to temporo-l imbic  s t r u c tu r e s  

was  a s soc ia ted  w i th  decreased  priming, In addition, while  amount 

of volume loss to all a reas  w as  found to co r re la te  w i th  decreased  

process ing  eff iciency,  reg ress ion  analysis  indicated th a t  caudate  

loss w as  m os t  strongly re la ted  to ineff ic ien t  lexical processing.

Jern igan  and Ostergaard  (1993)  in te rpre ted  the f indings 

regarding the  caudate  in te rm s  of previous s tud ies  (e.g., Scarborough 

et  al.> 1977) th a t  have shown increased priming under experimental  

condit ions which d isrup t  one's ab i l i ty  to p rocess  a s t im u lu s  (e.g., 

degrading stimuli).  In light of these  resu l ts ,  Jern igan  and 

Ostergaard  reasoned th a t  impairment  in lex ica l /percep tua l  

p rocess ing  (i.e., s low er  word- iden t i f ica t ion) ,  a sso c ia ted  with  

caudate  damage, acted in a way s im i la r  to experimental  

manipulat ions  which d isrupt  processing, and e f fec ted  g rea te r  

priming. They predicted tha t ,  should process ing d e f i c i t s  be the  

r e s u l t  of damage to th is  s t ruc tu re ,  then caudate  damage alone 

should be predic t ive  of increased priming.

The r e s u l t s  of a study conducted by Randolph (1991)  were  seen 

as  providing evidence for  th is  prediction. Randolph inves t igated  

priming on a word-s tern  completion task  and cued recall  

performance in normal individuals as  well a s  those w i th  AD and HC. 

Like Je rn igan  and Ostergaard,  Randolph in i t ia l ly  compared the 

absolu te  priming scores  (i.e., w i thou t  accounting for baseline  

performance) of all groups and found that ,  re la t ive  to normals,  AD 

p a t ie n t s  were  impaired, w hereas  HC pa t ien t s  performed comparably. 

Randolph also found, however, th a t  priming in all th ree  groups 

corre la ted  w i th  performance on cued recal l  (explici t  memory). When
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an analysis  of covariance was  performed to remove the  cued-recal l  

variance  from the priming scores ,  r e s u l t s  revealed th a t  the priming 

performance of AD p a t ie n t s  w as  comparable to th a t  of normals 

(suggest ing th a t  the  init ial  impairment  w as  a t t r ib u ta b le  to a de fec t  

of m em ory-re la ted  priming), w hereas  th a t  of HC p a t ien t s  was 

g re a te r  re la t ive  to normals. According to Ostergaard  and Jern igan  

(1993) , the  r e s u l t s  obtained by Randolph (1991) are  con s i s ten t  w i th  

those  obtained on th e i r  anatomical  study. Randolph's (1991)  r e s u l t s  

can be viewed as  indicat ing th a t  damage to temporo- l imbic  

s t r u c tu r e s  is a s so c ia ted  w ith  reduced priming. Additionally, the  

hyperpriming observed in the  HC p a t ie n t s  can be seen as  re f lec t ing  

impairment  in lex ica l /pe rcep tua l  processing.

In th e i r  anatomical  study,  Jern igan  and Ostergaard  (1993) also 

evaluated the  re la t ionsh ip  be tw een  priming, process ing  eff ic iency  

and recognition memory. While recognit ion memory did not 

co r re la te  w i th  priming, mult ip le  reg ress ion  analys is  revealed th a t  

recognit ion and process ing e ff ic iency  both contr ibuted  s ign if ican t ly  

to the  prediction of priming performance. The nature  of th is  

contr ibution  w as  such th a t  good recognition and decreased  

process ing eff ic iency  were  both a s so c ia ted  with  increased priming.

PET Studies
The more recen t  use of neuroimaging techniques to study 

memory has provided insight into the mechanisms which underl ie  

implic i t  and explic i t  memory. For example, a study conducted by 

Pe tersen ,  Fox, Posner, Mintun and Raichle (1988)  using normal 

su b je c t s  implicated a region of the  le f t  e x t r a s t r i a t e  occipita l
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cortex  where  ac t iv i ty  is a t t r ib u ta b le  to  the  coding of the  visual 

form of words. Additional evidence in support  of the  be l ie f  th a t  

lexical priming depends on the  in te g r i ty  of cor t ica l  m echanism s 

derives  from a s tudy using PET in normal s u b j e c t s  which 

dem ons t ra ted  ac t iv i ty  in the  p o s te r io r  co r tex  during complet ion of 

w o rd - s te m  completion t a s k s  (Squire, Ojemann, Miezin, Pe te rsen ,  

Videen & Raichle, 1992). It should be noted, however,  th a t  in th i s  

l a t t e r  study, increased blood flow in th e  r igh t  hippocampus w as  

s ign i f ican t ly  higher, r e la t iv e  to base l ine ,  when s u b je c t s  w e re  

performing a cued recal l  task ,  a s  well  a s  when they were  engaging 

in w o rd -s te m  completion. Due to the  f a c t  t h a t  the blood f low during 

the  cued recal l  ta sk  w a s  s ign i f ican t ly  h igher r e la t iv e  to the  word-  

s te m  completion task ,  the  au tho rs  in te rp re te d  th e i r  r e s u l t s  as 

indicat ing th a t  the  hippocampus w as  involved in cued recal l ,  

neglect ing the s ig n i f ican t  involvement in w o rd - s te m  completion. 

Consis ten t  w i th  Ostergaard  and Je rn ig an 's  (1993)  in te rp re ta t ion ,  

th ese  r e s u l t s  can be seen a s  sugges t ing  t h a t  the hippocampus w as  

involved in both tasks ,  a lb e i t  to  d i f f e r e n t  degrees. The e x te n t  of 

hippocampal involvement might  have d i f f e red  due to  the d i f f e re n t  

process ing  requ irem en ts  of the  tasks .

The s ign if icance  of the  findings from the  above-mentioned 

s tu d ie s  (i.e., Je rn igan  & Ostergaard ,  1993; Randolph, 1991, and 

Squire e t  al., 1992) l ie s  in the  common finding tha t ,  con tra ry  to 

previous belief ,  impl ic i t  and exp l ic i t  memory share  common neural 

mechanisms. Further, i t  w a s  found th a t ,  whi le  priming e f f e c t s  a re  

a t t r ib u ta b le ,  in part ,  to a m em o ry - re la te d  component, they a re  a lso  

a t t r ib u t a b le  to an independent p e rc ep tu a l / l ex ica l  p rocess ing
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component. Given th is ,  any theory which a t t e m p t s  to exp l ica te  

memory function must,  of necess i ty ,  in tegra te  process ing  theory 

w i th  s t ru c tu ra l  evidence.

Implici t  and Explici t Memory function in Adults

A su b s ta n t ia l  amount of r esea rch  has dem ons tra ted  th a t  

performance on d i rec t  t e s t s  of recal l  and recognition in normal 

adults  decl ines  w i th  age (e.g., Salthouse, 1988; Parkin, 1992). In 

con tra s t ,  s tu d ie s  inves t iga t ing  the performance of th is  populat ion 

on ind irec t  m easu re s  have yielded confl ic t ing resu l ts .

Most re sea rch  on impl ic i t  memory function in adu l ts  has found 

age invariance. For example, comparable  priming e f f e c t s  fo r  young 

and older adu l t s  have been found on t e s t s  of f ragm ent  completion 

(e.g., Light, Singh & Capps, 1986) w o rd -s tem  complet ion (e.g., Park & 

Shaw, 1992; Light & Singh, 1987), iden t i f ica t ion  of degraded or 

brief ly  p resen ted  words  (e.g., Light & Singh, 1987), lexical decision 

(Moscovitch, 1982 as  c i ted  in Light & La Voie, 1993) and spel l ing of 

homophones in accordance w i th  a previously biased meaning (e.g., 

Howard, 1988). Nonetheless, several  s tud ies  have dem ons tra ted  

re l iab le  age e f f e c t s  on ind irec t  measures.  For example, age 

d i f fe rences  have been found on ta s k s  of w o rd -s tem  completion (e.g., 

Chiarello & Hoyer, 1988; Hultsch, Masson & Small,  1991), word 

iden t i f ica t ion  (e.g., Abbenhuis, Raaijmakers , Raai jm akers  & van 

Woerden, 1990) and homophone spelling bias (Davis, Cohen, Gandy, 

Colombo, Van Dusseldorp, Simolke & Romano, 1990). In an a t t e m p t  

to resolve  the  incons is tenc ies  in these  findings, Light and LaVoie 

(1993) performed a m e ta -a n a ly s i s  of s tud ies  which examined
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impl ic i t  memory in young and older adults.  Based on the i r  analyses  

they concluded tha t ,  while  ag e - re la ted  d i f fe rences  on indirect  

priming m easu res  do ex is t ,  these  d if ferences  a re  much sm a l le r  than 

those  seen  when using d i rec t  measures.

The issue  of w he ther  age d i f fe rences  in performance r e f l e c t  

t rue  a g e - re la te d  d i f fe rences  in the  underlying p rocesses  involved in 

implic i t  memory, however, remains  unresolved. In response  to a 

growing body of evidence, some resea rch e r s  (e.g., Graf, 1990, Russo 

& Parkin, in p ress ,  a s  c i ted  in Parkin, 1993) have argued th a t  

observed age d i f fe rences  on implic i t  memory t a s k s  are  secondary to 

d i f fe rences  in the  ex ten t  to which young and older adults  use 

explic i t  memory to  f a c i l i t a t e  performance on these  tasks.  It is 

hypothesized tha t ,  as  a d u l t s  age, there  is a decrease  in the s e l f ­

in i t ia t ion  of s t r a t e g ic  re t r ieva l  processes. Recently, r e sea rch e rs  

have begun to v iew th i s  decl ine in the  ab i l i ty  to  in i t i a te  s t r a t e g ie s  

as a consequence of de te r io ra t ing  memory funct ion a ssoc ia ted  w ith  

the f ronta l  lobes (Parkin & Walter, 1991). Should th i s  be the  case, 

th is  theory would hold important  implica tions for  our understanding 

of the  development of these  p rocesses  in children. Given th a t  

development  of the  f ronta l  lobes has been found to extend into 

adolescence, one might  pos tu la te  th a t  impl ic i t  memory function 

should improve throughout childhood. This poss ib i l i ty ,  however, has 

not ye t  been explored.

Of p a r t i cu la r  re levance to the curren t  study is resea rch  

inves t iga t ing  age d i f fe rences  in the acquis i t ion  and recall  of novel 

or a s so c ia t iv e  iniformation. A large l i t e ra tu re  e x i s t s  which 

ind ica tes  th a t  older, re la t iv e  to younger, adu l ts  a re  impaired on
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d irec t  memory t e s t s  which evaluate  the formation of new 

associa t ions .  These findings have been in te rpre ted  in two ways.

One explanation sugges ts  th a t  older adults  have d i f f icu l ty  in 

acquiring new assoc ia t ions ,  whereas  the  o ther  proposes th a t  the 

demons tra ted  impairment  is due to problems w i th  re t r ieva l .  As 

Light and LaVoie (1993)  suggest ,  a finding of age invariance on 

indirect  m easu res  evaluating the  formation of new a sso c ia t io ns  

would argue s t rongly  for the  ex is tence  of re t r ieva l  d i f f i c u l t i e s  in 

the elderly. Unfortunately, s tu d ies  which have evaluated  priming for  

new asso c ia t io ns  have also re su l ted  in a g rea t  deal of ambiguity. 

While a g e - re la ted  d i f fe rences  have been reported in some s tud ies  

(e.g., Howard, 1988; Howard, Heisey & Shaw, 1986), a number of 

r e sea rch e rs  have repor ted  the  absence of such d i f fe rences  (e.g., 

Howard, Fry & Brune, 1991; Nilsson, Backman & Karlsson, 1989). 

Furthermore,  methodological d i f fe rences  a c ro ss  s tu d ie s  have made 

it  d i f f icu l t  to draw conclusions regarding the reasons  for  d iscrepant  

findings.

One theory proposed to explain the d iscrepant  f indings of 

s tud ies  evaluat ing the acquis i t ion  of new a sso c ia t io ns  r e l a t e s  to 

the  quest ion of w he ther  it  is necessary  for an individual to encode 

new a sso c ia t ion s  under e laborat ive  conditions in order  to 

dem ons tra te  priming for  those  assoc ia t ions  (Howard e t  al., 1991). 

While Howard e t  al. (1991)  have demonstra ted  th a t  older, re la t iv e  to 

younger, adu l ts  show less  priming due to decreased  ab i l i ty  to engage 

in e laborat ive  encoding, the question of w he ther  the  development of 

the abi l i ty  to benef i t  from elabora t ive  condit ions im pacts  on the 

priming performance of children has ye t  to be explored.
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Implici t  and Explicit  Memory function in Children

Most r esea rch  on im pl ic i t  memory function has been r e s t r i c t e d  

to comparisons be tw een  young and older adults  w i th  re la t ive ly  l i t t l e  

a t ten t io n  afforded to the  na tu re  of these  p rocesses  in children. 

Despite this , the  idea th a t  mult ip le  forms of memory ex is t  has  been 

addressed.  For example, based on observat ions  of in fan ts  and young 

children, Piaget  (1952,  c i ted  in Naito, 1993) dis t inguished  be tw een  

memory in the broad  sense  and memory in the s tr ic t sense. When 

adapted to the p resen t  schema of memory types,  the  former,  i.e., 

adaptive responses  based on senso r im oto r  procedures,  is akin to 

implic i t  memory. In co n tra s t ,  the  la t te r ,  charac te r ized  by the 

ab i l i ty  to consciously  re c o l le c t  information acquired with in  a 

p a r t i cu la r  spa t io tem pora l  context ,  is s im i la r  to explic i t  memory.

In the early  1980's, severa l  s im i la r  dichotomies were  

introduced to accommodate  the  emerging evidence for  tw o  memory 

forms in infants.  For example, Schac te r  and Moscovitch (1984),  in 

re fe rr ing  to the ontogeny of the  memory types, described e a rly  and 

/ ^ s y s t e m s .  In comparing th e i r  f indings in in fan ts  to those  

derived from resea rch  on amnesics ,  Schac ter  and Moscovitch argued 

th a t  the  early  sy s te m  (the con ten ts  of which is not a ccess ib le  to 

consciousness)  is  fully functional  a t  bir th  and is spared in amnesia. 

The la te  sys tem , which enables  conscious access  to information,  

begins to emerge a t  around e ight  months of age, and is impaired in 

amnesics.

In like manner, Mandler (1988), a lso working w i th  infants ,  

introduced the te rm  sensorim o to r procedures in re fe ren ce  to  an
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Infant’s ab i l i ty  to recognize a previously encountered s t im u lu s  (e.g., 

habitua t ion  to  a fam i l ia r  s t imulus) .  She d is t inguished  th is  

p r im i t ive  form of recognit ion from the abil i ty  to recall .  Whereas 

the  sen so r im o to r  p rocedures  a re  not access ib le  to  consciousness ,  

w i th  development  of the  ab i l i ty  to recal l ,  in formation s to re d  in a 

conceptual form can be consciously  accessed.  Although not 

exp lic i t ly  s t a t e d  as  such, Mandler 's theory r e i t e r a t e s  t h a t  proposed 

by Piaget  (1952)  in t h a t  the  ab i l i ty  to recal l  em erges  a t  a t im e  

coincident  w i th  the  onse t  of o b jec t  permanence.

Despite  the  a t t e n t io n  a fforded  to these  func t ions  in the  infant 

memory l i t e r a tu r e ,  only four  s tu d ie s  have compared im pl ic i t  and 

exp l ic i t  memory function in children. These s tu d ie s  vary widely  in 

methodology as  well  as  in age-range  targeted. Two s tu d ie s  (i.e., 

Parkin & S t r e e t e ,  1988, and Greenbaum & Graf, 1989) t a rg e te d  

children as  young as  th ree  ye a r s  of age. As the  age- range  ta rg e te d  

in th i s  d i s s e r t a t io n  includes children only as young as  seven years ,  

th ese  two s tu d ie s  are  the  l e a s t  re levan t  of the  four  when 

considering the  cu rren t  experiment.  Given th is ,  t h e i r  r e s u l t s  wil l  be 

reviewed only briefly.

Greenbaum and Graf (1989)  explored impl ic i t  memory in three,  

four and f i v e -y e a r -o ld s  using a modified word-production  task. 

Su b je c t s  w e re  asked to name and memorize  line d raw ings  of 

f am i l ia r  o b je c t s  th a t  a re  typica l ly  seen in one of severa l  

p rede term ined  s e t t i n g s  (e.g., zoo, res tauran t ) .  S u b je c t s  w e re  then 

told a b r ief  s to ry  about  going to one of these  s e t t i n g s  and w ere  

asked to name i te m s  t h a t  they might find there. The frequency with 

which the  children provided a p rev ious ly -p resen ted  o b je c t  as a
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category exemplar  served as  the  index of implic i t  memory. 

Performance on a t e s t  of f ree  recal l  w as  used as  the measure  of 

explic i t  memory.

Resu l ts  indicated age- invariance  on the priming measure  w ith  

c lear  d i f fe rences  be tween age groups on the  recall  measure. While 

these  findings were  in te rp re ted  as  evidence for  the  proficiency of 

implic i t  memory in early  childhood (despi te  d i f f i c u l t i e s  with  

explic i t  recall) ,  the  absence of older child and adult  sam ples  

precludes conclusions regarding the development of th i s  ab il i ty  

ac ross  the  lifespan.

Parkin and S t r e e t e  (1988)  evaluated implic i t  and explic i t  

memory funct ion in children aged th ree - ,  f ive -  and seven-years -o ld ,  

as well  a s  a group of adults  over 20 years  of age. Implic i t  memory 

was a s s e s s e d  using a f r ag m e n te d -p ic tu re - iden t i f ica t ion  paradigm 

(i.e., savings scores) ,  while  a yes /no  recognition t e s t  served as  the 

measure  of exp l ic i t  memory.

Although overall  performance on the  implic i t  measure  

improved w i th  age, priming e f f e c t s  were  found to be comparable for 

all ages when s u b je c t s  were  equated on basel ine  performance.

Parkin and S t r e e t e  in te rp re ted  the  age e f f e c t s  as  r e f lec t ing  an age-  

re la ted  improvement in "perceptual learning" ra th e r  than in implic i t  

memory per se. The reason for  th is  cautious in te rp re ta t io n  re la ted  

to the r e s u l t s  of post  hoc analyses  which suggested  th a t  the age-  

e f fe c t  w a s  due to an increase  in the influence of exp l ic i t  memory 

w ith  age. Parkin and S t r e e t e  concluded tha t ,  in order  to 

d em ons t ra te  age- invar iance  in implici t  memory, i t  is necessa ry  to
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conduct  an experiment  in which implic i t  memory is a s se s s e d  

withou t  the  contaminating  influence of explic i t  memory.

Of the remaining two developmental s tud ies ,  both focused on 

impl ic i t  memory in early  childhood. The f i r s t ,  conducted by Carroll,  

Byrne and Kirsner (1985), compared implic i t  and explic i t  memory in 

children aged five, seven and ten  years. As a sep a ra te  experiment, 

Carroll e t  al. a lso inves t iga ted  these  funct ions in adults.  In both 

experiments ,  p ic tu re s  were  presen ted  under one of tw o  encoding 

conditions: deep and shallow. In the deep encoding condition, 

s u b je c t s  w ere  required to judge the weight  of a p ic tured  ob jec t  

whereas ,  in the shal low condition, su b je c t s  were  required to search  

for  a c ro ss  marked on the picture. Explicit  memory was  a sse ssed  

using recognit ion of tach is to sco p ica l ly -p re sen ted  pictures .  

Differences in la tency to name previously presen ted  pic tures ,  

r e la t ive  to  new p ic tu res ,  served as the  index of implic i t  memory.

Recognition of p ic tu re s  improved w i th  age for  the  child 

.sample. In addition, performance on the recognition t e s t  was  

d i f fe ren t ia l ly  e f fe c te d  by encoding, such th a t  deeply-encoded 

p ic tu re s  w ere  b e t t e r  recognized than those  encoded under shal low 

conditions.

Resu l ts  of the  priming t e s t  (i.e., naming la tenc ies )  did not 

reveal va r ia t io ns  in performance with  age. However, a s ign i f ican t  

age by encoding in te rac t ion  was  reported  indicat ing an e f f e c t  of 

encoding on the  children 's  priming performance (i.e., priming w as  

g re a te r  for  deeply encoded p ic tures) ,  but not on th a t  of the adults.

In order  to c la r i fy  th is  inconsis tency,  Carroll e t  al. (1985)  

conducted a th ird  experiment  w i th  7 -y ea r -o ld  chi ldren using pic ture
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ident i f ica t ion  accuracy (as opposed to latency) as  the index of 

implic i t  memory. The findings of th is  final experiment  did not 

suggest  an e f f e c t  of encoding on priming for  the seven-year -o ld  

children. However, the  f ac t  th a t  the two experiments  d iffered  in 

methodology prevented resolution of the incongruity obtained in the  

previous experiments.

While the Carroll e t  al. s tudy suggested age invariance in 

implic i t  memory function in middle childhood, caution m ust  be 

exerc ised  when a t tem pt ing  to extend these  findings into adulthood. 

Differences in the  methodology used in the  child and adult  

experiments  make it  d i f f icu l t  to in te rp re t  these  findings w i th in  a 

developmental  framework.

The second s tudy comparing implic i t  and expl ic i t  memory 

function in a middle childhood sample  was  performed by Naito 

(1990),  who conducted a s e r i e s  of three  experiments  evaluating 

implic i t  and explic i t  memory performance as a function of encoding 

condition and re ten t ion  interval.  In her f i r s t  experiment, f i r s t - ,  

t h i rd -  and s ix th -  grade Jap anese  children, as  well as  a sample of 

Japanese  univers i ty  s tud en ts  (mean age 22.1 years)  served as  

sub jec ts .  Explicit  memory w a s  evaluated using e i th e r  a recal l  or 

recognit ion paradigm, while  performance on a word-f ragm ent  

completion t e s t  served as  the index of impl ic i t  memory.

During the  encoding procedure, su b je c t s  were  exposed to a l i s t  

of Jap an ese  words  and were  asked to respond to one of two question 

types: a "physical le t ter"  quest ion in which su b je c t s  judged whe ther  

the t a r g e t  word contained a given l e t t e r  from the Hiragana alphabet ,
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or an e labora t ive  "category" question which required su b je c t s  to 

provide the  category to which the t a rg e t  word belonged.

In the  f i r s t  experiment, su b je c t s  were  given a w ord -f ragm en t  

completion ta sk  following the encoding condition. While r e s u l t s  of 

th i s  experiment  revealed an increase  in the  number of w ord-  

f ragm en ts  completed with  age; priming e f f e c t s  did not d i f fe r  w i th  

age. In addition, priming r a t e s  for  physically-encoded words  were  

no d i f fe ren t  than those  obtained for  ca tegor ica l ly-encoded words.

In c o n t ra s t  to  the  findings of Carroll e t  al. (1985),  encoding e f f e c t  

did not vary w i th  age.

In Naito's (1990)  second experiment , su b je c t s  were  exposed to 

the  same encoding condition, however, a f ree  recal l  t e s t  w as  given 

in lieu of the  implic i t  measure. Resul ts  revealed an in te rac t ion  

be tween  age and encoding condition such th a t  recal l  of 

ca tegor ica l ly -encoded  words increased l inearly w i th  age. For 

physical ly-encoded words,  adu lts  recal led  s ign i f ican t ly  more than 

f i r s t - g ra d e r s ,  however, no d i f fe rences  were  found among the child 

sample.

In the th ird  experiment  of th is  se r ies ,  Naito examined the 

e f f e c t  of re ten t io n  interval on explic i t  and implic i t  memory. F i r s t -  

and s ix th -g rad e rs ,  and univers i ty  s tuden ts ,  were  in s t ru c ted  to study 

and memorize  a l i s t  of 32 words. Following seven-m inu te  and s ix -  

day in tervals ,  su b je c t s  completed a w ord -f ragm en t  completion t e s t  

or a ye s /no  recognition te s t .  For all ages, performance on the 

recognition t e s t  declined w i th  time. Further, while  ana lys is  of 

recognition performance revealed improvement w i th  age in the  shor t  

delay condition; children performed b e t t e r  than adu l ts  following the
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long delay. This l a t t e r  r e s u l t  was  in te rpre ted  as re f lec t in g  

f a m i l ia r i ty  e f f e c t s  (i.e., th a t  adults  have d if f icu l ty  w i th  recognition 

when ta rg e t  words  are  famil ia r )  akin to those reported  by Jacoby 

and Dallas (1981).

S im ila r  to the r e s u l t s  obtained in Experiment 1, overall 

performance on the w o rd -f ragm en t  completion t e s t  improved w i th  

age. The same amount of priming, however, w as  obtained for  all 

ages. Naito (1990)  in te rp re ted  th is  finding as  evidence th a t  

r ep e t i t io n  priming is developmentally  s tab le  from middle childhood 

to adulthood. A main e f f e c t  of re ten t ion  interval w as  a lso  obtained 

such th a t  more i tem s  were  completed following the  long delay than 

the  sh o r t  delay. This l a t t e r  finding, a t t r ib u tab le  to an increase  in 

overal l performance, w as  in te rp re ted  to r e f le c t  increased  fluency on 

the  w o rd -f ragm en t-com ple t ion  t e s t  following the long delay.

In summary, the  r e s u l t s  of s tud ies  which have compared 

impl ic i t  and explic i t  memory in children have suggested  the  

ex is tence  of a developmental d issoc ia t ion  between the two fo rm s of 

memory. Based on findings from s tud ies  on infant  memory, i t  is 

believed tha t  impl ic i t  memory develops e a r l ie r  than exp lic i t  

memory, and is functional  in neonates. Evidence from s tu d ie s  

comparing th e s e  funct ions in older children su g g e s t s  tha t ,  while  

exp lic i t  memory improves w ith  age, implic i t  memory rem ains  s tab le  

throughout childhood. The findings regarding implic i t  memory in 

children are  tenuous, however, in th a t  they are  based on the  r e s u l t s  

of s tu d ie s  which vary widely in su b je c t s  and experimental  

procedures.
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Implic i t  and Explici t Memory Function in Reading Disabled Children

Stud ies  inves t igat ing  memory function of learning disabled 

children  have focused pr imar i ly  on explici t  memory. In general,  

t h e se  s tu d ie s  have indicated th a t  learning disabled (LD) children 

have s ign i f ican t  d i f f icu l ty  on d i rec t  measures  th a t  require  

conscious  reco l lec t ion  of prior  learning episodes. For example, it  

has been reported th a t  LD children, re la t ive  to non-disabled  peers,  

reca l l  l e s s  information (e.g., Lorsbach, 1980), a re  l e s s  accu ra te  in 

th e i r  recognit ion of pr ior  even ts  (e.g., Lorsbach & Gray, 1985), 

engage in less  sem an t ic  process ing (e.g., Ceci, 1983 and 1984), and 

fail to  apply s e l f - i n i t i a t e d  memory s t r a te g ie s  such as  rehearsa l  and 

organizat ion (Bauer, 1982). These def ic i t s  have been hypothesized 

by som e (e.g., Ceci, 1983), however, to ex is t  only in c i r c u m s tances  

which require  the  use of "purposive" (i.e., e f fo r t fu l )  processing. 

While these  s tu d ie s  have made c lea r  th a t  LD children have 

s ign i f ican t  d i f f icu l ty  on d i rec t  m easures  of exp l ic i t  memory, very 

l i t t l e  is  known about implic i t  memory function in th i s  population.

Only one study (Lorsbach & Worman, 1989) has explored 

im p l ic i t  and explic i t  memory function in learning d isabled (LD) 

children. In th i s  study,  a sample of th ird-  and s ix th -g rad e  LD and 

non-LD children were  exposed to a se r ie s  of 33 p ic tu re s  and were  

asked to  name them. S u b je c t s  were  told to expect  a memory t e s t  a t  

a l a t e r  time. T w en ty -e igh t  of the  s t imulus  p ic tu res  w ere  exemplars 

from one of four ca teg o r ie s  (i.e., vehicles, tools ,  an im als  and 

clothing). The remaining five p ic tures  were  unre la ted  to the 

c a teg o r ie s  and to one another. Explicit  memory w as  a s s e s s e d  using 

a f r ee  recall ,  followed by a cued (i.e., category cue) reca l l  tes t .
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Performance of the four groups (i.e., LD and nonLD from both grades), 

on both measures ,  revealed s ign i f ican t  age e f f e c t s  (older recall ing 

more than younger) and group e f f e c t s  (non-LD recal l ing more than 

LD). Performance on a t e s t  of f ragm ented-p ic tu re  iden t i f ica t ion  

serving as the  index of implic i t  memory, revealed no e f f e c t  of age or 

group.

The r e s u l t s  of Lorsbach and Worman's (1989) s tudy might  be 

taken to r e f l e c t  the  in tegr i ty  of the  s t ru c tu ra l -d e sc r ip t io n  

subsys tem  of the  PRS in LD children. In accordance w i th  t h i s  theory, 

the  o b je c t -p e rc e p tu a l - id e n t i f i c a t io n  ta sk  used in Lorsbach and 

Worman's s tudy would be seen as a d a ta -o r  pe rcep tua l ly -dr iven  

indirect  m easure  of nonverbal priming. That  the performance of LD 

children on th i s  ta sk  does not d i f fe r  from non-LD peers  sugges ts  

t h a t  the  subsys tem  believed to subserve  th i s  function is a lso  intact.  

The r e s u l t s  of the  study have no relevance when considering the 

funct ioning of the  word-form  subsystem, or of the sem ant ic  

subsystem, as  no measure  of l inguist ic  priming w as  employed.

Memory Function in ADHD Children

Research on memory function in ADHD children has 

co ns is ten t ly  fa i led  to dem ons t ra te  s ign if ican t  memory impairment  

on exp l ic i t  tasks .  For example, ADHD children were  found to  perform 

comparably to  normal control  pee rs  on th ree  ser ia l  reca l l  t a s k s  

(Benezra & Douglas, 1988). These r e s u l t s  indicated th a t  ADHD 

children dem on s t ra te  comparable encoding speeds  and s im i la r  

p a t t e rn s  of spontaneous decay of verbal t races .  In addition, ADHD
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children were  not found to be more suscep t ib le  than contro ls  to 

interference.

Despite  the lack of evidence for  impairment  of ADHD children 

on explic i t  memory ta sk s ,  a number of re sea rch e r s  (e.g., Douglas & 

Benezra, 1990) have reported findings suggest ing t h a t  ADHD children 

have d i f f icu l ty  spontaneously employing mnemonic s t r a t e g i e s  for 

re t r ieva l  purposes. Douglas (1988) has argued tha t  th is  d i f f icu l ty  

s t e m s  from defec t ive  se l f - reg u la to ry  or "executive" p rocesses  

which underl ie the  organization and monitoring of information 

processing,  the sus ta in ing  of a t ten t ion  throughout p rocess ing  and 

the  inhibit ion of inappropriate  responding. It has been suggested  

tha t ,  while  ADHD children are  as  capable of u t i l iz ing  these  

s t r a t e g i e s  (e.g., August, 1987), it  is th e i r  fa i lure  to main tain  the 

use of the  s t r a te g y  in s i tu a t io n s  which require e f fo r t fu l  and s e l f ­

regula ted  performance over t ime tha t  d is t inguishes  them from 

normal children.
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Experiment .1.
A Developmental Study of Implicit  and Explicit Memory

Rationale  for  Experiment I

A large body of evidence e x is t s  in support  of the  idea th a t  

exp lic i t  recal l  improves throughout childhood and then decl ines  in 

late  adulthood. This e f f e c t  has been demonstra ted  on t e s t s  of f ree  

recal l ,  cued recal l  and recognition (c.f., Richardson-Klavehn & Bjork, 

1988). In con tra s t ,  while  the  s tud ies  of implic i t  memory in adul ts  

have re su l ted  in incons is ten t  findings, the  few s tu d ie s  evaluat ing 

the e f f e c t s  of age on th i s  function in children have repor ted  age 

invariance. Despite this ,  i t  has been argued (e.g., Light & La Voie, 

1993) based on m etana lys is ,  th a t  implici t  memory performance  does 

vary w i th  age, however, to a much le s se r  ex ten t  than exp l ic i t  

memory.

The d ispar i ty  in these  v iew s  re la te s ,  in part ,  to  d i f fe rences  

be tween  the m easures  used in s tud ies  investigat ing developmental  

d i f fe rences  in implic i t  and explic i t  memory. It has been sugges ted  

th a t  the  vulnerabil i ty  of performance on memory t e s t s  to age 

e f f e c t s  depends on the ta sk  demands of those  t e s t s  (e.g., 

conceptually-dr iven vs, perceptually-dr iven)  r a th e r  than the  type of 

memory being a s se s sed  (e.g., implici t  vs. explicit).  Consis ten t  w i th  

this ,  performance on conceptually-driven t e s t s  (be they d i rec t  or 

indirect)  would be vulnerable  to age d i f fe rences  w h e reas  t h a t  on 

percep tua l ly -dr iven  t e s t s  would not be.

A second reason for  the  d iscrepant  v iew s  r e l a t e s  to the  

tendency of r e sea rch e r s  to r e s t r i c t  the i r  inves t iga t ion  to age-
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ranges a t  e i the r  end of the spectrum without  considera tion for  how 

these  memory form s develop across  the  l ife-span. That is, m ost  

s tud ies  investigat ing the development of implic i t  and explic i t  

memory, have r e s t r i c t e d  age comparisons to those  between young 

and old adults  or between children of various ages. The r e s u l t s  of 

s tud ies  evaluating implic i t  memory function in adul ts  ra i se  

important ,  and as  yet  unanswered, quest ions  regarding the  na tu re  of 

these  p ro cesses  in children. Similarly , s tud ies  evaluat ing these  

memory types in children have yielded in te res t ing  findings which 

are  not general izable  to adults .  Only two s tud ies  have a t t em p ted  to 

compare the performance of children w i th  th a t  of adults.  The 

r e s u l t s  of one of these  s tu d ies  (i.e., Carroll e t  al, 1985) were  

tenuous due to an inconsis tency in the method used to inves t iga te  

these  p ro cesses  in the age groups targeted.  The second study (Naito, 

1990), while  methodological ly sound in comparing implic i t  and 

explic i t  memory performance of three  groups of children to th a t  of 

young adults,  excluded individuals between the ages  of 12 and 18 

years. The p resen t  study w a s  designed to  address  these  

deficiencies.

The f i r s t  experiment  of th is  d i s se r ta t io n  w as  intended to 

inves t iga te  the  development of implic i t  and explic i t  memory in 

s u b je c t s  ranging in age from middle childhood to mid-adulthood (i.e., 

7 - 5 0  years).  Implici t  memory w a s  a s s e s s e d  using two indirect  

lexical m easu res  which d if fered  in the degree to which they engage 

conceptual and perceptual  cognit ive processes .  The f i r s t  measure ,  a 

cued w o rd -s tem  completion t e s t ,  is charac te r ized  a s  pr imari ly  a 

perceptual ly-dr iven  implic i t  measure. In con tra s t ,  the  second
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implic i t  measure ,  a category fluency t e s t ,  is c h a ra c te r iz e d  as  a 

conceptually-dr iven indirect  tes t .  Explicit  memory wil l  be a sse ssed  

using a conceptually-dr iven d irec t  measure; a four -cho ice  

recognit ion tes t .

Hypotheses
1. Predicted  Effec ts  Age on Memory T es t  P e r fo rm a n ce : It 

was  pred ic ted  th a t  age e f f e c t s  would vary a s  a funct ion of 

task  requ irem ents  and not of the  form of memory targeted. 

Specif ical ly ,  i t  w as  hypothesized th a t  pe rfo rm an ce  on the 

conceptually-driven implici t  and exp lic i t  m e a s u re s  would 

vary in an age-dependent manner (i.e., w i th  perform ance  

improving with  age). Conversely, age invariance would be 

dem onstra ted  on the perceptual ly-dr iven  im p l ic i t  

measure.

2. Predicted Effects  of Encoding on Memory T es t  

Performance: Encoding requirements  a t  the  t im e  of study 

a lso  served  as an independent variable  in the  c u r r e n t  

experiment.  It has been suggested (e.g., Roediger & 

Srinivas ,  1993) th a t  performance on m easu re s  of implici t  

and explic i t  memory may be e ffec ted  d i f f e r e n t i a l l y  by 

manipulat ions in encoding. The nature  of th is  e f f e c t  for 

recognit ion memory is such tha t  information w h ich  has 

been encoded semantica l ly  (i.e., under cond i t ions  which 

require  process ing the meaning of the  to -b e - rem e m b e red  

m a te r ia l )  is b e t t e r  recalled than m ater ia l  which is  not 

encoded sem ant ica l ly  (e.g., on t a sk s  which req u i re  the
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su b jec t  to indicate  w he ther  a word conta ins  a given 

consonant).  In con tra s t ,  the  r e s u l t s  of s tu d ie s  which have 

evaluated the e f f e c t  of encoding on impl ic i t  memory 

performance a re  inconsis tent .  Most s tu d ie s  have reported  

th a t  impl ic i t  memory performance is r e s i s t a n t  to  

encoding manipulat ions (e.g., Naito, 1990). There is some 

evidence to suggest ,  however, tha t  the e f f e c t  of encoding 

on memory is task  dependent (e.g., Light & La Voie, 1993). 

That  is, conceptual ly-dr iven  m easu res  (be they  d i rec t  or 

indirect)  are  vulnerable  to encoding e f f e c t s ,  w hereas  

percep tua l ly -dr iven  m easures  are not. More recently ,  

Brown and Mitchell (1994)  conducted a m etan a ly s i s  of 131 

s tu d ie s  and reported  levels  of processing e f f e c t s  in 79% 

of those s tudies .  Priming w as  found to be g re a te r  

fol lowing sem an t ic  than nonsemantic  encoding on both 

perceptual  and conceptual implic i t  memory t e s t s  as  well  

as in w i th in -  and b e tw e e n -s u b je c t s  designs.

Consis ten t  w i th  the principle  of t r an s fe r - a p p ro p r i a t e  

processing,  i t  was  predic ted  th a t  manipulat ion of the 

encoding requirement  a t  t im e  of study would e f f e c t  

performance on the conceptually-dr iven t a s k s  (i.e., 

category fluency and recognition) but not on the  

percep tua l ly -d r iven  s tem -com ple t ion  task. It was  

hypothesized th a t  a g re a te r  proportion of s e m a n t ic a l ly -  

encoded t a r g e t  i tem s  would be produced on the  f luency and 

recognit ion t e s t s  re la t iv e  to non-sem ant ica l ly -encoded
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items.  In con tra s t ,  i t  w as  predicted th a t  the re  would be 

no e f f e c t  of encoding on the cued w o rd -s te m  completion 

tes t .

3. Predicted Age X Encoding Interact ion on Memory Tes t  

Performance: It was  believed th a t  age and encoding 

condit ion would in te rac t  in such a way as  to e f f e c t  task  

performance different ia l ly .  It was  predic ted  th a t  

performance on the  conceptually-driven ta s k s  (i.e. fluency 

and recognition) would r e f l e c t  an in te rac t ion  be tween  

these  variab les ,  w hereas  performance on the 

perceptua l ly-dr iven  task  (i.e. s tem  completion)  would not. 

The reason for  th is  prediction re la ted  to f indings which 

indicate  ag e - re la te d  changes in the abil i ty  to in i t i a te  

mnemonic s t r a t e g i e s  spontaneously. A ge-re la ted  changes 

on t e s t s  of exp lic i t  recall  are  of ten  a t t r ib u te d  to  an 

improvement (i.e., when explaining improvement in 

explic i t  memory throughout  childhood) or a decl ine (i.e., 

when explaining decl ines in memory function in la te  

adulthood) in the abi l i ty  to apply mnemonic s t r a t e g i e s  

spontaneously. Despite developmental d i f fe rences  in th is  

abil i ty , it  has been found th a t  children benef i t  equally 

re la t iv e  to adul ts  when mnemonic s t r a t e g ie s  are  provided. 

Thus, the  memory performance of young re la t iv e  to old 

su b je c t s  should not d i f fe r  for t a r g e t  i tem s  which w ere  

presen ted  under c ircum stances  which promoted sem ant ic  

encoding.
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In con tras t ,  developmental  d i f fe rences  should be re f lec ted  

in memory performance for t a rg e t  information which was 

presen ted  under condit ions which did not  inspire  sem ant ic  

encoding. Consis ten t  wi th  the  a fore -m ent ioned  

predictions,  i t  w as  hypothesized t h a t  t h i s  in te rac t ion  

would be found on the conceptually-dr iven t a s k s  and not 

for  the  perceptual ly-dr iven  task.

4. Foil-Choice Hypothesis: The reason for  employing a four-  

choice recognition t e s t  in th is  experiment  re la te d  to 

s tu d ies  which repor t  developmental d i f fe ren ces  in the  

pa t te rn  of recognition errors . For example, i t  has been 

found tha t  younger, re la t ive  to older, chi ldren tend to 

commit more fa l se  recognition e r ro r s  on the  bas is  of 

s t ru c tu ra l  and acoust ic  features .  In co n tra s t ,  the  e r ro r s  

of older children a re  based on sem an t ic  a t t r ib u t e s  

(Lorsbach & Gray, 1985). This ag e - re la te d  increase  in the 

amount of a t ten t ion  given to sem an t ic  f ea tu res ,  w i th  the 

concomitant  decline in processing of s t ru c tu ra l  fea tu res ,  

r e f l e c t s  a development in e ffor t fu l  sem an t ic  process ing  

ability. It was  predic ted th a t  the p a t t e r n  of recognit ion 

e r ro rs  dem ons tra ted  by su b je c t s  in the  curren t  experiment  

would vary w i th  age. It was  hypothesized th a t  the  e r ro r  

p a t te rn  of younger, re la t ive  to older, s u b j e c t s  would 

r e f l e c t  a tendency to  focus on the s t ru c tu ra l  or acous t ic  

f e a tu re s  of the st imuli .  In con tra s t ,  the e r ro r  p a t te rn
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dem ons tra ted  by older su b je c t s  on the recognit ion t e s t  

w a s  predicted to r e f l e c t  the tendency of these  s u b je c t s  to 

focus on the sem ant ic  c h a ra c t e r i s t i c s  of the t a r g e t  

st imuli .
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Method

S ub jec ts

A to ta l  of 108 s u b je c t s  (61 m ales  and 47 fem a le s )  ranging in 

age from 7 years ,  0 months to 47  years ,  5 months p a r t i c ip a te d  in 

Experiment 1. Seventy-n ine  percen t  of the  sam ple  w e re  Caucasian,

11% w ere  Hispanic, 5% w ere  Black and 5% w ere  of some o th e r  

descen t  (e.g., Asian).

The child sam ple  (i.e., su b je c t s  < 19 y ea rs -o ld )  w a s  rec ru i te d  

pr imari ly  from tw o  parochial  schools  in an outlying suburb of New 

York City. Most s u b j e c t s  w e re  from fam i l i e s  of middle 

socioeconomic s ta tu s .  Remaining child s u b j e c t s  w e re  r ec ru i te d  

from fam i l i e s  living in the same outlying suburb. Adult s u b j e c t s  

were  r ec ru i ted  from the s u b je c t  pool of the Psychology Department  

a t  Queens College of the  City Universi ty of New York.

S u b je c t s  w e re  divided into five  age groups: 7 years ,  0  months 

through 8 years ,  11 months; 9 years ,  0 months through 10 years ,  1 1 

months; 11 years ,  0 months through 13 years ,  11 months;  14 years ,  

0 months through 19 years ,  11 months; and 20 years ,  0 m onths  and 

older. Table 1 sho w s  the c h a r a c t e r i s t i c s  of the  s u b j e c t s  based on 

these  age divisions. The groups did not d i f fe r  s ig n i f ic an t ly  on 

m easu res  of in te l l igence,  (KBIT Composite: F(4,103)= 859,  p= .491;  

KBIT Vocabulary: F (4 ,103)=. 116, p=.977; KBIT Matrices:

F(4,103)=2.26, p=.067). S u b je c t s  from all age-groups  w e re  a lso  

comparable  on the  A r i th m e t ic  (F(4,103)=.351, p=.843), and Spelling 

(F(4,103)=.846, p=.499) s u b t e s t s  of the WRAT-R. While one-w ay  

ANOVA revealed a s ig n i f ican t  d i f ference  be tw een  age-g roups  on the 

Reading s u b te s t  of the  WRAT-R (F(4,103)=2.47, p=.049), p o s t -h oc
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analyses  using Tukey-Highly Signif icant  Difference (HSD) Multiple 

Range T es t  fai led to reveal  s ign i f ican t  individual group differences.

Consent

For child su b jec ts ,  consent  was  obtained from th e i r  pa ren t  or 

legal guardian. A consent  form explaining the na ture  of the  study 

and procedure was given to the  parent  or guardian (see  Appendix A). 

This consent form w as  rev iewed  and approved by the  Inst i tu t ional  

Review Board of Queens College of the City University of New York. 

The child 's  a s se n t  w as  obtained following a verbal explanat ion of 

the general purpose of the study and the procedure. The experiment  

w as  not conducted un less  such a s se n t  had been obtained. S ub jec ts  

who wished to te rm in a te  t e s t in g  a t  any point during the  se ss ion  

were  pe rm i t ted  to do so w i thou t  consequence.

Adult su b je c t s  w ere  asked to sign a consent form which 

informed them fully of the  na tu re  and procedure of the  study (see  

Appendix A). The experiment  w as  not conducted un less  th i s  consent 

was  obtained.

T es t  Battery

All su b je c t s  were  adm in is te red  a ba t te ry  of t e s t s  cons is t ing  

of m easures  of in te l l igence  and academic achievement  in addition to 

th ree  experimental  memory t e s t s .  Sub jec ts  were  equated on 

m easu res  of in te l l igence  and academic ability. The Kaufman Brief  

Intel ligence Tes t  (KBIT) w as  used to provide an index of overall  

in te l l igence  and the Wide Range Achievement T es t-R ev ised  (WRAT- 

R) provided an index of academic achievement in the a re a s  of w ord -
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recognition,  w r i t t e n  spelling and w r i t t e n  a r i thmet ic .  A complete  

descr ip t ion  of these  t e s t s  can be found in Appendix B.

Adminis tra t ion  of the  en t i re  b a t te ry  of t e s t s  took approximately one 

hour and the  order  of t e s t  adm in is t ra t ion  w a s  held con s tan t  for  all 

sub jec ts .  The order  of adm in is t ra t ion  was:

1. KBIT Expressive Vocabulary

2. KBIT Definit ions

3. Encoding Condition of Memory T es ts

4. KBIT Matrices

5. WRAT-R Ari thmetic

6. Category Fluency Tes t

7. Cued Word-Stern Completion

8. Four-Choice Recognition

9. WRAT-R Word Recognition

10. WRAT-R Spelling

Diagnostic Interview

Memory performance may vary w i th  the  presence or absence of 

various psych ia t r ic  disorders . In order to avoid the  poss ib le  

confounding e f f e c t  of psychological d is turbance  on memory, all  

s u b je c t s  were  screened for  the presence of several  d iso rde rs  from 

the Diagnostic  and S t a t i s t i c a l  Manual-111-Revised (DSM-III-R) using 

a s t ru c tu re d  d iagnostic  interview. For each child su b jec t ,  the 

consenting parent  was  in te rv iewed using the Diagnostic  Interview 

Schedule for  Children-Version 2.1. Adult su b je c t s  w ere  in terv iewed
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w ith  regard to  the presence or absence of the  symptoms which 

c harac te r ize  the specif ied  DSM-III-R disorders .

Exclusionary Cri ter ia

In order to assure  homogeneity of the  developmental sample in 

the a reas  of inte l ligence, academic abi l i ty  and absence of 

psychological disturbance,  su b je c t s  were  evaluated for  the  presence  

of spec i f ic  exclusionary c r i te r ia .  With regard to inte l l igence, 

s u b je c t s  who obtained a KBIT Composite s tandard  score  of less  than 

85, or a s tandard  score  of le s s  than 80 on any s u b te s t  of the  WRAT- 

R were  excluded. In addition, su b je c t s  who, a t  the  t im e  of the  study, 

m et  DSM-III-R c r i t e r i a  for  a diagnosis  of ADHD, a mood d isorder  or 

an anxie ty  d isorder  were  excluded. Individuals who w ere  suspec ted  

of psychosis,  dementia  or subs tance  abuse on the ba s i s  of informal 

quest ioning w ere  a lso excluded.

Experimental Memory T es ts

S t im ulus  presenta t ion ,  as  well  as the  subsequent  impl ic i t  and 

expl ic i t  t e s t s ,  were  programmed to run on a Toshiba T1200  laptop 

computer,  using Quick Basic.

Target  St imulus  Selection. T h ir ty - tw o  s t im u lu s  words  were  

se lec ted  from a f i r s t - g ra d e  reading pr imer  (Durr & Pike, 1986). The 

sole  c r i te r io n  for  se lec t ion  w as  tha t  each word belong to one of six 

p re -sp ec i f ied  categories:  (1) animals, (2) p a r t s  of a house, (3) p a r t s  

of nature, (4) things you ride on or ride in, (5) th ings  to  w e a r  and (6) 

things to eat.  A l i s t  of the  s t im u lus  words, so r ted  by category, can 

be seen in Appendix C. The 32 s t im ulus  words  w ere  randomly
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assigned to form 16 w o rd -pa i r s  such tha t  no single w ord -pa i r  w as  

comprised of words belonging to the  same category. The purpose of 

in s t i tu t ing  th is  c r i te r ion  for  pair ing w as  to form re la t ive ly  novel 

a ssoc ia t ions  and avoid the  possible  confound of presen t ing  pairs  

which might be readily  assoc iab le  in a manner o ther  than th a t  

encouraged by the encoding question.

S t im ulus  P re sen ta t ion . The 16 s t im ulus  w o rd -p a i r s  were  then 

randomly assigned to one of two encoding conditions: a sem an t ic  

encoding condition or a non-sem ant ic  encoding condition. The 

presen ta t ion  of th ese  s t im ul i  w i th in  each encoding condition was 

then counterbalanced such tha t ,  for  one design (i.e., ABBA), four 

w ord -pa irs  to be sem ant ica l ly  encoded were  presen ted  f i r s t  

followed by eight pa irs  in the non-sem ant ic  condition, followed by 

the remaining four pa irs  belonging to the  sem an t ic  condition. In the  

a l te rna t ive ,  BAAB, design, four pa irs  from the non-sem ant ic  

condition preceded p resen ta t ion  of e ight pa irs  from the sem an t ic  

condition, followed by the remaining four from the non-sem ant ic  

condition.

The 16 w o rd -pa i r s  were  then re -a ss ign ed  to an encoding 

condition such th a t  those  originally belonging to the  sem an t ic  

condition were  now assigned to the non-sem ant ic  condition and visa  

versa. The order of p resen ta t ion  of s t imuli  w as  again counter­

balanced according to an ABBA/BAAB design resu l t ing  in two 

additional designs. Adminis tra t ion  of the  four designs  w as  

randomized across  subjects .
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Recognition T e s t  Foil Selec tion

During the  recognit ion t e s t ,  s u b j e c t s  w ere  asked to s e lec t ,  

from four poss ib le  choices,  the  co r re c t  t a r g e t  s t im u lu s  which 

completed  each w ord -p a i r  p resen ted  during the  encoding condition. 

Among the four choice words were: (a) the  c o r re c t ly -p a i r e d  choice, 

(b) a sem an t ic  foil,  (c) a phonemic foil and (d) an o th e r -p a i re d  foil.

Sem ant ic  Foils : Category membership  served  a s  the  

d e te rm inan t  for  sem an t ic  foil se lec tion .  Spec if ica l ly ,  a word which 

belonged to the same category  as  the  c o r r e c t ly -p a i r e d  choice w a s  

randomly s e le c te d  as  the  sem an t ic  foil. For example, for  the  w o rd -  

pa ir  PLANE-DUCK the  word P/G  w as  p resen ted  as  the  s e m an t ic  foil 

as i t  shared  category  membership  (i.e., an im als)  w i th  the c o r r e c t l y -  

paired word DUCK.

Phonemic Foi ls : Words which were  s im i la r  to the  c o r r e c t  

choice in in i t ia l  or end consonant sound w ere  s e l e c te d  as  phonemic 

foils.  Thus fo r  the  w o rd -p a i r  PLANE-DUCK, the  word DUMP served  

as the  phonemic foil as  it  shared the  in it ia l  consonant  sound Du

O the r-P a i red  Foils: O ther-pa ired  fo i ls  w ere  randomly s e lec te d  

from the  l i s t  of t a rg e t  w ord-pa irs .  These words  w ere  se l e c te d  from 

the l i s t  of 16 words  which served  as  the  "second word" in each of 

the t a r g e t  w ord-pa irs .  For example, in the  case  of PLANE-DUCK the 

word ROOF, originally  appearing as  the  second word in the w o rd -p a i r  

FLOWER-ROOF, served  as the  o ther -pa ired  foil.

A l i s t  of the  four choices for  each t a r g e t  w o rd -p a i r  is  l i s te d  

in Appendix D.
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Procedure

Stimulus P resen ta t ion  and Encoding Condition.

All su b je c t s  were  or ien ted  to the  computer  and keyboard and 

were  given the following instructions:

A s e r i e s  of w ord -p a i r s  wil l  be presen ted  in the top half  
of the  screen ,  one w o rd -pa i r  a t  a time. Below each 
w o rd -p a i r  wil l be a quest ion about the  words. You are  to 
answ er  the  question. For some w ord -pa i r s  the  a n sw er  to 
the  quest ion wil l  be 0, 1 or 2 (experimenter  po in ts  to 
keys labeled 0, 1 or 2). For o thers ,  the  a n sw er  wil l  be 
"yes" or "no" (exper im ente r  points  to keys labeled Y and 
N ) . You will  be told when to respond using the  keys 
labeled 0, 1, 2 or Y, N. I would like you to t ry  to 
rem ember  each w ord -pa i r  because you will be asked 
about them later .

An example of the  sc reen  configuration can be found in Appendix E.

Semantic-Encoding Condition: In the sem ant ic -encoding  

condition, s u b je c t s  were  asked to respond to a quest ion which 

required process ing  the meaning of the word-pair .  For example, 

given the  w ord -p a i r  SNAKE-HAM, s u b je c t s  were  asked, "How many of 

these  words b i te?"  Su b jec ts  were  then in s t ruc ted  to indicate  th e i r  

response  by press ing  one of th ree  keys marked "0", "1" or "2". Each 

w o rd -p a i r  w a s  accompanied by a d i f fe ren t  question.

Non-Semantic  Encoding Condition: In the  non-sem an t ic  

encoding condition, s u b je c t s  were  asked to compare the  number of 

l e t t e r s  in each word and, therefore ,  to  a t tend  to a non-sem an t ic  

fea tu re  of the  words. For all words  assigned to th i s  l a t t e r  

condition, su b je c t s  were  p resen ted  w ith  the  quest ion, "Do these  

words have the  same number of l e t t e r s? "  S ub jec ts  w ere  in s t ruc ted  

to respond to these  quest ions  by pressing one of tw o  keys labeled "Y"
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(for yes)  or "N" (for  no). The quest ions which accompanied word-  

p a i r s  and the c o r rec t  responses  are  shown in Appendix F divided 

according to encoding condition.

For all su b je c t s ,  a m essage  appeared on the  sc reen  informing 

them when to  sw i tc h  from using one s e t  of response  keys to  the 

other. The examiner provided an additional verbal prompt to  insure 

th a t  su b je c t s  knew when to sw i tch  keys. S u b je c t s  w ere  ins t ruc ted  

to read each s t im u lus  word-pa ir  and question aloud. If the  sub jec t  

read any of the  words  or quest ions incorrectly ,  the  examiner  

co rrec ted  them and the su b je c t  was  then required to r epea t  the pair  

or question properly. A shor t  tune followed each c o r re c t  response  

and w a s  accompanied by a m essage  on the  sc reen  which read, "YOU 

ARE RIGHT." In co n tra s t ,  a deep tone followed each incorrec t  

response, accompanied by the  presen ta t ion  of the  ins truct ion ,  

"PLEASE TRY AGAIN." The to ta l  number of e r r o r s  fo r  each condition 

w a s  recorded. It w as  necessa ry  th a t  s u b je c t s  provide a co r re c t  

response  before  advancing to the next s t im ulus  pair.

A 3 0 -m in u te  interval  fol lowed the encoding condition and 

preceded adm in is t ra t ion  of both implic i t  m easu res  and the 

recognition te s t .  During th is  t im e  period, s u b je c t s  w ere  given two 

nonverbal tasks:  the  a r i th m e t ic  su b te s t  of the  WRAT-R and the 

Matr ices  s u b t e s t  of the K-BIT.

Implici t  Recall Measures

Implici t  recal l  w as  a s s e s s e d  using two se p a ra te  measures:  (1) 

Category Fluency and (2) Cued Word-Stern Completion.
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Category Fluency: The category fluency t e s t  provided an index 

of sem an t ic /concep tua l  priming. As mentioned previously, each of 

the  32 s t im u lus  words belonged to one of six sem ant ic  categories:

(1) animals,  (2) p a r t s  of a house, (3) pa r t s  of nature,  (4) th ings to 

r ide on or r ide in, (5) th ings to w ear  and (6) things to eat.  Sub jec ts  

were  informed th a t  they w ere  going to play a word game. No 

re fe rence  w as  made to the pr ior  encoding episode. Su b jec ts  were  

told th a t  they were  going to be given a category name and th a t  they 

were  to provide, verbally, a s  many exemplars as  they w ere  able to 

think of. An example w as  provided using the category "colors". 

S ub jec ts  were  a l lo t ted  45 seconds per category to genera te  verbally  

as many i tem s  belonging to each sem ant ic  category as possible. The 

to ta l  number of responses  w a s  recorded,  as was  the  frequency w ith  

which su b je c t s  produced the previously-exposed s t im u lu s  words. 

When a word which w as  not an appropria te  exemplar  w a s  provided, 

the  examiner informed the  s u b je c t  in such a way th a t  did not 

in te r fe re  w i th  the  continuity  of the  t e s t  (e.g., by shaking her head).

The to ta l  number of words  generated for  all ca tegor ies  

provided an index of to ta l  fluency. The number of s t im u lu s  words 

produced during the  fluency t e s t ,  divided by the to ta l  fluency score  

for  each sub jec t  served as  the  measure  of fluency priming. The 

proport ion of sem ant ica l ly  and non-sem ant ica l ly -encoded  ta rg e t  

words produced during fluency w as  determined in like fashion (i.e., 

by dividing the to ta l  number of s t im u lus  words from each condition 

by the to ta l  number of words  provided on the tes t) .

Cued Word-Stern Completion: A cued word-s tern  completion 

ta sk  s im i la r  to  th a t  described by Graf, Mandler and Haden (1982)
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was  used as  the second measure  of Implici t  recall.  On th is  task, the  

instruction: "RESPOND WITH THE FIRST WORD THAT COMES TO MIND" 

was presen ted  centered  in the  upper half  of the  computer  screen. 

Centered in the lower  half  of the  screen,  a s t im ulus  oc novel word 

(e.g., RING in the  case  of a s t im u lu s  word and BLACK a s  a novel

word) and a t w o - l e t t e r  word-s te rn  (e.g., ST. ) w as  p resen ted  s ide

by side separa ted  by a hyphen. An example configuration can be seen 

in Appendix E.

Sub jec ts  were  then asked to provide, verbally, the f i r s t  word 

th a t  comes to mind th a t  begins w i th  each given word-stern.  The 

task  was  presen ted  as  a "word-game” and s u b je c t s  w ere  informed 

that ,  sometimes ,  the f i r s t  word might help them to think of a word 

th a t  begins w ith  the provided s tem  and, som etim es ,  it  might not. A

sample  using the pair  DOG-MO  was provided to insure tha t

s u b je c t s  understood the task. S ub jec ts  were  encouraged to respond 

as  quickly as  they could rega rd less  of w he ther  or  not  th e i r  

generated word was  re la ted  to the  f i r s t  word. Responses which 

occurred with in  an a l lo t ted  20-second  t ime period were  typed in by 

the  examiner. If a su b je c t  w a s  unable to provide a response  with in  

the  a l lo t ted  tw en ty  seconds, the next item w a s  presented.  Those 

i te m s  which did not e l i c i t  a response  w ith in  the  a l lo t te d  t im e 

period were  dropped from final analyses. It w as  n ecessa ry  to drop 

those  i tem s which were  not responded to, and ca lcu la te  a 

proport ional  score,  in order  to control  for  the tendency of younger 

s u b je c t s  re la t ive  to older su b je c t s  to complete  f e w e r  i tems.

A to ta l  of 40 i tem s  (16 original s t imuli  and s t e m s  + 2 4  novel 

s t im ul i  fol lowed by s tem s)  w ere  presented  in random order on the
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cued w o rd -s te m  complet ion te s t .  The order  of p resen ta t ion  w a s  the  

same for all sub jec ts .  The f i r s t  word of each of the original 16 

s t im u lu s  pa irs  w as  p resen ted  along w i th  the s tem  of the second 

word of th a t  pair. For example, fo r  the  pair  '!PLANE-DUCK“ the 

word " PLANE" w a s  p resen ted  w i th  the s tem  "DU  " during the 

s te m -c om ple t io n  te s t .  In addit ion to the  16 s t im ulus  i tem s  

p resen ted  during the  cued s te m -c o m p le t io n  task, 2 4  novel words  

w e re  p resen ted  w i th  f r ag m e n ts  which began the second word of each 

original  s t im u lu s  pair. For example, the  f ragment  "DU— ", from 

the  original  s t im u lu s  p a i r  "PLANE-DUCK, " w a s  presen ted  in the  

con tex t  of a novel word: "FORK-DU  The ass ignm ent  of s t e m s  to 

novel words  w a s  randomized. A l i s t  of the  s te m -co m ple t ion  s t im ul i  

is  shown in Appendix G.

The number of t im e s  a s u b je c t  provided a t a rg e t  word to 

complete  the  w o rd - s te m  w a s  recorded. For each sub jec t ,  th i s  

number w as  divided by the  to ta l  number of i tem s  completed. It is 

t h i s  proportion th a t  se rved  as  the  to ta l  measure  of s tem -c o m p le t io n  

priming. The proport ions of s e m a n t ic a l ly -  and n o n -se m an t ica l ly -  

encoded s t im ul i  produced w a s  ca lcu la ted  separa te ly  and w ere  used 

to de te rm ine  the r e la t iv e  e f f e c t  of encoding on th is  task.

Explicit  Memory T es t

Explicit  memory w a s  a s s e s s e d  using a forced, four-choice  

recognit ion paradigm. Immedia te ly  following completion of the  cued 

s tem -c o m p le t io n  task,  s u b j e c t s  w ere  re fe r red  to the  in i t ia l  

encoding event, i.e., when they w ere  asked to answ er  ques t ions  about 

w o rd -p a i r s  and responded using the 0,1, 2 or the Y, N keys on the
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keyboard, When each su b je c t ' s  ab i l i ty  to recal l  t h i s  event was  

confirmed, the initial  word of each s t im ulus  w ord -pa i r  was 

presen ted  centered  in the  upper half  of the  computer  screen along 

w ith  the  question, "What word went  with:". Below th is  

configuration,  centered  in the  lower port ion of the screen, were  four 

words from which the su b jec t  was  asked to se l e c t  the  co rrec t  

choice. Among the  four choice words were: (a) the  co rrec t ly -pa i red  

word, (b) a sem ant ic  foil, (c) a phonemic foil and (d) an o ther -pa ired  

foil. An example of th i s  configuration can be seen  in Appendix E.

For each of the  16 recognition i tem s,  the  four choice 

po ss ib i l i t i e s  were  presented  randomly to avoid response  bias. If a 

su b je c t  w a s  uncertain  of the co r rec t  choice, he or she  was 

encouraged to guess. Therefore, su b je c t s  were  required to respond 

to all recognition questions. When the  sub jec t  indicated his or her 

response, i t  w as  se lec ted ,  and highlighted on the screen,  by the 

examiner  using the  cursor  keys.

The to ta l  number of co r rec t  choices provided an index of 

overall recognition memory. The e f fe c t  of encoding on recognition 

w as  a s se s s e d  by comparing the proport ion of co r rec t ly  recognized 

sem antica l ly -encoded  w ord -p a i r s  to th a t  of co rrec t ly  recognized 

non-sem antica l ly -encoded  pairs.

Validation of Memory Measures

In order to dem ons tra te  t h a t  the  implic i t  memory m easures  

(i.e., the  cued w ord -s tem  completion t e s t  and the  category fluency 

priming t e s t )  were  valid m easures  of priming, i t  w a s  necessa ry  to 

show th a t  individuals who were  exposed to the encoding condition
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produced s ign if ican t ly  more t a rg e t  i tems,  on both ta sks ,  re la t iv e  to 

s u b je c t s  who were  not exposed to the  encoding condition. To 

dem ons tra te  th is  e ffec t ,  the  performance of a group of su b je c t s  (N = 

9) who w ere  exposed to the  encoding condition (i.e., experimental  

group) w as  compared to th a t  of a group of su b je c t s  (N = 9)who were  

not exposed to  the encoding condition (i.e., basel ine-only  group). The 

va l id i ty  of the  implic i t  memory m easures  would be confirmed if the 

experimental  group produced s ign i f ican t ly  more t a rg e t  i te m s  on the 

cue w o rd -s te m  completion t e s t  and the category fluency t e s t  

r e la t iv e  to the  basel ine-only  group.

Sample C h a ra c te r i s t i c s : A group of nine su b je c t s  were  

randomly se lec ted  to se rve  as basel ine-only  sub jec ts .  These 

s u b je c t s  w e re  exposed to all a sp ec t s  of the procedure as  described 

above w i th  the  exception th a t  they were  not exposed to the  encoding 

condition. A group of su b je c t s  (i.e., experimental  su b je c t s )  who 

were  exposed to the encoding condition and who matched the 

base l ine-only  group in age and IQ served as  the comparison group.

The c h a r a c t e r i s t i c s  of the  two groups were  compared using 

independent sample t - t e s t s .  Analyses revealed th a t  the  two groups 

did not d i f fe r  in age (t( 16) = - .01,  p = .992), on m easures  of 

in te l l igence  (K-BIT Composite: t (16)  = .58, p = .567; K-BIT 

Vocabulary: t( 16) = .55, p = .588; K-BIT Matrices: t( 16) = .49, p = 

.632) or on m easures  of academic  achievement (WRAT-R Reading: 

t( 16) = .00, p = 1.00; WRAT-R Spel 1 ing: t( 16) = -1.57,  p = . 137; 

WRAT-R Ari thmetic:  t( 16) = 1.98, p = .065). The means and standard 

devia tions on these  descr ip t ive  m easures  for  both groups are  shown 

in Table 2.
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Cued W ord-s tem Completion T e s t : As shown in Figure 1, 

comparison of the mean ta rg e t  production for  each group on the 

s tem -com ple t ion  task  revealed th a t  the experimental  group 

produced s ign i f ican t ly  more t a r g e t s  re la t ive  to the  basel ine-only  

group (t(9.79)= 4.84; p = .001). This finding served to e s tab l i sh  the  

cued w o rd -s tem  completion t e s t  as a valid priming measure.

Category Fluency Priming T e s t : To obtain an overall  index of 

t a rg e t  production on the fluency t e s t ,  for  each sub jec t ,  the  to ta l  

number of t a r g e t s  produced on th is  task  were  divided by the  to ta l  

number of responses  produced. Once again, as can be seen in Figure 

1, su b je c t s  exposed to the encoding condition produced 

proport ionally more t a r g e t s  re la t iv e  to the basel ine-only  su b je c t s ,  

(t( 16)= 2.46, p=.026). This finding served to e s t a b l i s h  the  category 

fluency t e s t  as  a valid priming measure.

Recognition Performance. Groups were  a lso compared on to ta l  

recognition performance. Resul ts  of independent sam ples  t - t e s t s  

revealed th a t  the experimental  group correc t ly  ident i f ied  

s ign i f ican t ly  more pa irs  (Mean = 8.59, sd = 2.6) r e l a t iv e  to the 

basel ine-only  group (Mean = 3.00, sd = .93) ( t(17.2) = 13.57, p < .001). 

The performance of the experimental  group w as  well  above chance 

level w hereas  th a t  of the basel ine-only  group w as  not.

Results

Design Analyses

To de te rmine  the equal ity  of the four designs th a t  resu l te d  

from the counterbalancing procedures,  overall priming r a t e s ,  and
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to ta l  co r re c t  on recognition,  obtained on each design were  compared 

using a one-way ANOVA. Priming r a t e s  did not d i f f e r  as  a function 

of design (cued s tem -com ple t ion  priming: F (3 ,104)= 83, p=.48; 

category fluency priming: F(3,104)= 25, p=.86); and the mean to ta l  

c o r rec t  on recognition did not d i f fe r  as  a function of design 

F(3 ,104)=.75, p=.52). Given th is ,  the  performances of all s u b je c t s  on 

all memory t e s t s  were  collapsed across  counterbalancing design 

procedures.

implic i t  Memory Performance

Cued w ord -s tem  completion priming: Comparison of priming 

r a t e s  dem ons tra ted  by d i f fe ren t  Age-groups was  conducted using a 

tw o -w a y  mixed ANOVA w ith  Age-group as  the  b e tw e e n -s u b je c t s  

variab le  and Encoding Condition (sem ant ic  vs. non-sem ant ic )  as the 

w i th in - s u b je c t s  variable .  Mean priming r a t e s  are  shown in Figure 2 

as  a function of Age-group and Encoding Condition. Analysis  

revealed no e f f e c t  of age on overall priming (F(4,103) = .62, p = .63). 

As can be seen in Figure 3a, there  w as  no e f fe c t  of encoding on the 

overall  number of p r imes  produced on the s tem -com ple t ion  ta sk  

(F( 1,103) = .10, p = .75). The Age-group X Encoding Condition 

in te rac t ion  w a s  not s ign i f ican t  (F(4 ,103) = .8, p = .53). These 

r e s u l t s  a re  c on s is ten t  w i th  the hypotheses of age invariance and 

null e f f e c t  of encoding condition on th is  task.

Category Fluency Priming: Analysis  of fluency priming r a t e s  

w a s  conducted using a tw o -w ay  mixed ANOVA w ith  Age-group 

serving as  the b e tw e e n -s u b je c t s  variable  and Encoding Condition as 

the w i th in - s u b je c t s  variable. These data  are  depicted in Figure 4.
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Analysis  revealed a main e f f e c t  of Age-group (F(4,103) = 3.63, p <

.01). As can be seen in Figure 5, p os t -hoc  ana lys i s  using the Tukey- 

HSD procedure revealed  the  na ture  of th i s  e f f e c t  to be such th a t  

s u b j e c t s  aged 9 - 1 0  d i f fe red  s ign i f ican t ly  from s u b j e c t s  aged 14-19  

on th i s  task.  An addit ional  ANOVA, control l ing for  in te l l igence  and 

academic  m easu res  revealed th a t  th i s  e f f e c t  w a s  not accounted for  

by age -d i f fe ren c e s  in a general cognit ive  fac tor .  Analysis  revealed 

a s ig n i f ican t  main e f f e c t  of age-group (A main e f f e c t  of Encoding 

Condition (F( 1,103) = 14.36, p < .001) on overall  f luency priming w as  

obtained. As shown in Figure 3b the  na ture  of th i s  e f f e c t  w as  such 

th a t  s ign i f ican t ly  more sem an t ica l ly  encoded t a rg e t  i t e m s  w ere  

produced re la t iv e  to i te m s  from the  non-sem ant ic  encoding 

condition. The Age-group X Encoding Condition in te rac t io n  w as  not 

s ign i f ican t  (F(4,103) = 1.45, p = .22).

Explicit  Memory Performance

Percen t  Correct  on Recognition: Comparison of age d i f fe rences  

on percen t  co r re c t  on recognit ion w as  conducted using a tw o -w a y  

mixed ANOVA w ith  Age-group as  the  be tw een  s u b je c t s  va r iab le  and 

Encoding Condition as  the  w i t h in - s u b je c t s  variable .  Analysis  

revealed  th a t  age-groups did not d i f f e r  in the percen tage  of w o rd -  

pa ir ings  co rrec t ly  iden t i f ied  on the recognit ion t e s t  (F(4, 103) =

1.34; p = .26). However, one-way ANOVA revealed  a s ig n i f ican t  

l inear  t rend  such th a t  to ta l  c o r re c t  increased  w i th  age (F(1,103) = 

4.87, p = .029). A main e f f e c t  of encoding condit ion on percen t  

c o r re c t  w as  obtained (F( 1, 103) = 156.38, p < .001) indicat ing tha t ,  

for  all  age-groups,  sem an t ica l ly -encoded  w o rd -p a i r s  w e re  b e t t e r
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recognized (Mean = .66, sd = .19) than non-sem an t ica l ly  encoded 

pa i r s  (Mean = .41, sd = .21). The re la t iv e  e f f e c t  of Encoding 

Condition on all memory m easu re s  is shown in Figure 3c.

A s ig n i f ican t  age-group X encoding condition in te rac t ion  w a s  

a lso  d em on s t ra ted  (F(4 ,103) = 6.78, p < .001) and is shown in Figure 

6. To explore the  na tu re  of th i s  in te rac t ion ,  a d i f fe rence  score  was 

computed by su b t rac t in g  the  number of non-sem an t ica l ly  encoded 

pa i r s  c o r re c t ly  recognized from the number of s e m an t ica l ly  encoded 

p a i r s  c o r re c t ly  recognized. Pos t -hoc  ana lys is  of t h i s  d i f fe rence  

sco re  w a s  conducted as  a funct ion of age-group using a one-way 

ANOVA. Analysis  revealed  t h a t  the  re la t iv e  e f f e c t  of encoding on 

recogni t ion  perform ance  var ied  w i th  age (F(4, 103) = 6.78, p < .001). 

Pos t  hoc ana lys is  using the  Tukey-HSD procedure revealed  th a t  9 - 1 0  

y e a r -o ld s  dem ons t ra ted  the  g r e a t e s t  d i f fe rence  and d if fered  

s ig n i f ican t ly  from s u b je c t s  aged 7 -8 ,  11-13  and 20  y e a rs  or older. 

As predic ted ,  the  s m a l l e s t  d i f fe rence  be tween  pe rcen t  reca l led  in 

each condit ion w as  exhibi ted by the o ldes t  su b jec ts .  These r e s u l t s  

a re  dep ic ted  graphical ly  in f igure  7.

Foi l - tvpe  Analysis . A mixed th re e -w a y  ANOVA w a s  used to 

in v es t ig a te  po ten t ia l  d i f fe rences  in fo i l - ty p e  se lec t io n  on the  

recogni t ion  task. Age-group served as the  b e tw e e n - s u b je c t s  

va r iab le  w i th  Foi l - type  (phonemic vs. sem an t ic  vs. o th e r -p a i red )  and 

Encoding Condition ( sem an t ic  vs. non-sem ant ic )  serv ing  as  w i th in -  

s u b j e c t s  variab les .  Analysis  revealed no s ig n i f ican t  Age-group 

d i f fe ren c e s  (F(4, 103) = 1.31; p = .27). However, s ig n i f ican t  main 

e f f e c t s  of Encoding Condition (F(1, 103) = 167.14; p < .001) and Foil- 

type (F(2, 2 0 6 )  = 54.82; p < .001) w ere  obtained. In order  to explore
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the  main e f f e c t  of Encoding condition, pa i re d -sam p les  t - t e s t s  were  

used to compare  the percen tage  of each fo i l - ty p e  as  a funct ion of 

encoding condition. Analyses revealed  that ,  for  each fo i l - ty p e  (i.e., 

phonemic, sem an t ic  and o ther-pa ired) ,  the number of fo i ls  se lec te d  

for  sem an t ica l ly -encoded  pa irs  w as  s ign i f ican t ly  l e s s  than those  

for  n on-sem an t ica l ly  encoded pairs. For example, of the  w o rd -p a i r s  

which were  sem ant ica l ly -encoded ,  the  percentage  of phonemic fo i ls  

which w ere  s e le c te d  w a s  s ign i f ican t ly  l e s s  than th e  percen tage  of 

phonemic fo i l s  s e lec te d  for  non-sem an t ica l ly  encoded pa i r s  (t( 107) 

= 2.31; p = .02). The sam e e f f e c t  was  obtained for  s e m an t ic  fo i l s  

( t ( l 07) = 4.87; p < .001) and o ther -pa i red  fo i ls  (t( 107) = 8.17; p < 

.001). Independent p a i red -sam p les  t - t e s t s  w e re  a lso  used to 

explore the na tu re  of the main e f f e c t  of Foil- type.  These da ta  are  

shown in Figure 8. Analyses revealed tha t ,  fo r  all  s u b je c t s ,  

s ign i f ican t ly  more o the r -pa i red  fo i l s  were  se le c te d  r e la t iv e  to  

phonemic and sem an t ic  fo i l s  respec t ive ly  (o th e r -p a i re d  vs. 

phonemic: t( 107) = 8.95; p < .001; o ther -pa i red  vs. semant ic :  t( 107) 

= 9.01; p < .001). There w a s  no d i f ference  be tw een  the  number of 

s em an t ic  and phonemic fo i ls  chosen ( t (107)  = .05; p = .96).

The Age-group X Encoding Condition in te rac t io n  w as  

s ig n i f ican t  (F(4, 103) = 6.81; p < .001). The in te r a c t iv e  e f f e c t  of 

th ese  va r ia b le s  on foil se lec t io n  m ir ro rs  the  Age-group X Encoding 

in te rac t io n  found for  to ta l  c o r re c t  on recognit ion and ind ica te s  th a t  

the  r e la t iv e  d i f fe rence  be tw een  to ta l  number of s e m an t ic  and non- 

sem an t ic  fo i ls  chosen was  g r e a t e s t  for  the  9 - 1 0  year-o lds .

The Encoding Condition X Foil- type  in te rac t ion  w a s  also 

s ig n i f ican t  (F(2, 206) = 9.26; p < ,001). To explore th is  in te rac t ion
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It w as  necessa ry  to explore the re la t ive  e f f e c t  of encoding on each 

foi l- type.  In order  to do th is ,  a d ifference score  w as  computed for  

each fo i l - ty p e  by sub t rac t ing  the to ta l  number of fo i ls  s e lec te d  for  

sem an t ica l ly  encoded i tem s  from the total  number s e lec te d  for  non- 

sem an t ica l ly  encoded items. The d ifference sc o res  for  all  fo i l -  

types w ere  compared using paired samples t - t e s t s .  As can be seen 

in Figure 9, analys is  revealed th a t  the e f fe c t  of encoding was  

g r e a te s t  fo r  o ther -pa ired  fo i ls  (Mean = .14, sd = .18). Furthermore,  

the e f f e c t  of encoding for  th i s  fo i l - type  was s ign i f ican t ly  g re a te r  

r e la t iv e  to th a t  obtained for  sem ant ic  fo i ls  (Mean = .07, sd = .16; 

t( 107) = 4.25, p < .001) and phonemic fo i ls  (Mean = .03, sd = . 16; 

t( 107) = 2.47, p = .02). Comparison of the re la t ive  e f f e c t  of 

encoding on sem ant ic  and phonemic foi ls  approached s ignif icance  

(t( 107) = 1.90, p = .06).

The Age-group X Foil- type  in terac t ion  w as  not s ign i f ican t  

(F(8, 206) = .55; p = .82) and the  th ree -w ay  Age-group X Encoding 

Condition X Foil- type in te rac t ion  was  not s ign i f ican t  (F(8, 206)  = 

1.24; p = .28).

Other Non-Hypothesis Tes t ing  Analyses

Encoding Task Performance.  The to ta l  number of e r ro r s  

com m it ted  by each age group during the encoding procedure w a s  

compared using a tw o -w ay  mixed ANOVA (age-group as  b e tw ee n -  

s u b je c t s  variable ,  encoding condition as w i th in - s u b je c t s  variable). 

Analysis y ielded a s ign i f ican t  main e f fe c t  of Age (F(4 ,103) = 3.4, p = 

.012). Pos t -hoc  analys is  using the Tukey-HSD procedure indicated 

the na ture  of th i s  e f f e c t  to be such th a t  children aged 7 to  8 y ea rs
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com m it ted  s ignif icant ly  more e r ro r s  than su b je c t s  belonging to the 

three  o ldes t  age-groups.

A m a in -e f fe c t  of encoding condition on to ta l  e r ro r s  w as  also 

obtained (F(1,103)=39.4, p =000)  indicating that ,  for  all age-groups, 

s ign if ican t ly  more e r ro r s  were  com m it ted  on i tem s  which were 

sem ant ica l ly  encoded re la t iv e  to those  in the  non-sem ant ic  

condition.

The Age-group X Encoding Condition in te rac t ion  approached 

signif icance  (F(4,103)=2.44, p=.051) suggest ing t h a t  the  re la t ive  

e f fe c t  of encoding condition on e r ro r  production varied  as a function 

of age. As can be seen in Figure 10, i t  appears th a t  the  performance 

of the 7 - 8  year-o lds  was  m ost  e f fec ted  by encoding condition.

Additional analysis  using a one-way ANOVA revealed that ,  

while groups did not d i f fe r  in the  to ta l  number of e r ro rs  on the non- 

sem antica l ly  encoded i te m s  (F (4 ,1 0 3 K 6 9 4 ,  p=.598), a s ign i f ican t  

d ifference  between age-groups w a s  obtained when comparing the 

number of e r ro r s  exhibited on sem ant ica l ly -encoded  i tem s 

(F(4,103)=3.30, p=.014). As can be seen in Figure 10, pos t-hoc  

analysis  using the Tukey Procedure revealed th a t  children aged 7 - 8  

made s ign if ican t ly  more e r ro rs  in the  sem ant ic  encoding condition 

re la t ive  to children in the th ree  o ldes t  age-groups.

Total Fluency: Analysis of to ta l  fluency responses  was  

conducted using a one-way ANOVA to explore developmental  

d i f fe rences  in th is  variable. Analyses revealed a s ig n i f ican t  e f f e c t  

of age-group on overall fluency (F(4 ,103) = 14.04, p < .001). As 

shown in Figure 11, the data  are  bes t  described as a l inear  trend 

(F( 1, 103) = 55.79, p < .001) w i th  fluency increasing w i th  age. Pos t -
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hoc ana lys is  using the Tukey-HSD procedure revealed tha t ,  w hi le  the 

two youngest  groups did not d i f f e r  on th is  measure , each of th ese  

groups d if fe red  s ign i f ican t ly  from all o ther  groups.

Gender D ifferences : Analyses of potent ia l  gender d i f fe rences  

in performance  on the  encoding ta sk  and all memory t e s t s  w e re  

conducted using t - t e s t s  for  independent samples.  With one 

exception (i.e., Total Fluency: t( 106) = 2.69, p < .01), ana lyses  

revealed  no gender  d if fe rence  on any task: Encoding Errors: t( 106) = 

.36, p = .72; S tem -com ple t ion  Priming: t( 106) = 1.31, p = .19; 

Fluency Priming: tC 106) = .20, p = .84; Total Correct  on Recognition: 

t( 106) = 1.67, p = . 10. The na tu re  of the  gender d i f fe rence  on to ta l  

fluency respo n ses  w as  such th a t  fem ales  (Mean = 94.43, sd = 21.18) 

w ere  more f luen t  on th is  ta sk  re la t iv e  to m ales  (Mean = 84.08, sd = 

18.71 ) .

It should be noted tha t ,  w i th  the  exception of the  o ldes t  age-  

group, the  male to  female  r a t io  for  each age-group w a s  s imila r .  

Rela tive to the  number of f em a le s  in all o ther  age-groups, an 

un rep resen ta t ive ly  g r e a te r  number of fem a les  served  as  s u b j e c t s  in 

the  o ldes t  age-group (i.e., > 20 years).  In the  absence of any 

s ign i f ican t  e f f e c t s  of gender, the  e f f e c t  of th is  d ispropor t iona te ly  

g r e a t e r  number of fem ales  in the  o ldes t  age-group w a s  not v iewed 

as  e f fec t in g  group performance on any measure.
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Diac.uss.tQg
Experiment 1 w as  designed to  inves t iga te  the  development of • 

impl ic i t  and explici t  memory ac ross  a m ajo r  port ion of the  l i fe -span  

(mid-childhood through mid-adulthood). Research exploring age 

d i f fe rences  on t e s t s  of implic i t  memory have yielded incons is ten t  

r e s u l t s  in adults,  whereas  the  few s tud ies  evaluating age 

d i f fe rences  on t e s t s  of implic i t  memory in children have 

dem onstra ted  age invariance. Despite  the incons is ten t  findings, the 

r e s u l t s  of a m etana lys is  of s tud ies  in th is  a rea  (Light & La Voie, 

1993) sugges t  th a t  performance on implic i t  m easu res  does vary 

w ith  age, however, to a much le s se r  ex ten t  than th a t  on explic i t  

measures.  In explanation of the  incons is ten t  findings, i t  has been 

suggested t h a t  the  vulnerab i l i ty  of performance on implic i t  

m easu res  to age e f f e c t s  depends on the ta sk  demands (e.g., 

conceptually-dr iven vs. perceptual ly-dr iven)  r a th e r  than the type of 

memory being a s se s sed  (e.g., impl ic i t  vs. explicit ).  The nature  of 

th i s  e f f e c t  is such th a t  age d i f fe rences  would be found on 

conceptually-dr iven ta sk s  (be they d i rec t  or indirect)  but not on 

percep tua l ly -dr iven  tasks.  This reasoning served as  the  b as i s  for  

the  f i r s t  hypothesis  in th is  experiment  and i t  w a s  p red ic ted  th a t  

performance on the conceptually-dr iven fluency priming measure  

and recognition t e s t s  would vary in an age-dependent  manner with  

performance improving w i th  age. In con tra s t ,  i t  w as  predic ted tha t  

performance on the perceptua l ly-dr iven  measure  (w ord -s tem  

completion t e s t )  would not  vary w i th  age,

E ffec ts  of Age on Memory T es t  Performance . As predicted,  

overall priming on the percep tua l ly -dr iven  s tem -co m p le t ion  task
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w a s  r e s i s t a n t  to  age e f fec ts .  Marginally c o n s i s te n t  w i th  predic t ion  

w a s  the finding of an e f f e c t  of age on the conceptually-dr iven  

category  fluency priming measure. The nature  of th is  e ffec t ,  

however, w a s  not c o n s i s t e n t  w i th  the  p red ic ted  increase  in fluency 

priming w i th  age and does not  sugges t  a developmental  trend.

Rather,  age-groups  d if fe red  in a som ew hat  a rb i t r a ry  way w i th  

s u b je c t s  aged 9 - 1 0  producing s ign i f ican t ly  more pr imes  on th is  task  

r e la t iv e  to 14-19 year  olds. This  finding does not eas i ly  lend i t s e l f  

to in te rp re ta t ion .  One po ss ib i l i ty  is t h a t  group d i f fe rences  on th is  

conceptually  driven task  may have re su l ted  from d if fe rences  in 

overall  cognit ive  abil i ty . The absence of evidence suggest ing  th a t  

9 - 1 0  yea r -o ld  s u b je c t s  performed d i f fe ren t ly  on th e se  m easu res  

r e la t iv e  to o ther  groups, makes  t h i s  poss ib i l i ty  unlikely. 

A l terna t ive ly ,  group d i f fe ren ces  may r e f l e c t  ag e - re la te d  

d i f fe ren ces  in the  way information  is processed.  As there  is no 

evidence in th is  experiment  to sugges t  the  ex is tence  of such 

d i f fe rences ,  however, t h i s  p o ss ib i l i ty  is a lso unlikely.

C ons is ten t  w i th  a large body of evidence indicat ing th a t  

performance  on exp l ic i t  memory t e s t s  (i.e., f r ee  and cued-reca l l  and 

recognit ion)  improves w i th  age, i t  w a s  hypothesized th a t  

performance  on the  expl ic i t  memory t e s t  (i.e., four-choice  

recognit ion)  would improve w i th  age. Despite the  finding th a t  

overall  recogni t ion  performance did not d i f fe r  s ign i f ican t ly  be tween  

age-groups,  the  s ig n i f ican t  l inear  t rend on th is  dependent  variab le  

(i.e., th a t  recognit ion performance  improved w i th  age) is v iewed as  

evidence th a t  recognit ion memory does improve w i th  age. The 

absence  of a main e f f e c t  of Age on overall recognit ion performance
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may be a t t r ib u ta b le  to the  f a c t  th a t  the  recognition paradigm 

u t i l ized  in Experiment 1 (i.e., four-choice)  is one which provides a 

re la t ive ly  g rea te r  amount of environmental support  (i.e., cueing 

information) re la t ive  to o ther  explic i t  t e s t s  employed in the  

l i t e ra tu re  (e.g., f ree -reca l l ) .  It is believed th a t  the  degree to which 

age d i f fe rences  on explic i t  t e s t s  emerge may vary as  a funct ion of 

the degree of environmental support  provided. Given this ,  i t  would 

be expected th a t  age d i f fe rences  would be m ost  profound on t e s t s  

which provide minimal a s s i s t a n c e  a t  the  t ime of recal l  (e.g., f r e e -  

recal l  m easures)  and less  profound when cues or choices are  

provided.

In summary, these  da ta  provide part ia l  support  for  the 

process ing view in i t s  prediction for  manipulat ions in independent 

va r iab les  to e f f e c t  performance on conceptual ly-dr iven  m easures  

but not performance on perceptually  driven m easures ,  reg a rd less  of 

the  type of memory being a s s e s s e d  (i.e., impl ic i t  vs. explicit).  The 

finding th a t  performance on the  conceptually driven measure  was 

e f fe c te d  by age in an indiscr iminant  way, however, sugges t  tha t  

ag e - re l a te d  d if ferences  in performance on conceptually-dr iven 

impl ic i t  m easures  may be a t t r ib u ta b le  to something o ther  than 

developmental  differences.

E ffec ts  of Encoding on Memory T es t  Performance . Consis ten t  

w i th  hypothesized age e f fe c t s ,  it  w as  pred ic ted  t h a t  performance on 

the  two conceptually-driven t e s t s  would also be vulnerable  to 

manipulat ions in " levels-of-processing" ,  or d i f fe rences  in encoding 

requirem ents ,  w hereas  performance on the  percep tua l ly -dr iven  t e s t  

would not.
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This predict ion was fully confirmed. A main e f f e c t  of 

encoding was  obtained such th a t  performance on both conceptually-  

driven m easures  was e ffec ted  by the encoding manipulation in the 

predic ted  direction. Specif ical ly ,  on the  explic i t  recognition te s t ,  

s ign i f ican t ly  more semant ica l ly-encoded w o rd -p a i r s  were  

recognized co rrec t ly  r e la t ive  to  pa irs  belonging to the non-semantic  

condition. This finding is co ns i s ten t  w i th  a large body of l i t e ra tu re  

demons tra t ing  " levels -of-process ing"  e f f e c t s  on m easu res  of 

exp lic i t  memory.

Similarly ,  more semant ica l ly-encoded i te m s  were  produced on 

the  conceptually-dr iven implic i t  task  (category fluency priming) 

r e la t iv e  to those  in the  non-sem ant ic  condition. Taken together , 

t h e se  da ta  support  the  hypothes is  th a t  performance on conceptually-  

driven m easu res  (be they impl ic i t  or explici t )  is vulnerable  to 

experimental  manipulat ions while  performance on percep tua l ly -  

driven m easu res  is not. While th i s  finding provides some support  

fo r  the  process ing view, the  absence of a percep tua l ly -dr iven  

expl ic i t  measure  d e t r a c t s  from the s t reng th  of th ese  resu l ts .

In te ra c t iv e  Effect  of Age and Encoding on Memory T es t  

Perform ance . It w a s  a lso  hypothesized th a t  the r e la t ive  e f f e c t  of 

encoding on recognit ion performance would vary as  a funct ion of age. 

This hypothes is  w a s  based on findings which su gges t  an 

improvement in the abil i ty  to apply mnemonic s t r a t e g i e s  

spontaneously  w i th  increased age. The nature of th is  e f f e c t  was 

pred ic ted  to be such that ,  on conceptually-dr iven measures ,  the  

r e la t iv e  advantage of sem an t ic  over non-sem ant ic  encoding would be 

g r e a t e s t  for  younger when compared to older sub jec ts .
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A s ign if ican t  in te rac t ion  between age and encoding condition 

w as  obtained for  only the  conceptually-driven recognition te s t .  In 

order to examine th is  e f f e c t  on performance , a d i f fe rence  score  

w as  ca lcu la ted  by sub t rac t ing  the number of non-sem ant ica l ly  

encoded w ord -pa i r s  recognized from the number of sem ant ica l ly  

encoded pa irs  recognized correctly .  As shown in Figure 7, analysis  

of th i s  d ifference  score  revealed th a t  the r e la t iv e  e f f e c t  of 

encoding was  g r e a t e s t  for  9 - 1 0  year -o lds  and th a t  th i s  d i fference  

w a s  s ign i f ican t ly  g re a te r  re la t iv e  to th a t  of s u b je c t s  aged 7 -8 ,  11- 

13 and 20 years  and older. While the  d if ference  score  computed for 

su b je c t s  14-19 year -o lds  was  less  re la t ive  to 9 - 1 0  year-o lds ,  the 

d ifference  was  not s ignif icant .  Thus, th is  finding, in part ,  supports  

the  original hypothesis  t h a t  encoding would have a d i f fe ren t ia l  

e f f e c t  for  younger r e la t iv e  to older children in th a t  the  g r e a t e s t  

d i f ference  w as  obtained fo r  s u b je c t s  aged 9 - 1 0  years ,  while  the 

sm a l l e s t  d i f ference  w a s  exhibited by su b je c t s  20  yea rs  or older.

The finding th a t  the  d i f fe rence  score  computed for  7 - 8  yea r -o ld s  

was  also s ign i f ican t ly  le s s  re la t ive  to th a t  of the  9 - 1 0  y e a r -o ld s  is 

not c o ns is ten t  w i th  the  original hypothesis. It is not c le a r  why the 

th is  group dem ons tra ted  a sm a l le r  d ifference  re la t iv e  to the  9 - 1 0  

year-o ld  children. However, the  e f f e c t  may, in part ,  be a t t r ib u ta b le  

to the f ac t  that ,  r e la t iv e  to all o ther  age-groups,  the  percentage  of 

sem ant ica l ly -encoded  pa irs  recognized co rrec t ly  w as  g r e a t e s t  for 

9 - 1 0  y ear -o lds  (Mean = .738, sd = 15) and l e a s t  fo r  7 - 8  yea r -o ld s  

(Mean = .599, sd = .15).

Foi 1-Selection. With regard to foi 1-selection, developmental 

d i f fe rences  in the  p a t t e rn  of recognition e r ro r s  w ere  predicted.
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This predict ion w a s  based on findings which demonstra ted  th a t  

younger, re la t ive  to older, children tend to commit more fa lse  

recognition e r ro rs  on the  ba s is  of s t ruc tu ra l  and acous t ic  fea tures .

In con tra s t ,  the e r ro rs  of older  children are based on sem ant ic  

a t t r ib u t e s  (Lorsbach & Gray, 1985). This a g e - re la ted  increase  in the  

amount of a t ten t io n  given to sem ant ic  fea tu res ,  w i th  the  

concomitant  decline in process ing of s t ru c tu ra l  fea tu res ,  is v iewed 

as  re f lec t ing  a development in e ffor t fu l  sem ant ic  process ing  abil ity. 

Consis tent  w ith  th is  view, it  w as  predicted th a t  the  p a t t e rn  of 

recognition e r ro rs  dem ons tra ted  by su b je c t s  in the  curren t  

experiment would vary w i th  age such tha t  the e r ro r  pa t te rn  of 

younger, re la t ive  to older, su b je c t s  would re f le c t  a tendency to 

focus on the s t ru c tu ra l  or acous t ic  fea tu res  of the st imuli .  In 

con tras t ,  the e r ro r  p a t te rn  demonstra ted  by older s u b je c t s  on the  

recognition t e s t  w as  pred ic ted  to re f le c t  the tendency of these  

s u b je c t s  to focus on the  sem ant ic  c h a ra c te r i s t i c s  of the  t a rg e t  

s t imuli .  Thus, an Age-group X Foil-Type in te rac t ion  w as  predicted.

It was  hypothesized th a t  th is  in te rac t ion  would be cha rac te r ized  by 

a decrease  in the  number of phonemic e r ro rs  com m itted  w i th  age 

w i th  a concomitant  increase  in the  number of sem an t ic  errors. The 

absence of the pred ic ted  developmental t rend may r e f l e c t  the 

finding th a t  s ign i f ican t ly  more o ther -pa ired  fo i ls  were  se lec te d  by 

all su b je c t s  rega rd less  of encoding condition. While, in r e t ro sp ec t ,  

th is  e f f e c t  seem s logical (i.e., th a t  a word serving previously as  a 

t a rg e t  s t im ulus  may be se lec te d  as  a fa lse  recognition e r ro r  more 

f requently  than one which w as  not a t a rg e t - s t im u lu s ) ,  t h i s  e f f e c t  

w as  not anticipated.  It is believed that ,  had the o ther -pa i red  fo i l -
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type been replaced w i th  an "unrela ted fo i l - type"  developmental  

d i f fe rences  be tween  sem an t ic  and phonemic foi 1-se lec tion may have 

been found.
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Emerim.aQ.L2
Implici t  and Explicit Memory In ADHD and RD Children

Rationale for  Experiment 2 

Experiment 2 w as  designed to inv es t ig a te  p redic ted  

d i f fe rences  in explic i t  and implic i t  memory in a sample  of reading 

disabled (RD) and ADHD children. It has been widely documented th a t  

children w i th  language-based learning d i s a b i l i t i e s  dem ons tra te  

impairment  in several  a reas  of explic i t  memory function. Many of 

the  memory d e f i c i t s  observed in th is  population, however, are  

believed to s tem  e i th e r  from d i f f ic u l t i e s  w i th  encoding and 

sem an t ic  process ing or from the tendency of RD children to 

dem ons t ra te  impairment  in the abil i ty  to apply mnemonic s t r a t e g i e s  

spontaneously.  Given this ,  i t  is  uncer ta in  w he the r  the  memory 

d e f i c i t s  exhibi ted by RD children re s u l t  from a process ing  d isab i l i ty  

or from a more fundamental  impairment  in memory function. The 

reason for  including the ADHD sample  w as  to provide a p a t ien t  

control group in order to d em ons t ra te  t h a t  performance  d i f fe rences  

in the  RD group were  not due to non-specif ic  impairment.

Hypotheses

1. Explici t  Memory T es t  Performance: One purpose of

Experiment 2 was  to t e s t  the  hypothes is  th a t  the  explic i t  

memory d e f ic i t s  displayed by RD children r e s u l t  from 

sem an t ic  processing d e f i c i t s  r a th e r  than an impairment  in 

memory function. In order to explore th is  hypothesis ,  the  

ab i l i ty  of a group of RD children to reca l l  sem an t ica l ly  and
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non-sem ant ica l ly  encoded information on an explic i t  

memory t e s t  (i.e., four-choice  recognition) w as  compared 

to tha t  of a group of age and in te l l igence matched non-RD 

controls ,  as well as  a sample of ADHD children.

While ADHD children have been found to perform 

comparably to non-ADHD children (and b e t t e r  than RD 

children) on t e s t s  of explic i t  memory, these  children 

exhibit  d i f f icu l ty  w i th  the spontaneous applica t ion of 

mnemonic s t ra te g ie s .  Despite th is ,  and unlike RD children, 

ADHD children have been found to  benef i t  from the 

provision of sem an t ic  encoding s t r a t e g i e s  in a s im i la r  

way to normal controls .  Thus, i t  w a s  p red ic ted  th a t  the 

e f f e c t  of encoding on explic i t  memory would d i f f e r  ac ross  

groups.

Consis ten t  w i th  the  findings of previous research ,  i t  was  

pred ic ted  tha t  the  RD sample  would dem o n s t ra te  impaired 

overall  recognition performance re la t iv e  to the  non-RD 

and ADHD children. It was  believed, however, th a t  th is  

e f f e c t  would re l a te  to d i f fe rences  in the  r e la t iv e  abil i ty  

of each group to  benef i t  from the provision of sem ant ic  

encoding s t r a t e g i e s  r a th e r  than from a d e f ic i t  in memory 

per  se. Thus, i t  w as  p redic ted  th a t  RD children would 

d i f f e r  from both the  NC and ADHD children in th e i r  abil i ty  

to  benef i t  from the provision of th is  s t ra tegy .
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Additionally, i t  w a s  p red ic ted  th a t  both the  RD and ADHD 

groups would d i f fe r  from the NC group in t h e i r  ab i l i ty  to 

reca l l  information which was  not  encoded sem an t ic a l ly  a t  

study. The p red ic ted  performance for  all  groups is 

depic ted  below.

X = NC 
Y = ADHD

% C o r r e c t  Z = RD
on 1

Recognition

t

SEM NONSEM
Encoding Condition

2. Implic i t  Memory T es t  Perform ance : The p red ic ted  

performance  of RD re la t iv e  to  non-RD children on the  

im p l ic i t  memory t e s t s  in th i s  exper im ent  w a s  uncertain.  

The reason  fo r  th is  uncer ta in ty  r e l a te d  to  the  con f l ic t  

be tw een  s t ru c tu ra l  and process ing  t h e o r i s t s  when 

explaining priming. Consis ten t  w i th  Tulving's pos tu la t ion  

of a PRS, one might p red ic t  t h a t  RD children would 

dem o n s t ra te  s ign i f ican t ly  le s s  priming r e l a t iv e  to the 

non-RD group due to  a defic iency in the  w ord - fo rm  system. 

R esu l ts  of s tu d ie s  which have explored the  e f f e c t  of 

p rocess ing  on impl ic i t  memory performance,  however,  

c o n t ra d ic t  the conclusion derived from th is  line of 

reasoning. Several r e s e a rc h e r s  (e.g., Scarborough e t  al.,
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1977) have repor ted  findings of increased priming under 

experimental  condit ions which in te r fe re  w i th  one's ab il i ty  

to process  a s t im u lu s  (e.g., degrading a s t imulus).  

Additional evidence th a t  process ing d i f f i c u l t i e s  influence 

priming in th i s  manner derives  from a study report ing 

increased priming in a sample  of p a t i e n t s  who 

dem ons tra ted  impairment  in process ing e ff ic iency  

(Jernigan and Ostergaard, 1993). Thus, when viewed 

with in  a process ing framework,  i t  w a s  expected th a t  

individuals w i th  sem an t ic  process ing d i f f i c u l t i e s  (i.e., RD 

children) would d em ons t ra te  increased priming on lexical 

tasks.

3. Foil-Choice Hypothesis: Group d i f fe rences  w ere  a lso 

p redic ted  in the  p a t te rn  of e r ro rs  dem ons tra ted  on the 

recognition t e s t .  This prediction w a s  based on findings 

which sugges t  a delay in the development  of e f fo r t fu l  

sem an t ic  process ing  abi l i ty  in RD children. It has been 

dem ons tra ted  that ,  on mult ip le  choice recognit ion t e s t s ,  

younger re la t iv e  to older children tend to commit  more 

e r ro r s  on the b as i s  of s t ru c tu ra l  and aco u s t ic  fea tu res .  In 

co n tra s t ,  the  f a l s e  recognition e rro rs  of older children are  

based on sem an t ic  a t t r ib u te s .  While th i s  t rend  has been 

observed in non-disabled children, it  has  not been 

dem onstra ted  by learn ing-disabled  children. Rather, i t  has 

been found th a t  the  encoding p re fe rences  of learning 

disabled children remain fixed w ith  age such th a t
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s t ru c tu ra l  f e a tu re s  se rve  as  the dominant  encoding 

preference. These chi ldren afford  l i t t l e  a t t e n t io n  to 

sem an t ic  c h a r a c t e r i s t i c s  of the  to -b e - rem em b ered  

m ater ia l .  Given th is ,  i t  w as  p red ic ted  t h a t  the  e r ro r  

p a t t e rn  exhibi ted  on the recognit ion t e s t  would d i f f e r  on 

the  b a s i s  of group. Reading disabled children  w ere  

p red ic ted  to make more phonemically r e la te d  e r ro r s  

r e la t iv e  to normal and ADHD children. In c o n t r a s t ,  normal 

children were  pred ic ted  to make more sem an t ica l ly  

re la te d  errors .
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Method

S u b jec ts

A to ta l  of 48 individuals (31 males  and 17 females)  between 

7 and 45 years  of age served as su b je c t s  in Experiment 2. Sub jec ts  

were  rec ru i ted  and consent w as  obtained in the  same manner as tha t  

described in Experiment 1. A copy of the consent  forms for  children 

and adul ts  can be found in Appendix A. Sub jec ts  were  assigned to 

one of th ree  groups on the ba s is  of c r i t e r i a  specif ied  below:

Reading Disabled S u b je c t s : A to ta l  of 16 s u b je c t s  (9 male and 

7 female)  ranging in age from 7 years ,  2 months to 23 years ,  6 

months quali f ied for  ass ignm ent  to  the  reading disabled (RD) group. 

The diagnosis  of reading d isab i l i ty  (RD) was  made according to the 

c r i t e r i a  specif ied  by Morrison and Siegel (1991). Individuals who 

earned a KBIT IQ composi te  above 85, w i th  WRAT-R reading and/or  

spelling s tandard  sc o res  below 80, and who did not m ee t  DSM-111-R 

c r i t e r i a  for  ADHD w ere  c la ss i f i ed  as  reading disabled.

A t ten t io n -d e f ic i t  Hyperactivi ty  Disordered S u b je c t s . A tota l  

of 16 su b je c t s  (11 male and 5 female),  ranging in age from 7 years  4  

months to 4 4  years ,  1 month, quali f ied for  p lacement  in the ADHD 

group. Diagnosis of ADHD for child su b je c t s  w as  made on the bas is  

of parent  responses  to the  behavior d isorders  module of the 

Diagnostic Interview Schedule for  Children, Version 2.1 (DISC-2.1). 

Diagnosis of ADHD for adult  su b je c t s  w a s  made on the bas is  of the i r  

endorsement  of symptoms which charac te r ize  th is  d isorder  a t  the 

t ime of interview. In order  to be included in th is  group, adult  

su b je c t s  had to repor t  a p e r s i s t e n t  h is to ry  of these  symptoms since 

childhood. The d iagnostic  c r i t e r i a  for  the  r e la ted  disorders ,
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Oppositional Defiant Disorder and Conduct Disorder, w ere  also 

reviewed. In order to maintain maximally  d iscr iminable  groups, 

s u b j e c t s  who obtained a comorbid diagnosis  of RD w ere  excluded 

from the ADHD group. Additionally, su b je c t s  who m et  c r i t e r i a  for  a 

mood or anxiety  d isorder  on the  bas is  of a pa ren t  in terview were  

excluded from the  study.

Normal Control S u b je c t s : A group of 16 su b je c t s  (11 male and 

5 female),  ranging in age from 7 years ,  5 months to 42 years ,  9 

months, served as  normal control (NC) sub jec ts .  These su b je c t s  

w ere  se lec ted  from those  s u b je c t s  who p a r t ic ipa ted  in Experiment 1 

and were  m atched w i th  ADHD and RD su b je c t s  on the bas is  of non­

verbal in te l l igence  as e s t im a te d  by the K-BIT Matrices subscale ,  age 

and gender, blind to performance on memory measures.

Subjec t  C h a r a c te r i s t i c s . Several one-way analyses  of 

variance  were  conducted to compare the  groups on m easu re s  of 

in te l l igence  and academic  achievement. The means and s tandard  

deviations of su b jec t  c h a r a c t e r i s t i c s  are  shown in Table 3 for  each 

group.

Groups were  comparable in age (F(2,45) = .34; p = .71) and on 

the measure  of non-verbal IQ, KBIT Matrices (F(2, 45) = 1.40; p =

.26). S ignif icant  group d i f fe rences  were  obtained on m easu re s  of 

verbal IQ (KBIT Vocabulary: F(2, 45) = 9.45, p < .001) and overall  IQ 

(KBIT Composite: F(2, 45) = 6.86, p = .003). Pos t  hoc ana lyses  using 

the Tukey-HSD Multiple Range T es t  revealed tha t ,  on both indexes, 

the RD group d if fe red  s ign i f ican t ly  from both the  ADHD and NC 

groups (i.e., ADHD=NC>RD).
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Signif icant  group d i f fe rences  were  obtained on all m easures  of 

academic ab i l i ty  (WRAT-R Arithmetic :  F(2,45) = 7.39; p = .002; 

WRAT-R Reading: F(2,45) = 53.13; p < .001; WRAT-R Spelling: F(2, .

45); p < .001). Post  hoc analyses  using the Tukey-HSD procedure 

revealed tha t ,  on the  Ar i thm etic  su b te s t ,  the  RD group scored 

s ign i f ican t ly  lower than the NC group. On the  Reading su b te s t ,  the 

performance of the  RD group w as  s ign i f ican t ly  lower re la t iv e  to 

both the ADHD and NC (i.e., RD < ADHD=NC). On the  Spelling sub tes t ,  

the performance of the RD group w as  s ign i f ican t ly  lower  than the 

ADHD and NC groups. Additionally, the performance of the  ADHD 

group on the Spelling s u b te s t  w a s  s ign i f ican t ly  lower  than the NC 

group (i.e., (NC>ADHD)>RD).

Procedure

The procedure used in Experiment 2 w a s  identical  to  th a t  

described in Experiment 1. S u b je c t s  were  individually adm in is te red  

a b a t te ry  of t e s t s  ( las t ing  approximately 45 m inutes  to an hour in 

length) which included:

1. Kaufman Brief Intel l igence T es t  (KBIT)

2. Wide Range Achievement Tes t

3. Implici t  Measures

a. Category Fluency

b. Cued Word-Stern Completion

4. Four-Choice Forced Recognition T es t
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The reader  is re fe r red  to Experiment 1 for a de ta i led  explanation of 

t e s t  administra t ion.

Results

Implici t  Memory Performance

Cued Word-Stern Completion Priming. Group comparisons 

were  conducted using a tw o -w ay  mixed ANOVA w i th  Diagnostic  

Group (RD vs. ADHD vs. NC) serving as  the  be tween  groups variab le  

and Encoding Condition (sem ant ic  vs. non-sem ant ic )  serving as  the 

with in-group variable. These data  are  depicted in Figure 12. The 

main e f f e c t  for  Diagnostic Group on overall s tem -co m p le t ion  

. priming approached s ignif icance  (F(2, 45) = 2.79, p = .07) and there  

w as  no main e f f e c t  of Encoding Condition (F(l ,  45) = 2.24; p = .14). 

However, the  Diagnostic  Group X Encoding Condition in te rac t ion  was  

s ign i f ican t  (F(2, 45) = 3.26; p < .05) indicating th a t  Encoding 

Condition e f fe c te d  the  priming performance of the  groups 

d ifferent ia l ly .  In order  to explore th is  in te rac t ion ,  additional  

analyses  using a one-way ANOVA were  conducted and revealed that ,  

while  groups did not d i f fe r  in the  number of non-sem an t ica l ly  

encoded pr imes  produced on s tem -com ple t ion  (F(2, 45) -  . 14, p =

.87), the  RD group provided s ign i f ican t ly  more sem ant ica l ly -encoded  

pr imes on th i s  ta sk  re la t ive  to the  NC group (F(2, 45) = 4.41; p = .02).

Category Fluency Priming. Comparison of groups on fluency 

priming r a t e s  w as  conducted using a mixed tw o -w a y  ANOVA w ith  

Diagnostic Group as  the  b e tw e e n -s u b je c t s  var iab le  and Encoding 

Condition as  the  w i th in - s u b je c t s  variable. These data  are  shown in 

Figure 13. Analysis  revealed th a t  groups did not d i f fe r  on th is
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m easure  (F(2, 45)  = .59, p = .56). There was  no e f f e c t  of Encoding 

Condition (F( 1, 45) = .29, p = .59) and the re  w a s  no Group X Encoding 

Condition in te rac t io n  (F(2, 45)  = .48, p = .62).

Explicit  Memory Performance

Percen t  Correc t  on Recognition. Group comparisons  of percent  

c o r re c t  on recogni t ion  w ere  conducted using a mixed tw o -w a y  

ANOVA w i th  Diagnostic  Group a s  the  b e tw e e n - s u b je c t s  va r iab le  and 

Encoding Condition a s  the  w i t h in - s u b je c t s  variable . These data  are  

depicted in Figure 14. Analysis  revealed  t h a t  groups did not d i f fe r  

on the to ta l  number of w o rd -p a i r s  co r rec t ly  recognized (F(2, 45) = 

.36; p = .70). A s ig n i f ic an t  main e f f e c t  of Encoding Condition was 

obtained (F( 1, 45) = 72.58; p < .001)  such th a t  sem an t ica l ly  encoded 

pa i r s  w e re  b e t t e r  recognized than non-sem an t ica l ly  encoded pairs. 

The Diagnost ic  Group X Encoding Condition in te rac t ion  w as  not 

s ign i f ican t  (F(2, 45)  * . 12; p = .89).

Foil-Type A na lys is . A mixed th re e -w a y  ANOVA w a s  used to 

inves t iga te  po ten t ia l  group d i f fe ren ces  in foil se lection.  Diagnostic 

Group served  as  the  b e tw e e n - s u b je c t s  variab le  (ADHD vs. RD vs. NC) 

and the re  w ere  tw o  w i t h in - s u b je c t s  variables:  Foil-Type (sem ant ic  

vs. phonemic vs. o th er -p a i re d )  and Encoding Condition (sem an t ic  vs. 

non-semantic) .  Analysis  revealed  th a t  there  w as  no main e f f e c t  of 

group (F(2, 45)  = .48; p = .62). A s ig n i f ican t  main e f f e c t  of Encoding 

Condition w a s  d e m o n s t ra ted  (F(1, 45) = 72.64; p < .001) such th a t  

s ign i f ican t ly  more f a l s e  recogni t ion  e r ro r s  w e re  made on i tem s  

which w ere  in the  n o n -se m an t ic  condit ion r e la t iv e  to  the sem an t ic  

condition. P a i r e d - sa m p le s  t - t e s t s  w ere  used to compare  the



percen tage  of each fo i l - ty p e  as  a function of encoding condition. 

Analyses revealed  th a t ,  for  each fo i l - ty p e  (i.e., phonemic, sem an t ic  

and o ther-pa ired) ,  the  number of fo i l s  s e lec te d  for  s e m a n t ic a l ly -  

encoded pa irs  w a s  s ig n i f ican t ly  le s s  than those  for  non- 

sem an t ica l ly  encoded pairs . For example, of the  w o r d - p a i r s  which 

w ere  sem ant ica l ly -encoded ,  the  percentage  of phonemic fo i l s  

s e lec te d  (Mean = .09, sd = .09) w a s  s ign i f ican t ly  le s s  than the  

percentage  of phonemic fo i l s  s e l e c te d  for  n o n -sem an t ica l ly  encoded 

pa i r s  (Mean = . 13, sd = . 11) ( t (47)  = 2.19; p = .03). The sam e  e f f e c t  

w a s  obtained fo r  s e m a n t ic  fo i l s  ( t (47)  = 3.03; p < .01) and o th e r -  

paired fo i ls  ( t (47 )  = 5.27; p < .001). This e f f e c t  m i r ro r s  th e  main 

e f f e c t  of Encoding Condition obtained on overal l recogni t ion  co r re c t  

(i.e., t h a t  s ig n i f ican t ly  more sem an t ica l ly -encoded  p a i r s  w e re  

recognized c o r re c t ly  r e l a t iv e  to  non-sem an t ica l ly  encoded).

A main e f f e c t  of Foil-Type w as  found (F(2, 90)  = 37.23;  p <

.001) as  well  as  a s ig n i f ic a n t  Diagnost ic  Group X Foil-Type 

in te rac t ion  (F(4, 90) = 4.12; p = .004). As can be seen  in Figure 15, 

the  na ture  of the  main e f f e c t  of Foil-Type w a s  such tha t ,  fo r  all 

groups, s ign i f ican t ly  more o the r -p a i re d  fo i ls  w e re  chosen re l a t iv e  

to phonemic or s e m a n t ic  foils .  The d i f fe rence  be tw een  s e m a n t ic  and 

phonemic foi ls ,  fo r  all  groups, w a s  not s ignif icant .

As shown in Figure 16, the  Diagnost ic Group X Foil-Type 

in te rac t ion  r e l a t e s  to the  f a c t  th a t  the  d iscrepancy b e tw een  o th e r -  

paired fo i ls  and the  o th e r  tw o  foi 1-types is g r e a t e s t  fo r  th e  RD 

group re la t iv e  to  the  ADHD and NC groups. Additional a n a ly s i s  using 

a one-way ANOVA to compare  the  mean number of o th e r -p a i r e d  fo i ls  

obtained by each Diagnostic  Group approached s ig n i f icance  (F(2, 45)
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= 2.90, p = .065) sugges t ing  th a t  the  RD group tended to make more 

o the r -pa i red  f a l s e  recognit ion e r ro r s  r e l a t iv e  to  the  ADHD and NC 

groups.

The Encoding Condition X Fo i l - type  in te rac t io n  w as  a lso  

s ign i f ican t  (F(2, 90) = 4.76; p = .01). This in te rac t io n  is depic ted  in 

Figure 17. In order  to explore the  r e la t iv e  e f f e c t  of encoding on 

each fo i l - type ,  a d i f fe rence  score  was  computed for  each fo i l - ty p e  

by sub t ra c t in g  the  to ta l  number or fo i ls  s e l e c te d  for  sem an t ic  i tem s  

from the to ta l  number s e le c te d  for  n o n -sem an t ic  i tems.  The 

d i f fe rence  s c o re s  for  all f o i l - ty p e s  w ere  compared using paired 

sam ples  t - t e s t s .  As can be seen from the  d a ta  p resen ted  in Figure 

17, ana lys is  revealed t h a t  the  e f f e c t  of encoding w a s  g r e a t e s t  for 

o th e r -p a i red  fo i ls  (Mean = . 16, sd = .21). The e f f e c t  of encoding for  

th is  fo i l - ty p e  w a s  s ig n i f ican t ly  g r e a te r  r e l a t iv e  to t h a t  obtained for 

sem an t ic  foi Is (Mean = .07, sd = . 16; t (47 )  = 2.03, p = .05) and 

phonemic fo i ls  (Mean = .04, sd = .14; t (47 )  = 2.91, p = .01).

Comparison of the  r e la t iv e  e f f e c t  of encoding on sem an t ic  and 

phonemic fo i ls  revealed  no s ig n i f ican t  d i f fe ren ce  ( t (47)  * .82, p = 

.42).

The th r e e - w a y  Diagnost ic  Group X Encoding Condition X Foil-  

type in te rac t io n  w a s  not s ig n i f ican t  (F(4, 90) = .38; p = .82).

Other-Non-Hypothesis Tes t ing  Analyses

Encoding Task Pe rfo rm ance . A mixed tw o - w a y  ANOVA w i th  

Diagnostic Group as  the  b e tw e e n - s u b j e c t s  var iab le  (RD vs. ADHD vs. 

NC) and Encoding Condition (sem ant ic  vs. non -sem an t ic )  as the  

w i t h in - s u b je c t s  va r iab le )  w a s  used to eva lua te  po ten t ia l  group
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dif fe rences  in encoding errors. As shown in Figure 18, analyses  

revealed th a t  groups did not d i f fe r  in to ta l  number of e r ro rs  

com m it ted  (F(2, 45) = 2.29; p = . 1 1). However, a main e f f e c t  of 

encoding w a s  obtained (F( 1, 45) = 17.79; p < .001) such tha t ,  for  al 1 

groups, s ign if ican t ly  more e r ro r s  were  com m it ted  during the 

sem ant ic  encoding procedure r e la t iv e  to those  com m it ted  during the 

non-sem ant ic  encoding procedure. The Diagnostic Group X Encoding 

Condition in te rac t ion  was  not s ign i f ican t  (F(2, 45) = 2.09; p = .14).

Total Fluency. One-way ANOVA w a s  used to inves t iga te  - 

potent ia l  group d i f fe rences  in overall  fluency. As shown in Figure 

19, a s ign i f ican t  e f fe c t  of Diagnostic  Group w as  obtained (F(2,45) = 

4.82; p -  .01). Pos t-hoc ana lys is  using the  Tukey-HSD procedure 

revealed the nature  of th is  e f f e c t  to  be such th a t  NC su b je c t s  (Mean 

= 90.44, sd = 19.54) d iffered  s ign i f ican t ly  from both the  ADHD (Mean 

= 72.25, sd = 17.31) and RD (Mean = 75.13, sd = 16.45) groups.
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Discussion

Experiment 2 w as  designed to inves t iga te  hypothesized group 

d i f fe rences  in performance on implic i t  and explic i t  memory te s ts .  

Consis ten t  w i th  previous f indings of impairment  on t e s t s  of exp lic i t  

memory, i t  w as  pred ic ted  tha t  RD, re la t ive  to NC and ADHD sub jec ts ,  

would d em o ns t ra te  impaired recognition memory for  information 

which w as  sem an t ica l ly  encoded. It was  hypothesized th a t  th is  

impairment  would r e s u l t  from an inabil ity  of the  RD s u b je c t s  to 

benef i t  from sem an t ic  encoding to the  same ex ten t  th a t  NC and ADHD 

s u b je c t s  would, r a th e r  than from a memory de f ic i t  per se.

The pred ic ted  performance of RD children on t e s t s  of implic i t  

memory w a s  uncertain. While i t  w as  hypothesized th a t  RD s u b je c t s  

would d i f fe r  from ADHD and NC su b je c t s ,  i t  was  not c lea r  w he ther  

they would dem o n s t ra te  enhanced or decreased  priming on the two 

implic i t  measures .

Explicit  Memory Performance

Sign if ican t  group d i f fe rences  were  predic ted on overall 

recognition performance. Consis ten t  w i th  dem ons tra ted  findings of 

exp lic i t  memory d e f i c i t s  in RD children,  and the absence  of such 

d e f ic i t s  in ADHD children, i t  w as  pred ic ted  th a t  the  RD sample  

would exhib i t  s ign i f ican t ly  weaker  performance on th is  ta sk  

re la t iv e  to the  NC and ADHD groups. This finding w as  hypothesized 

to r e s u l t  from the  d i f fe ren t ia l  e f f e c t  of encoding on recognit ion 

performance for  the RD group (i.e., a Group X Encoding Condition 

in te rac t ion)  r a th e r  than a memory de f ic i t  per se. The presence  of 

sem an t ic  encoding d e f i c i t s  have been well  documented in reading
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disabled children. It  w a s  p red ic ted  tha t ,  secondary to  sem an t ic  

encoding d e f ic i t s ,  and impairm ent  in the ab i l i ty  to benef i t  from 

sem an t ic  encoding s t r a t e g i e s  when provided, the  RD group would 

recognize s ign i f ican t ly  le s s  sem an t ica l ly -encoded  i tem s  r e la t iv e  to  

the  o ther  tw o  groups. Furthermore,  as  ADHD children have been 

found to benef i t  equally r e la t iv e  to  non-ADHD children from the 

provision of s e m an t ic  encoding s t r a t e g ie s ,  i t  w a s  hypothesized th a t  

these  groups would not d i f f e r  in t h e i r  ab i l i ty  to recognize  

sem ant ica l ly -encoded  pairs.

Based on previous f indings of im pairm ent  in the  a b i l i ty  of both 

RD and ADHD children to apply mnemonic s t r a t e g i e s  spontaneously , 

i t  w as  p red ic ted  t h a t  both groups would co rrec t ly  recognize  

s ign i f ican t ly  fe w e r  w o rd -p a i r s  from the no n -sem an t ic  condit ion 

re la t iv e  to the  NC group. As can be seen  in Figure 14, none of these  

hypotheses w as  confirmed. Groups did not  d i f f e r  in overall  

recognit ion performance. What is  more, all groups recognized 

s ign i f ican t ly  more sem an t ica l ly -encoded  pa i r s  r e la t iv e  to those  in 

the non-sem an t ic  condit ion indicat ing t h a t  all groups benef i ted  

equally from t h i s  encoding s t ra tegy .  It is be lieved th a t  the  absence 

of group d i f fe ren ces  on overall  recognition,  a s  well  as  the  absence  

of a Group X Encoding Condition in te rac t ion ,  may r e l a t e  to the  f ac t  

tha t  adequate  encoding w a s  a ssured  on th i s  task. Spec if ica l ly ,  

during the encoding procedure, i t  w a s  necessa ry  t h a t  each s u b je c t  

provide the c o r re c t  response  in order  to proceed to the  next  item. 

Additionally, if a sub jec t ,  on reading the  s t im u lu s  i tem s ,  responded 

incorrect ly ,  the examiner  would co r re c t  him or her  and requ ire  tha t  

the  word be repea ted  correc t ly .  Thus, when encoding is  ensured,
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groups do not d i f fe r  in recognit ion performance. This would seem to 

sugges t  th a t  the  exp l ic i t  memory d e f i c i t s  found amongst  reading 

disabled children may r e s u l t  from encoding d i f fe ren c e s  r a th e r  than a 

memory d e f i c i t  per se. Additionally, th ese  r e s u l t s  sugges t  tha t ,  

when encoding is ensured,  reading disabled s u b je c t s  are  able to 

benef i t  from the provision of sem an t ic  encoding s t r a te g ie s .

Implici t  Memory Performance

Cued Word-Stern Completion. Consis ten t  w i th  the  hypothes is  

of group d i f fe ren ces  on im p l ic i t  m easures ,  d iagnos t ic  groups were  

found to d i f f e r  in the  amount of priming dem ons t ra ted  on the  s t e m -  

complet ion task. The finding th a t  RD children produced s ign i f ican t ly  

more ( r a th e r  than less)  p r im es  on th is  ta sk  is c o n s i s t e n t  w i th  

r e p o r t s  of increased  pr iming in individuals  w i th  p rocess ing  defic i ts .  

Addit ionally, th is  finding lends support  to an explanat ion of th i s  

phenomenon from a process ing  view in th a t  priming perform ance  

r e l a t e s  to r e la t iv e  d i f fe ren ces  in su b je c t s '  ab i l i ty  to p ro cess  t a rg e t  

s t imuli .

No predic t ion  w as  o ffered  w i th  regard to how the manipulat ion 

in the  Encoding Condition would e f f e c t  the perform ance  of each 

group on th i s  measure. However, the absence of a main e f f e c t  of 

th i s  va r iab le  is c o n s i s t e n t  w i th  the  hypothes is  offered  in 

Experiment 1. In Experiment 1, the  predic tion  regarding an e f f e c t  

of Encoding on impl ic i t  t e s t  performance  w a s  dependent upon 

c la s s i f i c a t io n  of the  im p l ic i t  m easure  as  being pr imar i ly  

concep tua l ly -  or percep tua l ly -dr iven .  Given the  c l a s s i f i c a t io n  of 

the  cu ed -s te m -c o m p le t io n  ta sk  as  a pe rcep tua l ly -d r iven  t e s t ,  i t
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w a s  p red ic ted  th a t  Encoding Condition would not have an e ffec t .  

Thus, the  finding th a t  Encoding Condition d i f f e re n t ia l ly  e f f e c te d  the 

perform ance  of RD s u b je c t s  on th i s  measure ,  but not  th a t  of ADHD or 

NC su b je c t s ,  w as  unexpected.

In an a t t e m p t  to  explain th ese  r e s u l t s  from a process ing  

theory v iewpoint ,  it  seem s  logical to look for  group d i f fe rences  

which may provide information  regarding the  n a tu re  of the  

p rocess ing  d e f i c i t s  in the  RD group. Clearly, th i s  group d i f f e r s  

s ign i f ican t ly  from the ADHD and NC groups on l in g u is t ica l ly -based  

t e s t s  of academic  functioning sugges t ing  im pa irm ent  in sem an t ic  

knowledge. Addit ionally,  the  RD group d i f f e r s  from the NC group on 

to ta l  fluency performance.  Thus, on the t e s t - b a t t e r y  adm inis te red ,  

the  RD group exhibi ted  l ingu is t ic  p rocess ing  d e f i c i t s  on severa l  

m easures .  Additionally, the  d i f fe ren t ia l  e f f e c t  of encoding for  th is  

group is  c o n s i s t e n t  w i th  the  idea of t r a n s fe r - a p p r o p r i a t e  process ing 

in t h a t  the RD group (i.e., a group w i th  sem an t ic  p rocess ing  d e f ic i t s )  

d e m o ns t ra ted  increased  priming fo r  information  which w as  

sem an t ica l ly -encoded  but not for  information in the  non-sem an t ic  

encoding condition.

However, the  fac t  th a t  the  ADHD group w a s  a lso  s ign i f ican t ly  

l e s s  f luen t  r e l a t iv e  to the  NC group r a i s e s  the  p o s s ib i l i ty  t h a t  th i s  

group is a lso  impaired on some a spec t  of l ingu is t ic  process ing.  The 

absence  of evidence for  sem an t ic  p rocess ing  d e f i c i t s  in the  ADHD 

group on m ea su re s  of academic  abil i ty , in combinat ion w i th  previous 

l i t e r a tu r e  dem ons t ra t ing  im pairm ent  in executive  functioning, i t  is 

likely th a t  performance  on th is  task  r e f l e c t s  d i f f ic u l ty  w i th  the  

organiza t ion  of se m an t ic  knowledge r a th e r  than an impoverishment
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thereof. Regardless  of the  e t iology of th is  impairment,  one might 

expect  t h a t  a s im i l a r  e f f e c t  of encoding would be found for  the  ADHD 

group. However, when the  finding of impaired f luency fo r  the  ADHD 

sample  is  considered  with in  the  context  of in tac t  pe rform ance  on 

language-based  m ea su re s  of academic functioning,  it  appears  th a t  

the  l ingu is t ic  p rocess ing  d e f i c i t s  in the ADHD sam ple  are  

s ig n i f ican t ly  d i f fe ren t ,  and ce r ta in ly  not as  severe ,  r e la t iv e  to 

those  of the  RD sample. Although the number of s e m a n t ic a l ly -  

encoded p r im e s  produced by the  ADHD group w a s  not  found to  d i f f e r  

from th a t  of the  RD and NC groups, i t  can be seen in Figure 13 th a t  

the  ADHD group fell  midway be tw een  the o ther  groups and th a t  the 

slope rep re sen t ing  the  r e l a t iv e  e f fe c t  of encoding on th is  m easure  

w as  s im i l a r  for  the  ADHD and RD groups. Thus, the  manipulat ion in 

encoding e f f e c te d  the  perform ance  of th ese  groups in a s im i l a r  way, 

and in a way th a t  d i f fe red  from how i t  e f fe c te d  the  perform ance  of 

the NC su b jec ts .

Category Fluency Priming. Diagnost ic group d i f fe ren c e s  w ere  

pred ic ted  on the  ca tegory  fluency priming task. The reason  for  th i s  

pred ic t ion  r e l a te d  to the  ca tego r iza t ion  of the  ca tegory  fluency t e s t  

a s  a l ingu is t ica l ly  based  im p l ic i t  m easure  w i th o u t  cons idera t ion  for  

t h i s  t a s k  a s  a concep tua l ly -d r iven  ta sk  a s  opposed to a pe rcep tua l ly  

driven task. The absence  of s ign i f ican t  group d i f f e r e n c e s  on th is  

ta sk  may r e l a t e  to the  d i f fe rence  in task  req u i rem en ts  (i.e., 

conceptua l ly -dr iven  vs. perceptual ly-dr iven) .  Given th is ,  one might 

have p red ic ted  th a t  pe rform ance  on the  category  fluency t e s t  would 

be vulnerable  to  exper imenta l  manipulat ions  in a way s im i l a r  to
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other  conceptually-dr iven t e s t s  be they impl ic i t  or explici t '  

measures,

This reasoning would have argued s t rongly  for  an e f f e c t  of 

encoding on th is  measure , a t  l e a s t  fo r  the NC group. While a 

s ign i f ican t  e f f e c t  of encoding w a s  dem ons tra ted  on th is  task  for  the  

developmental  sample  in Experiment  1 (Figure 3b), there  was  no 

e f f e c t  of encoding on the  performance of any of the  groups from th is  

sample. Given the  incons is tency  be tw een  the  r e s u l t s  of Experiment 

1 and 2, one is  l e f t  to specu la te  w i th  regard  to  the  reason.

Foi l-Select ion

Signif icant  group d i f fe rences  were  a lso predicted in fo i l - type  

selection.  This predic t ion  w as  based on findings which sugges t  a 

delay in the  development of e f fo r t fu l  sem an t ic  process ing  ab i l i ty  in 

RD children. It has been dem onstra ted  tha t ,  on mult ip le  choice 

recognition t e s t s ,  younger r e l a t iv e  to  older  children tend to commit  

more e r ro rs  on the  b as i s  of s t ru c tu ra l  and acous t ic  fea tures .  In 

con tra s t ,  the  fa l se  recognit ion e r ro r s  of older  children a re  based on 

sem an t ic  a t t r ib u te s .  While th i s  trend has been observed in non­

disabled children, i t  has not been dem ons tra ted  by learn ing-disabled  

children. In con tra s t ,  i t  has been found th a t  the  encoding 

p refe rences  of learning disabled children remain fixed w i th  age such 

th a t  s t ru c tu ra l  f e a tu re s  serve  a s  the  dominant encoding preference.  

Given this ,  i t  w as  pred ic ted  th a t  the  RD group would s e l e c t  more 

phonemica l ly -re la ted  e r ro r s  r e l a t iv e  to NC and ADHD subjec ts .  

Conversely, NC su b je c t s  were  pred ic ted  to make more s e m an t ic a l ly -  

re la ted  errors .
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The pred ic t ion  for  group d i f fe rences  in foi 1- s e le c t io n  w a s  not 

confirmed, however a main e f f e c t  of Foil- type  w as  demonstra ted.  

The na ture  of th is  main e f f e c t  w a s  s im i la r  to  t h a t  obtained in 

Experiment 1, namely t h a t  all groups se lec ted  s ign i f ican t ly  more 

o th e r -p a i re d  fo i ls  re la t iv e  to sem an t ic  or phonemic types. The 

absence  of a s ig n i f ic an t  d i f fe rence  between the  number of sem ant ic  

and phonemic fo i ls  se lec te d  is in te rp re ted  to have re s u l te d  from the 

tendency of all  s u b j e c t s  to s e l e c t  o th e r -p a i red  s t im ul i  as  a 

recogni t ion  choice. The presence  of a s ign i f ican t  Diagnost ic  Group X 

Foil-Type in te rac t ion ,  however  does suggest  th a t  the  p a t t e rn  of 

f a l se  recogni t ion  e r r o r s  d i f fe red  for  groups. As can be seen  in 

Figure 14, the  RD group se lec te d  more o ther -pa i red  fo i ls  r e la t iv e  to 

both the  ADHD and NC groups. The reason for  th is  finding is  unclear. 

One might  have pred ic ted  such a finding for  ADHD children, given the 

impuls iv i ty  which c h a r a c t e r i z e s  th i s  disorder.  That is, i t  would 

seem logical t h a t  individuals  who are  impulsive might  s e l e c t  any 

choice which "looks" famil iar .  In the  absence of an ob jec t ive  

m easu re  of impulsiv i ty ,  however,  th i s  reasoning is  speculative .
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General Discussion 

Explicit  T es t  Performance

The primary purpose of Experiment 1 w as  to inves t iga te  the 

development of implic i t  and explic i t  memory a c ro ss  a m a jo r  port ion 

of the  l i fe - span  (i.e., middle childhood to  mid-adulthood).  Based on 

previous findings th a t  performance  on expl ic i t  t e s t s  (i.e., f ree  

reca l l ,  cued-reca l l  and recognition)  improves w i th  age, i t  w as  

hypothesized th a t  age d i f fe ren ces  would be found on recognit ion 

performance given i t s  c la s s i f i c a t io n  a s  a conceptua l ly-dr iven  

measure.  While the r e s u l t s  of Experiment  1 w ere  c o n s i s t e n t  w i th  

hypothesized age d i f fe rences  in the  dem ons tra t ion  of a s ign i f ican t  

a g e - r e la te d  increase  in overall recognition, the  magnitude of the 

a g e - e f f e c t s  w a s  re la t ive ly  modes t  as  compared to a g e - e f f e c t s  

typ ica l ly  seen on m easu res  of f ree - rec a l l .  Thus, these  data , when 

v iewed w i th in  the  context  of o ther  f indings (e.g., Naito, 1990) 

sugges t  t h a t  demons tra t ion  of age d i f fe rences  on explic i t  m easu res  

depends g rea t ly  on the type of t e s t  used. Specif ica l ly ,  age 

d i f fe rences  may be m ost  profound on m easu res  which do not provide 

any cueing or "environmental  support" (e.g., on t e s t s  of f r ee - rec a l l ) ,  

and re la t iv e ly  l e s s  marked on t e s t s  which provide cueing (e.g., on 

forced or m ult ip le  choice t e s t s ) .  Taken together ,  these  f indings 

have im pl ica t ions  for  how memory t e s t s  are  cu rren t ly  c lass i f ied .

The cu rren t  r e s u l t s  sugges t  th a t  performance on recognit ion t e s t s  

may not be vulnerable  to manipulat ions  in independent va r iab les  in 

the  sam e way th a t  performance on t e s t s  of f ree  recall.  Thus, r a th e r  

than cons ider  these  t e s t s  to be s im i la r  in th a t  they a re  both exp l ic i t



1 12

m easures ,  the t e s t s  may be b e t t e r  c la ss i f ied  using a continuum 

which c h a rac te r ize s  them in te rm s  of the degree of environmental  

support  provided as  well  a s  in te rm s  of the ex ten t  to which they 

engage perceptual  and conceptual processing.

The finding th a t  the  RD sample  in Experiment 2 dem ons tra ted  

comparable recognition performance, re la t ive  to the  ADHD and NC 

groups, has implica t ions  for  the nature  of, and the  possible  reasons 

for, f indings of impairment  on explic i t  m easures  in th i s  population. 

The absence of group d i f fe rences  in recognition performance may be 

in te rp re ted  as  suggest ing tha t  a t  l eas t  some of the expl ic i t  memory 

d e f ic i t s  dem ons tra ted  in previous s tud ies  of memory in RD su b je c t s  

is a t t r ib u ta b le  to  encoding and /o r  lexical process ing d e f i c i t s  ra the r  

than to a de f ic i t  in re t r ieval .  Additionally, the fac t  that ,  in th is  

experiment,  su b je c t s  were  informed prior to the  encoding procedure 

th a t  they would be asked to recal l  the information p resen ted  a t  

some la te r  point has implica t ions  for the  abi l i ty  of the  diagnostic  

groups to employ and benefi t  from encoding s t ra teg ie s .

Specif ical ly ,  if one contro ls  for  encoding such th a t  adequate  

p rocess ing of lexical information is ensured for  RD sub jec ts ,  the i r  

recognition performance is e f fec ted  s im ila r ly  to th a t  of non-RD 

s u b je c t s  by manipulat ions in encoding. This finding is in te rpre ted  

to mean th a t  the  RD group w as  able to benefi t  as  well  a s  the ADHD 

and NC groups from the provision of meaningful information a t  the 

t im e  of encoding. In the absence of a means by which to gauge the 

extent  to which each group u t i l ized  th is  information to a s s i s t  

recognition,  however, the re  can be no conclusion made regarding the 

re la t iv e  ab i l i ty  of each group to apply a mnemonic s t r a te g y  a t  the
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time of recall .  It is believed th a t  th is  l a t t e r  phenomenon could best  

be explored using a w i th in - s u b je c t s  design and by adm inis ter ing  two 

explic i t  t e s ts :  one in which the exper imenter  does not provide 

guidance in using a mnemonic s t r a te g y  and one in which such 

guidance is provided. The re la t ive  improvement in recal l  for  the  RD 

sample  obtained across  m easures  might be compared to o ther  non- 

RD groups.

The curren t  experiment did not employ a f r e e - r e c a l l  paradigm. 

Therefore, any conclusion made regarding the exp lic i t  t e s t  

performance of the  RD sample  in Experiment 2 cannot be generalized 

to performance on m easures  o ther  than recognition. Based on 

previous l i t e ra tu re  (e.g., Dallago &Moely, 1980), i t  is  likely t h a t  the 

f ree - r e c a l l  performance of RD individuals might  d i f fe r  from non-RD 

even when encoding is ensured. One possible explanation for  the  

absence of s ign i f ican t  group d if ferences  in recognition ab i l i ty  in 

Experiment 2 r e l a t e s  to the fac t  th a t  recognition as  well  as  o ther  

cued-reca l l  t e s t s  benefi t  re t r ieva l  by narrowing the  range of 

poss ible  responses.  In doing this ,  recognition and cued-recal l  t e s t s  

would f a c i l i t a t e  memory performance in the RD sample , as  well  as 

in younger s u b je c t s  as  in Experiment 1, by providing an external  

s t r u c tu r e  or additional  environmental  support.

The fa i lure  to include a f ree - reca l l  t e s t  in the  curren t  

experiment  is viewed as a s ign if ican t  weakness..  There w ere  a 

number of reasons ,  however, for  not including such a measure . One 

reason re la te d  to the age of the  sample. It w as  believed th a t  the 

youngest  s u b je c t s  would have dem onstra ted  s ig n i f ican t  d i ff icu l ty ,  

and may not have been able to freely recall any of the  w o rd -p a i r s  on
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a t e s t  of f ree - reca l l .  Second, inclusion of an additional  explic i t  

m easure  as  a w i th in - s u b je c t s  f ac to r  would have potent ia l ly  

re su l ted  in order  e f fe c t s ,  there fo re  confounding resu l ts .  Thus, one 

suggest ion for  fu r the r  r esea rch  would be to explore the f r ee - rec a l l  

ab i l i ty  of RD su b je c t s  under conditions which ensure  comparable  

levels  of encoding by requiring th a t  su b je c t s  achieve a specif ied  

level of mastery .  This approach is frequently  used in animal s tud ies  

of memory and enables  one to del ineate  d i f fe rences  in encoding and 

re tr ieva l .  Alternative ly ,  one might employ a b e tw e e n -s u b je c t s  

design.

Implici t  T es t  Performance

Category Fluency Priming: The hypothesis  for  an e f f e c t  of 

encoding condition on im pl ic i t  t e s t  performance in both Experiments 

re la ted  to the  c la s s i f i c a t io n  of the  implic i t  m easu res  a s  being 

pr imari ly  perceptually  or conceptually-dr iven. Consis ten t  w i th  

prediction, i t  w as  found in Experiment 1 th a t  the performance of the  

developmental  sample on the perceptually-dr iven t e s t  (i.e., cued 

s tem -com ple t ion )  did not vary as a function of encoding condition 

w hereas  performance on the  conceptually-driven (i.e., ca tegory 

fluency t e s t )  did vary as a function of encoding condition. The 

r e la t iv e  vulnerabi l i ty  of these  t a s k s  to the e f f e c t s  of encoding 

condition in Experiment  1 is  co n s i s ten t  w i th  r e s u l t s  of o ther  

s tu d ies  (e.g., Rajaram &Roediger, 1993, Hamann, 1990, and Srinivas 

& Roediger, 1990) indicating th a t  performance on pe rcep tua l ly -  

driven ta s k s  (be they implic i t  or explici t)  is not s e n s i t iv e  to leve ls -  

of process ing manipulat ions whereas  performance on conceptually
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driven ta s k s  is e f fe c te d  by va r ia t ion s  in th i s  variable. However, 

these  r e s u l t s  m u s t  be in te rp re ted  caut ious ly  as  encoding condition 

did not  e f f e c t  the  performance of the  NC group on the conceptual ly-  

driven m easure  in Experiment 2. It is unc lear  why th i s  e f f e c t  w a s  

not obtained fo r  th is  group, however, it  is believed th a t  one poss ib le  

reason may r e l a te  to the d if fe rence  in sample  s i z e s  and the  under­

rep re se n ta t io n  of older s u b j e c t s  in th is  sample.

An e f f e c t  of age w a s  a lso  hypothesized for  perform ance  on the  

conceptua l ly-dr iven  implic i t  measure  but not for  perform ance  on the  

percep tua l ly -d r iven  measure. The bas is  for  th is  p red ic t ion  re la ted  

to the  proposed vulnerab i l i ty  of conceptual ly-dr iven  m easu re s  (be 

they implic i t  or explic i t )  to va r ia t ions  in su b je c t  variab les .  While 

th i s  hypothes is  w as  confi rmed by the finding of a main e f f e c t  of 

age, the  na ture  of t h i s  e f f e c t  w a s  a rb i t r a ry  (i.e., 9 - 1 0  y.o. s u b j e c t s  

producing s ign i f ican t ly  more p r im es  re la t iv e  to 14 -19  y.o. su b je c t s )  

and w a s  not c o n s i s ten t  w i th  the  prediction of an a g e - re la te d  

increase  in overall  priming on th is  task. It is believed th a t  the age-  

r e la te d  d i f fe rence  on th is  ta sk  may re l a te  to something o ther  than 

m atu ra t iona l  d i fferences .  In the  absence of ob jec t ive  a g e - r e la te d  

d i f fe ren ces  in Experiment  1, or s ign i f ican t  group d i f fe rences  on th is  

task  in Experiment 2, the  poss ib le  reasons  for  th i s  e f f e c t  can are  

only speculat ive .

Cued.Stem-Completion Priming. Based on the c l a s s i f i c a t io n  of 

the c u ed -s tem  completion task  as  a percep tua l ly -d r iven  implic i t  

measure ,  it w as  pred ic ted  th a t  performance on th is  m easu re  in 

Experiment 1 would be r e s i s t a n t  to  age and encoding e f fe c t s .  This



hypothesis  was  confirmed and is cons is ten t  w i th  r e s u l t s  of previous 

s tud ies  (e.g., Rajaram &Roediger, 1993; Srinivas &Roediger, 1990).

The finding of increased priming in Experiment 2 for  the  RD 

sample  is c o n s i s ten t  w i th  Jern igan  and Ostergaard’s (1993)  finding 

of an a ssoc ia t ion  between decreased processing eff ic iency  and 

increased priming. That  increased priming was  demons tra ted  on the 

perceptua l ly-dr iven  implic i t  measure  in Experiment 2 and not on the 

conceptually-dr iven measure  has s ignif icant  implica tions for  the 

na ture  of the d isab i l i ty  in th is  sample  as well as for  how these  

t e s t s  are  charac ter ized .  An ongoing debate in psycholinguist ic  

research  e x i s t s  concerning the represen ta t iona l  fo rm at  of words.

On one hand, a number of t h e o r i s t s  have adopted a lexical s tance  

which sugges ts  th a t  sep a ra te  and d isc re te  rep re sen ta t io n s  e x is t  for  

each word in our vocabulary. According to these  th eo r i s t s ,  the  f i r s t  

s tage  of word recognition is to gain access  to the appropria te  

lexical entry. These lexical en t r i e s  are thought to specify  the 

meaning, pronunciation and o ther  relevant  fea tu res  of previously-  

encountered words. One possible  explanation of the hyperpriming by 

the  RD sample  r e l a t e s  to potentia l  d if ferences  in the r e t r i evab i l i ty  

or organization of these  rep re sen ta t io n s  for RD subjects .  In 

explanation of lexical priming, it  is possible  tha t  by exposing 

individuals to lexical  information (e.g., a word), one "primes" the 

r ep re sen ta t ion s  of th a t  information making them more readily  

available  than rep re se n ta t io n s  for  "non-primed" information. Given 

th is ,  the pr imed rep re sen ta t ion s  for  lexical information in . 

individuals w ith  lexical process ing de f ic i t s  may be viewed as  being 

more readily  available and hence more access ib le  re la t iv e  to tha t  of
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reasons  for  th i s  enhanced avai lab i l i ty  and a c c e s s ib i l i ty  a re  believed 

to r e l a t e  to both the  na ture  and sev e r i ty  of the  process ing  d e f ic i t  of 

the  RD sample.

With regard  to the  na tu re  of the  process ing d e f ic i t ,  i t  has been 

suggested  th a t  RD individuals  a re  de f ic ien t  in th e i r  ab i l i ty  to 

a c t iv a te  word knowledge (i.e., sem an t ic  memory) ( see  Swanson,

1991, fo r  review).  11 rem ains  unclear, however w h e th e r  th is  

defic iency r e s u l t s  from an impoverishment  in word knowledge per 

se, or from a defic iency in the  organizat ion or  " internal  coherence" 

of the  information s to red  in sem an t ic  memory. Given the  

impairment  in academic  sk i l l s  and category  f luency in the  RD 

sample ,  it  is likely th a t  the  finding of enhanced priming,  and the 

d i f fe ren t ia l  e f f e c t  of encoding, on the s te m -c o m p le t io n  priming 

performance of th i s  group r e l a t e s  to both. In order  to a r r iv e  a t  t h i s  

conclusion, one m ust  cons ider  the  t e s t  performance of the  RD 

sample  re la t ive  to t h a t  of the  ADHD. In Experiment  2, the  RD 

sample  dem ons tra ted  s ign i f ican t  impairment  on t e s t s  of s ingle  word 

reading and w r i t t e n  spel l ing r e la t iv e  to the  ADHD group. Although 

th ese  are  g ross  m easures ,  th i s  finding may be seen  as  r e f le c t in g  an 

impoverishment  in sem an t ic  knowledge. In co n tra s t ,  both the ADHD 

and RD groups w ere  impaired,  r e la t iv e  to the NC group, on the 

m easure  of category  fluency, a ta sk  which requ i re s  organizat ion  of 

sem an t ic  information. The absence of impairment  on the  academic 

m easu re s  for  the  ADHD group, in combination w i th  f indings which 

sugges t  th a t  individuals w i th  ADHD exhibit  d i f f i c u l t i e s  on m easu res  

of executive  function, would sugges t  t h a t  im pa irm ent  on the  fluency
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t e s t  for both groups resu l ted  from impairment in organizational  

ability. In order to a t t r ib u te  the  finding of enhanced priming solely 

to a de f ic i t  in sem ant ic  knowledge, one would expect  th a t  the  

performance of the  ADHD group would resemble  th a t  of the  NC group. 

While these  groups did not d i f fe r  s ignif icantly  in the  overall number 

of p r imes  produced on the s tem -com ple t ion  t e s t ,  as  can be seen in 

Figure 12, the slope of the  line representing the  re la t iv e  e f f e c t  of 

encoding on task  performance d i f fe r s  for  the NC and ADHD group. 

Furthermore, the  slope represen ting  the e f fe c t  of encoding for  the 

ADHD group is s im i la r  to th a t  obtained for  the  RD group suggesting 

th a t  the manipulation in encoding e ffec ted  the task  performance 

s im ila r ly  for these  two groups. It is believed th a t  the  combined 

impairment  in sem ant ic  knowledge and organizational  ab i l i ty  

produced an addit ive e f fe c t  resu l t ing  in the  enhanced priming. This 

conclusion m ust  be in te rpre ted  cautiously, however, given the 

absence of addit ional  m easures  of sem ant ic  knowledge and 

organizational  ability. It is cer ta in  tha t  RD individuals are  

heterogeneous w ith  regard to the  nature of the i r  lexical process ing 

def ic i ts .  This heterogeneity  has inspired a number of r e s ea rch e rs  to 

propose the  ex is tence  of subtypes to categorize  the d e f i c i t s  found 

amongst  RD individuals. Given the demonstra t ion  of a d i f fe ren t ia l  

e f f e c t  of encoding for  the RD sample  on the s tem -com ple t ion  task  in 

Experiment 2, it  is possible  th a t  the finding of enhanced priming for  

th is  group may re la te  to the exis tence  of a spec i f ic  d e f ic i t  (e.g., 

phonological processing). In order  to understand the  influence of 

lexical process ing on th is  task  more clearly, fu r th e r  r esea rch  should 

a t t e m p t  to de l inea te  the nature of the lexical process ing  d e f i c i t s  in
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th is  group by devising a more comprehensive ba t te ry  of t e s t s  to 

evaluate  various a sp e c t s  of l inguist ic  processing.

Future Research

There are  a number of recommendations for  fu ture  research.  

The f i r s t  r e l a t e s  to the fa i lu re  to include a f ree  recal l  measure  and 

the r e su l ta n t  absence of a g e - re la te d  d i f fe rences  on explic i t  memory 

performance in Experiment 1. While a s ign if ican t  a g e - re la te d  linear  

trend on recognition t e s t  performance was  demonstra ted  in 

Experiment 1, there  were  no s ign if ican t  d i f fe rences  be tween  age-  

groups on th is  task. When taken with in  the  context  of f indings 

which dem ons tra te  c lea r  developmental  d i f fe rences  on m easures  of 

f ree - rec a l l  (c.f., Richardson-Klavehn & Bjork, 1988) th is  finding 

ra i s e s  the  poss ib i l i ty  t h a t  exp lic i t  memory t e s t s  a re  not a 

homogenous group and may d i f fe r  in the degree to which they engage 

conceptual  and /o r  perceptual  processes.  The development of a 

c la s s i f i ca t io n  scheme which c h a rac te r ize s  explic i t  m easu res  in 

te rm s  of the r e la t iv e  degree to which they engage these  p rocesses  

would be one potentia l  d i rec tion  for  fu ture  research.

A second weakness  in th is  d is se r ta t io n  w as  the  fa i lu re  to 

include what  would be charac te r ized  as a "perceptually driven" 

explic i t  memory measure. While the  r e s u l t s  of Experiment 1 were  

in te rp re ted  to  support  the  process ing view th a t  the  vulnerab il i ty  of 

memory t e s t  performance to manipulat ions in ce r ta in  independent 

and sub je c t  va r iab les  depends on the p rocesses  engaged by those 

tasks ,  the absence of a perceptually  driven explic i t  measure  

d e t r a c t s  from the s t reng th  of th is  support. Future resea rch  in th is
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area should employ ta s k s  from each category (i.e., conceptua l ly-  

driven implici t  vs. conceptually-driven explic i t  vs. pe rcep tua l ly -  

driven implici t  vs. perceptually-dr iven explicit).  Use of a w i th in -  

s u b je c t s  design would b e t t e r  enable demonstra t ion tha t  

performance on conceptually-dr iven m easures  (be they impl ic i t  or 

explici t)  is vulnerable to the  e f f e c t s  of manipulat ions in various 

independent va r iab les  in a way which perceptual ly-dr iven  m easures  

are not.

The finding t h a t  RD su b je c t s  performed comparably to  the  

ADHD and NC groups on the  recognition t e s t  r a i s e s  the poss ib i l i ty  

th a t  previous dem onstra t ions  of memory impairment in t h i s  RD 

s u b je c t s  may re la te  to d i f f ic u l t i e s  w i th  encoding ra th e r  than a 

memory d e f ic i t  per se. The discrepancy between previous findings 

of impairment  on explic i t  recal l  m easures  in RD children and the 

curren t  r e s u l t s  su g g e s t s  the  need for c r i te r ion -con t ro l led  s tu d ie s  in 

which memory is a s se s s e d  in c ircum stances  in which adequate  

encoding of the to -be- rem em bered  m ater ia l  is insured. Such a 

design will  b e t t e r  enable one to  d iscern  whether  the  apparent  

exp lic i t  memory d e f i c i t s  seen  in RD individuals are  a t t r ib u ta b le  to 

encoding d e f i c i t s  or to  problems w i th  retr ieval .

While the  finding of increased priming in the RD sample  in 

Experiment 2 provides additional support  for a process ing view of 

priming, i t  leaves  many quest ions  unanswered. F i rs t  and fo rem ost  

is the quest ion of why an impairment  in l inguis t ic  process ing would 

e f f e c t  increased l inguis t ic  priming for  information which w as  

encoded perceptually  but not for  information which w a s  encoded 

semantica lly .  In order to explore the  possible  answ ers  to th is
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quest ion,  one m ust  f i r s t  d iscern  the  e f f e c t  of various types  of 

process ing d e f i c i t s  on the  d i f f e ren t  types  of priming m easu re s  (i.e., 

conceptua l ly-dr iven  vs. perceptually-dr iven) .  An in te re s t in g  

quest ion is w he the r  the finding of increased priming r e l a t e s  to the  

type of p rocess ing  de f ic i t  or the  seve r i ty  of the  process ing  d e f ic i t  

in the RD group. For example, one might ask, "would individuals  w ith  

impaired perceptual  process ing  perform s im i la r ly  r e la t iv e  to 

individuals w i th  l inguis t ic  p rocess ing  d e f i c i t s  on im p l ic i t  

measures?" . While the  cu r ren t  r e s u l t s  sugges t  a re la t ionsh ip  

be tween  the type and /o r  sev e r i ty  of a p rocess ing  d e f ic i t  and 

priming, the na tu re  of th i s  d e f ic i t  has ye t  to be determined.

In summary, the  r e s u l t s  of th i s  d i s s e r t a t io n  r a i s e  in te res t ing  

quest ions  w i th  regard to how memory t e s t s  a re  c lass if ied .  

Process ing  t h e o r i s t s  contend th a t  the  vu lnerab il i ty  of memory t e s t  

performance to va r ia t io ns  in c e r t a in  independent and su b je c t  

v a r iab les  depends on the cognit ive  p rocess  engaged by those  ta s k s  

r a th e r  than the  type of memory being a ssessed .  While exper im en ts  1 

and 2 provide support  for  th i s  view, the obtained r e s u l t s  sugges t  

there  to be some fundamental  d i f fe ren c e s  be tween  conceptua l ly -  

driven im p l ic i t  m easu re s  and conceptua l ly-dr iven  exp l ic i t  m easu res  

such th a t  performance  on them is not  vulnerable  to m anipula t ions  in 

ce r ta in  independent va r iab les  in the  same way. Thus, the  p ic tu re  

becomes le s s  clear. Further  re sea rch  wil l  be necessa ry  to 

de te rmine  the  re la t ionsh ip  be tw een  information p rocess ing  and 

implic i t  memory t e s t  performance. In addition, i t  is hopeful th a t  

w i th  the  advent  of more so p h is t i c a ted  neuroimaging techniques ,  the  

neural m echanism s which underlie  performance on both im p l ic i t  and



explic i t  m easures  wil l be determined.
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Table 1 
Experiment 1 

Subject Characteristics

7-8
years

9-10
years

11-13
years

14-19
years

20 > 
years

N 19 20 23 20 26

Age 8.21
(.52)

10.17
(.45)

12.38
(.94)

16.58
(1.84)

31.13
(8.21)

M/F 13 / 6 13 / 7 15 / 8 1 1 / 9 9 / 1 7

KBIT
Comp

111.63
(7.59)

115.55
(11.02)

114.78
(8.87)

113.05
(9.30)

111.38
(9.59)

KBIT
Matrices

110.58
(8.73)

118.55
(13.68)

117.17
(9.49)

115.10
(11.58)

111.12
(10.86)

KBIT
Vocab

110.37
(9.19)

109.15
(8.88)

109.35
(9.57)

108.45
(7.77)

109.27
(8.87)

WRAT-R
Reading

107.84
(7.41)

108.10
(8.03)

113.00
(10.21)

113.25
(11.68)

106.23
(10.14)

WRAT-R
Spelling

104.32
(8.18)

105.20
(8.82)

109.39
(12.33)

108.90
(11.44)

105.38
(14.85)

WRAT-R
Math

109.00
(15.18)

106.80
(11.01)

110.65
(15.04)

106.20
(15.07)

107.62
(13.59)



Table 2 
Subject Characteristics 

Baseline-Only vs. Experimental Subjects 
Mean (SD)

Baseline
Only Experimental

N 9 9

M/F 2 /7 3 /6

Age in 18.19 18.24
Years (9.66) (9.54)

KBIT 117.67 115.44
Composite (8.28) (7.84)

KBIT 113.89 111.44
Vocabulary (10.25) (8.40)

KBIT 117.78 115.89
Matrices (8.30) (8.12)

WRAT-R 109.33 109.33
Read (11.45) (7.81)

WRAT-R 106.22 114.44
Spell (11.93) (10.27)

WRAT-R 114.33 104.22
Math (12.24) (9.19)
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Figure 1 
Mean Overall Priming Scores 

Baseline-Only vs. Experimental 
Subjects
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Figure 4 
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Mean Fluency Priming as a 

Function of Age
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Figure 6 
Mean Percent Correct on 

Recognition as a Function of 
Age and Encoding Condition
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Figure 7 
Encoding Difference on Total 

Recognition Correct as a 
Function of Age-Group
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Figure 8 
Mean Number of Foils for 
Developmental Sample 

(N=108) as a Function of Foil- 
Type
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Figure 9 
Mean Percentage of Foils for 
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Figure 10 
Mean Encoding Errors as a 
Function of Age-Group and 

Encoding Condition
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Figure 11 
Total Fluency as a Function 

of Age
120-.------------------------------------------------------
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Table 3 
Subject Characteristics 

Experiment 2

ADHD RD
Normal
controls

N 16 16 16

Age 14.12
(10.32)

12.19
(4.55)

14.53
(9.69)

IMF 11/5 9 / 7 11 / 5

KBIT
Matrices

116.5
(13.91)

109.87
(10.53)

113.88
(8.72)

KBIT1
Vocabulary

110.38
(10.60)

97.00
(9.91)

109.00
(8.02)

KBIT1
Composite

115.31
(11.52)

103.69
(7.73)

112.75
(8.30)

WRAT-R2
Math

104.13
(12.35)

92.63
(12.48)

111.19
(16.18)

WRAT-R1
Reading

111.25
(0.26)

82.31
(10.86)

111.63
(8.33)

WRAT-R3
Spelling

102.75
(7.71)

78.00
(6.36)

109.00
(7.51)

1 RD group differs from ADHD and NC groups; p < .05
2

RD group differs from NC group, p < .05 

All groups differ from each other, p < .05
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Figure 12 
Mean Stem-Completion 
Priming as a Function of 

Diagnostic Group and 
Encoding Condition
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Figure 13 
Mean Fluency Priming as a 

Function of Diagnostic Group 
and Encoding Condition
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Figure14 
Mean Percent Correct on 

Recognition as a Function of 
Diagnostic Group and 

Encoding Condition
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Figure 15 
Mean Number of Foils as a 

Function of Diagnostic Group 
and Foil Type
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Figure 17 
Mean Percentage of Foils For 
Diagnostic Groups (N=48) as 
a Function of Foil-Type and 

Encoding Condition
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Figure 18 
Mean Encoding Errors as a 

Function of Diagnostic Group 
and Encoding Condition
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Appendix A 

Consent Forms

1. Consent for Child Sub jec ts :

You and your ch ild  a re  invited to partic ipa te  in a research  study. This study is being 
conducted by a graduate student from Queens College of the City U niversity  of New York 
to fu lfill the  d isserta tion  requ irem ent for a doctoral degree in  Psychology. The purpose 
of th is  study is  to determ ine w hether ch ildren  w ith reading d isab ilities  and/or 
A tten tion -defic it H yperactiv ity  D isorder (ADHD) have memory difficulty  due to an 
in a b ility  to encode inform ation adequately. We w ill also be looking at these functions in 
ch ild ren  w ithout reading d isab ilities  o r ADHD to see how these groups compare. We are  
looking for ch ild ren , aged 7  y e a rs  o r o lder, who a re  norm al, who have a learning 
d isab ility  o r  who have ADHD.

P artic ipa tion  in the  study en tails  completion of a ba tte ry  of psychological te sts  which 
w ill la s t approxim ately  4 5  m inutes. Among the te sts  adm inistered w ill be an 
intelligence te s t; a te s t of academic functioning which assesses single word recognition, 
w ritten  spelling  and arith m etic ; and a com puterized memory test. Most ch ild ren  rep o rt 
that the te s ts  a re  fun and a re  somewhat like games. Testing can be conducted a t a 
m utually  convenient time. If, once the session has begun, the child w ishes to te rm inate  
testing  a t any tim e, o r for any reason, he o r she may do so w ithout consequence.

In addition to the testing , we ask that the paren t/guard ian , as well as the ch ild 's  teacher, 
com plete a sh o rt questionnaire which evaluates behavior. Lastly, a b rie f  telephone 
in terv iew  w ill be conducted w ith  the paren t o r  guardian to help determ ine group 
placem ent and to obtain any additional inform ation that might be needed. Group 
assignm ent w ill be made on the basis of the ch ild 's perform ance and responses to the 
in terview . The re su lts  of th is  evaluation w ill be kept s tr ic t ly  confidential and w ill only 
be provided to the paren t if  requested.

The re s u lts  of th is  study w ill provide insight into the cognitive deficits which 
ch a rac te rize  ch ild ren  w ith  reading d isab ilities  and which frequently  accompany children 
w ith ADHD. In addition, these re su lts  w ill have im plications for the development of 
techniques used to  rem ediate cognitive deficits in these children.

If in te rested , please complete and detach the bottom portion along w ith the completed 
questionnaire to the  fron t office of your school w ith "Attention Kathy.McKay" on the 
front. If you have any questions about the natu re  of the study, please do not hesitate to 
call m e a t (XXX)XXX-XXXX. Thank you. 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +

I g ran t perm ission  f o r ____________ to p artic ipa te  in the research  study on memory.
I have been inform ed and understand that participation  en tails  a 4 5  to 60  m inute testing 
session. I am fu lly  aw are tha t completion of th is  testing is  contingent upon my ch ild 's  
assent and th a t he o r she may w ithdraw  from the study a t any tim e w ithout consequence.
I am also aw are that I w ill be interview ed on the phone, at a m utually convenient tim e, 
about my ch ild 's  behavior. I have completed the enclosed questionnaire and am aw are 
that my ch ild 's  teacher w ill be completing one that is s im ilar.

s ignatu re  of paren t name of parent
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2. Consent for  Adult Sub jec ts :

You a re  invited  to partic ip a te  in a research  study. This study is  being conducted by a 
graduate student from Queens College of the City U niversity  of New York to fu lfill the 
d isserta tion  requ irem en t for a doctoral degree in Psychology. The purpose of th is  study 
is  to determ ine w hether individuals w ith reading d isab ilities  an d /o r A ttention-deficit 
H yperactiv ity  D isorder (ADHD) have memory d ifficu lty  due to an inab ility  to encode 
inform ation adequately. We w ill also be looking at these functions in individuals w ithout 
reading d isab ilitie s  o r ADHD to see how these groups compare.

P artic ipa tion  in the study en ta ils  completion of a b a tte ry  of psychological te sts  which 
w ill la st approx im ately  4 5  m inutes. Among the te sts  adm inistered w ill be an 
intelligence test; a te st of academic functioning which assesses single word recognition, 
w ritten  spelling  and arith m etic ; and a com puterized m em ory test. Most people rep o rt 
tha t the te s ts  a re  fun and a re  somewhat like games. Testing can be conducted at a 
m utually  convenient time. If, once the session has begun, you w ish to te rm inate  testing 
at any tim e, o r for any reason, you may do so w ithout consequence.

In addition to the testing , the exam iner w ill in terv iew  you regarding the presence o r 
absence of ce rta in  behaviors.

The re s u lts  of th is  study w ill provide insight into the cognitive deficits which 
charac te rize  persons w ith reading d isab ilities  and which frequently  accompany ADHD.
In addition, these re su lts  w ill have im plications for the development of techniques used 
to rem ediate cognitive deficits in individuals who have these disorders.

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
I agree to p a rtic ip a te  in the m em ory experim ent described above. I have been inform ed 
and understand tha t partic ipa tion  en tails  a 4 5  to 6 0  m inute testing  session. I am fu lly  
aw are tha t com pletion of th is  testing  is  contingent upon my w illingness to do so and that I 
may w ithdraw  from the study a t any tim e w ithout consequence. I am also aw are tha t I 
w ill be in terv iew ed following completion of the testing session about behaviors which I 
may o r  may not exhibit.

S ignatu re  of sub jec t Name of sub jec t

W itness
 J  /_
Today's Date
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Appendix B 

Intelligence and Academic Measures.

Kaufman Brief Intelligence T es t . Intelligence was assessed  

using the Kaufman Brief Intelligence Test  (K-BIT) (Kaufman and 

Kaufman, 1990). This t e s t  provides a measure  of verbal and 

nonverbal inte l ligence for  individuals aged 4  to 90 years. The t e s t  

is composed of two scales.  The f i r s t ,  Vocabulary, a s s e s s e s  verbal, 

schoo l- re la ted  sk i l ls  by evaluating a person's  word knowledge and 

verbal concept formation. The Vocabulary scale  is comprised of two 

parts:  Expressive Vocabulary (45 i tems) and Definit ions (37 items). 

Expressive vocabulary is a t e s t  of object  naming and su b jec ts  are 

p resen ted  w i th  p ic tures  of common ob jec ts  which they are asked to 

name. Par t  B, Definitions (37 items), is adminis tered  to sub jec ts  8 

years  and older. On th is  t e s t ,  sub jec ts  are asked to provide the word 

th a t  b e s t  f i t s  two  given clues. The f i r s t  clue is a phrase  which 

defines the  word. The second clue provided is a part ia l  spelling of 

the word. A sample  item can be seen below w ith  ins t ruc t ions  for 

the examiner:

a  d a rk  c o lo r  

B R _  W _

EXAMINER: points to the verbal phrase and says, "A 
DARK COLOR, t h a t ’s  o n e  c lu e  a b o u t  th e  w o rd  
y o u 'r e  lo o k in g  fo r .  H e re ’s  a n o t h e r  c lu e "
(exam iner points to the word w ith m issing le tte rs )
" w h a t  i s  th e  w o rd ? "
(A nsw er: BROWN)

The Vocabulary scale  provides an e s t im a te  of an individual's 

language development and his or her level of verbal
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conceptualizat ion. The c rea to rs  of the t e s t  suggest  tha t  the 

Vocabulary s tandard  score  is a measure of what  Horn and Cattell  

(1966) call "crys ta l l ized intelligence", i.e., the kind of learning and 

problem solving th a t  depends heavily on formal schooling and 

cultural  experiences.

The second sub tes t ,  Matrices (48 items), measures  nonverbal 

sk i l l s  by evaluating an individual's abil i ty  to complete  analogies 

which involve meaningful p ic tures  or a b s t rac t  designs. The sub tes t  

provides a measure of Horn and C atte l l ' s  (1966) "fluid intelligence," 

or the abil i ty  to adapt and be flexible when encountering novel 

problem-solving si tuat ions.  All i tems require the  sub jec t  to 

discern, by reasoning, a rela t ionship among pictured i tems and to 

se lec t ,  from a mult iple  choice array, which item bes t  completes 

each of several  analogy types. For su b jec ts  part ic ipating  in the 

presen t  study, the  e a s ie s t  i tem s were  charac ter ized  by meaningful 

s t imuli  and su b je c t s  were  asked to se lec t  which of six p ic tures  best  

completed a 2 X 2 visual analogy. For example, a ha t  goes w ith  a 

head j u s t  as  a shoe goes with a fo o t As the su b te s t  progresses,  

a b s t r a c t  s t imuli  replace meaningful s t imuli  and su b je c t s  are 

required to solve 2 X 2 or 3 X 3 m a t r ic e s  or to se le c t  which of the 

choices completes  a pa t te rn  of dots. It is these  la te r  i tem s which 

require  nonverbal reasoning and flexible problem-solving. 

Adminis tra t ion t ime for the ent i re  t e s t  ranges between 15 and 30 

minutes.

The t e s t  provides separa te  age-based s tandard scores  with  a 

mean of 100 and a standard deviation of 15 for each of Vocabulary 

and Matrices. In addition, an overall s tandard score, called the
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"K-BIT IQ Composite", is considered an e s t im a te  of overall 

intel ligence. The IQ Composite obtained using the K-BIT bears a 

conceptual re la t ionship  to the global scores  provided by other major  

inte l ligence t e s t s  for  children and adults. The Vocabulary/Matrices 

dichotomy of the  K-BIT closely resembles  the Verbal/Performance 

dichotomy which charac te r izes  the Wechsler Series . Individuals 

who score  a t  an extreme level on the K-BIT would be expected to 

perform in like manner on the Wechsler te s ts .  Similarly, those  who 

show sign if ican t  d i fferences  between the Verbal and Matrices 

s u b t e s t s  would be expected to exhibit  s im i la r  d iscrepancies  on the 

more comprehensive measures  of intelligence.

Wide Range Achievement Tes t-Revised . Academic achievement 

w as  a s se s sed  using the Wide Range Achievement Test-Revised 

( Ja s tak  and Wilkinson, 1984). This t e s t  provides a measure of 

achievement in three  areas of basic academic skill:  reading (single 

word recognition and pronunciation), w r i t te n  spelling to dictat ion 

and w r i t t e n  a r i th m e t ic  computation. There are two levels of the 

t e s t  available  and level se lec tion  is dependent on age. Level one is 

for  children aged 5 through 11 years  and level two, for  individuals 

12 years  or older. The t e s t  provides age-based standard scores  

w ith  a mean of 100 and a standard deviation of 15, grade norms and 

percenti les .

Reading. The Reading t e s t  of the  WRAT-R is comprised of two 

sections:  a pre-reading and formal reading section. The pre-reading 

sec t ion  is for children aged 7 years and younger and a s s e s s e s  a 

child 's abil i ty  to name 13 single l e t te r s ,  to  recognize 10 single 

l e t t e r s  by matching, and to identify two l e t t e r s  in the i r  name. As
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the minimum age of sub jec ts  in the  current  study was  7 years, the 

pre-reading portion of the t e s t  was  adminis tered only when a 

sub jec t  fa i led  to achieve a basal of six consecutive correct  

responses. On the formal reading portion of the t e s t ,  sub jec ts  were 

required to read single words aloud with  a t ime l imit  of ten seconds 

per word. When a sub jec t  came to a word which he or she perceived 

as  d i f f icu l t ,  they were  encouraged to make the i r  b e s t  a t t em p t  a t  

reading the  word. As th is  sub tes t  is not a measure  of speech or 

dictat ion,  unusual pronunciations due to colloquialisms,  foreign 

accents ,  and defect ive  ar t icu la t ion  were  credi ted  as  long as  the 

peculiar i ty  was cons is ten t  throughout. The t e s t  w as  discontinued 

when the  sub jec t  made ten consecutive e r ro rs  or when they read all 

75 words.

Spelling. The spelling t e s t  of the WRAT-R is comprised of two 

sect ions:  a symbol copying p r e - t e s t  and a formal spelling tes t .  

Again, the p r e t e s t  was administered only to those  su b je c t s  who did 

not obtain a basal of six consecutive correc t  responses on the 

formal spelling tes t .  On the spelling t e s t ,  su b je c t s  were  instructed 

tha t  the examiner would f i r s t  read a t a rg e t  word, then a sentence 

w i th  the t a rg e t  word in it, and then the t a rg e t  word again. Subjec ts  

were  d irec ted to w r i t e  their  response on the line corresponding to 

the numbered item. The t e s t  was discontinued when a sub jec t  made 

10 consecutive e r ro r s  or completed all items.

A r i thm etic : On the a r i thm et ic  portion of the WRAT-R, 

su b je c t s  were  a l lo t ted  10 minutes to complete  a w r i t t e n  math tes t .  

For su b je c t s  younger than 8 years  of age, a p re t e s t  was
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adm in is te red  if three  consecutive correc t  responses  were not 

obtained on the formal w r i t te n  tes t .
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Appendix C 

Stimulus words by category membership.

CATEGORY

ANIMALS

PARTS OF A HOUSE 

PARTS OF NATURE 

THINGS TO RIDE ON/IN 

THINGS TO WEAR 

THINGS TO EAT

TARGET EXEMPLARS

GIRAFFE, SNAKE, DUCK, 
HAWK, DEER, SEAL

CHIMNEY, STAIRS, ROOF, 
WALL, FLOOR

FLOWER, TREE, STAR, BUSH, 
MOUNTAIN

SLED, PLANE, WAGON, SHIP, 
BIKE

RING, SCARF VEST, BELT, 
MITTEN, SLIPPERS

HAM, CORN, LOLLIPOP, 
BREAD, PEACH



Appendix D 

Multiple-Choice Stimuli

C o r r e c t l y - p a i r e d  S e m a n t ic  P h o n e m ic  O th e r - p a i r e d
S t im u lu s C hoice _ F o il F o il F o il
BREAD WAGON CART WORD SLIPPERS
PLANE DUCK PIG DUMP ROOF
CORN HAWK EAGLE WALK CHIMNEY
LOLLIPOP STAIRS WINDOW HAIR DUCK
SLED GIRAFFE HORSE LAUGH STAIRS
SNAKE HAM PIZZA CAN DEER
RING CHIMNEY TABLE CHAMP HAWK
FLOWER ROOF DOOR ROOT BELT
SEAL MITTEN SHIRT MILL TREE
WALL TREE PLANT TRAIN PEACH
VEST BIKE TRUCK PIKE MITTEN
BUSH SLIPPERS SHOES SCISSORS STAR
FLOOR PEACH PEAR PEEL HAM
MOUNTAIN BELT SOCKS BELL BIKE
SHIP STAR BEACH STORM GIRAFFE
SCARF DEER DOG FEAR WAGON
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Appendix E

1. Example of encoding tr ia l  configuration

SNAKE-HAM 

How m any  o f  th e s e  w o rd s  c a n  b i t e ?

2. Example of cued word-stern completion t r ia l  configuration

RESPOND WITH THE FIR ST WORD THAT COMES TO MIND 

BLACK -  ST______

3. Example of recognition t r ia l  configuration

W hat w o rd  w e n t  w ith :  
PLANE

CORRECT CHOICE 
SEMANTIC FOIL 
PHONEMIC FOIL 

O TH ER-PA IR FOIL
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Appendix F

List of word-pa irs  with questions and correc t  response 
by encoding condition

SEMANTIC ENCODING CONDITION

W O R D  P A I R

RING-CHIMNEY
SLED-GIRAFFE
SNAKE-HAM
CORN-HAWK
LOLL I POP-STAIRS
BREAD-WAGON
FLOWER-ROOF
PLANE-DUCK
WALL-TREE
SHIP-STAR
SCARF-DEER
VEST-BIKE
MOUNTAIN-BELT
SEAL-MITTEN
BUSH-SLIPPERS
FLOOR-PEACH

QUESTION
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words. 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words 
How many of these words

CORRECT
RESPONSF

0
2

have w heels? 
can travel on land? 
can b ite?  1
can f ly ?  1
can be colored yellow ? 2
a re  usually  colored red ?  1
rhym e w ith the w ord "TIME"? 0
have w ings? 2
can f ly ?  0
can be found in the sk y ?  1
eat g ra ss?  1
can be colored b lue? 2
can be used for c a rry in g  w a te r?  0
live in w ate r?  1
need w ater to su rv iv e ?  1
rhym e w ith the w ord "PIG" ?  0

NON-SEMANTIC ENCODING CONDITION

CORRECT
WORD PA IR  QUESTION RESPONSE
RING-CHIMNEY Do these words have the same num ber of le t te rs ?  N
SLED-GIRAFFE Do these words have the same num ber of le tte rs?  N
SNAKE-HAM Do these words have the same num ber of le t te rs ?  N
CORN-HAWK Do these w ords have the same num ber of le t te r s ?  Y
LOLLIPOP-STAIRS Do these words have the same num ber of le t te rs ?  N
BREAD-WAGON Do these words have the same num ber of le tte rs ?  Y
FLOWER-ROOF Do these w ords have the same num ber of le t te rs ?  N
PLANE-DUCK Do these w ords have the same num ber of le tte rs ?  N
WALL-TREE Do these words have the same num ber of le t te rs ?  Y
SHIP-STAR Do these w ords have the same num ber of le tte rs ?  Y
SCARF-DEER Do these w ords have the same num ber of le t te r s ?  N
VEST-BIKE Do these w ords have the same num ber of le tte rs ?  Y
MOUNTAIN-BELT Do these w ords have the same num ber of le tte rs ?  N
SEAL-MITTEN Do these w ords have the same num ber of le tte rs ?  N
BUSH-SLIPPERS Do these w ords have the same num ber of le tte rs ?  N
FLOOR-PEACH Do these words have the same num ber of le t te rs ?  Y
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Appendix G

Cued s tem -com ple t ion  stimuli:  s t imulus  and novel words with

accompanying fragments

STIMULUS WORDS AND STEMS
SEAL -  Ml______
BREAD -  WA____
SCARF -  DE_____
WALL -  TR______
CORN -  HA______
VEST -  Bl_______
BUSH -  SL_______
LOLLIPOP -  ST____
SLED -  01________
SNAKE -  HA______
RING-CH________
FLOOR -  PE_______
FLOW ER-R0______  •
MOUNTAIN -  BE_____
SHIP -ST___________
PLANE -  DU________

NOVEL WORDS AND STEMS
PAPER -  PE______
BLACK -  ST______
HAIR -  Bl________
FILM - 0 1 __________
BASEBALL-MI_____
BLUE -  S L _______
KITE -  ST________
PICTURE -  RO_____
TELEVISION -  DE___
NICKEL -  BE_______
NOSE -  CH________
PENCIL-HA_______
FORK -  DU________
LAWNMOWER-TR____
COMB -  HA__________
LEASH -  WA________
CLOCK -  SL________
CAR -  TR___________
GUN -  BE___________
DOOR -  HA__________
BENCH -  WA________
MOON -  RO_________
TEETH-CH___________
CIRCLE-PE_________
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