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Abstract 

Two experiments manipulated the study variables 

associative pairing, attention, and modality, in an 

attempt to produce process dissociations (Jacoby, 

1991) between estimates of recollective and 

automatic memory in a rhyme-based cued-recall task 

with university students. The experiments examined 

possible inferences drawn from earlier research 

with arnnesiac sub j ects (Warrington & Weiskrantz, 

1982) which implied that phonological association 

can occur in automatic or implicit memory as well 

as recollective or explicit memory. Experiment 1 

found that manipulations of attention and study 

context affected estimates (cf. Jacoby, 1991) of 

recollective but not automatic phonological 

association. Experiment 2 replicated the effect of 

study context on estimates of recollective but not 

automatic memory and in addition found that 

manipulations of modality (and repetition) affected 

some estimates of automatic but had no effect on 

estimates of recollective phonological association. 

As found previously (see Jacoby & Dallas, 1981), 

Experiment 2 found that increasing the nurnber of 

study presentations increased estimates of both 

recollective and automatic memory. Cornbined across 

the two experiments there appeared to be separate 

factors affecting recollective and automatic 

memory, but the evidence for automatic memory of 

phonological association was mixed. 



Identifying Separable Components of Automatic and Recollective 

Memory Associations 

Researchers have proposed that human memory can be usefully 

explained in ternis of multiple, independent systems of memory 

(Jacoby & Dallas, 1981; Tulving, Schacter, & Stark, 1982; 

Warrington & Wies krantz, 1982; Wieskrantz, 1987) . The inference 

of multiple systerns of memory has been based on the 

identification of task dissociations (Graf & Schacter, 1985; 

Schacter, 1987; Schacter & Tulving, 1994) and process 

dissociations (Jacoby, 1991; 1998). Converging evidence of the 

existence of independent systems of memory is provided by 

experiments showing a dissociation between what has been termed 

explicit and implicit memory in normal memory performance (Graf & 

Schacter, 1985; Parkin, Ried, & Russo, 1990; Schacter, 1987) 

and the observation of impaired explicit and intact implicit 

memory performance of patients with anterograde amnesia (Cermak, 

1993; Warrington & Wieskrantz, 1982). Other researchers have 

proposed additional binary divisions of memory such as 

declarative and procedural rnemory (Cohen & Squire, 1980) , and 

recollective and automatic mernory (Jacoby, 1991) to explain the 

results. The distinctions made in these different theories of 

memory share fundamental similarities. Declarative, explicit, 

and recollective memory can be characterized as iorms of memory 

related to volitional or conscious processing. Procedural, 



implicit, and automatic memory can be characterized as forms of 

memory related to preconscious or nonconscious processing not 

under volitional control- The latter are considered not to be 

mediated by intentional retrieval, nor accompanied by a 

subjective sense of remernbering (Toth, Lindsay, & Jacoby, 1992). 

Anterograde amnesia by definition reflects severe impairment 

in the acquisition of new memories, yet in many situations 

amnesiacs have been observed to have near normal levels of memory 

performance (Cutting, 1978; Warrington & Weiskrantz, 1982) where 

tests of implicit memory are used. In short, in situations where 

researchers have demonstrated that there is little or no reliable 

contribution of recollective memory but a measurable implicit 

memory component in normal performance, near normal memory 

performance has been observed in amnesiac populations (Graf & 

Schacter, 1985; Tulving, Schacter, & Stark, 1982; Warrington & 

Weiskrantz, 1982) . 
One situation where amnesiac memory performance has been 

shown to be relatively intact is rhyme-constrained (e. g., joker- 

poker; brain-train, etc.) paired-associate learning, as 

evidenced by preserved memory performance in cued-recall tasks 

using rhyming words as recall cues (Warrington & Wieskrantz, 

1982) . This type of memory for rhyme-constrained paired- 

associates has been examined in normal and amnesiac populations 

(Warrington & Weiskrantz, 1982; Winocur & Weis krantz, 1976) , but 



it has not been demonstrated that normal memory performance in 

these situations relies on two forms of mernory, recollective and 

automatic. The present experiments fil1 this gap by using 

Jacoby's process dissociation framework to look for separate 

contributions of recollective and automatic memory in the 

acquisition of rhyme-constrained paired-associates. 

The immediately following discussions present a brief 

overview of the experimental literature leading to the present 

research in four sections. The first section describes 

experimental evidence of dissociaticns between different tests of 

memory performance. The second section describes Jacoby's (1991) 

Process Dissociation Procedure, and the benefits this procedure 

offers to experimental measures of memory performance. The third 

section describes converging evidence of different systems of 

memory from research with amnesiacs. The fourth and final 

section describes experiments designed to use Jacoby's Process 

Dissociation Procedure to determine whether rhyme-constrained 

association is rnediated by implicit as well as explicit forms of 

memory in normal memory performance. 

Experimental Dissociations Between Tests of Memory Performance 

It has been proposed that human memory must be explained in 

terms of independent systems of memory, rather than be considered 

a unitary phenornena (Tulving, Schacter & Stark, 1982; Warrington 



& Wieskrantz, 1982; Wieskrantz, 1987) . In practice, t h e  multiple 

systems theories proposed have often been binary divisions of 

memory; for examples, declarative and procedural memory (Cohen & 

Squire, 1980), explicit and implicit memory (Graf & Schacter, 

1985), and recollective and automatic memory (Jacoby 1991). 

The terms declarative and procedural knowledge were first 

utilized in the study of artificial intelligence (Winograd, 1975; 

Winston, 1977) and cognitive psychology (Anderson, 1976), before 

being applied to memory (Cohen, 1981; Squire, 1982; Tulving, 

1983). The procedural/declarative memory dichotomy is perhaps 

best known as applied to amnesia research, but is not restricted 

to this special case. The findings sternrning from research with 

amnesiacs are discussed more fully in the third section of this 

paper. The procedural/declarative division of memory proposes 

one system of memory that permits learning and retention of how 

to perform a task as a motor sequence (procedural), for example, 

the movements required to ride a bicycle. This system is 

contrasted with another (declarative) which retains an abstract 

description (perhaps verbal) of the specific task being learned 

(Cermak, 1993) . Cohen (1984) extended the domain of w h a t  is 

considered procedural memory by including performance on implicit 

verbal memory tasks which require that certain perceptual 

operations or procedures be repeated within the experirnental 

p a r a d i g m .  



More recently, the emphasis on the tem procedural memory 

has diminished, as it has been shown that some subject-initiated 

processing beyond the pure perceptual characteristics of the 

stimulus can contribute to procedural memory task performance 

(Cermak, 1993; Musen, Shimamura, & Squire, 1990; Squire, 1994). 

Researchers in cognitive psychology and artificial intelligence 

have turned away from the procedural distinction for similar 

reasons (Squire, 1987). Knowledge which seemed declarative at 

one level of analysis often appeared procedural at other levels 

of analysis (Anderson, 1980; Rurnelhart & Norman, 1985) . In 

attempting to refine the term procedural memory, theorists have 

. suggested substituting the term nondeclarative for procedural 

(Musen, Shimamura, & Squire, 1990). Further refining of the term 

and categorization of memory tasks has led to greater 

dissatisfaction with the term, as procedural memory has appeared 

to have three or four distinct meanings depending on the author 

using it (Roediger, 1990). Because al1 implicit memory tasks 

thought to map ont0 procedural memory are not performed alike and 

may depend on different processes, it has been suggested that the 

appropriate distinction is not between two different forms of 

memory, but between two different processes, either or both of 

which can be used for retrieval of the same representation 

(Jacoby & Dallas, 1981). 



Recent research r e f l e c t s  a growing i n t e r e s t  i n  t h e  

d i f f e r e n c e s  between e x p l i c i t  ( r e c o l l e c t i v e )  and i m p l i c i t  

(automat ic)  memory processes  (Roediger,  1990; Schacter ,  1987) . 
An e x p l i c i t  memory process  i s  t h e  conscious r e c o l l e c t i o n  of a 

p r i o r  episode,  whereas i m p l i c i t  memory processes  a r e  cons idered  

t h e  e f f e c t s  of memory not  mediated by i n t e n t i o n a l  r e t r i e v a l  nor  

accompanied by t h e  sub jec t ive  s e n s e  of rernembering (Toth, 

Lindsay, & Jacoby, 1 9 9 2 ) .  E x p l i c i t  and i m p l i c i t  memory processes 

a r e  d e s c r i p t i v e  concepts  p r i m a r i l y  concerned wi th  a  p e r s o n ' s  

psychological  exper ience  a t  t h e  t i m e  of  r e t r i e v a l ,  and n e i t h e r  

r e f e r  t o ,  o r  imply the ex i s t ence  of  two independent memory 

systems (Schacter ,  1 9 8 7 ) .  For  example, t h e  f i r s t  i n v e s t i g a t o r  t o  

use  t h e  terms e x p l i c i t  and i m p l i c i t ,  r e f e r r e d  t o  the  expres s ion  

of memory (Mcdougall, 1924) ,  d i s t i n g u i s h i n g  between e x p l i c i t  and 

i m p l i c i t  r ecogn i t ion .  For McDougall, e x p l i c i t  r ecogn i t ion  w a s  

considered t o  invo lve  conscious r e c o g n i t i o n  of a pas t  even t ,  

whi le  i m p l i c i t  r ecogn i t ion  was evidenced by changes i n  behaviour  

a t t r i b u t a b l e  t o  a  r e c e n t  event without any corresponding 

conscioüs r e c o l l e c t i o n  of ,  n o r  e x p l i c i t  r e f e rence  t o  t h e  e v e n t .  

Researchers have found that performance of e x p l i c i t  and 

i m p l i c i t  Éorms of memory r e t r i e v a l  can be independent (see 

Schacter ,  1987, f o r  a review).  Much of t h e  d a t a  support ing t h i s  

has been i n  t h e  form of t a s k  d i s s o c i a t i o n s .  Typical ly ,  

experiments u t i l i z i n g  t h e  l o g i c  of t a s k  d i s s o c i a t i o n  invo lve  t h e  



manipulation of a single variable followed by the comparison of 

memory performance on two d i f f e r e n t  tasks, one reflecting 

explicit memory performance, the other implicit. Dissociation 

has occurred if the results show that the manipulated variable 

affected subject performance in one task but not the other, or 

effects subject performance in opposite directions on the two 

tasks. Such dissociations show the absence of a positive 

correlation between explicit and implicit memory performance. 

The conclusion drawn from such dissociations is that the two 

tests measure separate variables. This conclusion is 

strengthened when other variables are shown to produce opposite 

. effects on the two tests (Roediger & McDermott, 1993). Research 

has shown that a test is implicit by dissociating it from an 

explicit test within an experiment (Jacoby & Dallas, 1981; 

Jacoby, 1983) following the logic of task dissociation. For 

example, Jacoby (1983) demonstrated that generating a word f rom 

its antonym results in greater explicit memory performance than 

does reading a word, whereas r e a d i n g  a word results in greater 

implicit memory performance than does prior generation. Thus, 

performance in explicit and irnplicit memory tasks were shown to 

respond to different factors. 

Several studies have reported stochastic independence 

between explicit and implicit measures of memory (Eich, 1984; 

Hayman & Tulving, 1989; Jacoby & Witherspoon, 1982; Schacter, 



Cooper, & Delaney, 1990; Tulving, Schac ter ,  & Sta rk ,  1 9 8 2 ) .  

S t o c h a s t i c  independence is  t h e  absence of s t a t i s t i c a l  r e l a t i o n  

between two e v e n t s  which i n d i c a t e s  t h a t  t h e  even t s  occur 

independently (Ostergaard & Je rn igan ,  1 9 9 3 )  . 

Most of t h e  r e sea rch  i n t o  i m p l i c i t  memory has  been concerned 

with  f a c i l i t a t i o n  i n  t h e  process ing  of a s t imulus  a s  a func t ion  

of a recent  encounter  with t h e  same s t imulus  (Kirsner ,  Speelman, 

& Schofie ld ,  1993;  Schacter ,  1 9 8 7 ) .  Two t e s t s  commonly used t o  

measure such pr iming e f f e c t s  a r e  word i d e n t i f i c a t i o n  and 

stem/fragment completion t e s t s .  

Word i d e n t i f i c a t i o n  t e s t s  involve  s u b j e c t s  being b r i e f l y  

exposed t o  a s t i m u l u s ,  then being asked t o  i d e n t i f y  t h e  s t imulus .  

I m p l i c i t  memory performance i s  i n d i c a t e d  by an i n c r e a s e  i n  

i d e n t i f y i n g  r e c e n t l y  exposed i t e m s  r e l a t i v e  t o  new i t e m s  ( L e .  

i tems not r e c e n t l y  exposed) .  For example, Winnick and Daniel 

(1970) provided r e s u l t s  which r evea led  a d i s s o c i a t i o n  between 

e x p l i c i t  and i m p l i c i t  memory u t i l i z i n g  t he  word i d e n t i f i c a t i o n  

t a s k .  This experiment con t ra s t ed  word i d e n t i f i c a t i o n  performance 

following t h r e e  s t u d y  condi t ions :  reading a f a m i l i a r  word £rom a  

v i s u a l  p r e s e n t a t i o n ,  genera t ion  of  t h e  word from a p i c t u r e ,  and 

genera t ion  of t h e  word from i t s  d e f i n i t i o n .  S i g n i f i c a n t  prirning 

was observed i n  t h e  v i s u a l / r e a d  cond i t ion ,  while no priming was 

observed i n  e i t h e r  of t h e  gene ra t ion  condi t ions .  I n  c o n t r a s t ,  an 

e x p l i c i t  test of  free r e c a l l  r evea led  r e c a l l  of words i n  both 



generation conditions to be considerably higher than in the 

visualhead condition. 

Word stem/fragment cornpletion tests involve presenting 

subjects with either a word stem (e. g., tab for table) or - 

fragment (e . g . , ss ss for assassin) which they are instructed - - -  

to complete with the first word which comes to mind. Implicit 

memory performance is indicated by a greater proportion of stems 

or fragments completed where the word named is a studied word 

relative to non-studied words. For example, Tulving, Schacter, 

and Stark (1982) contrasted memory performance on recognition and 

word-fragment completion tasks on two occasions, one hour after 

study and seven days later. While recognition task performance 

showed a typical decrement after seven days, word-fragment 

completion task performance did not. 

Additional factors that have been shown to affect explicit 

memory performance but not implicit memory performance include: 

changes in the size of a stimulus between study and test 

(Biederman & Cooper, 1 9 9 2  ; Cooper, Schacter, Ballesteros, & 

Moore, 1992) ,  age of subjects (Light & Singh, 1987; Light, Singh, 

& Capps, 1 9 8 6 ) ,  the extent to which to-be-remembered items form 

interitem associations (Schacter & Graf, 1986), and dividing 

attention at study (Gardiner, 1988; Gardiner & Java, 1990; 

Gardiner & Parkin, 1990; Graf & Mandler, 1984; Parkin, Ried, & 

Russo, 1990). Task dissociations between explicit and implicit 



memory performance have been found using a manipulation of 

stimulus size between study and test (Cooper, Schacter, 

Ballesteros, & Moore, 1 9 9 2 ) .  Cooper et al. found that the 

manipulation of size greatly reduced explicit recognition, but 

had no effect on implicit task performance. Light and Singh 

(1987) contrasted young and older adults' explicit and implicit 

memory performance, as measured by cued recall and word-stem 

completion tests. It was found that there was no age difference 

in performance of the word-stem completion task (implicit) , but 

performance of the cued-recall task (explicit) was significantly 

greater for young adults. Schacter and Graf (1986) examined 

whether the extent to which to-be-remembered items form inter- 

item associations would dissociate measures of explicit and 

implicit memory performance. Type of associative elaboration was 

manipulated by having subjects complete either a sentence 

generation or sentence rating study task. It was found that 

implicit memory performance was not significantly affected by the 

manipulation of elaboration at study, but explicit memory 

performance was nearly twice as high in the sentence generation 

condition as compared to the sentence rating condition. Parkin, 

Reid, and Russo (1990) examined the effect of dividing attention 

at study on subsequent explicit and implicit memory performance 

as measured by word recognition and word-fragment completion 

tasks. At study, subjects were presented target words as part of 



a sentence verification task (see Tulving,  Schacter, & Stark, 

1982)  . While performing this task, half the subjects also 

performed a secondary task of tone monitoring (see Anderson & 

Craik, 1974; Parkin, 1989; Parkin & Russo, 1990). Dividing 

attention at study was found to lower word recognition but not 

word-fragment completion performance. The data showed that a 

reduction in conscious processing resources during memory 

acquisition (dividing attention) reduced explicit, but not 

i rnpl ic i t ,  memory performance. Similar results have been shown by 

research investigating the false fame ef fect (Jacoby, Woloshyn, & 

Kelly, 1989). This experimental paradigm indexes implicit memory 

as familiarity, as shown by the false judgement of earlier 

presented non-famous names as famous. Typically, during a study 

session subjects are presented with famous and non-famous names, 

with it identified which names are non-famous. The familiarity 

of names is indicated by the earlier presented non-famous names 

being misinterpreted as famous. Using this paradigm, Jacoby, 

Woloshyn, and Kelly (1989) reported that divided attention 

greatly reduced recognition memory, but nad no effect on 

familiarity as measured by fame judgements. When recognition 

memory and familiarity were placed in opposition, divided 

attention still had the effect of reducing recognition memory, 

yet having no effect on familiarity. 



One factor that affects implicit mernory but not explicit 

memory performance is the manipulation of the modality of 

presentation between study and test (Kirsner, Dunn, & Standen, 

1989; Kirsner, Milech, & Standen, 1983; Kirsner & Smith, 1974; 

. Scarborough, Gerard, & Cortese, 1979) . It has been shown that 

both intermodality and intrarnodality shifts reduce implicit 

memory performance (Gardiner, Dawson, & Sutton, 1989; Jacoby & 

Hayman, 1987; Roediger & Blaxton, 1987) . The manipulation of 

modality has been found to affect implicit test performance 

(Roediger & McDermott, 1993; Tulving & Schacter, 1990), but not 

explicit test performance (Roediger & Slaxton, 1987; Scarborough, 

Gerard, & Cortese, 1979) . Jacoby and Dallas (1981) investigated 

the effect of changing modality of presentation between study 

(auditory) ar?d test (visual) on subsequent performance on 

implicit (word identification) and explicit (yesho recognition) 

tasks. It was found that changing modality severely reduced word 

identification performance, while having little or no effect on 

recognition performance. Similarly, Graf, Shimamura, and Squire 

(1985) reported priming in the stem completion task to be reduced 

by a study-test change in modality of presentation, while cued- 

recall performance was not affected. 

In sum, variables such as stimulus size, age of subjects, 

inter-item associations, and divided attention, have been found 

to affect explicit memory performance, while implicit memory 



performance remains insensitive to these manipulations. In 

contrast, the manipulâtion of modality between study and test has 

been f ound affect implicit memo ry performance, while explicit 

memory performance remains insensitive the manipulation. 

However, these investigations explicit and implicit 

memory processes frequently confound memory processes with memory 

tasks. For example, Schacter (1987) used the terms explicit and 

implicit referring to both two forms of memory as well as two 

classes of rnemory tests, such as direct and indirect tests of 

memory. Examples of direct tests are tests such as recall or 

recognition, where subjects are instructed to consciously 

recollect a prior episode. Examples of indirect tests of memory 

are word identification, word fragment completion, and exernplar 

generation tests, where implicit memory performance is inferred 

from the effects of prior exposure on task performance. 

Addressing this concern, Roediger (1990) advocated the use of tne 

tems explicit/implicit for distinguishing between forms of 

memory processing, and the ternis direct/indirect to describe two 

different classes of tests. 

A refinement of the experimental dissociation method is 

Jacoby's (1991) Process Dissociation Procedure where 

dissociations can be shown between processes contributing to a 

task, rather than dissociations between tasks. Jacoby's (1991) 



Process Dissociation Procedure is the focus of the following 

section, where it will be discussed in detail. 

A powerful refinement of the experimental dissociation 

method the method of double dissociation, utilized by Jacoby 

Kelly (1992) ,  and earlier described by Shoben, Wescourt, and 

Smith, (1978). This method is an extension of the experimental 

dissociation method where an additional variable which is felt 

will yield an opposite or different pattern of dissociation is 

considered within the same experimental paradigrn. Thus, the 

hypothesis of a distinction between two memory processes is 

supported by the finding that the manipulation of two variables 

yields different pstterns of dissociation, For example, the 

manipulation of one variable affects explicit memory performance 

but not implicit, whereas manipulation of the other variable 

results in the opposite pattern, affecting implicit memory 

performance but not explicit. 

Jacoby's Process Dissociation Procedure 

Controlled processing is said to reflect a person's 

intentional use of memory, in contrast, automatic processing is 

said to occur as a passive consequence of stimulation not 

requiring intention nor accompanied by a sense of remembering 

(Jacoby, 1991). A strategy which may provide a demonstration of 

independence between intentional and automatic processing is to 



show i n t e r a c t i o n s  o r  t a s k  d i s s o c i a t i o n s  u s i n g  two t a s k s ,  one  

i d e n t i f i e d  with i n t e n t i o n a l  p roces s ing  and t h e  o t h e r  w i th  

au tomat ic  p r o c e s s i n g .  Most t a s k  cond i t i on  used  t o  i n v e s t i g a t e  

i m p l i c i t  mernory performance w e r e  designed t o  r u l e  ou t  i n t e n t i o n a l  

p roces s ing  ( Jacoby ,  1991; Jacoby & Kelly ,  1992) . A s  such,  t a s k  

d i s s o c i a t i o n s  a r e  o f t e n  c o n s i d e r e d  compel l ing  evidence  o f  

au tomat ic  p r o c e s s i n g  i r i  memory t a s k  performance.  However, when 

i n t e r p r e t i n g  t a s k  d i s s o c i a t i o n s ,  t h e o r i s t s  f a c e  u n c e r t a i n t i e s  

when c o n s i d e r i n g  t h e  deg ree  of f a c t o r - o r  p r o c e s s - p u r i t y  i nvo lved  

i n  t h e  t a s k s  employed. Jacoby (1991) a rgued  t h a t  evidence  u s i n g  

t a s k  d i s s o c i a t i o n s  can o f t e n  b e  mis lead ing  when t a s k s  a r e  equa ted  

wi th  p r o c e s s e s  and cons ide red  "pure" measures of t h e  p r o c e s s e s  

cons idered .  A s  Jacoby p o i n t s  o u t ,  no tes t  i s  "process  pure" ,  

a l though  some a r e  more s o  t h a n  o t h e r s .  I n d i r e c t  ve r sus  d i r e c t  

tests  of memory may n o t  e q u a t e  pu re ly  wi th  au toma t i c  v e r s u s  

i n t e n t i o n a l  memory p r o c e s s e s .  Automatic p r o c e s s e s  may i n f l u e n c e  

bo th  i n d i r e c t  and d i r e c t  tests of  rnemory, t h e  same be ing  t r u e  of 

i n t e n t i o n a l  p r o c e s s e s .  Thus, t h e r e  i s  p o t e n t i a l  f o r  c r o s s -  

con tamina t ion  o f  measures.  Jacoby (1991) proposed an  a l t e r n a t i v e  

s o l u t i o n  t o  c o n s i d e r i n g  t a s k  d i s s o c i a t i o n s  as ev idence  o f  

s e p a r a t e  p r o c e s s e s  which may i n  f a c t  bo th  c o n t r i b u t e  t o  

performance t o  v a r y i n g  d e g r e e s  i n  many t a s k s .  The p roces s  

d i s s o c i a t i o n  frarnework p r e s e n t e d  by Jacoby (1991) a t t e m p t s  t o  

deal w i t h  t h i s  problem by e s t i m a t i n g  s e p a r a t e  c o n t r i b u t i o n s  f o r  



different processes that contribute to performance in a single 

task. That is, he does not equate processes with tasks. 

Jacoby (19%)  has developed an experimental paradigm, 

coupled with formulas to allow for the separate estimation of 

intentional and automatic processes within a single task rather 

than using different tasks to assess intentional and automatic 

processes. The formulas provided by Jacoby rely on facilitation 

and interference paradigms in order to draw inferences about the 

role of intentional and automatic processes in recall during a 

memory experiment. The process dissociation procedure requires 

two instructional conditions (inclusion and exclusion 

instructions). Responses from these two conditions are 

transformed to produce estimates of two hypothetical independent 

processes. The response instructions combine a facilitation 

paradigm (inclusion condition) with an interference paradigrn 

(exclusion condition) to estimate the separate contributions of 

automatic and recollective memory processes on a memory task. 

The logic underlying the procedure is that recollection 

represents the difference between responding to specified items 

when people are attempting to select for such items as when they 

are attempting to select against the items. More precisely, 

control in task performance is felt to be measured as the 

difference between performance on a task when a person is trying 



to as compared with trying not to use information £rom a 

particular source (conscious recollection). 

The inclusion (Inc) condition outlined by Jacoby (1991) is 

said to reflect the combined probability of recollecting a target 

word and of automatically producing a target word without any 

accompanying conscious recollection. Performance in the 

inclusion condition is considered the result of one or both of 

two independent processes (Recollection, R, and Familiarity, F) . 

For example, Inclusion instructions in the word-stem completion 

task would require subjects to use the word stems presented as 

cues to help them remember previously presented words. If they 

could not think of an earlier presented word, they were to 

complete the word-stem with the first word which came to mind. 

The formula for producing the studied word in the Inclusion 

condition is : 

Inc = R + F (1-R) 

where R = recollection, 

contrast to the 

and F = familiarity (see Jacoby, 1991, 

Inclusion condition, Exclusion testing 

reflect the probability of automatically producing 

target word which is not recollected. Performance in the 

Exclusion condition is considered the result of failure of 



recollection as a cue during the exclusion of familiar items. 

Thus, target items that are to be excluded which subjects 

incorrectly produce d u r i n g  testing, must be familiar (F) but not 

recollected 1 ) .  For example, Exclusion instructions in the 

word-stem completion task would require subjects to use the word 

stems presented as cues to help them remernber previously 

presented words, but to complete the word stems with words which 

were not presented earlier - the idea being to exclude, or avoid 

producing previously seen target words. The formula for the 

probability of producing the studied words in the exclusion 

condition is: 

Exc = F ( 1 - R I  

The probabilities of producing studied words in the inclusion and 

exclusion conditicns allow an estimate of recollective memory 

performance to be calculated. The formula used to assess the 

recollective component of memory performance is: 

RC = Inc - Exc 

The probability of producing studied words in the exclusion 

condition also allows an estimate of the automatic component of 



memory performance to be calculated using the formula: 

AU = Exc / ( 1 - R )  

According to Jacoby (1991) these formulas can be used to separate 

conscious and unconscious influences of memory by positioning 

them in opposition to each other rather than by identifying tests 

that provide unique measures of conscious and unconscious memory. 

Process dissociations have been used to help identify 

separate contributions of two or more memory processes to 

performance of the same task. Whereas task dissociations can 

reveal the existence of different forms of processing, process 

dissociations allow for the examination of the separate 

contributions of two processes in one task. This is accomplished 

by comparing performance on a task when two types of processes 

act in concert to when the two types of processes act in 

opposition. These facilitation and interference paradigms are 

used to segregate autornaticity from intentionality. This allows 

for the examination cf factors which affect one type of 

processing while leaving the other invariant or unaffected. 

Dividing attention at study is one such factor. Divided 

attention at study requires subjects to attend to two tasks, a 

primary and a secondary task. Using divided attention, process 

dissociations have been shown where recollective processes are 



n e g a t i v e l y  a f f e c t e d  wh i l e  au tomat ic  p roces se s  remain i n s e n s i t i v e  

t o  t h e  manipula t ion  (Jacoby,  1991; Pa rk in  & Russo, 1 9 9 0 ) .  

Secause t h e  terms e x p l i c i t  and i m p l i c i t  memory p r o c e s s e s  

have been a s s o c i a t e d  w i t h  t h e  use  of  d i f f e r e n t  t a s k s ,  t h e  terms 

r e c o l l e c t i v e  and au toma t i c  memory w i l l  b e  used i n  

t o  refer t o  s e p a r a t e  c o n t r i b u t i o n s  o f  i n t e n t i o n a l  

memory p roces se s  w i t h i n  one t a s k .  

t h e  fo l l owing  

and au toma t i c  

Converging Evidence o f  M u l t i p l e  Systems of  Memory from Research 

w i th  Amnesiacs 

The hypothes i s  t h a t  d i f f e r e n t  t y p e s  of  memory a r e  r e q u i r e d  

. t o  account  f o r  human memory i s  suppor ted  by t h e  p a t t e r n  o f  

impa i red  and p rese rved  memory performance observed i n  a n t e r o g r a d e  

amnesia.  Evidence from memory impaired popu la t i ons  and  memory 

d i s s o c i a t i o n s  i n  normal popu la t i ons  p rov ide  converging s u p p o r t  of  

d i s s o c i a t i o n s  between i m p l i c i t  and e x p l i c i t  memory p r o c e s s e s  

(Toth ,  Lindsay, & Jacoby, 1992; Roediger, 1990; Roediger  & 

McDerrnott, 1 9 9 3 ) .  I t  i s  wide ly  assumed t h a t  wi th  amnesiacs  

ev idence  of  new l e a r n i n g  r e f l e c t s  i m p l i c i t  memory, as  by 

d e f i n i t i o n  amnesiacs cannot  use e x p l i c i t  memory. T h e  amnesiac 

syndrome i s  c h a r a c t e r i z e d  b y  normal p e r c e p t u a l ,  l i n g u i s t i c ,  and 

i n t e l l e c t u a l  f unc t i on ing ,  wh i l e  t h e r e  i s  a rnarked i n a b i l i t y  t o  

e x p l i c i t l y  recall o r  remember r e c e n t  e v e n t s  and new i n f o r m a t i o n  

(Schac t e r ,  1987 ) .  Amnesiac p a t i e n t s  a r e  s e v e r e l y  impa i r ed  on 



s t a n d a r d  tests  o f  recall and r e c o g n i t i o n ,  and have  d i f f i c u l t i e s  

performing i n  real-life s i t u a t i o n s  which r e q u i r e  e x p l i c i t  

remembering ( S c h a c t e r ,  1983) . 
Although a n t e r o g r a d e  amnesict by d e f i n i t i o n  rei lects  s e v e r e  

impairment i n  t h e  a c q u i s i t i o n  o f  new rnemories, i n  some s i t u a t i o n s  

amnesiacs have been  observed t o  have  n e a r  normal l e v e l s  o f  memory 

performance ( C u t t i n g ,  1978; Warr ington & Weiskrantz ,  1 9 8 2 )  . 

Amnesiacs can a c q u i r e  m o d i f i c a t i o n s  i n  t h e i r  s e m a n t i c  and 

p r o c e d u r a l  knowledge, but l a c k  t n e  a b i l i t y  t o  know when and how 

t h e  changes w e r e  a c q u i r e d  ( e p i s o d i c  memory) (Cermak, 1993; Squ i r e ,  

1987; Warrington & Weiskrantz,  1982)  . Sernantic knowledge is  

. cons ide red  g e n e r a l  knowledge of  t h e  world embedded i n  meaningful  

c o n t e x t ,  i n c l u d i n g  t h e  knowledge needed f o r  l anguage  u se  

(Roediger  & S r i n i v a s ,  1993) .  S i m i l a r  t o  s i t u a t i o n s  where 

amnesiacs a c q u i r e  semant ic  and p r o c e d u r a l  knowledge y e t  l a c k  any 

memory of  a c q u i s i t i o n ,  i s  a  r e l a t e d  phenomena termed "source  

amnesia" (Schac t e r ,  Harbluk, & McLachlan, 1984; Shimarnura & 

Squ i r e ,  1 9 8 7 ) .  Amnesiacs who have  p r e v i o u s l y  performed new 

memory t a s k s  w i l l  subsequen t ly  deny  be ing  aware o f  performing 

t h e s e  t a s k s  ( T a l l a n d ,  1965) . Thus, whi le  showing m o d i f i c a t i o n s  

of  what i s  taken  t o  be  p rocedura l  rnemory, t h e s e  s u b j e c t s  l a c k  a 

d e c l a r a t i v e  memory of the a c q u i s i t i o n  of task performance.  I t  

has  been proposed t h a t  amnesiacs l e a r n  and r e t a i n  p rocedures  

r e q u i r e d  t o  pe r fo rm a task, b u t  c a n n o t  acquire d e c l a r a t i v e  



knowledge o f  t h i s  act  (Cohen & Squ i r e ,  1 9 8 0 )  . Weiskrantz (1987)  

r e p o r t e d  t h a t  both p r o c e d u r a l  and s eman t i c  knowledge s t r u c t u r e s  

can be  modi f ied  a l though  t h e  s u b j e c t  cannot  r e c a l l  when o r  where 

t h e y  l e a r n e d  t h e  i n fo rma t ion .  T h e  l e a r n i n g  of  new seman t i c  

c o n t e n t  ha s  shown r o b u s t n e s s ,  forgetting rates be ing  s i m i l a r  t o  

c o n t r o l s  (Gl i sky  & S c h a c t e r ,  1998; Huppert & Piercy,  1979; Matis 

& Kovner, 1984; McAndrews, Gl isky,  & Schac t e r ,  1987; Tulving,  

Hayman & Macdonald, 1991; Tulving,  S c h a c t e r ,  & Stark, 1 9 8 2 ) .  

Researchers  have shown a c q u i s i t i o n  b y  amnesiacs of n o v e l  f a c t s  

( S c h a c t e r ,  Harbluk, & McLachlan, 1 9 8 4 )  and p r e f e r e n c e s  (Johnson, 

K i m ,  & R i s s e ,  1 9 8 5 )  . A s  well, r e s e a r c h  on amnesiacs h a s  shown 

p r e s e r v e d  pe rcep tua l ,  motor ,  and c o g n i t i v e  s k i l l s  such  as: 

m i r r o r  r e a d i n g  (Cohen 6, S q u i r e ,  1980; Moscovitch, 1982) , r o t a r y  

p u r s u i t  (Milner ,  Corkin, & Teuber, l 9 6 8 ) ,  and puzzle  s o l v i n g  

(Brooks & Baddeley, 1976) . S i m i l a r  f i n d i n g s  of i r n p l i c i t  memory 

performance i n  amnesiacs have been r e p o r t e d  f o r  t a s k s  i nvo lv ing  

word i d e n t i f i c a t i o n  (Cermack, Ta lbo t ,  Schandler ,  & Wolbarst ,  

1 9 8 5 ) ,  l e x i c a l  d e c i s i o n s  (Moscovitch, 1982) ,  free a s s o c i a t i o n  

(Schac t e r ,  1985; Shimamura & Squ i r e ,  l984), and naming 

f ragmented p ic tu res /words  (Warrington & W e i s  k rantz ,  1968; 1970) . 
The knowledge acqu i red  d u r i n g  t h e s e  s t u d i e s  and t h e  complexi ty  of 

t h e  l a b o r a t o r y  t a s k s  i nvo lved  has been r e l a t i v e l y  s imp le .  So it 

i s  of i n t e r e s t  t h a t  amnesiacs  can a c q u i r e  domain s p e c i f i c  

i m p l i c i t  memory performance i n  a more complex everyday t a s k  of 



some utility. Glis ky, Schacter, and Tulving (1986) exarnined 

whether amnesiacs can acquire the knowledge needed to operate and 

interact with a computer, contrasting amnesiac performance to 

that of a control group. The data indicated that amnesiacs can 

acquire and retain the knowledge necessary to use computer 

programs and perform a variety of computer functions. Even 

densely amnesiac patients acquired and retained the ability to 

write and execute simple computer programs, and perform disk 

storage and retrieval operations, al1 without explicit recall of 

any prior exposure with a computer. Al1 of these studies suggest 

that amnesiac patients can display implicit memory performance 

within specific domains as evidenced by memory performance on 

specif ic tas ks . 

In many of the situations where near normal memory 

performance has been observed in amnesiac populations, 

researchers have demonstrated that there is little or no reliable 

contribution of recollective memory in normal performance (Graf & 

Schacter, 1985  ; Tulving, Schacter, & Stark, 1982; Warrington & 

Weiskrantz, 1982). That is, amnesiac patients appear to exhibit 

near normâl levels of memory performance in tasks which primarily 

engage automatic uses of memory. For this reason it has been 

suggested that anterograde amnesia reflects impairment only of 

recollective memory, with automatic memory processes essentially 

unimpaired (Cermak, 1993; Warrington and Weiskrantz, 1982) . 



Amnesiac memory performance may be due to purely automatic 

processing which is sufficient to support an automatic component, 

while strategic or conceptual processing may not be available to 

amnesiacs, irnpairing recollective performance. This pattern of 

loss in recollective mernory, and preservation in automatic 

memory, is consistent with and can be explained by systems of 

memory approaches . 

Research with subjec ts  who have anterograde amnesia has 

documented abilities to learn and retain new information under 

specific learning situations, such as rule-based paired-associate 

learning (Cutting, 1978; Warrington & Weis krantz, 1982) . 
Warrington & Weiskrantz ( 1 9 8 2 )  reported rhyme-constrained (e. g., 

joker-poker; brain-train, etc.) paired-associate learning using 

a rhyme-based cued-recall task with amnesiac subjects. This type 

of memory test involves the acquisition and retention of word 

pairs which are associated by a consistent rule, that is, "name a 

word which rhymes with the following word." In these 

experiments, amnesiac and control subjects studied pairs of 

rhyming words (e.g., brain - TRAIN) and were presented during 

testing with the first word of each rhyming pair and asked to 

name a second word which rhymed (e. g., brain - ? )  . For both 

groups, guessing was strongly encouraged. Amnesiac and control 

subjects performed this task at similar above chance levels of 

performance. 



The finding of equivalent performance on the rhyme- 

constrained paired-associate task was found to contrast with poor 

memory performance by the amnesiac group on linguistic and 

semantic paired-associate learning tasks. These tasks are 

believed to benefi t  from cognitive mediation and recollective 

memory processes that are considered irnpaired in amnesiacs. 

Thus, the experirnent demonstrated a qualitative difference in 

automatic memory performance between amnesiac and control 

subjects in learning different types of paired associates. More 

importantly, it showed that amnesiacs can acquire phonemically 

related (rhyme-constrained) paired-associates in a learning task 

at levels equivalent to control sub j ects . 
The automatic memory performance with amnesiacs and normal 

populations requires an associative rule at retrieval, such as 

rhyming, and without an associative rule arnnesiacs show chance 

responding (Graf & Schacter, 1985) . Rules based on rhyme or 

meaning relations have been found to be effective, providing a 

rule which constrains responding at retrieval. The nature of the 

task utilized by Warrington and Weiskrantz (1981) provided a 

general retrieval rule which was identical for al1 cue 

presentations (to produce a word which rhyrnes with the cue) and 

subjects responses were to be constrained by the operations of 

general phonological knowledge, rather than a reliance on 

episodic cues. Thus, the task allowed a demonstration of 



xetained phonemic paired-associate learning, in which awareness 

of the prior study episode was not necessary to show automatic 

memory performance for either group. 

In a multiple memory systems view, normal everyday memory 

performance reflects separate contributions from the independent 

systems. Thus, one of the predictions of a multiple memory 

systems approach is that in situations where amnesiacs show 

reliable memory performance one would expect to find an automatic 

memory component in a non-irnpaired population, in addition to a 

recollective component. That is, in a task which amnesiac 

performance is above chance, then memory performance must be 

mediated by automatic memory, and one should be able to identify 

a similar automatic component in normal memory performance. This 

is suggested because the inverse is true: in situations where 

normal subjects have shown automatic memory performance, amnesiac 

sub j ects have shown preserved memory performance (Cermak, 1993; 

Roediger, 1990). 

However, it is always possible in any given comparison using 

a clinical population such as amnesiacs that the amnesiac 

patients may have some residual episodic or recollective memory 

that will support their responding. If so, the observations of 

modifications of semantic memory in amnesia are not as 

interesting because they could be explained in terms of normal 

(explicit, declarative) but slow, learning and memory. To show 



that the memory performance observed in amnesiac patients is a 

form of automatic memory, evidence must be found in a non- 

impaired population of automatic memory retrieval that is 

independent of retrieval £rom intact recollective memory 

processes. The question becomes whether the preserved automatic 

memory performance of amnesiacs is due to the residual capacities 

of one system, or is situationally dependant upon two systems. 

If two different memory systems support rule-based memory in 

normal populations, then it should be possible to identify 

factors which dissociate memory performance in the two systems. 

Because the memory performance of amnesiacs could be an 

. artifact of a patient having residual unimpaired recollective 

memory, then to fully account for the data, identification of 

automatic memory in the same tasks with normal subjec ts  is 

necessary before one can confidently conclude that a particular 

task can be supported by automatic memory performance. But, 

because in normal subjects memory performance in any particular 

task may be a result of automatic memory, recollective memory, or 

both, then to identify an automatic component we must separate 

recollective from automatic memory components. Such a function 

is provided by Jacoby's (1991) process dissociation procedure. 

Consequently it was proposed that the process dissociation 

procedure could be used to measure recollective and automatic 

memory processes in a memory task (rhyme-based association) in 



which amnesiac patients perform well. Although this task has 

been previously investigated in the normal population and in 

amnesia (Warrington & Weiskrantz, 1982; Winocur & Weiskrantz, 

1976), it has not yet been investigated in the normal population 

in terms of separate estimates of recollective and automatic 

memory. The present experiments are designed to investigate the 

hypothesis that the rhyme-based association, similar to that 

reported by Warrington and Weiskrantz (1982) with amnesiacs, has 

an automatic memory component in normal populations. 

Rhyme-based Paired-associate Learning in Normal Subjects using 

Jacoby's Process Dissociation Procedure 

To clarify the findings of studies with amnesiacs, 

Experiment I examined factors in rhyrne-based paired-associate 

memory by attempting to identify dissociations between 

recollective and automatic memory in healthy subjects following 

manipulations of attention and study context. It was predicted 

that estimates of recollective memory would be reduced by 

dividing attention, but that estimates of automatic memory would 

be insensitive to the manipulation of attention (Jacoby, 

Woloshyn, & Kelly, 1989; Parkin, Ried, & Russo, 1990). In 

particular, it was predicted that the manipulation of rhyme 

context at study would result in more recollective and automatic 



responses in an intact rhyme paired condition than in a broken, 

repaired or new word conditions of cued-recall performance. 

Experiment 2 examined the effect of manipulating modality 

and number of study presentations on rhyme-based paired-associate 

memory. It was predicted that estimates of recollective memory 

would be insensitive to the manipulation of modality. but that 

estimates of automatic memory would be reduced by changing 

modality between study and test (Kirsner, Dunn, & Standen, 1989; 

Kirsner, Milech, & Standen, 1983; Kirsner & Smith, 1974; Jacoby 

& Dallas, 1981; Scarborough, Gerard, & Cortese, 1979) . It was 

also predicted that both recollective and automatic components 

would be influenced by the number of study presentations (Hayman, 

MacDonald. & Tulving, 1993; Jacoby & Dallas, 1981) . 

Experiment 1 

Experiment 1 was a modification of an earlier study (Scott, 

1994), in which the number of study presentations for study pairs 

was increased from one presentation used in Scott's study, to 

three presentations. Scott's (1994) experiment examined the 

relative contributions of automatic and recollective memory in 

rhyme-based paired-associate memory using estimates of automatic 

and recollective memory obtained from the process dissociation 



procedure (Jacoby,  1 9 9 1 )  u s i n g  i n c l u s i o n  and e x c l u s i o n  

i n s t r u c t i o n  c o n d i t i o n s  a t  tesE. 

Memory performance was measured i n  t h r e e  s t u d y / t e s t  

cond i t i ons  ( i n t a c t ,  broken, r e p a i r e d )  and compared with a non- 

s t u d i e d  c o n d i t i o n  (new).  I n  t h e  i n t a c t  r h y m e  con tex t ,  t h e  s tudy  

t r i a l s  i nc luded  an  e x p l i c i t  p r e s e n t a t i o n  of rhyme-paired 

a s s o c i a t e s .  For example, a t  s t u d y  two words (a  cue and  response  

word) were p r e s e n t e d  a s  a s t u d y  p a i r  ( e . g .  brain-TRAIN), and a t  

test t h e  cue ( b r a i n )  was p r e s e n t e d  as a cue f o r  t h e  rhyme 

response ( T R A I N ) .  I n  t h e  broken rhyme cond i t i on ,  t h e  s t u d y  

trials p r e s e n t e d  t h e  to -be- tes ted  cue and i t s  rhyme r e sponse  i n  

s e p a r a t e  (non-rhyming) p a i r s .  For example, a t  s t u d y  t h e  cue and 

response words w e r e  p resen ted  i n  two d i f f e r e n t  s t udy  p a i r s  ( e . g .  

brain-FABLE and table-TRAIN) and a t  t e s t  t h e  cue ( b r a i n )  was 

p resen ted  a s  a cue  f o r  a rhyme response ( T R A I N ) .  I n  t h e  r e p a i r e d  

rhyme c o n d i t i o n ,  t h e  s tudy t r i a l s  presen ted  t h e  r h y m e  r e sponse  

p a i r e d  with a d i f f e r e n t  rhyme cue  than t h a t  t o  be used a t  t e s t .  

For example, a t  s t u d y  t h e  rhyme response was p r e s e n t e d  as  p a r t  of 

an  a l t e r n a t e  rhyme p a i r  ( e .g .  rain-TRAIN), and a t  t e s t  t h e  cue 

( b r a i n )  was p r e s e n t e d  a s  a cue f o r  the rhyme response  (TRAIN). 

The broken and r e p a i r e d  rhyme cond i t i ons  were inc luded  t o  examine 

a l t e r n a t e  e x p l a n a t i o n s  of any priming observed i n  t h e  i n t a c t  

condi t ion .  The broken c o n d i t i o n  t e s t e d  an exp lana t ion  of i t e m -  

s p e c i f i c  response-priming,  whi le  t h e  repaired c o n d i t i o n  t e s t e d  an 



explanation of facilitation from non-specific rhyme processing. 

The new condition (new) examined chance responding in non-studied 

rhyme pairs providing a base rata of association between a test 

cue (brain) and a rhyme response (TRAIN) . Performance in a 

rhyme-based memory task may not be due exclusively to 

phonological association in that effects of prior presentation 

can occur at both the pair (word or phonological association) and 

item (word response) level. Inclusion of control conditions 

(repaired and broken) allowed for an assessment of phonological 

association by contrasting intact with control conditions. Also, 

this allowed testing of alternate explanations for the memory 

performance observed by contrasting performance in the control 

conditions with the unstudied (new) condition. An assessment of 

pair (phonological association) and item (word response) effects 

for both experirnents is provided in the general discussion, but 

as pair effects are the focus of the experiments, only pair 

effects will be discussed in the individual experiments. 

Subjects encoded the various pairs under full or divided 

attention conditions. Subjects in the full (and divided) 

attention condition read study pairs aloud. Subjects in the 

divided attention condition also attended to a secondary task 

which required that they monitor auditorially presented random 

numbers for odd-digit sequences (Jennings & Jacoby, 1993). 



Scott found that the manipulation of attention (focused and 

divided) affected recollective but not automatic memory 

processes. Although there was a significant difference in 

automatic memory between new and intact conditions, there were no 

significant differences in automatic memory between broken, 

repaired and new conditions. However, this failure to find a 

difference from broken and repaired study presentations may have 

been due to floor effects in automatic memory. 

Jacoby and Dallas (1981) reported finding increases due to 

study repetition in both tests of recollective and automatic 

memory. In the present experiments, the to-be-associated word 

pairs were presented three times in order to avoid potential 

floor effects. Inplicit memory performance in amnesiacs can 

benefit from repeated presentations (Hayman, MacDonald, & 

Tulving, 1993), supporting the notion that repeated presentations 

creates a more robust autornization of the study information. In 

summary, the possibility of floor effects influencing the results 

of the pilot study (Scott, 1994) was examined by presenting the 

study pairs three times in Experiment 1 with the expectation that 

this repetition would increase both recollective and automatic 

performance. 

Based on Scott's (1994) experiment, it was hypothesized that 

the manipulation of dividing attention at study with a secondary 

task would affect recollective but not automatic memory 



estimates, and that t h e  manipu la t ion  of  rhyme c o n t e x t  a t  s t u d y  

would r e s u l t  i n  more r e c o l l e c t i v e  responses  i n  t h e  i n t a c t  rhyme 

p a i r e d  c o n d i t i o n s  t h a n  i n  the broken, r e p a i r e d  o r  new word 

c o n d i t i o n s .  I n  t e r m s  of au toma t i c  memory, i n t a c t  be ing  g r e a t e r  

t h a n  broken and r e p a i r e d  c o n d i t i o n s  i s  what can be expected  i f  

au tomat ic  rhyme-based p a i r e d  a s s o c i a t i o n  memory occurs ,  and 

i n t a c t  being e q u a l  t o  broken and r e p a i r e d  which a r e  i n  t u r n  

g r e a t e r  t han  new can be expec ted  i f  no a u t o m a t i c  rhyme-based 

p a i r e d  a s s o c i a t i o n  occurs .  

Experiment 1 

Method 

S u b j e c t s  

U n i v e r s i t y  

M a t e r i a l s  

i n t r o d u c t o r y  psychology 

bonus mark f o r  

s t u d e n t s  Lakehead 

hour  ' s p a r t i c i p a t i o n .  

Ninety-six sets  of 3 rhyming words (rhyme t r i p l e t s )  w e r e  

t a k e n  from S c o t t  ( 1 9 9 4 ) .  The rhyme t r i p l e t s  w e r e  t aken  from "The 

Rhyming Dic t ionary"  (Wood, 1992)  wi th  t h e  c o n s t r a i n t  t h a t  a t  

least  3 words s h a r e d  t h e  same r h y m i n g  sound, and no more t h a n  1 0  

words shared  t h e  s a m e  rhyming sound. Each t r i p l e t  word was 

a s s i g n e d  a r b i t r a r i l y  t o  one o f  three rhyme c a t e g o r i e s :  1) cue, 



2) response, and 3) alternate cue. The assignments were 

constrained such that rare and comrnon target-response words 

(based on frequency counts listed in Thorndike and Lorge, 1944) 

were evenly distributed over three rhyme context conditions 

(intact, broken, and repaired) . This equated the number of rhyme 

alternatives over the rhyme context conditions in order to reduce 

variability between conditions in the number of response 

alternatives. More precisely, word assignments counterbalanced 

rhyme context conditions such that target rhyme and alternatives 

are equally probable in terms of: 1) sound alternatives, and 2) 

frequency in the English language. At study, two words were 

presented as pair associates with the first and second word 

serving as "cue" and "response' respectively. The cue words 

served as a rhyme "cue" in al1 test conditions, and were 

presented as study cues in the intact and broken study 

conditions. The response words were designated as the rhyme 

"targets" in al1 four test conditions, and were presented in 

study rhyme pairs in the intact and repaired study conditions. 

At test there were four rhyme context conditions: 1) 

intact-rhyme, 2 1 broken-rhyme, 3) repaired-rhyme, 4 ) new-rhyme. 

In the intact-rhyme condition, the to-be-tested cue and its 

designated rhyme response were presented as a pair. For example, 

at study the to-be-tested cue and its designated rhyme response 

were presented as a study pair ( e . g . ,  brain-TRAIN), and at test 



the cue (brain) was presented as a cue for the target-response 

rhyme (TRAIN). In the broken-rhyme condition, study trials broke 

the pairing of the to-be-tested cue and its designated rhyrne 

response by presenting these words in separate non-rhyming word 

pairs. For example, at study the cue and response words were 

presented in two different study pairs ( e . g . ,  brain-FABLE and 

table-TRAIN) and at test the eue (brain) was presented as a cue 

for the target-response rhyme (TRAIN). In the repaired rhyme 

condition, study trials reinforced an alternate rhyme association 

by presenting the not-to-be-tested alternate cue paired with the 

designated rhyme response word. The test cue was not presented 

during study trials. For example, at study the response rhyme 

was presented as part of an alternate study pair (e.g., rain- 

TRAIN), and at test the cue (brain) was presented as a cue for 

the target-response rhyme (TRAIN). A non-studied condition (new) 

examined base rate production of target-response words to test 

cues (e. g., brain) in the absence of prior study presentation of 

the test cue or designated response word. 

Counterbalancing the 96 word triplets over the four 

study/test conditions and two test instruction conditions 

(inclusion, exclusion) resulted in the creation of eight sub- 

lists. Counterbalancing the eight sub-lists over two orders of 

test instruction and two study groups (focal/divided attention) 

required 32 sub jects for complete counterbalancing. Twenty 



a d d i t i o n a l  rhyme t r i p l e t s  w e r e  t aken  from S c o t t  ( 1 9 9 4 )  t o  c r e a t e  

primacy and recency  b u f f e r s  f o r  s t u d y  l i s t  p r e s e n t a t i o n .  There 

w e r e  8 primacy and 12 recency b u f f e r  p a i r s  a t  s tudy ,  which w e r e  

t h e  same f o r  a l 1  s u b j e c t s .  

Apparatus 

Study and t e s t i n g  m a t e r i a l s  were p r e s e n t e d  and sesponses  

c o l l e c t e d  under t h e  c o n t r o l  of an  Apple  IIe computer. 

The des ign  w a s  a 2 X 3 between-within manipula t ion o f  s t u d y  

cond i t i ons  ( 2  l e v e l s  of a t t e n t i o n  app l i ed  t o  3 l e v e l s  of s t u d y  

con tex t )  w i th  t h e  a d d i t i o n  of a single non-studied c o n d i t i o n  

in t roduced  a t  test .  A s  such,  a t  test t h e r e  w e r e  f o u r  l e v e l s  o f  

t h e  w i th in - sub j ec t s  f a c t o r  t es t  cond i t i on  ( i n t a c t ,  broken, 

r epa i r ed ,  and new) , and two l e v e l s  of t h e  between s u b j e c t s  f a c t o r  

a t t e n t i o n  ( f o c a l  and d i v i d e d ) .  T h e  t e s t  c o n d i t i o n s  measured 

t r a n s f e r  t o  cued rhyme  p roduc t ion  as  a  f u n c t i o n  o f  s tudy c o n t e x t .  

The between sub j e c t s  f ac to r  ( a t t e n t i o n )  was manipulated by 

a s s ign ing  s u b j e c t s  t o  one o f  t w o  s t udy  groups,  focused o r  d i v i d e d  

a t t e n t i o n .  Thus focused and d i v i d e d  a t t e n t i o n  groups read  a loud  

t h e  same word p a i r s  a t  s tudy,  b u t  t h e  d i v i d e d  a t t e n t i o n  group had 

a l s o  t o  a t t e n d  t o  a secondary task. 



In order to create estimates of recollective and automatic 

memory using Jacoby's Process Dissociation Procedure, the use of 

inclusion and exclusion testing conditions similar to those used 

by Jacoby, Toth, Lindsay, & Debner (1992) during testing were 

required. Responses in these two conditions were then used to 

create estimates of recollective and automatic memory. 

Procedure 

Each subject was tested individually in a small 

office/laboratory. As they arrived, subjects were alternately 

assigned to one of two groups, focal or divided attention. At 

the beginning of the session, subjects were given an explanation 

and examples of the study procedure. In the study session, 

subjects read aloud pairs of words presented in the center of a 

green monochrome monitor. Cue words were presented in lower case 

letters. Response words were presented directly below the cue 

words in upper case letters. Each word pair was presented for 

two seconds, with a . 5  second inter-stimulus interval. The 

complete set of rhyming pairs (84 pairs) was presented before a 

second presentation of the set of 84 rhyming pairs began, and the 

second presentation was completed before the third and final 

presentation of 84 pairs began. The study session proceeded with 

no delays or breaks to signal the initiation of the second and 

third presentation of the complete set of rhyming pairs. The 



order of presentation of rhyming pairs in the second and third 

presentations was randomized. The order of presentation of 

rhyming pairs in the second and third presentations was also 

randomized to ensure that subjects were not given the same 

sequence of pairs in the three blocks of rhyming pairs. Subjects 

read rhyme pairs aloud until the cornputer signalled that the 

study session had been completed (approximately 12 minutes for 

both groups) . 
The stimulus timing, task response, and characteristics of 

the visual presentation of the rhyming pairs were identical for 

both focused and divided attention subjects. The only difference 

between the two groups was that subjects in the divided attention 

condition were informed that random digits (zero to nine) would 

be presented auditorially in a random order using the digit 

sequence used by Jennings & Jacoby (1993). The auditory 

presentation of each digit was from a voice synthesizer driven by 

the computer, and new digits were presented every 3.5 seconds. 

Subjects in the divided attention condition were instructed to 

monitor for the occurrence of three odd numbers in a continuous 

sequence and to indicate detection of the sequence by raising a 

hand. Accuracy of detection of odd-digit sequences was monitored 

by the experimenter. Subjects were told of the occurrence of the 

third odd-number sequence they had failed to detect, redirecting 

their attention to the secondary task in order to ensure that 



both  t a s k s  w e r e  a t t ended  t o .  Th i s  prompting o f  f a i l u r e  t o  detect  

three consecu t ive  odd-digi t  sequences  was r e q u i r e d  very  

i n f r e q u e n t l y ,  t h e  ma jo r i t y  o f  s u b j e c t s  performing t h e  t a s k  above 

t h e  85% accu racy  l e v e l .  

There w a s  a 5 minute s tudy - to - t e s t  interval. During t h i s  

i n t e r v a l ,  s u b j e c t s  p a r t i c i p a t e d  i n  ca sua l  conve r sa t i on  wi th  t h e  

exper imenter ,  t o  p reven t  r e h e a r s a l  of s t u d y  m a t e r i a l s .  

I n  t h e  tes t  se s s ion ,  cue  words were p r e s e n t e d  i n  t h e  c e n t e r  

o f  a monochrome sc reen  and s u b j e c t s  were asked  t o  respond by 

naming aloud a rhyme a s s o c i a t e  i n  one of two i n s t r u c t i o n  

c o n d i t i o n s  ( i n c l u s i o n ,  e x c l u s i o n ) .  I n  t h e  i n c l u s i o n  cond i t i on ,  

s u b j e c t s  were i n s t r u c t e d  " t o  respond w i t h  a  word which would 

c r e a t e  a  rhyming p a i r ,  i f  p o s s i b l e  t h e  one w i t h  which t h e  

p r e sen t ed  cue  word was p a i r e d  d u r i n g  s tudy,  o r  any o t h e r  rhyming 

word i f  t h e y  c o u l d  not  r e m e m b e r  a  s tudy rhyme". I n  the e x c l u s i o n  

cond i t i on ,  s u b j e c t s  were i n s t r u c t e d  " t o  respond with a word which 

rhymed wi th  t h e  cue word, b u t  n o t  a  word t h a t  had been p a i r e d  

wi th  t h e  cue  word dur ing s tudy" .  Each of t h e  i n s t r u c t i o n  

c o n d i t i o n s  c o n s i s t e d  of t h e  p r e s e n t a t i o n  of  4 8  cue  words, 12 from 

each o f  t h e  f o u r  t e s t  c o n d i t i o n s  ( i n t a c t ,  broken, r epa i r ed ,  and 

non-studied)  p r e s e n t e d  i n  a random o rde r .  C u e  words remained on 

t h e  screen u n t i l  s u b j e c t s  produced a rhyme response .  

To  counte rba lance  t h e  o r d e r i n g  of tests,  h a l f  t h e  s u b j e c t s  

received i n c l u s i o n  i n s t r u c t i o n s  f i r s t  and e x c l u s i o n  i n s t r u c t i o n s  



second, and the remaining subjects received exclusion 

instructions first and inclusion instructions second. Subjects 

responded by naming a word that rhymed with the presented cue, 

and the experimenter typed this word into the cornputer. The 

experimenter typed the responses rather than the subject to 

minimize spelling and typing errors. An electronic tone was 

produced if 30 seconds elapsed without a response, whereupon 

experimenter reiterated the retrieval instructions and asked 

the 

for 

a response. This occurred inf requently, as most subj ects 

responded promptly to the test cues. Incorrect entries or 

spelling mistakes made by the experimenter could be corrected at 

the completion of testing. 

Results 

Table 1 displays the mean responses in the two 

instruction conditions (exclusion and inclusion) as 

attention (focused and divided attention) and study 

broken, repaired, and new) conditions. 

inclusion responses for each 

used to produce estimates of 

performance for each sub j ect 

previously (see also Jacoby, 

estimates of mean automatic 

analyses of variance (ANOVA) 

attention 

automatic 

using the 

test 

a function 

(intact, 

The exclusion and 

and study condition were 

and recollective memory 

formulas (1 - 4) mentioned 

1991). Table 2 displays the eight 

and recollective memory. Separate 

were performed on each of these 



dependent  v a r i a b l e s .  I n  each dependent v a r i a b l e  t h e  f i rs t  

a n a l y s i s  cons ide red  o l d  v e r s u s  new performance,  whi le  a second 

a n a l y s i s  cons ide red  o n l y  d i f f e r e n c e s  between t h e  o l d  c o n d i t i o n s  

and c o r r e c t e d  f o r  between group d i f f e r e n c e s  i n  t h e  l e v e l  o f  new 

responses  gues  s i n g  s u b t r a c t i n g  t h e  non-studied from t h e  

s t u d i e d  c o n d i t i o n s .  

R e c o l l e c t i v e  Memory: Old v e r s u s  N e w  

A 2 X 4 between-within s u b j e c t s  ANOVA comparing 2 l e v e l s  o f  

a t t e n t i o n  ( f o c a l  v e r s u s  d i v i d e )  and 4 l e v e l s  of  t e s t  c o n d i t i o n  

( i n t a c t ,  broken, r e p a i r e d ,  and new) r e v e a l e d  no s i g n i f i c a n t  

between-subjects  e f f e c t  of  a t t e n t i o n  ( F  - < I), a s i g n i f i c a n t  

w i th in - sub j ec t s  m a i n  effect of  s t u d y  c o n t e x t  [F(3,90) - = 20 .47 ,  

MSe = . 02 ] ,  and a s i g n i f i c a n t  i n t e r a c t i o n  between a t t e n t i o n  and 

s t u d y  con tex t  [F(3,90) - = 2 . 7 3 ,  MSe = . O 2 1  . 
To compare t h e  s t u d i e d  cond i t i ons  ( i n t a c t ,  broken, and 

r e p a i r e d )  wi th  t h e  new c o n d i t i o n  a c r i t i c a l  d i f f e r e n c e  w a s  

c a l c u l a t e d  us ing  F i s h e r ' s  LSD and t h e  MSe o f  t h e  i n t e r a c t i o n ,  

[ t ( d f  = 90) = 2 . 0 0 ,  p < . O S ] ,  (Al1 - t - v a l u e s  r epo r t ed  i n  the 

fo l lowing  a n a l y s e s  are  two- t a i l ed  u n l e s s  s t a t e d  o the rwi se )  . The 

r e s u l t i n g  c r i t i c a l  d i f f e r e n c e  of  .10 i n d i c a t e d  t h a t  i n  t h e  

focused  a t t e n t i o n  group,  t h e  i n t a c t  (rnean = .4O) and r e p a i r e d  

(mean = . 2 0 )  c o n d i t i o n s  were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  new 

c o n d i t i o n  (mean = .03), whi le  i n  t h e  d i v i d e d  a t t e n t i o n  g roup  o n l y  



t h e  i n t a c t  (mean = - 2 8 )  s t u d y  c o n t e x t  was s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h e  new (mean = .07)  s t u d y  c o n t e x t .  

C o r r e c t e d  (Old - N e w )  R e c o l l e c t i v e  Memory 

While t h e  new response  did n o t  d i f fe r  s i g n i f i c a n t l y  between 

t h e  two a t t e n t i o n  groups  [t (d f  = 30)  = - - .81, p = - 4 2 4 1 ,  t h e r e  w a s  

a h ighe r  p r o p o r t i o n  o f  new r e s p o n s e s  i n  t h e  d i v i d e d  a t t e n t i o n  

(mean = . 0 7 )  t h a n  i n  t h e  f o c a l  (mean = . 03)  a t t e n t i o n  c o n d i t i o n ,  

perhaps  i n d i c a t i n g  a g r e a t e r  t endency  f o r  gues s ing  i n  t h e  d i v i d e d  

a t t e n t i o n  c o n d i t i o n .  To reduce  t h e  p o s s i b i l i t y  of guess ing  i n  

t h e  d i v i d e d  a t t e n t i o n  group i n f l a t i n g  responses  i n  t h e  s t u d y  

c o n d i t i o n s ,  e s t i m a t e s  of  a u t o m a t i c  and r e c o l l e c t i v e  memory 

performance were a d j u s t e d  by s u b t r a c t i n g  performance i n  t h e  new 

c o n d i t i o n  f rom t h e  t h r e e  s t u d i e d  c o n d i t i o n s ,  c r e a t i n g  t h r e e  

s t u d i e d  c o n d i t i o n s  c o r r e c t e d  f o r  g u e s s i n g  ( i n t a c t ,  broken, and 

r e p a i r e d )  f o r  each s u b j e c t .  Table  3 d i s p l a y s  t h e  c o r r e c t e d  mean 

p r o p o r t i o n s  o f  r e c o l l e c t i v e  and a u t o m a t i c  memory performance. 

A 2 X 3 between-within s u b j e c t s  ANOVA comparing 2 l e v e l s  of 

a t t e n t i o n  (focal v e r s u s  d i v i d e d )  and 3 l e v e l s  o f  s t u d y  c o n t e x t  

( i n t a c t ,  b r o  ken, and r e p a i r e d )  r e v e a l e d  no s i g n i f i c a n t  between- 

s u b j e c t s  e f f e c t  of  a t t e n t i o n  c o n d i t i o n  [F(1 ,30)  - = 2.13, MSe = - 
.IO], a s i g n i f i c a n t  main e f f e c t  of s t u d y  c o n t e x t  [F(2 ,60)  - = 

19.35, MSe = . 02 ] ,  and a s i g n i f i c a n t  i n t e r a c t i o n  between 

attention and study con tex t  [ F ( 2 , 6 0 )  - = 3 . 0 6 ,  MSe = . 02 ] .  



To examine t h e  i n t e r a c t i o n  between a t t e n t i o n  and  s t u d y  

c o n t e x t ,  a  c r i t i c a l  d i f f e r e n c e  w a s  c a l c u l a t e d  u s i n g  F i s h e r ' s  LSD 

and  t h e  MSe of  t h e  i n t e r a c t i o n ,  [ L ( d f  = 60) = 2.00 ,  E = . 0 5 ] .  

The r e s u l t i n g  c r i t i ca l  d i f f e r e n c e  o f  .O6 i n d i c a t e d  t h a t  memory 

performance was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  f o c u s e d  t h a n  d i v i d e d  

a t t e n t i o n  group f o r  i n t a c t  (means = - 3 6  and .21,  f o r  focused  and  

d i v i d e d )  and  r e p a i r e d  (means = .16 and  .03, f o r  f o c u s e d  and 

d i v i d e d )  , b u t  n o t  b roken  (means = .O7 and .O8, f o r  focused  and 

d i v i d e d )  s t u d y  c o n t e x t .  For  b o t h  a t t e n t i o n  g roups ,  r e c o l l e c t i v e  

memory performance i n  t h e  i n t a c t  s t u d y  c o n t e x t  was s i g n i f i c a n t l y  

g r e a t e r  t h a n  i n  t h e  b r o k e n  Qr r e p a i r e d  s t u d y  c o n t e x t .  

Au tomat i c  Memory: O l d  v e r s u s  N e w  

A 2 X 4 be tween-wi th in  s u b j e c t s  ANOVA comparing 2 l e v e l s  o f  

a t t e n t i o n  ( f o c a l  v e r s u s  d i v i d e d )  a n d  4 l e v e l s  o f  test  c o n d i t i o n  

( i n t a c t ,  broken, r e p a i r e d ,  and new) r e v e a l e d  no between-sub j ects 

e f f e c t  o f  a t t e n t i o n  ( F  - < l ) ,  a s i g n i f i c a n t  w i t h i n - s u b j e c t s  main 

e f f e c t  o f  s t u d y  c o n t e x t  [F (3 ,90)  - = 9.16,  MSe = . 0 1 ] ,  and no 

i n t e r a c t i o n  between a t t e n t i o n  and s t u d y  c o n t e x t  (F - < 1) .  

To compare t h e  s t u d i e d  c o n d i t i o n s  ( i n t a c t ,  b roken ,  and 

r e p a i r e d )  wi th  t h e  new c o n d i t i o n  a c r i t i c a l  d i f f e r e n c e  was 

c a l c u l a t e d  u s i n g  Fisher's LSD and t h e  MSe of  t h e  main e f f e c t ,  

[Ç(df = 9 0 )  = 2.00 ,  < - 0 5 1  . T h e  r e s u l t i n g  c r i t i ca l  d i f f e r e n c e  

o f  .O5 i n d i c a t e d  t h a t  a l 1  s t u d i e d  c o n d i t i o n s  (means = .35, .31,  



and - 3 2  for intact, broken, and repaired respectively) were 

significantly greater than the new condition (mean = - 2 3 ) -  

Corrected (Old - New) Automatic M e m o r y  

A 2 X 3 between-within subjects ANOVA comparing 2 levels of 

attention (focal versus div ided)  and 3 levels of study context 

(intact, broken, and repaired) revealed no significant between- 

subjects effect of attention (F - < 1) , within-subjects main effect 

of study context [F(2,60) - = 1.57, MSe = .01], or interaction 

between attention and s tudy context (F < 1). - 

Discussion 

Experiment 1 was conducted to examine the inference from 

studies with amnesiacs (Warrington & Wieskrantz, 1982) that 

phonological associations could occur by way of automatic mernory, 

To identify separate recollective and automatic factors in 

phonological association, Jacoby ' s (1991) Process Dissociation 

Procedure was used. To check the independence of these estimates 

the experiment attempted to identify dissociations between 

recollective and automatic memory as a result of manipulations of 

attention and study context. While recollective memory 

performance revealed an effect of phonological association, no 

effect of phonological association was found in automatic memory. 



The manipu la t ion  o f  rhyme con tex t  a t  s t u d y  r e s u l t e d  i n  more 

r e c o l l e c t i v e  responses  i n  t h e  i n t a c t  rhyme p a i r e d  cond i t i on  t h a n  

i n  t h e  r e p a i r e d  c o n d i t i o n  w h i l e  t h e  focused  b u t  n o t  d iv ided  

r e p a i r e d  c o n d i t i o n  w a s  found t o  be g r e a t e r  t h a n  t h e  non-s tudied 

c o n d i t i o n ,  t h u s ,  p rov id ing  ev idence  of  phono log ica l  a s s o c i a t i o n  

i n  r e c o l l e c t i v e  memory performance.  Automatic memory performance 

i n  al1 s t u d i e d  c o n d i t i o n s  ( i n t a c t ,  broken, r e p a i r e d )  was found t o  

be  r e l i a b l y  g r e a t e r  t h a n  non-studied,  which i m p l i e s  an e f f e c t  of 

memory from t h e  p r i o r  p r e s e n t a t i o n ,  bu t  t h e  rhyme con tex t  

manipu la t ions  d i d  no t  r e s u l t  i n  d i f f e r e n c e s  between t h e  i n t a c t ,  

broken, and  r e p a i r e d  rhyme c o n d i t i o n s .  Not f i n d i n g  a  b e n e f i t  of  

an  i n t a c t  c o n t e x t  i m p l i e s  t h a t  t h e r e  i s  no e f f e c t  of  phonolog ica l  

a s s o c i a t i o n  i n  au tomat ic  memory performance. 

There  w e r e  o t h e r  d i s s o c i a t i o n s  between r e c o l l e c t i v e  and 

au toma t i c  memory i n  a d d i t i o n  t o  phonolog ica l  a s s o c i a t i o n .  

Manipu la t ions  of  a t t e n t i o n  a f f e c t e d  r e c o l l e c t i v e  b u t  no t  

au toma t i c  memory performance.  R e c o l l e c t i v e  memory performance 

w a s  s i g n i f i c a n t l y  reduced by d i v i d i n g  a t t e n t i o n  a t  s t udy  a l t h o u g h  

t h e  s i z e  o f  t h e  r e d u c t i o n  depended upon t h e  rhyme con tex t  

man ipu la t i on .  I n t a c t  and  r e p a i r e d ,  bu t  n o t  broken,  rhyme c o n t e x t  

c o n d i t i o n s  showed s i g n i f i c a n t  r educ t ions  i n  r e c o l l e c t i v e  memory 

performance from d i v i d i n g  a t t e n t i o n  . Automatic  memory 

performance was found t o  be  una f f ec t ed  by  t h e  manipu la t ion  of  

a t t e n t i o n  as w e l l  a s  o f  s t u d y  con tex t .  T h i s  p r o c e s s  d i s s o c i a t i o n  



between recollective and automatic memory is consistent with the 

assumption of independence between recollective and autornatic 

memory performance using Jacoby's (1994) Process Dissociation 

Procedure. However, a single dissociation does not exclude the 

interpretation that recollective and automatic memory differ in 

their sensitivity to a single underlying memory trace with 

recollective producing a more sensitive messure than automatic 

memory. To avoid this interpretation it would be useful to 

examine a manipulation which could produce the second leg of a 

double dissociation. That is, a manipulation that affected 

automatic but not recollective memory. In which case a 

differential sensitivity interpretation cannot explain the data. 

Experiment 2, was designed to provide an opportunity to observe 

the second leg of such a double dissociation. 

An unexpected result of Experiment 1 was that there was no 

significant differences between attention conditions for the 

broken context condition. It is suggested that this f a i l u r e  to 

show a benefit of focused attention in the broken condition might 

reflect a response conflict unique to this condition where 

subjects attempted to simultaneously recall  the study associate 

(a non-rhyming word) using a rhyme cue, which resulted in 

conflicting response information. Because of this potential 

response conflict in retrieval of rhyme associates in the broken 

study context, the broken context was not used in Experiment 2. 



Experiment 1 a l s o  a t t emp ted  t o  c l a r i f y  S c o t t ' s  (1994) 

r e s u l t s  i n  au tomat ic  memory performance-  S c o t t  ( 1 9 9 4 )  found a 

s i g n i f i c a n t  i n c r e a s e  i n  au toma t i c  memory between i n t a c t  and non- 

s t u d i e d  c o n d i t i o n ,  but no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  

broken, r e p a i r e d ,  and non-s tudied  c o n d i t i o n  o r  between i n t a c t  

broken and r e p a i r e d  c o n t e x t s .  These f a i l u r e s  t o  f i n d  s i g n i f i c a n t  

d i f f e r e n c e s  w a s  thought  p o s s i b l y  t o  be  due  t o  t h e  p r e s e n c e  of  

f l o o r  e f f e c t s .  Experiment 1 used t h r e e  p r e s e n t a t i o n s  a t  s t u d y  

r a t h e r  t h a n  one p r e s e n t a t i o n  a s  used by S c o t t  (1994) i n  an  

a t t e m p t  t o  avo id  f l o o r  e f f e c t s .  I n  Experiment 1, e s t i m a t e s  of  

au toma t i c  memory i n  a l 1  s t u d y  c o n d i t i o n s  were s i g n i f i c a n t l y  

g r e a t e r  t h a n  performance i n  t h e  non-s tudied  c o n d i t i o n .  That  i s ,  

t h e  r e s u i t s  are c o n s i s t e n t  w i t h  t h e  i n t e r p r e t a t i o n  o f  f l o o r  

e f f e c t s  i n  S c o t t ' s  (1994) s t u d y .  However, to conf i rm t h i s  

i n t e r p r e t a t i o n ,  t h e  e f f e c t s  of s tudy  r e p e t i t i o n  (1 o r  3  

p r e s e n t a t i o n s )  were e x p l i c i t l y  manipula ted  i n  Experiment 2 .  

I n  summary, manipu la t ions  of a t t e n t i o n  and s t u d y  c o n t e x t  i n  

Experiment 1 a f f e c t e d  r e c o l l e c t i v e  b u t  n o t  au tomat ic  m e m o r y  

performance.  T h e  r e s u l t s  p rov ide  ev idence  of  au toma t i c  memory 

r e t r i e v a l  t h a t  is independent o f  r e t r i e v a l  from r e c o l l e c t i v e  

memory p r o c e s s e s  (us ing  an i n t a c t  p o p u l a t i o n ) .  Th i s  i s  

c o n s i s t e n t  w i t h  e a r l i e r  f i n d i n g s  (Graf & Schac te r ,  1985; Jacoby, 

1991; Jacoby & Kelly, 1992; Jacoby e t  a l . ,  1989; J e n n i n g s  & 

Jacoby, 1993; Sco t t ,  1994) . However, no d i f f e r e n c e s  were found 



between intact and control context conditions (broken, repaired), 

suggesting a lack of phonological association in automatic memory 

performance. Experiment 2 offered an opportunity to replicate 

this failure find ef fect phonological association 

automatic memory performance, and to identify a study 

manipulation that affected automatic but not recollective memory 

in order to provide the second leg of a double dissociation. 

Experiment 2 

Experiment 1 demonstrated a single process dissociation 

between automatic and recollective memory performance by 

manipulating two factors (attention, study context), which 

affected recollective memory but not automatic mernory 

performance. 

Experiment 2 offered an opportunity to look for a 

dissociation in the reverse direction to those seen in Experiment 

1 by evaluating recollective and automatic memory performance in 

a phonological association task using a factor (modality) 

previously found to effect automatic but not recollective memory 

performance (Kirsner, Dunn, & Standen, 1989; Kirsner, Milech, & 

Standen, 1983; Kirsner & Smith, 1974; Jacoby & Dallas, 1981; 

Scarborough, Gerard, & Cortese, 1979) . 
The design of Experiment 2 was identical to Experiment 1 

with the following four major exceptions: 1) modality of 



presentation at study (auditory or visual) was rnanipulated as a 

within-subjects factor, 2) there was no manipulation of divided 

attention, the numbe r study pair presentations 

was manipulated as a between-subjects factor, and 4) the broken 

study context was removed. Other minor modifications required by 

the manipulation of modality in terms of materials, apparatus, 

and procedure are discussed in the method section. 

Based on earlier findings (Kirsner, Dunn, & Standen, 1989; 

Kirsner, Milech, & Standen, 1983; Kirsner & Smith, 1974; Jacoby & 

Dallas, 1981) it was predicted that automatic memory in 

experiment 2 would be affected by the manipulation of modality 

while recollective memory would be unaffected by this 

manipulation. As in Experiment 1 it was predicted that, the 

manipulation of rhyme context at study would result in more 

recollective responses in the intact rhyme paired condition than 

in the repaired or new word conditions, but there would be no 

differences between intact and repaired automatic responses which 

in turn would be greater than the new condition. 

Experiment 2 also examined the effects of repetition (1 or 3 

study presentations) in the same experiment in order to consider 

the explanation of the differences in automatic memory found 

between the pilot study and Experiment 1. It was hypothesized 

that both types of memory (recollective and automatic) would be 



influenced by repetition ( e . g . ,  Jacoby & Dallas, 1981; 

Scarborough, Gerard, & Cortese, 1979) . 

Method 

Subjects 

Forty introductory psychology students at Lakehead 

University received a bonus mark for an hour's participation. 

Materials & A~~aratus 

Experiment 2 used the same materials as those used in 

Experiment 1, with the following exceptions and modifications: 

1) counterbalancing required that the set of rhyming words be 

expanded from 96 triplets to 120 triplets, 2) there were 5 

counterbalanced test conditions, requiring five sub-lists, 3) 

due to auditory presentation of cues, 8 homonyms were rernoved by 

exchanging target with non-homonyms from the buffer rhyme 

triplets, 4) counterbalancing the 5 sub-lists required a minimum 

of 20 subjects, 5) study and testing materials were presented 

and controlled by a Macintosh computer on a colour monitor with 

stereo speakers for auditory output. 

As in Experiment 1, rare and common target and response 

words were distributed as evenly as possible over the 5 sub-lists 

using frequency counts listed in Thorndike and Lorge ( 1959 ) ,  and 



sub-lists were equated in terms of the number of rhyme 

alternatives to cue words sharing the same rhyming sound based on 

frequencies listed in "The Rhyming Dictionary" (Wood, 1992) . 
Equating rare and common rhyme alternatives across sub-lists WZS 

done to reduce variability between the sub-lists in the number of 

response alternatives. 

Design 

The design was a 2 X 2 X 2 rnixed factorial. The main 

experimental study conditions were forrned by the combination of 

the two within-subjects factors: study modality (visual versus 

auditory presentation of response items) and study context 

(intact versus repaired pairs) with the addition of a single non- 

studied condition (new) introduced at test. The design also 

included the manipulation of study presentation repetition (1 or 

3 presentations) as a between-subjects factor. As such, at test 

there were 5 levels of within-subjects test condition 

(visual/intact, visual/repaired, auditory/intact, 

auditory/repaired, and new) applied to 2 levels of the between- 

subjects factor study repetition (1 or 3 presentations). This 

allowed examination of the effects of a prior presentation in the 

intact and repaired rhyrne study context in one of two input 

modalities (visual or auditory response words), by comparing 

performance in studied conditions with the non-study condition. 



In al1 study conditions cue words were presented in both visual 

and auditory modalities to ensure the robustness of cue 

presentation was equal for both modality conditions. In the 

visuabintact rhyme condition, the study trials presented cue 

words in both modalities and response words visually in rhyming 

pairs where there was an explicit association between cue and 

response words. For example, at study subjects saw and heard 

"brain", then saw "TRAIN" immediately after presentation of 

"brain". At test the cue (brain) was presented visually as a cue 

for the response rhyme (TRAIN). The auditory-intact condition 

was identical to the visual-intact condition with the exception 

that the response rhyrne was presented auditorially rather than 

visually, For example, at study subjects saw and heard "brain" 

then heard "TRAIN" imrnediately after presentation of "brain". At 

test the cue (brain) was presented visually as a cue for the 

response rhyme (TRAIN) . In the visual-repaired condition, the 

study trials presented visually the response rhyme paired with 

the alternate cue. For example, at study the response rhyme 

(TRAIN) was presented visually as part of a study-rhyme pâir 

(e.g., rain-TRAIN), and at test the cue (brain) was presented 

visually as a cue for the response rhyme (TRAIN). The auditory- 

repaired condition was identical to the visual-repaired condition 

with the exception that the response rhyme was presented 

auditorially rather than visually. For example, at study 



subjects saw and heard  " r a in"  then heard "TRAIN" imrnediately 

after presentation of "rain". At test the cue (brain) was 

presented visually as a cue for the response rhyme (TRAIN). 

Thus, cue word presentation was identical for visual and auditory 

conditions, only the study modality of rhyme response was varied. 

There were two levels of the between-subjects factor, study 

repetition (one and three presentations), which allowed direct 

examination of possible increases in recollective and automatic 

memory performance due to repetition of rhyme pairs. 

As in Experiment 1, to assess automatic and recollective 

contributions to memory, responses in inclusion and exclusion 

instructional conditions were used in the formulas provided by 

Jacoby et al. (1991) to create estimates of recollective and 

automatic memory. 

Procedure 

Experiment 2 utilized the same procedure as Experiment 1 

with the following modifications; 1) during the study session, 

subjects were visually presented with rhyming words in the center 

of a colour monitor, 2) auditory presentation of rhyming words 

was produced by the cornputer speakers, 3) during the study 

session, the first word in the rhyming pair was presented 

visually on the monitor and auditorially over the speakers, while 

the second word in the rhyming pair was presented either visually 



on the monitor, or auditorially over the speakers, 4) there was 

no divided attention condition, 5) there was a 2 - 5  second inter- 

stimulus intervol, while the duration of presentation varies to 

correspond with the duration of auditory presentation ( m e a n  

approximately 1 second), and 6) there are two study 

presentations, one and three repetitions. 

The two study presentations, one or three repetitions of the 

study list, took 8 and 20 minutes respectively to cornplete. The 

one repetition study presentation involved presentation of 8 

primacy buffers followed by 96 rhyme pairs, followed by 12 

recency buffers. For subjects in the three repetition condition, 

the study presentation was the sarne as in Experiment 1 with 

exceptions in t e r m s  of materials (120 rhyrning pairs), and 

modality of presentation (visual or auditory response words) as 

noted earlier. As in Experiment 1, the study session continued 

until the computer signalled that the study session had been 

completed. The computer recorded typed responses and latency in 

the test phases. 

Results 

Table 4 displays the mean responses in the t w o  test 

instruction conditions (exclusion and inclusion instruction) as a 

function of number of study presentations (1 and 3 presentations) 

and study (visual and auditory crossed with intact and repaired, 



plus unstudied) conditions. As in Experiment 1, the inclusion 

and exclusion responses for each presentation and study condition 

were used to produce estimates (recollective and automatic 

mernory) for each subject. Table 5 displays tne twenty estimates 

of mean automatic and recollective memory. As in Experiment 1 

separate analyses of variance (ANOVA) were performed for the two 

dependent variables: automatic and recollective estimates of 

memory, and for each dependant variable a first analysis 

considered old versus new performance, while a second analysis 

considered only differences between the old conditions corrected 

for guessing. 

Recollective Memory: Old versus New 

A 2 X 5 between-within subjects ANOVA comparing 2 levels of 

study repetition (1,3) and 5 levels of test condition (visual- 

intact, visual-repaired, auditory-intact, auditory-repaired, and 

new) revealed a significant between-subjects effect of repetition 

[F(1,38) - = 5.17, MSe = . 2 0 ] ,  a significant within-subjects main 

effect of study context [F(4,152) - = 20.55, - MSe = - 0 4 1 ,  and a 

significant interaction between repetition and study context 

[F(4,152) - = 3.78, - MSe = . 0 4 ] .  

To compare the studied conditions (visual-intact, visual- 

repaired, auditory-intact, auditory-repaired) with the new 

condition, a critical difference was calculated using Fisher's 



LSD and the MSe of the interaction [t (df = 152) = 1.96, < -051. - 

The resulting critical difference of -12 indicated that with a 

single study presentation, only the intact study contexts (means 

= -20 and -16 for visual-and auditory-intact) were significantly 

greater than the new condition (mean = --02), while with three 

presentations, the visual-and auditory-intact (means = .49 and 

-42 for visual-and auditory-intact), and visual repaired (mean = 

-15) study contexts were significantly greater than the new 

condition (mean = -02). In short, al1 studied conditions were 

found to be significantly greater than the new condition except 

the auditory-repaired study context for both levels of study 

repetition and the visual-repaired condition for single 

repetition. A one factor between, one factor within ANOVA was 

performed using the repaired and new study contexts only to 

consider this interaction. The analysis revealed that there were 

no significant differences between repaired conditions, while al1 

repaired conditions were significantly greater than the new 

condition [F(2,76) - = 6.04, MSe = - 0 3 1 -  

Corrected (Old - New) Recollective Memory 

Table 6 displays the corrected mean proportions of 

recollective and automatic memory performance. An ANOVA 

comparing modality (visual, auditory) and study context (intact, 

repaired) within-subjects, and study repetition (1,3) between- 



subjects revealed significant main effects of repetition [F(1,38) - 

= 4.23, MSe = -143, and study context [F(1,38) = 29.97, MSe = - 

- 061, and a significant interaction [F(1,38) = 8.36, MSe = - 0 6 1  . - 

There was a non-significant main effect of modality [F(1,38) = - 

1.42, MSe = -031, and its two-way interaction with presentation, 

and it's three-way interaction with repetition and study context 

(F - < 1) in al1 comparisons. 

To examine the interaction between repetitions and 

intact/repaired study context, a critical difference was 

calculated using Fisher's LSD and the MSe of the interaction 

[t(df = 38) = 2.04, p = - 0 5 1 .  The calculated critical difference 

of .16 indicated that memory performance with intact context was 

significantly greater than with repaired context for three 

presentations (means = .43 and -12 for intact and repaired) but 

not single presentation (means = - 2 0  and .Il for intact and 

repaired). A single factor within-subjects ANOVA was performed 

using the single presentation group only to verify this 

interpretation of the interaction. The analysis confirmed that 

there were no significant differences between intact and repaired 

context conditions for the single presentation group [F - (3,57 ) = 

1.84, MSe = . 0 4 ] .  

Automatic Memory: Old versus New 



A 2 X 5 between-within subjects ANOVA comparing 2 levels of 

study repetition (1,3) and 5 levels of test condition (visual- 

intact, visual-repaired, auditory-intact, auaitory-repaired, and 

new) revealed a non-significant between-subjects effect of 

repetition [F(1,38) - = 3.07, MSe = -041, and a significant within- 

subjects main effect of study context [F(4,152) = 19.80, MSe = - 

. O Z ] .  The interaction between repetition and study context was 

not significant (F - < 1). 

To compare the studied conditions (visual-intact, visual- 

repaired, auditory-intact, auditory-repaired) with the new 

condition, a critical difference was calculated using Fisher's 

LSD and the MSe of the main effect [t (df = 152) = 1.96, p < .O51 . - 

The critical difference of .O6 indicated that al1 studied 

conditions w e r e  significantly greater than the new condition. 

Corrected (Old - N e w )  Automatic Memory 

Table 6 displays the corrected mean proportions of 

recollective and automatic memory performance. An ANOVA 

comparing modality (visual, auditory) and study context (intact, 

repaired) within-subj ects, and study repetition (1,3) between- 

subjects revealed a significant between-subjects effect of 

repetition [ F ( l ,  - 38) = 5.90, MSe = -051, a main effect of study 

context [F(1,38) - =9.15, M S e  = -031 , and no interaction between 

repetition and study context (F - < 1). There was no main effect 



of modality [ F  - (1,38) = 2.62, MSe = ,021 , but the interaction 

between modality and study context was significant [F(1,38) - = 

12.25, MSe = .OZ] .  There was no two-way interaction between 

modality and repetition (F - < l), or three-way interaction between 

modality, repetition, and study context (g < 1). 

To examine the interaction between rnodality and study 

context, a critical difference was calculated using Fisher's LSD 

and the MSe of the interaction [t - (df = 3 8 )  = 2.04, p = -051  . The 

resulting critical difference of .O7 indicated that memory 

performance was greater following a visual than an auditory 

presentation in the intact (means = .27 and .16 for visual and 

auditory) but not repaired (means = .12 and -15 for visual and 

auditory) study contexts. 

Discussion 

There were two important results observed in Experiment 2: 

the effect of modality on phonological association and the effect 

of repetition. 

Modality and Phonological Association 

There was no main effect of or interaction involving 

modality in recollective memory performance, but there was a main 

effect and no interaction involving phonological association 

(more responses in the intact than the repaired condition). 



However, while  t h e r e  was no main e f f e c t  of moda l i t y  i n  au tomat ic  

memory performance, t h e r e  was a n  i n t e r a c t i o n  between modal i ty  and  

phonological  a s s o c i a t i o n  a s  w e l l  a s  a main e f f e c t  o f  phonolog ica l  

a s s o c i a t i o n .  Modal i ty  i n t e r a c t e d  w i t h  phonological  a s s o c i a t i o n  

such that a  moda l i ty  e f f e c t  o c c u r r e d  only  i n  t h e  i n t a c t  c o n d i t i o n  

o r  i n t a c t  being g r e a t e r  than  r e p a i r e d  was observed on ly  i n  t h e  

same modal i ty  c o n d i t i o n s .  I n  summary, main ta in ing  t h e  same 

modal i ty  between t h e  s tudy response  word and test  cue  i n t e r a c t e d  

wi th  i n t a c t  ve r sus  r e p a i r e d  i n  au toma t i c  but  n o t  r e c o l l e c t i v e  

memory. Thus t h e  r e s u l t s  provided some sugges t i on  of a  second l e g  

o f  a  doub le -d i s soc i a t i on  between r e c o l l e c t i v e  and  automat ic  

memory i n  a phonological  a s s o c i a t i o n  task. However t h e r e  i s  a 

d i f f i c u l t y  here  i n  that i n  Experiment 2 t h e r e  was a phonological  

a s s o c i a t i o n  e f f e c t  i n  automat ic  memory, while i n  Experiment 1 

t h e r e  was no t .  

Phonological  a s s o c i a t i o n  i n  automat ic  memory i n  Experiment 2 

occu r r ed  i n  e s s e n t i a l l y  t h e  same cond i t i ons  used i n  Experiment 1 

(same modal i ty  f o r  s tudy  and t e s t  cue)  which f a i l e d  t o  f i n d  

ev idence  of  phonological  a s s o c i a t i o n  i n  au tomat ic  memory. Th is  

f a i l u r e  t o  r e p l i c a t e  t h e  e f f e c t  o f  phonological  a s s o c i a t i o n  i n  

au tomat ic  memory may be due s imply  t o  chance o r  more 

i n t e r e s t i n g l y  it may be a  r e s u l t  o f  d i f f e r e n c e s  i n  s t udy  encoding 

between t h e  two exper iments .  I t  i s  suggested t h a t  chance i s  not 

a l i k e l y  exp lana t ion  of t h e  d i f f e r e n c e s  i n  phonolog ica l  



association in automatic rnemory observed between Experiments 1 

and 2 because both Experiments 1 and 2 employed two groups of 

subjects and both groups within each of the experiments showed 

similar patterns of automatic memory. It is proposed that the 

differences observed between the two experiments in automatic 

memory more likely reflect differences between the two 

experiments in study encoding. 

Phonological association in automatic memory may have been 

influenced by differences in processing at study introduced by 

task differences between the two experiments. The instructions 

to subjects (speak the two words aloud) did not differ between 

the two experiments, but the nature of the study presentation did 

differ. In Experiment 2, cue words at study were heard as well 

as seen, while in Experiment 1 study, cue words were only seen. 

Hearing as well as seeing cue words may have enhanced rhyrne-based 

processing at study, tkius leading to better automatic memory for 

rhyme information in Experiment 2. Alternatively the difference 

in phonological association in automatic memory between the two 

experiments may be due to the rapid visual presentation ernployed 

in Experiment 2 relative to Experiment 1. To control visual and 

auditory study presentation duration in Experiment 2, rhyme 

response words were presented visually in Experiment 2 only for 

the amount of time it took to play its matching sound file and 

would then disappear from the screen. As the typical duration 



was less than 1 second, this resulted in subjects having to 

recall the visual response word rather than read it as they spoke 

the two words aloud. Thus subjects were required to actively 

encode the word pairs in working memory in order to repeat them 

back in Experiment 2. In contrast, Experirnent 1 presented both 

words the pair simultaneously the screen for sufficient 

time for subjects to begin speaking the pair and t h u s  did not 

require the same degree of encoding in working memory. 

Repetition 

Experiment 2 also examined the effects of manipulating study 

presentation (1 versus 3). As expected, both recollective and 

automatic memory performance were influenced by repetition and 

showed significant increases in estimates of memory due to 

increased repetition of study materials (Jacoby & Dallas, 1981). 

However, unlike the pilot experiment (Scott, 1994) one 

presentation at study resulted in al1 automatic study conditions 

being significantly greater than the non-studied condition. 

Scott found that only the intact condition was significantly 

greater than the non-studied condition. Thus a single study 

presentation does not necessarily lead to floor effects. 

Nonetheless, the observation of increases in memory performance 

from three relative to one repetition is consistent with floor 

effects as a possible explanation of Scott's results. 



In conclusion, the manipulation of study modality revealed a 

complex dissociation between factors affecting recollective and 

automatic memory. The results of Experiment 2 provided some 

suggestion of a second leg of a double-dissociation between 

recollective and automatic memory in a phonological association 

task but failed to replicate the automatic memory results of 

Experiment 1. The expected effect of greater memory performance 

due to increased repetition of study presentation was confirmed, 

however floor effects were not observed in automatic memory 

performance with only one study presentation. 

General Discussion 

The two experiments reported here sought to identify two 

types of memory (recollective and automatic) in phonological 

association using healthy or non-memory-impaired subjects. This 

was done to validate the inference drawn from the amnesia 

literature that phonological association bas two components, one 

which is impaired in amnesiac subjects (a recollective component) 

and one which is intact (an automatic component). 

The experiments used Jacoby's Process Dissociation Procedure 

to identify seperate recollective and automatic memory 

components, with introductory psychology students serving as the 

non-memory impaired population, It was predicted that if 

phonological association occurred independently in recollective 



and automatic memory then it should be possible to obtain 

independent measures of phonological association in the two 

rnemory pxocesses. The experiments also manipulated encoding and 

retrieval conditions to provide converging evidence, using 

process dissociations, of the independence of the measures of 

recollective and automatic memory estimated by Jacoby's method. 

Given that the estimates of recollective and automatic 

memory are independent (but see Curran & Hintzman, 1995), some 

general statements can be made about dissociations found in the 

current experiments. The manipulation of attention affected only 

recollective memory, while the manipulation of modality affected 

only automatic memory, only in some conditions. Thus, while the 

data are consistent with separate recollective and automatic 

estimates of memory, the evidence of independence was incomplete 

in that a clear double-dissociation was not found. 

Effects from a prior presentation can occur at both the pair 

(word or phonological association) and item (word response) 

level. Although item effects are not of primary interest in this 

study, a brief summary is nonetheless provided following the 

discussion of pair effects. I will end with a discussion about 

how the present results generalize to phonological association in 

amnesiac patients. 

Pair Eff ects 



P a i r  e f f e c t s  ( r e q u i r e d  t o  i d e n t i f y  phonological  a s s o c i a t i o n  

i n  memory performance) were estirnated i n  both experiments by 

cornparing intact with r e p a i r e d  performance. In r e c o l l e c t i v e  

memory t h e r e  was c l e a r  evidence o f  phonological  a s s o c i a t i o n  with 

i n t a c t  be ing  g r e a t e r  t h a n  r epa i red  i n  a l 1  condi t ions .  There was 

an i n t e r a c t i o n  i n  Experiment I i n  which phonological  a s s o c i a t i o n  

i n  r e c o l l e c t i v e  memory w a s  g r e a t e r  wi th  f o c a l  than d i v i d e d  

a t t e n t i o n .  

I n  c o n t r a s t ,  t h e r e  w e r e  only a few condi t ions  where 

phonological  a s s o c i a t i o n  might have occur red  i n  au tomat ic  memory 

i f  a t  a l l .  I n  Experiment 1 t h e r e  was no evidence of phonological  

a s s o c i a t i o n  i n  automatic  memory performance. That i s ,  t h e r e  was 

no b e n e f i t  of i n t a c t  v e r s u s  r e p a i r e d  c o n t e x t  i n  e s t i m a t e s  of 

au tomat ic  memory, i n  e i t h e r  t h e  f o c a l  o r  divided a t t e n t i o n  group. 

However phonological  a s s o c i a t i o n  was observed i n  au tomat ic  memory 

i n  Experiment 2 f o r  same b u t  not  d i f f e r e n t  modality c o n d i t i o n s ,  

for both one and t h r e e  s tudy  r e p e t i t i o n  groups. That i s ,  

main ta in ing  t h e  same modal i ty  between s tudy  response word and 

t e s t  cue i n t e r a c t e d  w i t h  i n t a c t  v e r s u s  r epa i red  context i n  

automatic  memory. 

I t  i s  proposed t h a t  there may be some l imi t ed  c o n d i t i o n s ,  a s  

p rev ious ly  discussed i n  Experiment 2 ,  which produce phonological  

a s s o c i a t i o n  i n  automatic  memory. A l t e r n a t i v e l y ,  it may be t h a t  

t h e  autornatic memory r e s u l t s  of Experiment 2 a r e  no t  r e p l i c a b l e .  



Further research is needed to verify either or both patterns of 

results found in Experiments 1 and 2. If both experiments are 

replicable, then situational factors included in experiment 2's 

procedure must result in encoding strategies which produce 

phonological association in automatic memory. To test what these 

factors may ber future research should manipulate separately the 

factors that differed between experiments 1 and 2. That is, 

study duration and joint auditory/visual presentation of the 

study cue. 

The short study duration of cue words in Experiment 2 

required subjects to manipulate the study information in working 

memory before speaking the word pair aloud, while in Experiment 1 

the cue word was present until after the subjects had spoken the 

word pair aloud. That is, it may be that active manipulation of 

the cue and response word in a phonological based working memory 

buffer is necessary to produce phonological association in 

automatic memory. It may be that this concurrent processing in 

working memory present in Experiment 2 but not Experiment 1 

produces phonological association in automatic memory. 

The joint presentation of the study cue word in auditory and 

visual modality may have emphasized the phonological information 

encoded about the cue word in Experiment 2, whereas in Experiment 

1 the silent presentation may have not emphasized that 

information. That is, in order to produce phonological 



a s s o c i a t i o n  i n  au toma t i c  memory a n  e x p l i c i t  p r o c e s s i n g  of t h e  

rhyme m a y  be r equ i r ed ,  s imply  r e a d i n g  the word p a i r  may not  

p rov ide  s u f f i c i e n t  phono log i ca l  i n fo rma t ion ,  

Given t h a t  t h e  p a t t e r n  of r e s u l t s  i n  Experiments  1 and 2 a r e  

r e p l i c a b l e ,  t h e  moda l i t y  s p e c i f i c i t y  of  t h e  r e s u l t s  would a l s o  

have t e s t e d  u s i n g  a u d i t o r y  s t u d y  and test  cues ,  

v i s u a l .  Tha t  is,  does  any s a m e / d i f f e r e n t  n iodal i ty  manipula t ion  

produce t h e  i n t e r a c t i o n  between moda l i t y  and phono log i ca l  

a s s o c i a t i o n  observed i n  exper iment  2 ,  o r  i s  t h e  r e s u l t  due t o  t h e  

v i s u a l  cue modal i ty  as  used i n  Experiment 2? T o  tes t  t h i s ,  a 

f u t u r e  exper iment  c o u l d  r e p l i c a t e  t h e  modal i ty  c o n d i t i o n s  of  

Experiment 2 ( v i s u a l  cue -v i sua l  r esponse  and v i s u a l  cue-aud i to ry  

r e sponse )  adding two c o n d i t i o n s  ( a u d i t o r y  cue-aud i to ry  response  

and a u d i t o r y  cue -v i sua l  r e s p o n s e ) ,  whi le  manipu la t ing  s tudy  

c o n t e x t  ( i n t a c t  and r e p a i r e d ) .  I f  it i s  a  g e n e r a l  modal i ty  

s p e c i f i c  e f f e c t  o f  phono log i ca l  a s s o c i a t i o n  i n  au toma t i c  memory, 

then  t h e  same p a t t e r n  o f  i n t e r a c t i o n  should be  observed  wi th  

a u d i t o r y  as w e l l  a s  v i s u a l  tes t  cues. That i s ,  i n t a c t  be ing 

g r e a t e r  t h a n  r e p a i r e d  i n  t h e  same b u t  no t  d i f f e r e n t  modal i ty .  

I n  sumrnary, t h e  p r e s e n t  exper iments  d i d  no t  f i n d  robus t  

suppo r t  f o r  phonolog ica l  a s s o c i a t i o n  occu r r i ng  i n  automat ic  

memory. O v e r a l l  t h e  r e s u l t s  are more c o n s i s t e n t  w i t h  on ly  a 

s i n g l e  source of  phono log i ca l  a s s o c i a t i o n  ( r e c o l l e c t i v e  memory). 



But it may be that phonological association in automatic memory 

can occur in some limited and yet to be specified contexts. 

Item E f f e c t s  

Item effects were evaluated by comparing ncn-studied with 

repaired performance in Experiments I and 2. Item effects were 

obsesved in al1 automatic mernory conditions in both experiments, 

and most but not al1 conditions in recollective memory. Across 

experiments only one condition failed to be significantly greater 

than the non-studied (Experiment 1, divided attention repaired). 

Only a single dissociation was found in item effects. The 

manipulation of attention was found to affect recollective but 

not automatic item rnemory in Experiment 1. The manipulation of 

modality did not affect either recollective or automatic item 

memory in Experiment 2. Thus, weaker evidence of dissociation 

was found with item than pair effects. The implications of the 

present results for interpretations of phonological association 

in amnesiac populations are considered in the following section. 

Generalizability to Phonological Association in Amnesiac Patients 

Near normal memory effects in amnesiacs on some tests of 

memory in the face of severe or general memory impairments have 

often been taken as evidence of implicit memory (Cermak, 1993; 

Cohen, 1984; Graf & Schacter, 1985; Graf, Squire & Mandler, 

1984 ; McAndrews, Glis ky & Schacter, 1987; Hayman, Macdonald, & 



Tulving, 1993; Hirst, Johnson, Kim, Phelps, Risse, & Volpe, 

1986; Schacter, 1987; Squire, Shimamura, & Graf, 1985; 

Tulving, Schacter, & Stark, 1982; Warrington & Weis krantz, 

1982) . Warrington & Wieskrantz (1982) did not use the term 

implicit memory but found amnesiacs' memory performance in the 

phonological association task to be equivalent to that of control 

subjects, in contrast to significantly reduced memory performance 

in recall and recognition tasks. It might be inferred that 

arnnesiac performance in the phonological association task 

reflects phonologically-based associations supported by implicit 

(automatic) memory . The present results question this inf erence 

although they cannot rule out that automatic memory may support 

phonological association under some yet unspecified conditions. 

It is possible that phonological association (in automatic 

memory) occurs only in some situations. In Experiment 1 there 

was no evidence of phonological association in either of two 

groups. However, in automatic memory performance in Experiment 

2, phonological association occured in the same modality 

condition for both repetition (one and three) groups. Finding 

phonological association in one experiment but not the other may 

be a chance event but is not likely to be so, as the presence and 

absence of phonological association in automatic mernory was 

replicated by two groups in each case. It may be that the 

presence and absence of phonological association is due to 



situational factors which affect phonological processing at 

study. If phonological association in automatic (or implicit) 

rnemory is a rare (or non-existent) event, then what can be said 

about the evidence £rom the amnesiac subjects? 

It may be possible that there are situations where 

phonological association does occur in automatic memory because 

of processing factors which prornote rehearsal of phonological 

association in working memory. Thus, it is possible that the 

procedures used with amnesiac patients (Warrington & Weiskrantz, 

1982) created the appropriate conditions (as discussed 

previously) that can support phonological association in 

automatic memory. If the automatic memory results of Experiment 

2 are replicable, assessment of what processing factors may be 

involved is required to help confirm this suggestion. 

Alternatively, the memory effects observea with amnesiac 

performance may 5e largely due to item and not pair effects. If 

so, then there is no reason to assume phonological association is 

present in amnesiac performance. The reason for this comment is 

that unfortunately Warrington and Weiskrantz (1982) did not 

provide controls for identifying item effects (which the present 

results indicate were probably occuring), resulting in the 

inability to separate out item from pair effects in amnesiac 

subjects' performance. Evidence of phonological association in 

amnesiac populations has been reported by several researchers 



(Cutting, 1978; Maki, Bylsma, & Brandt, 2000; McLean & Hitch, 

1999; Nickels, Howard, & B e s t ,  1997 ; Warrington & Weiskrantz, 

1982; Winocur & Weiskrantz, 1976). Again, unfortunately these 

studies did not provide procedures that allow the isolation of 

item and pair effects within the phonological association task. 

The distinction between item and pair effects in amnesiac 

performance of rhyme-based memory tasks was not relevant to their 

investigations. However, considering present results, it would 

be useful to evaluate performance in amnesiac subjects using 

controls for item effects before concluding that phonological 

association is present in irnplicit or automatic memory. 

Another factor limiting generalization to the patient 

literature is the pcssibility that recollective and automatic 

memory as measured by Jacoby's method do not perfectly map ont0 

the pattern of retention and loss of memory performance in 

amnesia. This possibility would be difficult to assess as 

amnesiacs would find responding to some of Jacoby's test 

instructions (i , e., exclusion testing) problematic. Subject 

performance during exclusion testing relies on recall and 

recognition, in which by definition amnesiacs are deficient 

(Hayman et al., 1993; Schacter, 1987; Schacter & Tulving, 

1994). 

Finally, the fact that amnesiac subjects show some 

capability of phonological association may not be entirely due to 



implicit memory effects. Researchers have noted that density of 

amnesia is a continuum rather than a dichotomy, and that even 

selecting for criterion indicating severe amnesia does not 

neccessarily exclude recollective processes (Hirst et al., 1986) . 
Thus ,  there is the possibility that amnesiac subjects of mixed 

etiologies (Alcoholic Korsafoff's Syndrome, Encephalitis, and 

Head Injury) may have some residual recollective capabilities. 

S m a r y  

The purpose of the present research was to seek evidence of 

two types of memory (recollective and automatic) in phonological 

association when using normal (non-memory impaired) subjects. 

Finding two independent sources of phonological association would 

support an inference drawn from the amnesia literature that 

amnesiac memory performance in the phonological association task 

provides evidence of an implicit (or automatic) form of 

associative memory. It was predicted that non-memory impaired 

subjects would display separate automatic memory (similar to 

arnnesiac subjects) as well as recollective memory components of 

phonological association. However, the results provide poor 

support for phonological association in automatic memory although 

they do not totally exclude it. It is suggested evidence of 

phonological association in amnesiac populations may be 

contaminated by the presence of item effects and by the presence 



of some residual recollective memory ability. In conclusion, 

poor evidence of phonological association occuring in automatic 

memory was found in non-impaired populations. However there were 

a few conditions which require further experimentation before it 

can be concluded that phonological association does not occur in 

automatic (or implicit) mernory. 
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T a b l e  1 

Mean Proportions of Memory Performance under Exclusion and Inclusion 
Instructions for Both Focused and Divided Attention Across Four Rhyme 
Manipulations in Experiment 1. 

Rhyme Relation from 
Study to Test 

Testing 
Instructions Intact Broken Repaired New 

Exclusion 
Focused 

Divided 

Inclusion 
Focused 

Divided 

Attention - 2 2  ( - 0 4 )  

Attention - 2 6  ( . 0 3 )  

Attention - 6 2  (.03) 

Attention - 5 4  ( . 0 4 )  

. -. -. .--p. . -- . -- 

Note: Numbers in parenthesis are standard errors of the mean. 



Table 2 

Mean Proportions of Reco l l ec t ive  and Automatic Memory Performance for 
Both Focused and Divided At t en t ion  A c r o s s  Four Rhyme Manipulations i n  
Experiment 1. 

Element of Memory 

Rhyme R e l a t i o n  £rom 
Study t o  Test 

I n t a c t  Broken Repaired N e w  

Recol lec t ive  
FocusedAt ten t ion  - 4 0  (.OS) 

Divided A t t e n t i o n  . 2 8  (.OS) 

Automatic 
Focused A t t e n t i o n  3 5  ( . 0 4 )  

Divided A t t e n t i o n  - 3 5  ( . 0 3 )  

Note: Numbers i n  p a r e n t h e s i s  are s t anda rd  e r r o r s  of t h e  mean. 



Table 3 

Mean Proportions of Recollective and Automatic Memory (Corrected for 
Guessing) for Both Focused and Divided Attention Across Three Rhyme 
Manipulations in Experiment 1, 

Element of Mernory 

Rhyme Relation £rom 
Study to Test 

Intact Broken Repaired 

Recollective 
Focused Attention 

Divided Attention 

Automatic 
Focused Attention 

Divided Attention 

Note: Numbers in parenthesis are standard errors of the mean. 



Table 4 

Mean Proportions of Memory Performance under Exclusion and Inclusion 
Instructions for Both 1 and 3  Study Presentations Across Five Rhyme 
Presentation Manipulations in Experiment 2. 

Rhyme Relation from 
Study to Test 

Testing 
Instructions 

Visual Auditory 

Intact Repaired Intact Repaired New 

Exclusion 
I Presentation .31 ( .03)  . 25  ( .  04)  . 26  ( - 0 4 )  .28 ( .04)  - 1 8  ( . 02 )  

3 Presentations .25  ( . 04 )  .30 ( .  0 5 )  .24 ( - 0 4 )  .30 ( .03)  - 1 5  ( . 02 )  

Inclusion 
1 Presentation .50 ( .04 )  .33 ( .  03)  4 2  ( . 0 4 )  . 3 6  ( .04)  -15 ( . 03 )  

3 Presentations .73 ( . 0 4 )  .45 ( .  03)  .65  ( . 0 4 )  . 4 3  ( .04)  - 1 8  ( . 02 )  

- - .- . . - . 

Note: Numbers in parenthesis are standard errors of the mean. 



T a b l e  5 

Mean Proportions of Recollective 
Both 1 and 3 Study Presentations 
Manipulations in Experiment 2. 

and Automatic Memory Performance 
Across Five Rhyme Presentation 

for 

Rhyme Relation from 
Study to Test 

Element 
of 

Memory 

Visual A u d i t o r y  

Intact Repaired Intact Repaired New 

Recollective 
1 Presentation . 2 0  ( . 0 5 )  .O8 ( . 0 4 )  

3 Presentations .49 ( .  0 7 )  . 1 5  ( . 0 7 )  

Automatic 
1 Presentation . 38  ( .  0 3 )  - 2 5  (.O31 

3 Presentations .47 ( - 0 5 )  - 3 0  ( . 0 4 )  

Note: Numbers in parenthesis are standard errors of the mean. 



Table 6 

Mean Proportions of Recollective and Automatic Memory (Corrected for 
Guessing) for 1 and 3 Study Presentations Across Four Rhyme 
Presentation Manipulations in Experiment 2 .  

Element 
of 

Memory 

Rhyme Relation from 
Study to Test 

Auditory 

I n t a c t  Repaired Intact Repaired 

Recollective 
+ 1 Presentation -22 

3 Presentations -47 

Automatic 
1 Presentation -22 (-03) -08 (.03) 

3 Presentations - 3 2  ( - 0 5 )  -15 (.04) 

Note: Nurnbers in parenthesis are standard errors of the mean- 




