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There has been considerable recent interest in the relationship between direct and
indirect  tests of  memory (e.g. ,  Richardson-Klavehn & Bjork,  1988).  On a direct  test ,
such as recall or recognition, subjects are specifically instructed to consciously recollect
a prior episode. On an indirect test, such as s'ord fragment completion or exemplar
generation, memory for the target episode is inferred from its effects on task perfor-
mance (e.g. ,  faci l i tated fragment complet ion for  previously studied rvords).  Indirect
tests are intended to measure automatic influences of memory-that is, effects of
n-Iemory that are not mediated by intentional retrieval and are not accompanied by a
subjective experience of remembering-"vhereas direct tests are intended to measure
intent ional ,  arvare uses of  memory.  The exci t ing f inding is that  performance on these
trvo types of memory tests can be independent. For exanlple, Weiskrantz and Warring-
ton (1975) reported that amnesic subjects,  who performed very poor ly on a direct  test
of  recogni t ion memory,  gained as much benef i t  f ron-r  pr ior  exposure to solut ion words
on fragment complet ion as did control  subjects.

I t  is  tempt ing to assume that there are direct  one-to-one correspondences ( I )
betrveen the type of  test  subjects are given and the under l ,v ing rnemory system that
supports test  performance, and (2) betrveen the under lv ing nlernor) /  system and
subject ive exper ience. For example,  subjects given an indirect  test  rn ight use memory
for a pr ior  episode u' i thout having the subject ive crper ience of  remembering that
episode, and such ef fects might ref lect  the operat ion of  a special  impl ic i t  mernory
svs tcm or  p rocess  (Schac ter ,  1987) .  \4os t  researc i re rs  havc  nradc  these assumpt ions ,  i f
oniv taci t l1, ,  and treated deviat ions f rorn these onr:- to-or le correspondences as matters
of nreasurement error.  In u. 'hat  fo l lorvs,  \ve argue that thc l inkage antong kind of  test ,
k ind  o f  sub jec t ive  exper ience,  and k ind  o f  under lv ing  nrenrorv  p rocess  is  no t  so  f i xed .
I)rau' ing a paral le l  betrveen memory and at tent ion,  u 'e argue that performance on an),
nren' ior) ,  test  is  a jo int  product of  control led and autonrat ic uses of  memorv,  and
proposc  tha t  the  sub jec t ive  exper ience tha t  accompan ies  task  per fo rmance (e .g . ,  re -
uembering) is the product of  an interpret ive process bv r i ,h ich current mental  events
are  a t t r ibu ted  to  spec i f i c  sources  (e .g . ,  memorr ' )  on  the  bas is  o f  ev idence.  One imp l ica-
t ion of  these claims is that  part icular memorv processes cannot be ident i f ied r .v i th

46

{ i i 1 . ; ,  1 )  ' . \ - , n . .  L * r l r 1 l - '
. J

\:j:*-* : g : /i. 
l^. 6,i ",'-) J

b.-.X !...L i, ,;.--s-

't'l-r. 
.-- i'c L

. . - ,$  i i \ . t - ,  i ' .

fw " : - l  - i < , , , ,  t , ; ) ; ; . ' | { € - r - - 1 - ,  (  i : . , : g ) . ,

, " ' \  , - , \ . )  L ' y
\ r , r  \  \  ' { v r . \  l * * -  ,  I---+L'

\J



47
Arvareness,  Automat ic i ty ,  and \ {emory Dissociat ions

part icular tasks,  because al l  tasks draw on mult ip le processes'  As an al ternat ive to

ident i fy ing processes with tasks,  we descr ibe a "process dissociat ion procedure" that

al lows one to separate the contr ibut ions of  d i f ferent processes to performance on a

given task.  We bel ieve that these procedures,  developed in studies rv i th normal under-

graduates,  rv i l l  prove useful  for  speci fy ing the nature of  memory def ic i ts suf fered by

pat ient  populat ions.

Subject ive ExPerience

Although cogni t ive psychology has been def ined as " the science of  the mental  l i fe"

(e.g. ,  Mi l ler ,  1966),  rnost  contenlporar '  theor ists pay scant at tent ion to subject ive

e"fer ience (but see Borvers & Hi lgard,  i988; Gardiner,  1988; Johnson, l98B) '  This is

unfortunate,  because people of ten act  on the basis of  their  subject ive interpretat ion of

events.  One possible reason for the neglect  of  subject ive exper ience is that  i t  is  of ten

vierved as simply reflecting the activation of underlying memory representations or

systems; for instance, the subjective experience of remembering is assumed to arise

from act ivat ion of  episodic memory t races. An al ternat ive v iew is that  subject ive

experience reflects an inference or interpretation, created to make sense of the way

people interact with the rvorld around them. In such a constructive view of conscious-

ness (Jacoby & Kelley, l9B7; Mandler & Nakamura, 1987; Marcel, 1983)' there is no

necessary correspondence betrveen subjective experience and form of underlying

representation. Fo, e*^*ple, p'eople can have the subjective experience of remember-

in! in the absence of a corresponding "episodic" memory trace (as in dbid ou), and can

use memories of specific past events without being aware of doing so (as in involuntary

plagiarism; Brown & Murphy, 1989). \&'e propose that subjective experience is based

on qual i tat ive aspects of  how an event is processed, coupled with the (subject ively

asseised) demands present in the current s i tuat ion (Kel ley & Jacoby, 1990) '

It is reasonable to propose that qualit ies of current mental events provide a basis

for memory judgments, because the use of memory does in fact influence the nature of

current processing. one common effect of past experience is to make processing in the

present more ef f ic ient ,  rapid,  or  f luent.  For example,  pr ior  exper ience can enhance the

perception of briefly f lashed rvords or visually degraded pictures (Jacoby & Brooks'

l9B4; Jacoby & Dal las,  l98l) ,  the complet ion of  rvord f ragments (Tulv ing,  Schacter,  &

Stark,  1982),  the abi l i ty  to solve problems or answer quest ions (Jacoby & Kel iey '  l9B7;

Kel ley & Lindsay, 1992; Needham & Begg, I99I) ,  and the speeded reading of  text

(Ko le rs ,  1976) .

Fluent processing is general ly a rel iable cue to the use of  n lemory,  because past

exper ience so of ten does faci l i tate later performance, and these transfer ef fects are

remarkably speci f ic  (Jacoby, Kel ley,  & D1'rvan, lg8g) '  Horvever,  f luent processing can

ar ise f rom sources other than menlory.  I f  or iented to the past,  people may mistake ease

of processing for an indicat ion of  pr ior  occurrence. Consistent rv i th th is hypothesis,

i l lusions of  remembering have been produced by manipulat ing the v isual  c lar i ty of

memory test  i tems (Whit t lesea, Jacobl ' ,  & Girard,  1990) and the ease of  complet ing

rvord f ragments presented as recal l  cues (Lindsay & Kel ley,  1991) '  Simi lar ly '  jacoby

and \ \ /h i tehouse i fg8gl  found that unconscious percept ion of  a new word pr ior  to i ts
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presentation as a test item increased the probabil it l '  of its being falsely recognized as

old.  Presumably,  the unconsciously perceived presentat ion faci l i tated processing of  the

subsequent test rvord. In turn, the relative ease of processing produced a feeling of

familiarity that rvas attributed to the prior study l ist. Importantly, rvhen subjects were

made a\\,are of the flashed rvord (byincreasing its duration), the probabil ity of false

recogniti on d.ecreased. Being aware that the nerv test item rvas recently presented'

subjects could discount or correctiy attribute the source of their f iuent processing'

Finding qualitatively different effects for aware and unarvare conditions is crucial for

establishing the existence of unconscious perception (cheesman & Merikle' 1986;

Dixon, 1981; Holender, 1986). lt{ore generally, the strategy of placing conscious and

unconscious processes in opposition ailows one to isolate their separate contributions to

performance. we discuss this strategy in greater detail in a later section'

I i lusions of memory such as those described above show that one can have the

experience of remembering in the absence of an underlying memory representation'

perceptual iliusions have been helpful in uncovering the environmental cues that are

used to construct perceptual experience (e'g', Brunswik, 1956)' Similarly' memory

il lusions can be ,_,r"d to specify the cues that support an attribution of pastness (Jacoby,

Kelley, & Dywan, 1989; Kelley & jacoby, 1990). our results suggest that f luency of

processing is one such cue, and that subjects' current orientation influences their

interpretation of variations in fluency. In each of the experiments described above'

subjects were not informed of manipulations of f luency; instead, they were directed to

make fine discriminations concerning a past event. Under these conditions, relatively

small differences in processing fluency were interpreted as resulting from prior expe-

rience. However, if subjects are made aware of the source of these processing differ-

ences, i l lusions of remembering disappear (]acoby & whitehouse, 1989; Whitt lesea

et al., 1990). These results ,ugg"ra that subjective experience is sensitive to current task

demands as well as to prior experience'

Additional ,uppoit for an attributional basis of subjective experience is provided

by studies showing that unconscious influences of memory can be misattributed to the

present. Fluent processing as a result of prior exposure can lengthen the apparent

duration of a $,ord that is f iashed (witherspoon & Allan, 1985), can lower the back-

ground noise accompanying the presentation of a sentence (Jacoby, Allan, coll ins' &

Larwil l, i988), and can increase the apparent fame of nonfamous names (Jacoby'

Kelley, Bros,n, & Jasechko, 1989). Jacoby, woioshyn, and Kelley (1989) had subiects

stud1, a l ist of nonfamous names under conditions of either full or divided attention'

Later,  subjects were asked to make fame judgments on a l is t  of  names, some of u 'h ich

\\,ere the nonfamous narnes they had read earlier. Subjects *'ere told that all of the

l tantes read ear l ier  \ \ 'ere nonfamous. Ne'ert l ie less,  in comparison to a set  of  neu'  names'

more of  the old narnes \vcre judged as farnous in the di ' ided-at tent ion group'  This can

clear l r .be interpreted as an unconscious inf luence of  memor) ' ,  because i f  subjects couid

consciousl l ,  recol lect  a name's pr ior  occurrence, they could be sure i t  u 'as not famous'

I t  appears that ,  r ike a br ief  presentat ion,  d iv id ing at tent ion reduces the abi l i ty '  to

cor.rsciousl l .  recol lect  the past,  thus increasing suscept ib i l i t l '  to unconscious inf luences'

An a'alogous point  is  made by recent studies invest igat ing the "mere-exposure

effect"  (zajonc, l968).  Presentat ion of  geometr ic shapes (Kunst- \ \ i i lson & Zajonc'  1980;

Seamon. Brodr, ,  & Kauff ,  1983a, I9B3b) and photographs of  human faces (Bornstein '
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Leone, & Cal ley,  1987) at  exposure durat ions too short  to support  above-chance- level
recogni t ion performance can nevertheless posi t ively inf luence subsequent preference
judgments (see Johnson, Kim, & Risse, I985, for  re lated rvork wi th Korsakoff  pat ients) .
Interest ingly,  exposure ef fects in the absence of  recogni t ion are not speci f ic  to prefer-
ences, but can also inf luence judgments of  contrast  (Merik le & Reingold,  Lggl) ,
br ightness or darkness (Mandler,  Nakamura, & Van Zandt,  1987),  and even " fami l iar-

i ty"  (Bonanno & St i l l ings,  1986).  These f indings reinforce our bel ief  that  subject ive
exper ience ref lects an interpret ive process, rather than being an inherent character ist ic
of  the memory representat ion.

The subject ive exper ience of  remembering is of ten a val id indicat ion of  previous
occurrence. However,  the use of  the past is of ten unconscious (Jacoby & Kel ley,  1987)
or misattr ibuted to the present (Jacoby, Kel ley,  & Dy'uvan, 1989).  \4oreover,  as shorvn
by i l lusions of  memory as wel l  as by confabulat ion in certain c l in ical  cases (Baddeley &
Wilson, i986; Johnson, I99t ;  Moscovi tch,  1989; Stuss & Benson, lg86),  a feel ing of
remembering does not require an underlying memory trace. These observations are
inconsistent rvith the assumption that subjective experience resides in memory traces or
particular memory systems (e.g., Tulving, 1985). A related assumption-the notion that
a memory test  can be treated as a pure measure of  a speci f ic  memory process- is
discussed below.

The Factor-Pure Assumption

"There is no such entity as a 
'pure' 

behavioral task, that is, a task that reflects only a
single process or capacity" (Weiskrantz, 1989, p. 102). Weiskrantz offered this state-
ment as one of several "dogmatic propositions with r,vhich most practicing neuropsy-
chologist would agree (p. 102), and we too would endorse it. Yet, despite this apparent
consensus, neuropsychologists and others who study cognition often interpret tasks as
though they were factor-pure measures of particular processes. Indeed, a good deal of
the psychological l i terature could be characterized as an attempt to develop (or to
cr i t ic ize others 'at tempts to develop) factor-pure measures (Holender,  lg86; Richard-
son-Klavehn & Bjork,  1988).

Because tasks are not factor-pure measures of processes, memory researchers
often rely on findings of task dissociations. The current interest in indirect memory
tests orves much to the discovery that amnesic subjects can show retention perfor-
mance equivalent to that of normals (e.g., Weiskrantz & \4/arrington, 1975; Shimamura,
1986),  and to subsequent f indings of  task dissociat ions in normals (e.g. ,  Jacoby &
Dal las,  1981; Tulv ing et  a l . ,  1982).  Indeed, dissociat ions betrveen performance on
direct  and indirect  tests have led some researchers to propose a dist inct  area of
research, the focus of  u. 'h ich is " impl ic i t  memory,"  the form of memory revealed on
indirect  tests (Schacter,  1987).  A task dissociat ion const i tutes evidence that the tasks
di f fer  in at  least  one under ly ing process (Dunn & Kirsner,  1989),  but  could only
necessi tate postulat ing dist inct  forms of  memory i f  retent ion tests were factor-pure.
Thsks are not factor-pure;  mult ip le processes can contr ibute to performance on any
given task.  This is evidenced by the var iable relat ionship between tasks across exper i -
ments:  The studies ment ioned above reported dissociat ions betrveen direct  and indi-
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rect nemor)/ rests, but other studies have reported parallel effects betrveen direct and

indirect  measures (Hunt & Toth,  1990; Jacoby & Dal las,  1981; Rappold & Hashtroudi ,

l99l ;  Schacter & Graf,  1986; Toth & Hunt,  1990) and dissociat ions between di f ferent

indirect measures (Hunt & Toth, 1990; Roediger, Weldon, & Chall is, 1989; Witherspoon

& Moscoyitch, tg8g). This complex pattern of f indings clearly indicates that a factor-

pure interpretation of retention measures is untenable.

The theoreticai issues surrounding interpretation of "implicit" memory effects

are similar to those encountered in discussions of automaticity. We believe that com-

parisons betu,een direct and indirect tests of memory are best understood as members

of a larger class of task manipulations that have been used to explore the distinction

betrveen intentional and automatic processes (Jacoby, l99l; Jacoby & Kelley, l99l;

Klatzky, 1984; Logan, 1990). Attention researchers have long been concerned with

separating the contributions of automatic and controlled processes to task perfor-

mance. We have found it useful to think of memory in this framework. Direct tests of

memory may be described as requiring more controlled processes, whereas indirect

tests may reflect more automatic uses of memory. It is becoming increasingly clear,

however, that performance is never purely automatic or controlled (Allport, 1989;

Neumann, 1984). Viewing task performance as the joint product of automatic and

controlled processes provides an alternative to identifying tasks with specific processes

or systems. Furthermore, this approach encourages research designed to separate

automatic from controlled processes within a single task. ln what follows, rve describe

a technique for accomplishing this goal.

Advantages of Opposition

lr4ost indirect memory tests (e.g., fragment completion) can be described as "facii i ta-

t ion paradigms," in that  the use of  memory faci l i tates performance of  a task (e.g. ,  pr ior

exposure to solution words facil i tates fragment completion). One major problem rvith

facil i tation paradigms is that both automatic and intentional uses of memory for

studied items can facil i tate task performance. How can one be sure that a particular

f inding ref lects unaware rather than arvare uses of  memory? One approach is to ask

subjects to report  on their  awareness. A problem rvi th th is method is that  i t  re l ies on

subjects '  def in i t ions of  "au,areness" (Merik le,  l9B4).  Furthermore, asking subjects to

descr ibe their  subject ive exper ience whi le taking the test  (e.g. ,  Cardiner,  I98B) may

affect  that  exper ience as u,el l  as performance, and posttest  recol lect ions of  au'areness

dur ing the test  (e.g. ,  Borvers & Schacter,  1990) r l1al ,  n6[  be accurate or easv to interpret .

An al ternat ive approach to demonstrat ing automat ic i r t f luences of  memorv is to

i rse an interference paradignr instead of  a faci l i tat ion l taradigm. In an interference

psradigni ,  the s i tuat ion is set  up so that a\ \ 'arc rct t teutber ing rv i l l  l tave an ef fect

opposi te to that  of  automat ic inf luences of  nternor) ' .  Thus any ef fect  of  the studl '

episode can be at t r ibuted to automat ic ef fects of  ntelnory.  For example.  in Jacobt ' ,

\ \ ;o loshy ,n ,  and Ke l ley 's  (1989)  " fa lse  fame"  s tud ies ,  r i ' e  knou ' tha t  the  e f fec t  o f  p r io r

€.xposure to nonfantous names on subsequent fante judgments ref lected an automat ic

inf luence of  nrer lory,  because subjects rr , 'ere to ld that  the studied names tvere not

)1&
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famous. Likervise,  i t  is  c lear that  Jacoby and Whitehouse's (1989) subjects did not
consciously perceive the br ief ly presented previews of  recogni t ion test  i tems, because
aware percept ion of  preview i tems in a long-exposure condi t ion had an opposi te ef fect
to that  obtained rv i th br ief  exposures.  As a f inal  example,  by te l l ing subjects at  test  not
to report  any postevent informat ion,  L indsay (1990) provided unambiguous evidence
that misleading postevent suggest ions can impair  abi l i ty  to recal l  event detai ls (e.g. ,
Lof tus,  Mi l ler ,  & Burns,  l97B).

Interference paradigms al lorv one to demonstrate the existence of  automat ic
ef fects of  n lemory.  However,  those ef fects are underest imated because they are
cout l tervai led by control led uses of  memory.  Also,  interference paradigms do not y ie ld
quant i tat ive est imates of  separate processes, and so cannot be used to detect  invar i -
ances in a part icular k ind of  process across di f ferent condi t ions or populat ions.  For
example,  ear ly evidence suggested that performance on indirect  memory tests does not
decl ine rv i th age, but more recent studies have reported age-related def ic i ts in perfor-
mance (see Hultsch & Dixon, i990).  This lack of  consistency g.cross studies may ref lect
differential contributions of automatic and controlled processes to different indirect
tasks. In order to answer a question such as "Are automatic retrieval processes invariant
across age?", one must be able to estimate the separate contributions of different
processes to task performance. In the next section, we describe horv interference and
facil itation paradigms can be combined to yield separate quantitative estimates of
automat ic and control led processes.

A Process Dissociat ion Procedure

Dual-process theor ies of  recogni t ion (e.g. ,  Atk inson & Juola,  Ig74; Jacoby & Dal las,
I98l; Mandler, 1980) propose that conscious recollection and judgments of familiarity
are alternative bases for recognition memory decisions. Compared rvith recollection,
judgments of familiarity are relatively automatic, in that they tend to be faster, less
effort fu l ,  and less rel iant  on intent ion.  I t  fo l lows that,  as wi th indirect  tests of  memory,
performance on direct tests such as recognition is jointly determined by controlled and
automat ic uses of  memory.

Jacoby (1991) has introduced a method for obtaining separate est imates of  the
contr ibut ions of  fami l iar i ty and recol lect ion to recogni t ion memory judgments.  The
procedure involves comparing performance in a faci l i tat ion or " inclusion" test  condi-
t ion ( in which fami l iar i ty and recol lect ion have the same effect)  rv i th performance in
an interference or "exclusion" test  condi t ion ( in which fami l iar i ty and recol lect ion have
opposing ef fects) .  For example,  to assess the separate contr ibut ions of  recol lect ion and
fami l iar i ty to recogni t ion of  a v isual ly presented l is t  of  rvords,  subjects mav be grven
trvo l is ts at  input-one presented visual ly,  the other presented aurai lv.  In an inclusion
test  condi t ion,  subjects are to ld to accept (say "y"r"  to)  a l l  o ld i tems regardless of
presentat ion l is t ,  and to reject  only nerv i tems. Because to-be- included i tems could be
correct ly accepted on the basis of  e i ther fami l iar i ty or recol lect ion,  the probabi l i ty  of
accept ing a to-be- included i tem is the sum of the probabi l i ty  of  the i tem being fami l iar
(F)  and the  probab i l i t y  o f  the  i tem be ing  reco l lec ted  (R) ,  m inus  the  in te rsec t  (F 'R) ,

5 l
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P(accep ! to -be - i nc luded )  -  F  +  R  -  (F  "  R )

ln contrast, an exclusion test condition asks subjects to accept onlq items that were

heard and to reject items from the visuai l ist as well as new items. Subjects are correctly

told that if they can recollect an item as one that they sarv, they can be certain that the

*,ord *,as nof presented in the l ist that they heard. Thus, to-be-excluded items that

subjects incorrect ly accept ( i .e. ,  v isuai  i tems) must be fami l iar  (F) but not be recol-

lected (i - R); otherrvise, subjects rvould not accept them. The probabil ity of incor-

rectly accepting a to-be-excluded item can therefore be expressed as foilo$'s:

P(accep{ to -be-exc luded)  :  F  o  ( l  -  R)  -  F  -  (F  "  R)

These equations and the observed probabil it ies permit estimates of the contribu-

tions of recollection and famiiiarity to be derived with simpie algebra. For example,

Jacoby (lgg2; see Jacoby & Kelley, 199I) explored the effects of dividing attention at

study on subsequent recollection and familiarity. Subjects judged the relatedness of

word pairs under conditions of full or divided attention, then heard a second list of

,,vords. At test, subjects in the inclusion condition were to accept any word presented in

either of the earlier phases, whereas subjects in the exclusion condition were to accept

only heard words. The results are presented in Thble 4.1. In the inclusion conditions,

subjects correctly accepted more words from related than from unrelated pairs, and

dividing attention at study decreased correct recognition. In the exclusion conditions,

on the other hand, subjects incorrectly accepted more words from unrelated than from

related pairs, and dividing attention at study increased erroneous acceptance. The

observed probabil it ies are sufficient to permit the conclusion that recollection was

greater for words from related pairs, and that dividing attention impaired the use of

recollection. Horvever, rvithout separate estimates of the two processes, these proba-

TABLE 4. I .  Obseryed Probabi l i t ies  o f  Accept ing Test  l tems and Est imated Probabi l i t ies  o f

Recol lec t ion and Fami l iar i ty  as a  Funct ion o f  At tent ion a t  Study,  I tem Type,  and
' i 'est 

Instruct ions

Observed
probabi l i t ies Est inra ted probabi i i t ies

I tern  type I lcco l lec t ion

Re i Un re l . 11e l . LJnrel.

Farni l iar i tr

l lel L; nrel

F r,r l l  attentiort
I r ic lus ion
Exc lus ior t

Div idec l  a t tent ior l
hrc lus ior t
Erc lus ior i

.E3

. .J  I

-=
. t J

A 1
. a i

6 l
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.28

A l A

.6r2

.55E. ;0
.3S

. 1 2

Nolc .  L ,s t i rna ted  r t ' co l l ec t i on  :  P (acc ,ep ! to -be - inc luded)  -  P (accep ! to -be -exc luded) .  Es t ima ted  fa -

n r i l i a r i t r ,=  p (accep t to -be -exc luded) / ( l  *  reco i l ec t i on ) .  F rom Separa t ing  Au tomat i c  a r td  In ten t iona l  Bases

t ' t t r  Recogtr i t ion l fenorg:  At tent ion,  Au:oreness,  ond Control  b1'L.  L.  Jacobl ' ,  1992, nranuscr ipt  submit ted

f o r  p u b l i c a t i o n .
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bi l i t ies do not al lou,  def in i t ive conclusions concerning the ef fects of  re latedness and

attent ion on fami l iar i tY.

Using the process dissociat ion formulas descr ibed above, Jacoby (1992) est i -

nrated the separate contr ibut ions of  fami l iar i ty and recol lect ion to recogni t ion re-

sponses on u'ords studied in related and unrelated pairs.  These est imates,  presented in

fuUt.4. I ,  cap be der ived from the equat ions presented at  the bottom of the table.  For

example,  the recol lect ion (R) r . 'a lue of  r .vords f rom related pairs in the fu l l -at tent ion

condi t ion can be obtained by subtract ing the probabi l i ty  of  accept ing to-be-excluded

i tems from the probabi l i ty  of  accept ing to-be- included i tems ( .83 -  .3I  :  .52).  Famil-

iar i ty (F) can then be calculated by div id ing the probabi l i ty  of  accept ing to-be-

excluded i tems by the inverse of  recol lect ion ( .31/ [ l  - .52]  ) .  Apply ing this same

procedure to each set of  condi t ions y ie lds separate est imates of  R and F.

As predicted, div id ing at tent ion at  study dramat ical ly reduced est imates of

recol lect ion ( f rom .52 to .28 for rvords f rom related pairs,  and from .32 to .12 for words

from unrelated pairs) ,  but  had absolutely no ef fect  on est imates of  fami l iar i ty ( .646 and

.652 for words f rom related pairs,  and.558 and.557 for words f rom unrelated pairs) .

Similar results were obtained by Jacoby (1991); estimations of familiarity were found

to fit the observed probabil it ies of erroneously accepting to-be-excluded old items

when attention rvas divided at test. These studies suggest that dividing attention at

study or at test can block subjects' use of recollection as a basis for recognition

judgments, thus leaving familiarity-based responding relatively unopposed. Most im-

portant, the invariance in familiarity across conditions could not have been established

by equating processes with tasks and then examining task dissociations, because tasks

are rarely process-pure.

The above-described findings suggest that dividing attention has effects similar

to those seen in certain amnesic syndromes. Speculatively, amnesia may produce

deficits in controlled processing (e.g., recollection) while leaving automatic influences

of memory (e.g., familiarity) in place. However, the effects of dividing attention do

not always paral le l  those of  amnesia (e.g. ,  Nissen & Bul lemer,  1987).  This may be

because some secondary tasks act to change the segmentation of the primary task or

break up its continuity, thereby influencing automatic as well as controlied processing.

To understand the effects of divided attention on memory along with its relation to

amnesia, it rvil l  probably be necessary to specify the relation between primary and

secondary tasks more ful ly (Al lport ,  1989; Broadbent,  1989; Neisser,  1980).  Without a

method for separat ing automat ic f rom control led uses of  memory,  any select ive

impairments produced by ei ther amnesia or div ided at tent ion cannot be clear ly ident i -

f ied .

We bei ieye that the process dissociat ion procedure is an important methodologi-

cal  tool  that  can be used to invest igate a number of  problems confront ing memory

researchers.  For example,  in the exper iment descr ibed above, Jacoby (1992) found that

rvords studied in reiated pairs \ \ ,ere later more fami l iar  than words studied in unrelated

pairs (Table,1. I ) .  Sirni lar ly,  Jacoby ( I99I)  obtained higher est imates of  fami l iar i ty on

i tenrs studied as anagrams to be solved than on i tems studied as words to be read

aloud. These are in ' rportant f incl ings,  because fami l iar i ty has previously been descr ibed

as ref lect ipg the n-ratch betrveen study and test  in perceptual  character ist ics ( jacoby &

Dal las.  lg3l :  \ {andjer,  1980).  The resul ts descr ibed here shorv that  fami l iar i ty is not

J J
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total ly rel iant  on perceptual  character ist ics,  but ,  rather,  can also ref lect  pr ior  concep-

tual  processing.

The abil ity to compare a particular cognitive process in different populations and

condi t ions is an important goal  for  memory researchers.  Simi lar  to s ignal  detect ion

theory (Srvets, Tanner, & Birdsall, 196l), the process dissociation procedure separates

the contribution of different processes to task performance, allowing one to discern

invariance in one process across variations in another. In the studies reported above,

for example, recollection r.vas shown to be greatly impaired by dividing attention,

whereas familiarity remained invariant across manipulations of attention. That invari-

ance could not be shown rvithout a procedure for separately estimating the processes

contributing to performance.

The formulas described above were designed to separate the contributions of

controlled and automatic processes to recognition memory judgments, but they can be

applied to any domain in which two processes are hypothesized to make independent

contributions to performance. One assumption of the process dissociation procedure is

that similar judgment criteria are used in the inclusion and exclusion conditions. \Ve

knorv that this assumption was met in Jacoby (199f ), because performance in the trvo

conditions was nearly identical on heard and new items; Jacoby (1992) avoided

criterion differences by using a forced-choice test. In other experiments, however, we

have sometimes encountered differences in judgment criteria. Thus, as the approach is

extended to other domains, details of the experimental conditions and/or formulas

may need to be modified. For example, we are currently using process dissociation

procedures to explore cued recall, stem and fragment completion, unconscious percep-

tion, and Stroop (1935) effects. Preliminary results in each of these areas are very

encouraging.

Summary and Conclusions

In this chapter, rve have challenged the notion that there are direct one-to-one map-

pings betrveen tasks and processes and betrveen processes and subjective experiences.

Our argument is that  the l inkage among kind of  test ,  k ind of  under ly ing representat ion,

and kind of  subject ive exper ience is a rather loose one. One impl icat ion of  th is v ier i '  is

that  subject ive exper ience involves an unconscious inference whereby current mental

events are at t r ibuted to sources on the basis of  evidence. Another impl icat ion is that

part icular cogni t ive processes cannot be ident i f ied wi th part icular tasks,  because

vir tual ly al l  tasks invoh'e the integrat ion of  mult ip le processes. Final ly,  u 'e have

descr ibed a "process dissociat ion procedure" that  a l lou/s one to der ive separatc est i -

mates of  the di f ferent processes contr ibut ing to performance on a task.  Appl icat ion of

the procedure in studies of  recogni t ion memory provided support  for  a dual-process

model of  recogni t ion (Jacoby & Dal las,  1981; Mandler,  1980) and evidence that

fanr i l iar i t r ' -based responding can ref lect  pr ior  conceptual  as rvel l  as perceptual  pro-

cessing.
\ \ ie have descr ibed the process dissociat ion procedure in some detai l ,  because u'e

bel ieve that i t  u ' i l l  prove useful  for  speci fy ing the nature of  cogni t ive def ic i ts caused by

neurological  damage. For example,  a process dissociat ion might reveal  that  f rontal
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lobe pat ients have def ic i ts in recol lect ion but retain normal levels of  fami l iar i ty.  Other
studies might show paral le l  d isrupt ions in di f ferent c l in ical  populat ionr (" .g. ,  f rontal
damage vs.  normal aging).  Findings of  th is sort  would be important,  not  only for
i l luminat ing the consequences of  neurological  insul t ,  but  a lso for  suggest ing ap-
proaches to rehabi l i tat ion.
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