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ABsrRicr Automatic processes can operate to increase the accessibility of a particurar response
A series of experiments using the process dissociation procedure will be reported to show that
the effects of such accessibility bias are independent of those of more algonthmic (consciously
controlled) bases for responding. For example. habit originating from training in the experi.
mental setting can produce an accessibility bias whose effects aie independeni of recollection.
Habit serves to increase the probability of a particular response regardless of whether rt opposes
or acts in concert with the effects of recollection. the intended basis for responding.

The process dissociation procedurc combines results from opposition (interfcrence; ana rn
concert (facilitation) condiiions to separate the contributions of automatic md consciously con-
trolled processes. Use of the procedure is based on the assumption that automatic and controlled
processes are independenl bases for responding. This independence assumption can bc instantj-
ated in a model similar to a recent "counter model" advanced by Ratcliff u.d M.Koon (I992) to
provide an account of process dissociations that is more detailed, but consistent with, our orrgr-
nal model. We have developed a variant of the counter model that accounts for effects on both
speed and accuracy in Stroop tasks.

The central tenet of the 'New 
Look" movement in perception (e.g., tsruner

1957; creenwald tggz, along with accompanying commentaries) was that
perception is strongly influenced by expectancies, values, attitudes, and
needs- According to Bruner, perception involves an act of categorization,
and thus reflects differences in the accessibility of categories. The notion of
category accessibility has been popular in social psychology. For example,
researchers have suggested that particular trait and attifuJe categories are
more readily accessible for people who chronically process information with
reference to those categories (e.g., Bargh and pietrom onaco r9g2; Fazio
1986). Further, recent prior experience using a category is said to tempo-
rarily "prime" the category. making it more accessible for fufure use (e.g.,
Higgins, Rholes, and ]ones 7977; Srull and Wyer 1980).

just as perception relies on "construction" processes that reflect differences
in category accessibility, memory is said to rely on ,,reconstruction', 

(e.g.,
Bartlett 1932). Prior knowledge in the form of "schemas" or "scripts,,
(Schank and Abelson 7927) is held responsible for serectivity of 

"n.odingand for the guiding of remembering. As support for this view, expertise in a
domain can enhance memory performance for material from that domain.
High-knowledge subjects recall substantially more from narratives relevant
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to their domain of expertise and, particularly, more essential information, than
do low-knowledge subjects (e.g., Chiesi, Spil ich, and Voss 1979; Chase and
Simon tq73). While these results show facil i tative effects of category acces-

sibil i ty. errors in the form of memory distortions can also result from the
accessibil i ty of prior knowledge. Because of their reliance on scripts, people

sometimes report memory for "typical" actions that never actually happened

in the particular event experienced (e.g., Bower, Black, and Turner 1979).

How can one take into account the biasing effects of differences in acces-

s ib i l i ty  enjoyed by " typ ical"  events when measur ing percept ion or  memory?

It seems correct to refer to differences in accessibil i ty as producing biasing

effects. Recall errors produced by the acccssibil i ty of misleading prior

knowlcdgc can somet imes be e l iminated by s i ress ing accuracy (Gauld and

Stephenson 7967) or by manipulating instructions to encourage literal re-

production rather than reconstruction processes (Hasher and Griff in 1978)

We argue, however, that the bias effects produced by accessibil i ty are very

different from those produced by varying general wil l ingness to respond and

represented by simple criterion differences in unidimensional signal detection

models (see Goldsmith and Kor iat ,  chap.  13,  th is  volume, for  a drscussion

of bias effects produced by quantitative differences in the criterion for

responding). Rather than producing a quantitative difference in the criterion,

we argue that accessibll i ty bias reflects the impact of a different basis for

responding, whose effects can be independent of "true" memory or percep-

tion. The different bases for responding may even rely on anatomically

separatc memory systems (Schacter and Tulving 1994); indeed, we relate

automatic, biasing cffects of accessibil i ty to memory dissociations whose

discovery has generated so much interest over the last few years.

Among the most exciting developments in cognitive science has been the

rediscovery of issues related to consciousness and cognitive control of per-

formance. Dissociations between performance on direct and indirect tests

supply striking examples of effects of the past in the absence of remember-

ing. For example, although amnesiacs cannot remember the earlier Presen-
tation of a word when given a test of recognition memory or recall (a direct

test), they show evidence of memory by using the word more often as a

completion for a word stem or fragment (an indirect test) than they would

had the word not been earlier presented (for a review, see Moscovitch, Vrie-

zen, and Gottstein 1993). Dissociations between performance and awareness

are also shown by people with normal memory (Roediger and McDermott

1993).
Automatic processes responsible for performance on indirect tests serve

as a source of accessibil i ty bias in performance on direct tests of memory.

The problem of separating the contributions of automatic and controlled

processes is the same as that of "correcting" for biasing effects produced by

differences in accessibil i ty. Rather than identify Processes with tasks, as is

typrcally done when explaining dissociations between direct and indirect

tests, the goal of the process dissociation approach (e.g., Jacoby, Toth, and
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Yonelinas 1993) has been to separate the within-task contributions of cogni-
tively controlled and automatic forms of processing. Jacoby (e.g., I994) used
the process dissociation approach to measure recollection, a cognitively
controlled basis of responding, in a way that took automatic influences of
memory into account. He argued that automatic influences of memory serve
as a source of "educated guessing." Because of failure to distinguish between
recollection and automatic uses of memory, reliance on standard, direct tests
of memory can produce serious errors in conclusions that are drawn. Here
we further develop the process dissociation approach to provide a more
general accouni of effects of accessibil i ty bias.

First, we describe experiments done by Hay and Jacoby (1996) that used a
process dissociation procedure to separate components of cued-recall perfor-
mance. Results of those experiments show that making particular responses
"typical" by, prior training in the experimental seti ing produces effects of ac-
cessibil i ty bias that are the same as those which reflect individual differences
in category accessibil i ty, and which are used to argue that memory perfor-
mance reflects reconstruction. Habit and recollection sometimes act in oppo,
sit ion, dictating different responses, with the result that habit is responsible
for memory distortions. In other situations, habit and recollection act in con-
cert so that habit serves as a basis for correct responding rather than as a
source of errors. The process dissociation approach assumes that the habit
that serves as a source of educated guessing and facil i tates performance
when acting in concert with recollection is the same as the habit that serves
as a source of errors when acting in opposition to recollection. Hay and
Jacoby combined results from in-concert and opposition conditions to sepa-
rate the contributions of habii and recollection to cued-recall performance.

Next, we relate the effects of habit to those of "priming," and arguing that
both reflect a form of accessibil i ty bias, we show that the effects of priming
and habit in performing perceptual as well as memory tasks reflect differ-
ences in accessibility bias. Perceptual identification was among the first tasks
used to show the effects of implicit memory (e.g., facoby and Dallas 1981).
Ratcliff and McKoon (1997) have advanced a counter model to describe the
biasing effect of implicit memory for a prior presentation of a word on its
later perceptual identification. we reanalyze results from their experiments
to show that the biasing effect of prior study is consistent with the dissocia-
tion procedure and that the dissociation revealed by this procedure can be
well described by the counter model. We report a new experiment that
extends our process dissociation procedure to separate the contributions of
habit and perception in a perceptual identification task.

Finally, we use the process dissociation approach to analyze performance
in perhaps the quintessential experimental instantiations of an accessibil i ty
bias, Stroop tasks, which have been central to theorizing about inhibit ion
processes and interference. For example, elderly participants show greater
interference in Stroop performance than do younger participants, which
has been interpreted as evidence of age-related differences in inhibit ion. To
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accurately measure any differences in cognitive control however' one needs

a procedure to ,"pu'"t" the contributions of automatic and controlled pro-

cesses. Earlier 
"ppUt"it^' 

of the Process dissociation approach to perfor-

;;;." on s,.oop'r"sks (Lindsay and Jacoby 1994) dealt only with accuracv

of responding-a notable drawback because resPonse times have served as

the standard dependent variable in most Stroop studies and theorizing We

ou t l i neanewmode l , i nsomewayss im i l a r t oRa tc l i f f andMcKoon ,scoun te r
model, to account for differences in both acoracy and response times'

.16.7 MEASURING COGNITIVE CONTROL: BIASING EFFECTS OF

HABIT

Separating Recollection and Habit

In the last few years, a great deal of evidence has accumulated to show dis-

sociations between conlciou' recollection (explicit or declarative' memory)

and thee f fec t so f l ea rn ing ( imp l i c i t o rnondec la ra t i vememory ) tha tenab le '
automatic bases for resplnding (for a review' see Squire' Knowlton' and

Musen 1993). Dissociations b"t.-*""n these two types of memory have been

shown in the animal l i terature (e.g., Mishkin and Appenzeller 1987; squire

1992) and with umne'iac patients"(e'g' '-Mayes 1988; Squire 1987)' The two

forms of memory n"t'" U""tt -"u"-t'"d by performance on different tasks'

and identif ied with different anatomical structures' For example' Knowlton'

Squire, and Gluck ttis+l argued that p.robability learning' like habit' does

not require an intact ft'ppotuitpu'' und ihu' is preserved by amnesiacs' They

found tha tamnes iacs ,ho* " . . , i d "nceo fp robab i l i t y l ea rn ing ,bu tpe r fo rm
more poorly than people with normally-functioning memory' The poor per-

formance of amnesiacs was attributed to an inability to supplement their

preserved, more automatic form of memory (procedural memory) with re-

collective Processes (declarative memory)' which depend on an intact

hippocamPus.
The results reported by Hay and Jacoby (1996) suggest that the form of

memory measured ui,"i,*.i,ests and preserved in amnesiacs plays a role

in normal p".for *'.. on direct tests oi memory. Hay and Jacoby showed

t h a t h a b i t i n t h e f o r m _ o f p r o b a b i l i t y l e a m i n g s e r v e s a S a s o u r c e o [ b i a s i n
cued-recal lp"*o*"^ . " .Tounderstandtherat ionaleunder ly ingtheprocess
dissociation procedure used in their experiments' consider their example of

s e a r c h i n g y o u r h o m e f o r t h e k e y s t o y o u r c a r ' s u p p o s e t h a t t h e " t y p i c a l "
place you t""p yot" ktys is on a table near the front door of your home but

that you sometimes ;;;" t""t keys on the dresser in your bedroom' which

is wiat happened on this occasion. Given a failure of recollection, you are

likely to begi., yot'" search for your keys at their typical location' "Memory

slips" are errors of this sort that result when habit is not successfully

oppor"a by recollection' In contrast' when habit and recollection act in con-

cert. habit serves as a basis for correct responding rather than as a source of
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errors. As an example, finding keys in their typical location can reflect habit,

rather than o.,"', 
"bility 

to recollect having placed them there. The impact of

habit, both as a source of correct responding and as a source of errors, is de-

pendent on the strength of the habit.

The first phase of Hay and Jacoby's experiment (1996) used a training

procedure to create habits of a specific strength. Words were presented

paired with a fragment of a related word, and subiects were to predict how

ih"r" frug*"nts would be completed. One of two possible completions for

"uch 
frugment was shown and the probabil ity of the different completions

var ied.  ln  exper iment  1,  a b ias ing ef fect  of  habi t  was crcated for  some pai rs

by presenting a particular completion on 75oh of occasions during training'

Fo, e*umpl", 15 lut of 20 times when the stimulus word "knee" was shown.

it was paired with the resPonse "bend" (e'g., "knee-bend")' whereas for the

other 5 presentations of "knee," it was paired with "bone" (e'g ' "knee-

bone,,). For other, unbiased pairs in the l ist, the two completions were pre-

sented equally often (50/50 condition) but particular completions were

arbitrari ly designated as typical or atypical. Training in this first phasc was

meant to create habits akin to those produced by regularly leaving one's

keys in a particular location.

in the second phase, the memory tests were analogous to testing for

where the k"y, *"r" left on a particular occasion. short l ists of paired words

were presented for subiects to remember. Within each list, for some pairs,

the ri jht-hand member of the pair was the resPonse made habitual or iypical

in ph"ase 1 (e.g., "knee-bend"), whereas for other pairs' the right-hand

member of the pair was the response that was atypical in phase 1 (e'g'

,,knee-bone"). After each study l ist, the left-hand member of each pair was

presented along with a fragment that could be completed with either the

iypical or atypical response (e.g., "knee-b-n-"). Participants were asked to

complete the fragmeni by recalling the response that was paired with the

stimulus word in the short list they just studied, guessing if necessary. When

the studied resPonse was atypical, effects of habit were incongruent with

recollection, ur,J 
"r.on"o.,sly 

completing a fragment with the response made

typical by training in phase 1 corresponded to a memory slip-false recall

.eile.ting habit. In contrast, when the studied response was the resPonse

made typical by training, habit and recollection were congruent' and

."rpo.tding on the basis of habit established in phase 1 would produce a

correct response.

t h e p , o b " b i l i t y o f c o r r e c t r e c a l l i n p h a s e 2 f o r r e s p o n s e s m a d e t y p i c a l
(congruent) and atypical (incongruent) by earlier training is shown in table

16.1. For incongruent pairs, the numbers in parentheses are the probabil it ies

of falsely recalling the lypical resPonse, a memory slip' Again' the distinction

between typical and atypical responses is an artificial one for pairs whose

training was unbiased (5o150 condition)'

The results clearly show that habit established by prior training served

as a source of bias in cued-recall performance. First, note that making a
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Table 16.1 Probability

Training Condition

of Correct Recall on Congruent and Incongruent Pairs across Each

Train ing Condi t ion Congruent lncongruent

7slzs
solso a 1

.63 ( .37)

.72 ( .28)

Nolr: Numbers in parentheses are the probabilities of mistakenly responding with the item made

typical  dur ing t ra in ing on t r ia ls when an atypical  i tem was presented on the study l is t .

response typical by favoring it in prior training (75125 versus 50/50)

incieased the probabil ity of false recall by an amount (.37 - .28: .09) that

was approximately  the same as the increase in correct  recal l  ( .82 *  .7 I :

f f ), iuit as would be expected if habit produced by prior training served as

a source of bias. Second, looking at the probabil ity of correct responses, Per-

formance on congruent and incongruent pairs in the 75125 condition (.82

and .63, respectively) was symmetrical around the unbiased, 50150 condition

(.72, collapsing across the two types of pairs). Again, this is the pattern that

would be expected if the manipulation of habit produced a change in bias

Because there were functionally only two comPletions for each fragment

(e.g., "bone" and "bend"), any bias toward a particular completion produced

an effcct that was symmetrical, increasing correct resPonses on congruent

pairs by an amount that is the same as the decrease in correct responses on

incongruent patrs.

Estimating Automatic and Consciously Controlled Influences

For congruent pairs, participants can Sive the correct resPonse either by re-

collectinlg (R) the item presented in the study list or by relying on habit (H)

when recollection fails (1 - R). We assume that these two bases for respond-

ing act independently. Consequently, the probability of a correct resPonse

for congruent pairs, that is, the "typical" resPonse, is R + H(l - R)' In con-

trast, for incongruent pairs, responding with the item made typical by train-

ing is a "*"*ory sllp". If participants fail to recollect the item presented

in the study list (1 - R), a memory slip will occur with a probability that

reflects habit (H). The probability of a memory slip for incongruent pairs is

H(I - R). Using these two equations, we can compute estimates of habit and

recollection. Subtracting the probability of a memory slip for incongruent

pairs from the probability of a correct resPonse on congruent pairs provides

an estimate of recollection: R : Correct I Congruent - Incorrect I Incon-

gruent. Given an estimate of recollection, an estimate of habit can be com-

puted by simple algebra, dlvlding the probabil ity of a memory slip for

incongr,.rent puirs by the estimated probabil ity of a failure in recollection:

H : l n c o r r e c t  l l n c o n g r u e n t i  ( 1  - R ) .

When these estimates were calculated from the data in table 16.1, it was

found that the probabil ity of recollection was approximately the same in the
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75125 and 50/50 training conditions (.45 versus.43). In contrast, the prob-

ability of giving the typical response because of habit was much higher in

the 75125 than in the 50/50 training condition (.67 versus .48). As further

documented in additional experiments and discussed by Hay and Jacoby
(1996), estimates of habit reflect prior training by showing probabil ity

matching. That is, the value of the parameter H approximates the presenta-

tion probabil ity in training of "typical" responses. This correspondence is

less impressive for the 75% typical resPonses because of regression toward

the mean, which is commonly found in studies of probabil ity learning.

Varying training produced a process dissociation by influencing estimated

habit but leaving the probabil ity of recollection relatively invariant. In con-

trast, Hay and Jacoby (1996) showed that factors traditionally associated

with cognitive control produced an opposite process dissociation. For exam-

ple, requiring fast responding at the time of test reduced recollection but left

the contribution of habit unchanged. These dissociations provide support for

the assumption that habit and recollection serve as independent bases for

responding. Equivalently, habit serves as a source of bias that must be taken

into account when measuring recollection.

Process Dissociation: Converging Effects of Habit and of Priming

In the exper iments descr ibcd abovc,  in-concert  and opposi t ion condi t ions

were created by manipulating congruency with prior training so as to ex-

amine effects of habit. In contrast, most experiments using the process disso-

ciation procedure have created those conditions by manipulating instructions

at the time of test, and have examined priming produced by a single prior

presentation of an item (e.g., Jacoby, Toth, and Yonelinas 1993). For an in-

clusion test, participants are told to report remembered items (in-concert

condition) whereas for an exclusion test (opposition condition), remembered

items are to be withheld. The two ways of implementing the process disso-

ciation procedure produce parallel results. Using the inclusion/exclusion pro-

cedure, we have also manipulated factors traditionally treated as important

for cognitive control and found dissociations. For example, dividing atten-

tion at study reduces recollection but leaves automatic influences invariant,

as do the effects of aging (for a review, see facoby, Jennings, and Hay 1996)'

Habit and priming both produce their effects by serving as a source of acces-

sibil i ty bias.
Our process dissociation approach has been controversial in part because

of the particular procedures used to implement the approach. Hay and

Jacoby (1996) describe the advantages of creating in-concert and opposition

conditions by manipulating congruity with prior training rather than by

manipulating instructions. For example, some crit ics of the inclusion/exclu-

sion procedure claim that participants have difficulty understanding exclu-

sion instructions (e.g., Graf and Komatsu 1994; but see also Toth, Reingold,

and Jacoby 1995). The necessity for such instructions is avoided when
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conditions are created by manipulating congruity with training. Different

versions of the process dissociation procedure have yielded similar results,

providing support of the independence assumption, which is its most con-

troversial assumption (e.g., see Curran and Hintzman 7995, forthcoming,

along with the rebuttal by Jacoby, Begg, and Shrout (1'997) and Jacoby and

shrout (1gg7D. Jacoby, Yonelinas, and Jennings (1997) describe alternative

assumptions about the relation between automatic influences of memory and

rccollection, and review results supporting the independence assumption.

As these results show, implicit learning and implicit memory-the type

of memory preserved in amnesiacs-can bias cued-recall performance. We

found that using the process dissociation procedure to separate the within-

task contributions of habit and recollection, rather than probabil ity learning

as a task (e.g., Knowlton, Squire, and Gluck 7994), provides advantages over

identifying processes with tasks, as has typically been done when relating

different forms of memory to different anatomical structures (Hay and Jacoby

1996). Equally important, to accurately measure recollection, it is necessary

to take into account differences in accessibil i ty that reflect habit or implicit

memory and that  serve as a sourcc of  b ias.

^1.6.2 SEPARATING PERCEPTION AND MEMORY

Perceptual identif ication has been one of the most influential indirect iests

used to show memory dissociations. For example, Jacoby and Dallas (1981)

found that reading a word in the experimental setting enhanced its percep-

tual identification when the word was later briefly flashed, and that this effect

on perception did not depend on recognition memory for the word. This

priming effect of prior study on perception has been important for claims of

the existence of a perceptual representational system (Schacter and Tulving

1994) separate from the episodic memory system held responsible for recoS-

nition memory performance.

on the other hand, Ratcliff and McKoon (1995), along with others (Hum'

phreys, Bain, and Pike 1989), have been critical of proposals of multiple

memory systems, arguing that priming should be understood in the context

of existing information-processing models, rather than attributed to a sepa-

rate memory system. Ratcliff and McKoon have used a variety of procedures

to show that priming is produced by a bias effect (McKoon and Ratcliff

1995; Ratcliff. Allbritton, and McKoon 7997; Ratcliff and McKoon 7995,

7996,1997; Ratcliff, McKoon, and Verwoerd 1989). Here we briefly describe

recent experiments done by Ratcliff and McKoon (7997), casting the experi-

ments in the same terminology used by Hay and Jacoby (1996), and reanalyze

the results to show convergence with results from our process dissociation

procedure. We do so to emphasize the similarity of their work to our own,

despite the fact that Ratcliff and McKoon have been crit ical of the process

dis;ociation approach (Ratcliff, Van Zandt, and McKoon 1995). We follow

the reanalysis of their experiments with a brief discussion of the "counter

lacobv, McElree, and Trainham



model" they propose to.exprain the biasing effects of priming in a perceptuar
task. The counter model can be extendedlo cover data that show a doubre
dissociation when analyzed with the process dissociation procedure. Cru-
cially, to account for double dissociations, the counter modei needs to posit
separate effects on two distinct parameters in the model analogous to the
two separate processes posturated by the process dissociation upJ.ou.h.

Biased Perceptual Word Identif ication

Experiment 3, reported by Ratcriff and McKoon (r9g7), is one of a series of
expcriments done to show that priming reflects a bias effect. In that experi-
ment, each of several short study l ists of words was foilowed by a series
of perceptual-identif ication tests. The relation between studiel and tested
words was varied such that for a "congruent" condition, words frashed for
the perceptual identif ication test were the same as those which were earlier
studied (e.g., studied-"dred,,; f lashed_,,died,,) whereas for an ,, incongru_
ent" condition. studied words differed from tested words in only a few
letters (e.g., studied-"l ied"; f lashed-"dted"). The test l ist also contained"new" words that were dissimilar to studied words, and whose perceptual
identif ication served as a baseline against which performance on .ong-unt
and incongruent test items was measured. Each flashed word was followed
by a forced-choice test of perceptual identif ication (e.g., .,died,, 

l,, l ied,,).Participants were asked to select the word that was flusheJ. The flash dura-
tion of tested words was varied (r5,25,35, and 45 msec) so as to examlne
any interaction between biasing effects of memory and the amount of per-
ceptual information provided by the test.

The probability of correct identification is shown in table 16.2 for each of
the three types of test item at each flash duration. The numbers in parenthe_
ses for incongruent test items are the probabil it ies of mistakenly selecting a
studied item-an error analogous to a memory slip produced by habit in the
experiments by Hay and Jacoby (r"996). prior study increased both correct

Table 16.2 Probability of Conect Forced-choice ldentification on congruent, Incongruent.
and New Pairs for Each Flash Duration, with Estimated Contribution of perception and Memory
to Perceptual ldentification performance in Ratcliff and McKoon (f 997), Experiment 3

Flash

Duration

(msec)

Process Dissociation

Estimates

Congruenl Incongruent New Perception Memory

l 5

/)
3 5
A <

.620

.750

.833

.883

.444 (.ss6l

.s4s (.4s5]-
678 ( .322)

778 ( .222)

544

.660

.756

.831

.064

.295

. J l l

.667

.594

.645

.658

.655

Nofe: Numbers tn parentheses are probabilities of mistakenly selecting the studied item on trials
when a different, albeit visually similar. word was flashed.
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perception for congruent test items and false perception for incongruent
tests items. Identification performance for congruent and incongruent test
items was strikingly symmetrical around the baseline provided by new test
words, facil i tative effects of prior study shown by congruent test words
were nearly identical to the interfering effects shown by incongruent test
words This pattern of results would be expected if prior study produced
a bias effect on performance that was independent of "true" perception. In
contrast, increasing flash duration produced an increase in correct perception
for congruent test words and a dccrease in incorrect percepiion (false alarms)
for incongruent words. Flash duration had its effect through an influence on
pcrception rather than by producing a bias effect.

Estimating Contributions of Perception and Memory

Effects of memory and effects of perception act in concert for identi6cation
of congruent test words. According to the process dissociation analysis, par-
ticipants can select the correct response for a congruent test word either by
perception of the test item when it is f lashed (P) or by relying on implicit
memory produced by prior study (M) when perception fails (1 - P). Assum-
ing that these two bases for responding act independently, the probabil ity of
correct  ident i f icat ion for  congruent  test  i tems is  P+ M(1 P) .  In  corr t rast .
effects of memory and effects of perception act in opposition for identif ica-
tion of incongruent test words. For incongruent words, if participants fail to
perceive the flashed word (1 - P), they wil l mistakenly respond by selecting
the earlier-studied word with a probabil ity that reflects memory (M). That
is, the probabil ity of a false alarm for incongruent words is M(l - P). Using
these equations along with results in table 16.2, we computed the estimated
contributions of memory and perception for each flash duration (far right
columns in table 16.2). The results clearly show a process dissociation.
Increasing flash duration increased the probabil ity of perception (P) but left
the contribution of implicit memory (M) almost perfectly invariant

If perception and impliclt memory serve as independent bases for percep-
tual identification performance, it should be possible to produce an opposite
process dissociation by manipulating a factor that selectively influences the
contribution of memory, leaving the probabil ity of perception unchanged.
Results reported by Ratcliff and McKoon (1997) also show a process disso-
ciation of this sort. In Ratcliff and McKoon's experiment 6, test words were
flashed for 35 msec and the test of perceptual identif ication immediately fol-
lowed presentation of the study l ist. The procedure was the same in their
experiment 7, except that a delay of thirty minutes intervened between pre-
sentation of the study l ist and the perceptual identif ication test. For that test,
words were flashed for either 10 or 35 msec. Results from those two experi-
ments along with estimates of P and M are presented in table 16.3.

Results in table 16.3 show a double dissociation. Replicating results shown
in table 16.2, manipulating flash duration in experiment 7 influenced P but
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Table 16.3 Probability of Correct Forced-Choice Identification on Congruent. Incongruent,
and New Pairs, with Estimates o[ Perception and Memory for Each Flash Duration in Ratcliff and
McKoon 1997, Experiments 6 and 7

Duration
(msec)

Estimates

Congruent Incongruent New Perception Memory

35 .

10 "

3 5 D

. 8 1

.55

.77

.74

.50

.76

.48

.oz

. 50

.63 -5

. 5 4 1

.540

67 ( .33)

47  ( .s3)

73 (.27)

Nofe: Numbers in parentheses are probabilities of mistakenly selecting the studied itcm on trials
when a different, albeit visuallv similar. word was flashed.
a. Experiment 6.

b. Experiment 7.

left M unchanged. In contrast, imposing a delay between study and test
would be expected to influence the contribution of implicit memory but have
no effect on perception of the flashed word. comparing across results from
experiment 6 and experiment 7, the probabil ity of perception (p) for words
flashed for 35 msec was found to be the same whether the test of perceptual
identif ication was immediate or delayed, although the contribution of implicit
memory (M) was smaller for the delayed than for the immediate test.

Ratcliff-McKoon Counter Model

To account for the effects of priming on perceptual identification, Ratcliff and
McKoon (7997) advanced a more sophisticated decision model than our
process dissociation procedure- Indeed, there are profound differences be-
tween the two approaches. The Ratcliff-McKoon counter model provides a
detailed decision model cast in a traditional information-processing frame-
work with precise quantitative fittlng of parametric data sets, whereas the
process dissociation procedure estimates the relative contributions of com-
ponent processes to particular tasks without providing a fully developed
computational model. Our purpose here is merely to point out that dis-
sociations revealed by the process dissociation procedure are likely to isolate
the contributions of component processes that, in turn, require separate
parametric treatment in more fully developed computational models. After
briefly describing the counter model, we discuss the relation between param-
eters in the counter model and those in the process dissociation equations,
arguing that the two approaches are compatible, although cast at different
levels of analysis.

The counter model assumes separate decision counters for possible words
serving as responses in various perceptual identification tasks (forced-choice,
yes/no, and naming tasks). Over time, the decision mechanism allocates
evidence, counts, or features, to these counters unti l a decision criterion is
met and a response made. The key feature of the model used to account for
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priming effects is the assumption that prior exposure causes counters to "at-

i.u.t" o. "steal" nondiagnostic counts or features. This attractor mechanism

serves to implement a bias effect. Prior exPosure of a flashed word will cause

the counter ior that word to steal counts from other orthographically similar

counters in the response set, thereby producing facil i tation. In contrast, prior

exposure of an orthographically similar word wil l cause the counter for that

*o.d to steal counts away from the counter for the flashed word, thereby

producing inier[erence.

For expository purposes, we wil l restrict our discussion to the counter

model's treatment of forced-choice perceptual identif ication, such as de-

scribed above. The decision model accumulates evidence unti l one counter

obtains K criterial counts more than any other resPonse counter. The model

assumes that there are two essential types of features that serve as evidence

for any counter, namely a diagnostic count, such as a count for the feaiure

"d" when the word "died" is presented with the distractor "l ied"' and non-

diagnostic counts, which include other nondiagnostic perceptual features

1"r, '; "e," and "d") as well as nonPerceptual "null" features' The probabil lty

that a count is accumulated into a target word's counter is P * B(1 - P),

where P represents the probabil ity that a count is a diagnostic one and B is

the bias paium"ter. The bias parameter B captures the impact of prior expo-

sure. Without prior exposure, the value of B is set to 0.5. Prior exposure sets

the parameter B to a valuc greater than 0.5 (0.5 1 in the "modcl f its" prc

sented in Ratcliff and McKoon 1997).

Ratcliff and McKoon's model accommodates differing flash durations

solely by varying the P parameter of the model, consistent with the notion

that as the target word's flash duration increases, more percePtual features

are available to provide evidence for the decision Process. This aspect of the

model is wholly consistent with the more macroscopic estimates derived

from the process dissociation procedure. As discussed previously, the effect

of i..r.r"uri.rg flash duration is to increase the estimated impact of perception

(p) in the fro."r, dissociation equation, while leaving unaffected the esti-

mated contribution of implicit memory (M) (see table 16'2)'

Are there manipulations that affect the bias Par;uneter (B) but leave the

perceptual parameter (P) unaffected? The Process dissociation analysis pre-

sented in table 16.3 shows that increasing the delay between initial study

and perceptual identification from 0 to 30 minutes affected the estimated

contribution of implicit memory (M), leaving perception (P) unaffected.

Ratcliff and McKoo n (1997) did not explicitly report fits of the subset of

their data reproduced in table 16.3, but our simulations of their model show

that variations in the P parameter cannot adequately fit this type of pattern'

The baseline conditions fo, un unstudied item are roughly equivalent (.74for

an immediate test and .76 for a 3o-minute-delayed test). If one varies P to

capture the large differences between the congruent and incongruent tests

across the two conditions, the model wil l systematically fail to fit the

baseline conditions by introducing artif icially large differences favoring the
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immediate-test condition. In contrast, varying the bias parameter (B) from

0.504 to 0.51 (hold ing constant  K:10 and P:  O.5ZS) produced an exceP-

tionally good fit to the data. The bias parameter (B) in the counter model

reflects the effect of prior exposure, and variations in this parameter are con-

sistent with the differences revealed by process dissociation.

The careful reader wil l have noted the similarity between the equation

used by the process dissociation approach to describe the contributions

of perception and memory to perceptual identif ication performance and the

equation used in the counter model to describe contributions of perception

and bias-the "M" in the process dissociation equation for the congruent

condition is replaced by a"B" in the counier model. However, the equation

in the counter model refers to a microlevel mechanism, describing how, in

a single unit of t ime, a response counter acquires a count. In contrast, the

process dissociation equation refers to the macrolevel contribution of dif-

ferent processes. The counter modei recursively applies the equation unti l a

response is emitted, and the process dissociation procedure applies the equa-

tion once to estimate the contributions of processes on the final response.

Both models are predicated on the assumption that perception and implicit

memory (bias) make independent contributions to the response or the accu-

mulation of evidence for the response.

We have done simulations to show that the two models generally agree.

Just as described above, conclusions based on a counter model agree with

those from the process dissociation approach over a relatively broad range

of parameter values.l It is not goodness of f it, but rather the interpretation

of parameters that is at issue. For us, Ratcliff and McKoon's "bias" is the

contribution of automatic influences of memory (implicit memory), and can

be manipulated in the same ways that we have used to produce process

dissociations.

Biasing Effect of Habit on Perceptual Identification

Results reported by Ratcliff and McKoon (7997) show that implicit memory

produced by a single prior presentation of a word can have a biasing effect

on perceptual identification performance. Does habit have a similar effect? To

answer this question, we did an experiment similar to those done by Hay

and Jacoby (7996) but replaced the test of memory with tests of perceptual

identification.
The training phase (phase 1) of our experiment was essentially the sarne as

that of Hay and Jacoby. during which a word was paired with a fragment

(e.g., "knee b-n-"), and participants guessed how the fragment would be

completed. On 213 of the trials the pair was then shown with the fragment

completed with the typical word ("knee bend") whereas for the other 1/3 of

the trials, the fragment was completed with the atypical word ("knee bone").

In phase z of the experiment, perceptual identif ication was tested by

briefly f lashing a word and then presenting a word paired with a fragment of
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40

Table 16.4 Probability of Correct Fragment Completion on Congruent and Incongruent Pairs

along with Estimates of Perception and Habit

Estimates

Duration (msec) Congruent lncongruent Perception Habtt

60 .40 (.60)

A q  I  1 5 )

60

6Z

Nofes, Numbers in parentheses are probabilities of mistakenly responding with the typical word

on t r ia ls when an atypical  word was f lashed.

the flashed word (e.g., f lashed-"bone;" tested-"knee b-n-"). Participants

were instructed to complete the fragment with the word that was flashed,

and, if necessary, were to guess, so that all fragments were completed. This

corresponds to a forced-choice test procedure because Participants almost

perfectly restricted their responses to words that were presented during

training in phase 1 (e.g., "bone" and "bend"). For a congruent condition, thc

flashed word was ihe word made typical by training in phase 1, whereas for

an incongruent condition, the flashed word was the atypical completion in

phase 1. Flashed words were preceded and followed by a visual mask, and

tlre flash duration of the words was varied (20 or 40 msec). The short dura'

t ion was selected to be so brief as to make perception near zero.

Table 16.4 shows the probabil ity of correct perception for congruent and

incongruent test words at each of the two flash durations. The numbers in

parentheses for incongruent test words are the probabil it ies of a false alarm,

that is, reporting the "typical" completion word when it was the "atypical"

word that was flashed. Estimates of the contributions of perception (P) and

habit (H) are shown in the rightmost columns of table 16.4. Those estimates

were computed in the same way as earlier described for computing estimates

of perception and implicit memory.

Results showed that the duration of the short f lash was so brief that per-

ception was near zero. The probability of correct perception for congruent

test words was nearly identical to the probability of a false alarm for incon-

gruent test words. Consequently, it can be concluded that perforrnance at

the short-flash duration serves as a relatively pure measure of the bias effect

produced by training in phase 1. Because of that bias, the probabil ity of

completing a fragment with a "typical" word was above .5. The estimated

probabil ity of perception was much higher at the long-flash duration. How-

ever, increasing the flash duration left the bias effect of habit largely

unchanged, producing a process dissociation. iust as found by Hay and

Jacoby (7996), the probabil ity of giving a typical word as a resPonse on the

basis of habit roughly matched the probabil ity in training of completing

fragments with typical words (.61 versus .67).

Habit increases accessibil i ty and serves as a source of bias in perceptual

tasks, iust as it does in memory tasks. Results were described using the pro-

. 01
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cess dissociation approach to highlight the parallel with memory results

reported by Hay and facoby (1996), although both the memory and percep-

tion results could as well be described in the context of the counter model by

saying that bias reflecting habit has its effect through the stealing or attrac-

tion of counts. An advantage of the counter model is that it can be extended

to account for differences in response times as well as accuracy' In the next

section, we exploit this advantage to develop a model of performance rn

Stroop tasks.

16.3 MEASURING COGNITIVE CONTROL IN STROOP TASKS

Results of the experiments described above showed that rather minimal

training produces effects of accessibil i ty bias in performance on perceptual

tasks. We now turn to a case for which training outside the laboratory has

been extensive. In particular, we use the process dissociation approach to

separate the contributions of automatic and controlled processes to the per-

formance of a stroop task. In the classic Stroop (1935) task, participants are

asked to name the color in which words are printed (for review, see

Macleod 1991). Performance on this task is influenced by automatic, word-

reading processes as well as by intended, color-naming processes- Color

n" i.,t ir Uotn faster and more accurate when the word is congruent with

the color name (e.g., "BLUE" printed in blue ink) than when it is not (e.g.,
,,YELLOW" printed in blue ink). The effects of congruency are measured

relative to a baseline "neutral" condition (e.8., a noncolor word or nonword

stimulus printed in blue ink). We suggest that word reading in a Stroop task

is a forrn of accessibil i ty bias that functions l ike the biasing effects of habit

and priming.

Stroop tasks have been particularly important for theorizing about inhibi-

tory processes. For example, it has been argued that elderly participants

show larger interference effects in Stroop tasks than do younger participants,

and that this is indicative of age-related decrements in inhibitory Processes

(e.g., Dempster 1990; Hasher and Zacks 1988)' However' when defined as

the diffe.ence in performance between an incongruent condition and some

"neutral" condition, the assessment of inhibition is problematic. There has

long been debate about what kind of neutral items should be used (see

vacLeod 1991), but Lindsay and )acoby (7994) noted a more fundamental

problem. Even given a perfect neutral condition, if word reading and color

naming are independent processes, the influence of word-reading Processes

.".,r,oib" measured by simply subtracting performance in the neutral condi-

tion from that in the congruent or incongruent condition'

Lindsay and Jacoby analyzed stroop performance using a process dissocia-

tion procedure based on the assumption that word-reading and color-naming

p.o."rr", make independent contributions to performance. To do so,

ih"y ,rs"d a response deadline and scored performance in terms of accuracy

rather than latency of color naming. Results of their experiments revealed
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process dissociations. A manipulation of color brightness influenced the pa-
rameter representing the influence of color processing (C) but left unchanged

the parameter representing the influence of word processing (W) A manipu-

lation of the proportion of congruent and incongruent items produced an
opposite dissociation, influencing W while leaving C invariant. The higher

the proportion of incongruent trials, the less the contribution of automatic,

word-reading processes (e.g., Logan 1980; Lowe and Mitterer 1982;Tzelgov,

Henik, and Leiser 1990).
In an experiment designed to explore proportion-congruent effects on

both accuracy and latency of naming resPonses, we required participants to

produce their color-naming response prior to a short deadline. The levels of

accuracy in that condition were such that we were able to use a process dis-

sociation procedure to separate the influences of automatic and controlled

processes (Lindsay and Jacoby I994).In the following subsection, we report

the effects on accuracy and latency; then we describe the process dissociation

procedure and show that manipulating proportion congruent selectively

influenced the contribution of automatic, word-reading Processes, leaving

the contribution of intended, color-naming processes unchanged. The equa-

tions used to analyze Stroop performance are different, but the rationale

for the process dissociation procedure is the same as described above for

memory and perceptual identif ication tasks. We then extend the process dis-

sociation approach to develop a new model, in some way similar to the

counter model, that accounts for both speed and accuracy effects in perfor-

mance of Stroop tasks.

Item-Specific, Proportion-Congruent Manipulation

In one condition, Stroop task performance was mei.sured in terms of accu-

racy within a response deadline of sso msec whereas in the other condition,

performance was measured in terms of response latency without a resPonse

deadline. For both conditions, the Stroop stimuli were the words 
't'lue."

"yellow," "green," and "white," and strings of percentage signs ("o/oo/oo/oo/o" or
"o/"o/"o/"o/"o/;'). On each trial, one of these stimuli was presented in one of the

four colors in the center of a light gray computer screen. Participants were

instructed to name each Stroop item into a microphone connected to a votce

k"y.
Proportion congruency was manipulated in an item-specific way by

making two binary pairs of the four colors (e.g., 'tlue-yellow" and "white-

green"). For congruent trials, the color name matched the color of the Stroop

stimulus (e.g., "BLUE" in blue letters). For incongruent trials, the word was

the other member of the binary pair (e.g., 'YELLOW" in blue letters). For

one binary pair (e.g., 'tlue" and "yellow"), trials were congruent 80% of the

time, whereas for the other binary pair (e.g., "white" and "green"), trials were

congruent 2Oo/o of the time. The overall proportion of congruent trials was

5Oo/o at the l istwide level.

Jacoby, McElree, and Trainhanr



Table 16.5 Empirical and simulated Results of ltem-specific, Proportion-congruent Experi-

ments

Deadlined, ltem-Specific, Proportion-Congruent Stroop Results

Estimates

Proportion

Congruent Congruent Neutral Incongruent

Color

Naming

Word
Reading

8090 .88 ( 86) .o8 ( 69) . J3  ( . 31 )

200/o .79 (.78\ 70 (.6e) .48 (.so)

Response L-atency, ltem-Specific, Proportion-Congruent Stroop Results (msec)

Proportion Congruent Congruent Neutral

.7 3 ( .69)

.70 ( .69\

.5s ( .5s)

. 31  (  28 )

Incongruent

80%

20%

s97 (sgs)

637 (622r.

Nofe, Numbers in parentheses are the simulated results generated by the Stroop counter model.

Results (see table 16.5) show that increasing the proportion congruency

for specific items in the Stroop task increased interference on inconSruent

trials, and increased facil i tation on congruent trials. That is, the pattern of

results is the same as found when the manipulation was ProPortion-
congruent between particiPants (e.g., Lindsay and Jacoby 1994). However,

unlike the manipulation between ParticiPants, the item-specrfc, proportion-

congruent manipulation does not allow the strategic, Seneral (l istwide) inhi-

bit ion of word reading to adjust to the low-proPortion-congruent condition.

Such a finding provides evidence that peripheral mechanisms cannot be the

sole source of proportion congruency effects in the Stroop task.

If both facilitation and interference are the result of the independent

influences of word-reading and color-naming Processes, and a proportion-

congruent manipulation affects only one of these Processes, then use of

process dissociation equations should reveal invariance in the estimate of the

other process. The process dissociation procedure assumes that both word-

reading and color-naming processes Provide independent bases for re-

sponding to Stroop test items. When presented with a congruent stimulus,

participants make the correct response within the response deadiine based on

the influence of word-reading processes (W) plus the influence of color-

naming processes (C) multiplled by the complement of the influence of the

word-reading processes (1 - W). This is to say that on congruent trials, the

response is based on the influence of color-naming processes to the extent

that word-reading processes do not influence the response. Because it is

assumed that these two processes contribute independently, the probability

that the participant will name the color of a congruent item within the re-

sponse deadline is W * C(1 - W). On incongruent trials, however, partici-

pants make the correct response only based on the influence of color-naming

processes multiplied by the complement of the influence of word-reading

processes. Correct responses on incongruent trials are based on the influence of

634 \64s)

6ss (646)

747 (74Or,

688 (690)
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color-naming processes to the extent that word-reading processes do notinfluence the response, and can therefore be expressed 
"1 

L1i - w). Usino
performance on congruent and incongruent triars, we can compute;:t#":
of the contributions of coror .a-r.g and word reading. srlbtracting theprobabil ity of a correct response for incongruent trials from the probabirity
of a correct response on congruent triars provides an estimate of the infru-ence of  word reading:  W: Correct  jCongruent  _ Correct  j lncongruent .
civen an estimate of word reading, an cstimate of coror naming can be com-puted by simple algebra, dividrng the probabirity of a .or.".to."rponse forrncongruent trials by the complement of the estimate of word reading: c :
correct  l lncongruent l '  -  w)  By appry ing these process d issociat ron equa-tions io resulis from the deadrrne condition, we can estimaie the influences ofword reading and color naming for both mostry congruent and mostry in-con5;ruent items (rightmost columns in table 16.5).

Increasing proportion congruency at an item-specific lcvel increases theestimated influence of word reading (w) but does not have an effect on thcestimated influence of color naming (c). These findings on." ugu,n supportthe hypothesis that word reading und .oro, naming serve as independent
bases for responding in thc Stroop task.

Counter Model for Stroop Tasks

Here we propose a counter model to account for response deadrine and re-sponse time data from the stroop task. The counter moder is constructed in amanner consistent with the process dissociation anarysis of the stroop task.Specifically, we assume that two independent processes-namely, a word-reading (w) process and coror-naming (c) process-provide evidence thatis accumulated in response counters corresponding io possible responses
in the Stroop task (e.g., , 'yellow," "green,',,,bIue,,, etc.). As with the Ratcliff
and McKoon model (rg97). evidence accumurates in the counters unti l onecounter receives K criteriar counts more than any other response counter.

The modeling of response deadline and response time data, unrike that ofacoracy data, requires an expricit treatment of th" dyn"*i.r'oif.o."rring.
we assume that the evidence provided to the counters from the coror-
naming (c) process takes the form of a cumurative gamma function,

c(r) :, ff -r,f '  r-0,'y'-, 4,.( a  -  l ) ! j o '  
'  4 ' '  ( r c J )

This function assumes that the color-naming process is composed of a num_
b3r of clmegnent stages or processes (a), eacfr of which is exponentiaily (and
identically)distributed with_rate (/). rhe gamma function simprf implements
the notion that evidence from the colol_naming process begins to grow
monotonically over processing time (r). It is important to note that nothing
crucially hinges on our choice of this particular function-our simulations
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show that a number of monotonically rising functions could fit the pattern of

data equally well.

one could also assume that the word-reading process is similarly modeled

by a cumulative gamma function. However, we believe that doing so would

miss a key difference between the respective ways the two types of processes

operate in the Stroop task. Unlike the color-naming process, the output of

the word-reading process must be ultimately fi l tered or suPPressed by an

attentional/control mechanism. Consistent with standard interpretations of

the Stroop task, we assume that the onset of a word stimulus automatically

triggers word-reading operations. With respect to the decision mechanism,

howevcr, the output of the word-reading process is subsequently attenuated

by a control mechanism thai serves to shift attention away from the word-

reading process to the color-naming process. The net effect of this control

mechanism is to produce a nonmonotonic input function, in which evidence

from the word-reading,(W) process grows over time to some peak value and

then begins to diminish.

Sperling and colleagues (Reeves and Sperling 1986; Sperling and Weich-

selgartner 1995; Weichselgartner and Sperling 7987) proposed that an atten-

tional gating mechanism can be modeled by a gamma density function, and

we adopt this mechanism to describe the contribution over time of the word-

reading process (W):

lySa to f t
w( t )  ' - ,  t >0

( q  -  r , ) :
(16 .2 )

The parameters in the gating function correspond to those in the cumulative

gamma function (equation 16.1). Again, as with the cumulative gamma func-

tion, nothing crucially hinges on our choice of this function.

The Stroop counter model assumes that, during each discrete interval of

time (a cycle in the model), a single count from one of the evidence sources

(C or W) is acquired by one of the (response) counters. The probability that

a count is allocated to the target word counter is W * C(1 - W) for con-

gruent cases and C(I * W) for incongruent cases. Here, however, W and C

are based on the dynamically varying input functions, rather than on static

parameters, as in the original Ratcliff and McKoon (7997) model and the

process dissociation fits. This decision rule serves to allocate evidence to a

counter in a manner which is proportional to the relative input level of the

two processes, with, however, the automatic word-reading process being

favored.
Fitting both response deadline and response-time data requires the model

to account for both speed and accuracy in a consistent fashion. This is a

stronger test of the model than is typical in this domain because most Stroop

models have only attempted to account for response times (e.g., Logan 1980;

Cohen, Dunbar, and McClelland rggo). we ftrst fit the response time (RT)

data to fix temporal properties of the model, and then examined whether the

model could fit the response deadline (accuracy) data by varying only one
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Figure 16.1 lnput  funct ions used in the s imulat ion '

parameter (K) in the model. In the fits of the RT data, we set the criterial

.rurnb", of counts (K) to 27' After some exploration' we fixed the input

function for the color-naming Process to a : a and p : 2'5' asymPtotically

scaling the overall function by a factor of o'lgs'

Th""process dissociation analysis indicated that the congruency of an item

affecteJ the word-reading (W) parameter, such that when the word's name

and color are most often (80%) congruent' the word-reading prices contrib-

utes more to the overall response. we parallel this treatment here by scaling

the height of the word-reading (W) functions so that the function for items

most often incongruent is 0.53 the value of the function for items most often

congruent. W" ,e1 the parameters of the gamma density function so that the

rise time of the word-reading (W) functions roughly matched the rise time of

the color-reading function, consistent with the notion that the two processes

operate in paraliel. Figure 16.I shows the input functions that were used in

the simulation.
Response time rs reflected in the number of iterations (cycles) the model

needs to select a correct resPonse for both congruent and incongruent con-

ditions. Although the mapping from iterations to (real) time need not be di-

rect, we found ihat the model produced extremely good fits to the response

time data with a simple Iinear mapping function' namely' RT : 150 * 10

(iterations). Table f6.i shows the predicted and observed mean latency for a

.o.r".t resPonse from the resPonse time variant of the task' The predicted

Iatencies reprerent the average of to,ooo simulated trir ls per condition. Ad-

ditionally, ,lthough not shown here, we have tested the model against the

,"rponr" t ime diJribution collected by Spieler, Balota, and Faust (1996) and

found that the model can rather precisely fit the shapes of the response time

distributions for congruent, neutral, and incongruent Stroop conditions'

To fit the .",po.'," deadline (accuracy) data, we lowered the criterion K to

15, consistent with the notion that subjects are l ikely to lower their response

threshold when placed under time Pressure. Based on our iteration-to-time
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scaling, we set the number of iterations to 40 (corresponding to a 550 msec

deadline) and then simply computed the number of correct responses that

the model produced after 10,000 simulated trials per condition. Table 16.5

shows the observed and predicted accuracy values. We are impressed by the

fits.

Advantages of the Stroop Counter Model

The abil ity to accounf for both accuracy and response time and the relation-

ship between them is a benefit of our variant of the counter model for the

Stroop task. Counter models also provide for the accumulation of counts not

determined by either process. These "null" counts are randomly distributed

into the possible responses in the response set, and provide a mechanism for

"guessing" within counter models. If the threshold (K) is set to be very low

and the contributions of the "microlevel" Processcs are also very small,

"null" counts can drive the response because they wil l be a larger proportion

of the allocated counts in the decision-making system. This is the equivalent

of providing a very degraded stimulus and demanding a quick resPonse'

The counter model shows the viabil ity of an independence assumption for

describing performance in Stroop tasks. Just as for memory and perception,

the macrolevel estimates gained from the Process dissociation procedure to

describe performance in Stroop tasks can be coordinated with parameters in

a more complete computational model, derived from the counter model. Our

interest in Stroop tasks arises in part from the importance placed on such

tasks as means of diagnosing deficits in cognitive control in special popu-

lations. Nearly all of the criteria suggested by Macleod (1991) for assessing

the adequacy of Stroop models rely on the assumption that the unintended

effect of word-reading processes can be validly estimated as the difference

between performance on incongruent items and control items. This very

basic assumption requires much more careful inspection of the sort that can

be gained only by contrasting it with altemative assumptions. The indepen-

dence assumption reveals invariances (process dissociations) that would not

otherwise be observed, and may provide a redefinition of the nature of the

deficits suffered by special populations. Such a redefinition might constitute

the initial step toward better diagnosis and treatment of deficits in cognitive

control.

116.4 ACCESSIBILITY BIAS: TOWARD COORDINATING DIFFERENT

LEVELS OF ANALYSIS

What we find exciting is the intersection of interests created by our Process

dissociation approach, and represented by topics considered in this chapter.

Each of the separate topics has generated considerable excitement in its own

domain. Discussions of individual differences in category accessibil i ty have

suggested that we construct our perceptual present (e.g., Bruner 7957) and
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reconstruct our past (e.g., Bartlett l93z). Both construction and reconsrruc_
tion are subject to error, leading to the dramatic claim that each of us lives in
a subjectivist world of our own making. Findings of dissociations have given
renewed prominence to the possibil i ty of unconscious inf-luences of memory
and perception. Although the cognitive unconscious is very different from
the psychoanalyiic unconscious (Kihlstrom I9B7), the role it is said to play is
no less dramaiic. Neurological insult can produce deficits in awareness while
leaving auiomatic or unconscious influences preserved. Dissociations of this
sort have substantially contributed to progress toward understanding the re-
lation between brain and behavior (e.g., Knowlton, Squire, and Gluck f ela;

Although, compared to memory distortions and dissociations resultins
from neurological insult, information-processing models might seem raiher
dull, the development of formal processing models is essential for progress
on topics of more immediate interest. It is important to "correct" for acces-
sibil i ty bias when measuring perception or memory. To understand dis-
sociations, it is necessary to separate the contributions of processes within a
task, rather than identifying different processes with different tasks (e.g.. Hay
and Jacoby 1996). Important advances have been made toward developing
formal decision mechanisms capable of providing a precise quantitativc fit to
a broad range of data (e.g., Ratcliff and McKoon 1997).

We see our process dissociation approach as being mutually supportive of,
rather than antagonistic toward (cf. Ratcliff, Van Zandt, and McKoon I995),
at tempts to develop deta i led,  in format ion-processing models of  tasks.  As
shown above, process dissociations identif ied at the macrolcvel can be
described at the microlevel by using a counter model (Ratcliff and McKoon
7997) as a formal model of decision processes. Although we appreciate ihe
value of formal decision models, we have centered our work at the macro,
level to separate the contributions of automatic and consciously controlled
processes. This is because a goal that is important to us is the eminently
practical one of developing better means of diagnosing and treating deficits
of memory and attention (e.g., Jacoby, Jennings, and Hay 1996). In pursuit
of that goal, we aim for a simple model that highllghts differences that are of
most interest, such as age-related deficits in recollection.

Proposals of separate memory systems do not substitute for a formal
processing model (McKoon and Ratcliff 1995). On the other hand, a decision
model does l itt le to help the understanding of brain-behavior relations. Our
interest in dissociations causes us to side with Schacter and Cooper (1995) in
questioning the explanatory power of the term bias as used by Ratcliff and
McKoon (1995). Although the mechanism responsible for bias effects can be
described within a decision model, explaining bias requires going outside
such a model to specify factors that selectively influence bias and, ideally,
make contact with neural data. Our macrolevel of theorizing has the advan-
tage of revealing process dissociations that are meaningful on a priori
grounds. For example, factors traditionally identif ied with cognitive control
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selectively influence our measure of consciously controlled processing (e'g"

l".oby, Yonelinas, and Jennings 7997)' We (e'g'' Jacoby and Brooks 1984)
'pir"f"iio 

u..o,r.,t for dissociations in terms of differences in processes rather

than types of memory representation' although either form of. account is

.ornpuiibl" with findir€, of p'ot"" dissociations and.could be-described as

constituting a proposal of separate memory or processing systems'

Describing accessibil i ty bias effects as produced by guessing seems to de-

f l a temored - rama t i cc la imsabou t the impor tanceo f i nd i v i dua ld i f f e rences in
category accessibil i ty. Thus we live in a world of our own making only to

the extent that true memory or perception fails' The contributions of per-

ception and of recollection t"'uitt unchanged across large differences in ac-

cessibil i ty bias, created by manipulating prior training' Effects of accessibil i ty

bias are more diff icult to avoid in Stroop tasks' although even for those tasks'

the contribution of .onr.io,rrly contiolled processing can- be adequately

desc r i bedas independen to f t ha to fau toma t i cp rocess ing re f l ec tedbyacces -
sibil i ty bias.

Does the independence assumption always holdl For example' does prior

iraining always produ." only accessibil i ty bias' leaving "true" perception or

^ . *o , " y . . nchanged l l t seemsa lmos tce r ta in tha t theanswer to th i sques t i on
is 

,,no.,, To claim otherwise is to deny the possibil i ty of perceptual learning'

for example, of the sort produced by a change in the features used to iden-

tify a member of a class (e'g', Biederman and Shiffrar 7gs7)' lt seems likely

thot the typicality of an et'ent sometimes influences recollection as well as

a c c e s s i b i l i t y b i a s i n u * u , t h a t v i o l a t e s t h e i r i n d e p e n d e n c e . T h a t t h e i n d e -

pendence assumptton is sometimes violated' however' does not make it less

useful. Rather, findings that can be adequately described as produced by in-

dcpendent Processes ;;t;" * a contrast against which more integral forms of

processing can be defined (cf' Gamer 1974)'

NOTES

This research was supported in part by grant AC1384542 from the National lnstitute on Aging

and grant SBR-95962O9 from the National Science Foundation'

1. For example, varying the bias (B) parameter in the counter model from '5 to '51 affects the

memory(M)parameterof thep.oces,dissociat ionequat ion, leavingtheperceph'ra l (P)parame-

ter unaffected- Likewise, varying the perceph'ral (P) parameter in the counter model from 0'0 to

.05 affects the perceptual (P) parameter of the process dissociation equation' leaving the memory

(M) parameter unaf{ected
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