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Alan Baddeley (rsaz) recounted the following
story to illustrate the active processes in-
volved in recollection. He was traveling to
London by hain when he noticed a familiar
face, As the person did not recognize him, he
assumed it was someone he had seen on the
train before or around Cambridge. When he
got off the train he noticed the man again, and
because he had been thinking about memory
and retrieval, he resolved to attempt to re-
member who the person was. Two associa-
tions came to mind: the name Sebastian, and
something to do with children. "Sebastian"
conjured up several fiuther associations, in-
cluding one friend named Sebastia-n from a
different city, another friend whose school-age
son was named Sebastian, and the teddy bear
in Evelyn Waugh's Brideshead fievrsifed. AII
of these he rejected as irrelevant. Later, the
idea of "baby-sitting" popped to mind, fol-
lowed by the immediate recollection that AIan
and Sebastian were members of the same
baby-sitting group, with a clear image of Se-
bastian's sitting room with many finely
printed books, a printing machine in another
room, and the knowledge that Sebastian was a
printer. Those details produced a shong expe-
rience of confidence in recall, as they were far
more diagnostic than if he had remembered
simply a room with books and a desk, which
as Baddeley notes would be true of all his ac-
quaintances.

Baddeley's anecdote beautifully illustrates
the different subjective experiences of famil-
iarity and recollection. It is a distinction tlat
was noted by Aristotle, by William James, as
well as by more contemporary psychologists
(Atkinson & fuola, 1974; Mandler, 1980; Ja-
coby & Dallas, 1981), This chapter focuses on
whether the different subjective experiences
of familiarity and recollection indicate the
need for two distinct processes in models of
memory, or whether they simply reflect a
quantitative difference in a single dimension
or single process such as "trace strength." If
recollection and familiarity are separate mem-
ory processes, what is the nature of those pro-
cesses, and what is the relationship between
the processes in the performance of a task
such as a recognition memory test?

Functional Differences
between Familiarity
and Recollection

As indicated in Baddeley's anecdote, there are
clear functional differences between familiar-
ity and recollection. When a person looks fa-
miliar, the source of that familiarity is ambigu-
ous: Is it a long-lost friend, someone we've
seen in passing, somebody famous? Or just a
person who resembles someone we know
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well? in contrast, recollection involves a flood
of details that allows us to clearly pin down a
previous encounter with the person. We took
advantage of those functional differences in
familiarity and recollection to demonstrate
that there are two separate memory processes
in a set of experiments we call the "false
fame" experiments (e.g,, ]acoby, Woloshlm, &
Kelley, 1989). Participants in these experi-
ments read a list of nonfamous names (e.g,, Se-
bastian Weisdorf, no relation to Baddelev's Se-
bastian, as far as we know), under conditions
of either ful] or divided attention. Our parti-
c-ipants' attention was divided by requirrng
them to monitor an auditory list of random
digits and to signal whenevei they heard three
consecutive odd digits. In the second phase
of the experiment, participants were given a
"fame judgment test": they were to judge
whether names on a list were famous or not,
and the list included famous names, some
new nonfamous names, and nonfamous names
that had just been read in the earlier list. parti-
cipants were informed that if they recognized
any of the names as ones they had just read,
they should respond "nonfamous," as all
names on the earlier list were nonfamous.

Normally, recognition can be based on ei-
ther familiarity or recollection. However, if
the familiarity that accrues to a name because
one has just read it is similar to the familiarity
of the only mildly famous people's names we
used on the test, our participants couldn't use
familiarity as a basis for recognition, and so
exclude the name from those judged "fa-
mous." To do so would lead to many misses
of actual famous names that could onlv be
judged famous because they were familiar. In-
stead, participants could only be sure that
they recognized a name from the earlier list if
they could recollect reading it. Ifthey failed to
recollect reading a nonfamous name, and yet
it became familiar because of its presentation
on the list, they would err and call the name
"famous." That is exactly what happened
when the probabiiity of recollection was low
because participants had read the names un-
der conditions of divided attention: old nonfa-
mous names were more likely to be judged
"famous" than were new nonfamous names.
In contrast, if the names had been read with
fulI attention, participants successfully used
recollection to correctiy judge the name "non-
famous." Old nonfamous names were less
Iikely to be judged "famous" than were new
nonlamous names.

Dividing participants' attention with the

digit monitoring task prevented participants
from elaborating on or reflecting upon the
nonfamous names as they read them, and so
Ied to a very low rate of recollection, However,
the rather minimal processing allowed under
conditions of divided attention fwhich in-
cluded reading the names aloud) was enough
to enhance the familiarity of those nonfamous
names. What does this effect tell us about the
underlying process that gives rise to famil-
iarity? Mandler (1980) suggested that recol-
lection is supported by eiaboration and inter-
item organizational processing whereas
familiarity is a function of processing that in-
creases the integration of representations of
items. Jacoby and Dallas (1981) suggested that
familiarity is generated by changes in percep-
tual processing of the kind that is revealed by
indirect memory tests such as perceptual
identification. In a visual perceptual identifi-
cation test, a word or picture is presented
briefly and followed by a pattern mask. Words
or pictures that have been read or viewed re-
cently show a higher probability of being
identified under those degraded conditions.
The subjective experience of old items on the
perceptual identification test is that they ,'pop

out" at the viewer, and in fact appear to be
presented for a longer duration than the new
items (Jacoby & Witherspoon, 1982). lacoby
and Dallas speculated that the subjective ex-
perience of familiarity might be based on
those changes in the perceptual experience of
old items, in much the same way that Tversky
and Kahneman (fSZe) suggested that subjec-
tive probability could be based on the ease of
generating examples of a class, the "availabil-
ity heuristic." People could attribute their ex-
perience of perceptual fluency to having
viewed a word or picture previously, and so
experience a feeling of familiarity, via a ,,flu-

ency heuristic." Some variables such as num-
ber of repetitions and spacing of repetitions
showed parallel effects on perceptual identifi-
cation test performance and recognition mem-
ory test performance, but other variables such
as levels ofprocessing affected recognition but
not perceptual identification. This combina-
tion of parallel effects and dissociative effects
could be accounted for by the two bases for
recognition memory.

If familiarity is an interpretation of chaages
in processing due to prior experience, then
it should be possible to bring about those
changes in processing in other-ways, and so
create illusions of familiarity, Jacoby and
Whitehouse (1989) tested that hwothesis bv
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flashing brief previews of words prior to those
words being presented in firll view during a
recognition test. The notion was that when the
pre.riew word matched the word presented
during the recognition test, processing of the
recognition test word would be more fluent,
and so it would seem more familiar. However,
that misattribution of the fluent processing of
the test word to having studied it eartrier
would occur only if participants did not real-
ize that the preview word was the source of
the more fluent processing. Therefore, the illu-
sion of familiarity was expected only when
the preview word was presented so briefly
that participants were unawElre of it, and that
is what happened. Both old test words and
new test words were more likely to be judged
"old" on the recognition test when preceded
by a very briefly presented matching preview
word, compared to control items with no pre-
view word. In contrast, when the matching
preview word was presented for a longer dura-
iion, such that participants were fully aware
of it, participants were less likely to judge the
test word "old." Rajaram (1993) found that the
illusion of memory created by the very brief
oreview words acted to make words more fa-
miliar as indicated by "know" judgments, but
did not affect the likelihood of recollection as
indicated by "remember" judgments (see Gar-
diner, chapter 15).

Recognition test words read in predictive
sentence contexts also can be mistakenly ex-
perienced as familiar owing to prior study as
ihown in a series of experiments by Whittle-
sea (1993). People were more likely to respond
"old" to recognition test words at tLe end of a
predictive sentence context such as, "The
itot*y seas tossed the boat," compared to test
words presented in an unpredictable context,
"She saved up her money and bought a boat"'
Words read in the predictable context were
pronounced more quickly, which may ildi-
iate that the false familiarity is mediated by
perceptual processing or speeded lexical ac-
cess (Weldon, 1991), or perhaps a postpronun-
ciation assessment of "goodness of fit" with
the rest of the sentence, or even lack of nov-
elty (Poldrack & Logan, 1998).

Past experience affects later experience in a
multitude of ways, often without people's
knowledge or appreciation of those effects.
The false fame phenomenon 15 3a sxample of
such implicit memory effects in that the likeli-
hood that a neme is judged famous is in-
creased by recent experience reading the
name. in the absence of conscious recollec-

/
tion. The consequences of prior processing
can shape a wide variety of experiences: it can
make visual duration seem extended (Withers-
poon & Allan, 19S5), lower judgments of back-
ground noise (Jacoby, Allan, Collins, & Lar-
wili, 1988), increase the judged validity of
statements (Begg & Atmow, 1991), Iower the
judged difficulty of anagrams (Kelley & |aco-
by, 1996), and increase the comprehensibility
of sentences (Kelley, 1999). These effects are
misattributions of the increased fluency of
perceptual and conceptual processing owing
to prior experience. Any of the component
processes that give rise to these misattribu-
tious could be a candidate component of fa-
miliarity. Specifying the component processes
of familiarity is an important task for future
research. The fluency heuristic and other po-
tential bases for familiarity are the focus of pa-
pers in a special issue of Acta Psychologica
(Wolters, & Logan, 1998).

Separating Familiarity and
Recollection: lronic Effects

The false fame effects described earlier are an
ironic effect of prior experience similar to the
effects explored by Wegner (19Sa): Having
read a list of names that one is toid were all
nonfamous ironically increases the probability
of an error on the fame test, similar to the au-
tomatic effect of trying not to think about
something that perversely increases the likeli-
hood that one will think exactly that thought.
Elderly adults, amnesiacs, a:rd patients who
have sustained a closed-head injury are all
more susceptible to an ironic effect of past ex-
perience, in that they show a large false fame
effect even after reading the nonfamous names
with full attention (Bartlett, Strater, & Fulton,
1991; Cermak, Verfaellie, Butler, & Jacoby,
1993; Dywan & facoby, 1990; Dywan, Sega-
lowitz, Henderson, & Jacoby, 1993; )ennings &

Jacoby, 1993; Squire & McKee, 1992). This
pattern of results suggests that recollection is
more affected by aging and amnesia than is fa-
miliarity, although familiarity could also be
affected, The method of placing recollection
and familiarity in opposition does not allow
one to specify precisely the degree to which
either process is affected.

Repetition of events can increase ironic ef-
fects of recent exposure when increases in fa-
miliarity go unopposed by parallel increases
in recollection. To place recollection and fa-
miliarity in opposition, Jacoby (1991, 1999)
used a procedure logically related to the false
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fame studies. In the first phase, young and
older adults read a list of words, with instruc-
tions to study them for a later memory test.
Some of the "read" words were presented onlv
once, and others were presentei either two oi
three times. In the second phase, participants
Iistened to a second list of words presented
via a tape recording, and also tried to memo-
rize those words. On the memory test, partici-
pants were given a list of words and told to
respond "yes" if they heard the word in the
second phase. However, they were warned
that words read in the first phase would ap-
pear on the test, as well as new words. There-
fore, if they could recollect that the word was
read, they could be sure it was not heard and
therefore they should say "no" on the test.
Howevet, if the word was simply familiar,
they couldn't be certain that it was not heard,
and so should respond "yes," Given these in-
structions, words that are recollected as hav-
ing been read are excluded from positive re-
sponses, but words t}tat are familiar, because
they were either read or heard, will be in-
cluded in the positive responses, along with
words that are recollected as having been
heard. Thus, recollection can be used to ex-
clude read words, much as recollection could
be used to exclude nonfamous studied names
on the fame test,

If one simply focuses on recognition perfor-
mance on heard items for the young versus
older adults, there is a moderate deficit for the
older adults (.b2 for "hits" by older adults,
compared to .63 for younger adultsJ. It is not
clear whetler this represents problems with
recollection, familiarity, or both. However, if
one focuses on the failures to exclude "read"
items, there is a clear problem in older adults'
abiiity to recollect. For young adults, repeti-
tion decreased faiiures to exclude read items:
the probabilities of saying "yes" to read items
decreased for items read three times compared
to items read once. Exactly the opposite pat-
tern occurred for older adults; repetition in-
creased failures to exclude read items (see ta-
ble 14.1). Younger adults could oppose any
effects of repetition on familiarity by their in-
creased ability to recollect that an item was on
the read list. Older adults were unable to keep
the rising familiarity owing to repetition in
check with correspondins increases in recol-
lection.

This crossover interaction effect of repeti-
tion cannot be the result of a single ptocess
(cf. Donaldson, 1996). If one adopted a signal
detection analysis by assuming, for example,

Table 14.1 Probability of responding
"Yes" item was heard,

False Alarms

Group
Read

Lx 2x 3x
Hits

New Heard

Young
Elderly

,31  .21 .  .22  .63
. 5 3  . 5 9  , 1 9  . 5 2

an ordered distribution of familiarity values
corresponding to the number of presentations,
such that the familiarity distribution for new
items is lower than tlat for once-read items,
which is in turn lower than the distribution
for repeatedly read items-there is no place-
ment of response criteria that could produce
the pattern of results such that the probability
of FA (repeatedly read) > FA (once-read) > FA
(new) for elderly adults and also produce FA
(repeatedly read) < FA (once-read) < FA (newJ
for younger adults, This pattern of results re-
quires a form or use of memory in addition to
familiarity that is different for elderlv and
young adults. (For similar patterns of iesults
along with discussions of relevance to single-
process models of memory, see Jacoby, ]ones, &
Dolan, 1998, as well as McElree, Dolan. & Ta-
coby,  1999.)

Estimating Recol lection
and Familiarity: The
Process-Dissociation
Procedure

Does familiarity as well as recoliection dimin-
ish with aging? The method of placing famil-
iarity and recollection in opposition does not
allow one to detect such a pattern of effects.
nor can it distinguish complex effects of a
variable that simultaneousiy lowers familiar-
ity and increases recollection from a simple
increase in recollection. What is needed is
some means of estimating the contributions of
familiarity and recollection to performance.

An early approach to the problem of ob-
taining estimates of familiarity and recoliec-
tion was to use performance on recall tests as
a measure of recoiLection. Mandler (rgAoJ took
that approach in studies of recognition mem-
ory for paired associates, when he used cued-
recall performance (of A given B, and of B
given A) as an estimate of recollection, and

, J C
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solved for estimates of the familiarity of the A

item, the B item, and AB pair given levels of

recognition of the single items versus the pair.

Given much previous work that found vari-
ables that affected recall performance and rec-
ognition performance in different ways, he as-
sumed that recollection and familiarity make
independent contributions to recognition. The
equation describing such independence is rec-
ognitiou performance (Rg) equals Familiarity
(F) plus Recollection or retrieval (R), minus
the overlap of the two processes, or Rg = p a i
- FR. He then demonstrated that when items
had been presented the same number of times,
estimates of F were constant across conditions
with widely varying levels of recall and recog-
nition.

Using other tasks such as recall to estimate
the probability of recollection within recogni-
tion or using perceptual identification to esti-
mate the probability of familiarity within rec-
ognition is at best a rough guide to what
actually happens within the recognition task.
Even if the nominal external cue were the
same, the participant's goals and orientation
would be different in the two tasks, and so the
effective cues would differ (for a related dis-
cussion, see Kelley & |acoby, 199S). Further, it
is not necessarily the case that recall perfor-
mance is a pure measure of recollection. Peo-
ple might produce the studied B member of an
AB pair when cued with the A member, but
not have an experience of recollecting the AB
study episode. This production of B would be
experienced as a guess, but would be a guess
informed by prior experience, in much the
same way that prior experience increases the
production rates of items above baseline in an
indirect memory test. This informed guessing
process may be operating in Baddeley's anec-
dote, when he thought "sebastian" when he
first attempted to recall where he had pre-
viously seen that person. IdeaIIy, estimates of
recollection and familiarity should be derived
from performence on the recognition memory
test.

Jacoby (1991) developed a procedure to
measure recollection and familiarity within a
task. The method, called the Process-Dissocia-
tion Procedure, hinges on assessing recollec-
tion in terms of the control over responding it
affords, Recollection is measured as the differ-
ence in responding when people are directed
to nof use responses from a particular study
episode (the exclusion condition outlined ear'
lier in the ironic effects of repetition study)
compared to when they are directed fo use re-
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spotrses from that study episode (the inclusion
condition), So, in addition to the exclusion
condition outlined earlier, parlicipants would
be directed to respond to some items on the
recognition memory test by responding "yes"
to aII studied words, both read and heard
items. Le the inclusion condition, participants
are told to use the test item to attempt to recol-
lect the prior presentation of the item on ei-
ther the read or heard list, but also to say "yes"
if they fail to recollect the item but it is none-
theless familiar.

Assuming independence of recollection
and familiarity, the probability of responding
"yes" to a read item under inclusion instruc-
tions is equal to R + F - RF. In contrast, mis-
takenly responding "yes" to read items under
the exclusion instructions represents failures
of recollection and the operation of familiar-
ity, or (1 - RlF. By subtracting the probability
of "yes" to read items under exclusion instruc-
tions from the probability of "yes" to read
items under inclusion instructions, one can
obtain an estimate of R, which can then be
used to solve for an estimate of F.

The independence assumption underlying
the equations implies that there are variables
that produce dissociative effects on the esti-
mates of familiarity versus recollection. And
tlat is indeed the case. Elderly participants
show lower contributions of recollection to
their recognition memory test performance
compared to younger participants, but show
just as much familiarity (Jennings & Jacoby,
1993, 1997; ]acoby, 1999). Returning to the
ironic effects of repetition, Jacoby (tggg, ex-
periment 4) used the process-dissociation pro-
cedure to show that repeatedly reading a word
served to increase both recollection and famil-
iarity. For young adults, the probability of rec-
ollection for words read once was .38 and in-
creased to ,67 when words were read three
times. The corresponding probabilities of rec-
ollection for elderly adults were much lower:
.20 and .49. Estimated familiarity was lower
for words read once rather than three times
but did not differ for young (.45 vs. .57) and
elderly (.+e vs, ,58) adults.

A similar pattern of lower recollection but
invariant familiarity appears for dysphoric
compared to nondysphoric participants (Her-

tel & Milan, 1994). Forcing participants to re-
spond quickly rather than more slowly re-
duces the estimates of recollection but does
not affect estimates of familiarity (Yoneiinas &

]acoby, 1994). Presenting longer lists of words
at study reduces estimates of recollection but



leaves familiarity intact. These invariances do
not indicate that familiarity is unresponsive to
variations in study conditions: Solving an ana-
gram at study produces higher estimates of fa-
miliarity and recollection compared to simply
reading the word (Jacoby, 1991); engaging
in semantic compared to shallow processing
(Toth, 1996); studying iterns in the form of
pictures rather than words (Wagner, Gabri-
eli, & Verfaeil ie, 1997); and reinstatine studv
context words at test (Jacoby, 1996). (For fui-
ther examples see table 14.2.) These results
suggest that recollection relies on the products
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of elaboration and reflection, but familiarity
relies on the products of more minimal per-
ceptual and conceptual processing.

The process-dissociation procedure can be
cast in the form of a multinomial model.
Multinomial modeling is a statistical tech-
nique used to estimate parameters that cor-
respond to the probabilities of hypothetical
events that are discrete cognitive states. Once
the cognitive events are specified that produce
behavior in various categories (sucli as re-
sponding "oid" on a recognition test), tree dia-
grams can be written to specifli the model

Recollection Automaticity

Table 14,2 Estimates of recollection and automaticity as a function
of aging, level of attention, study duration, habit strength, and
response deadline.

Dissociating Variable

Aging"
Items studied once

Young
Elderly

Items studied tluee times
Young
Elderly

Attentionb
Full
Divided

Attention'
Fuil
Divided

Study Duration"
1 0 s
1 s

Habit Strengthd
Strong
Weak

Study Durationd
1 s
300 ms

Response Deadlined
J S

L s
Aging"

Distinctive Items
Young
Elderly

Non-distinctive Items
Young
Elderly

. 45

.44

, c /

. 5 8

.47

.46

.54

.55

,38
.20

. 6 7

.49

. 2 5

.00

. 2 9

.'1,4

.44

. 2 2

,45
, + J

. 47

. 2 7

A 4

.26

.60

. 3 0

.44

. 2 9

. 5 9

. 5 8

. 6 7

.48

.62

.65

.62

.61

.70

. 7 2

.72
,72

Note. "From Jacoby (rgssJ; ifrom 
Jacoby, Toth and yonelinas (1993): "ftom Jacoby

(1998); dfrom Hay and Jacoby (1996); 'from Hay and facoby (1999J. Estimates of,,auto.
maticity" reflect influences of familiarity, habit, bias depending on the particular para-
digm.
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(Rieder & Batchelder, 1988). in the case of at-
tempting to estimate the parameters for pro-
cesses underlying recognition, in addition to
estimating F and R, separate pa.rameters are
included for guessing. Thus the multinomial
model can handle differences in guessing (e.g.,

Buchner, Erdfelder, & Vaterrodt-Pliinnecke,
1995; Erdfelder & Buchner, 1998J. Doing so
will not change the pattern of results from that
obtained using the original process-dissocia-
tion procedure as long as false-alarm rates for
new words, used to estimate guessing, do not
differ across types of test (inclusion vs' exclu-
sion) or groups (Jacoby, 1998; Yonelinas & Ja-
coby, 1996),

Yonelinas [1994) developed a dual-process
model of recognition that assumes that famil-
iarity is a continuous dimension, much as is
assumed in single-process models of recog-
nition memory, which use signal detection
measures to separate memory from decision
processes or response biases. However, recol-
Iection is a second process underlying recog-
nition, and unlike familiarity, it operates
as a discrete threshold process. Continuous
strength processes and discrete-tlreshold (or

high-threshold) processes produce very differ-
ent relations between hits artd false alarms as
confidence varies. Such plots of hits versus
false alarms across levels of confidence are
known as receivet operating characteristics, or
ROCs (see Murdock, 7974). Accordingly, fa-
miliarity alone would produce an ROC that is
curvilinear and symmetrical around the nega-
tive diagonal. Recollection alone would pro-
duce a straight-line ROC that would begin at
the lowest level of the hit rate and increase to
1.1. In combination, recollection and familiar-
ity would produce ROC curves that are curvi-
linear but asymmetrical (see also Yonelinas,
1997).

Yonelinas, Kroll, Dobbins, Lazzars, end

Knight (1998) provided evidence to support
the assumption that recollection and familiar-
ity serve as independent bases for recognition
memory and found that amnesiacs suffer a
deficit in famiiiarity as well as recollection.
Re-analysis of results from published studies,
as well as results from a new experiment, sup-
ported the conclusion that amnesia was asso-
ciated with deficits in both recollection and
familiarity but with a much greater deficit in
recollection. Further, the ROCs in amnesiacs
versus control participants differed in ways
that supported their model with its underlying
assumption of the independence of familiarity
and recollection.

Extensions of the
Process-Dissociation
Procedure

The process-dissociation procedure has been
geaeralized to other problems where multiple
processes can contribute to performance in a
single task, most importantly to the study
of conscious memory (e.g., recollection and
familiarity) versus unconscious or implicit
memory (thought to be tapped by indirect
tests such as stem completion; for reviews, see
Kelley & Lindsay, 1996, and Roediger & Mc-
Dermott, 1993). The procedure involves study
of a single list of items, such as words. At test,
cues such as word stems (e.g,, mof - ) are
presented, with a signal to use the cue to pro-
duce a word studied on the list, but to guess
if recollection fails (the inclusion condition),
or with a signal to use the cue to produce a
word not on the studied list (the exclusion
condition). Again assuming independence of
conscious and unconscious memory, the dif-
ference in producing a studied word under in-
clusion insbuctions (C + U - CU) versus ex-
clusion instructions (1 - C)U is the estimate of
conscious recollection. Using this procedure
revealed that recollection is lowered dramati-
cally by divided attention at study, whereas
unconscious memory is unaffected, which has
led to calling the unconscious memory "auto-
matic" (]acoby, Toth, & Yonelinas, 1993).

Hay and Jacoby (1996) applied a variant of
the process-dissociation procedure in their
studies that attempted to separate the contri-
bution of experimentally established habits
ftom the effects of recollection. Experimental
habits were established in a training phase,
where stimulus words were paired with a typ-
ical response on 75o/o of the occasions (e.g.,
knee-bend) and an atypical response on 25o/o
of the occasions (e.g., knee-bone). After the
habits were established, the second phase in-
volved study of particular lists of word pairs,
which included some word pairs where the
right-hand member of the pair was a typical
response, and some word pairs where the
right-hand member of the pair was An atypical
response, After studying each list, recall was
cued with the left-hand member of the pair
and a fragment of the right-hand member of
the pair (e,g., knee-b - n -). With this anange-
ment, comect recall of typical pairs could be
based either on memory for the list (R) or on
the habitual response (H). Assuming indepen-
dence of the two sources for correct respond-



i:rg, the probability of correct recall for typical
pairs can be represented as: Prob (typical) = n
+ H(1 - RJ.

When people make memory slips-that is,
when tley mistakenly respond with the habit-
ual response after having studied an atypical
pair-memory has failed and habit is deter-
mining their response, The probability of such
errors after study of atypical pairs is repre-
sented by: Prob (typical) = H (1 - RJ.

By using these two equations, Hay and la-
coby were able to solve for estimates of the
contributions of habit (H) and memory (R) to
cued-recall performance. They found that ma-
nipulating the strength of the habit established
in the fust phase did not affect the estimates
of R in later cued recall, but did affect the esti-
mates of H, The estimates of H matched the
probabilities established in the training phase.
Manipulations of the presentation rate of the
Iist arrd response time in cued recall affected
the estimates of R, but did not affect the esti-
mates of H. These dissociations support the
assumption that habit and memory make
independent contributions to memory perfor-
mance, and converge with results from the in-
clusion/exclusion procedure. Hay and Jacoby
(1"999) showed that cued recall performance of
elderly and young participants differed only
because elderly participants were less able to
recollect; the contribution of habit was age in-
variant. Again, the pattern of results is the
same as found with the inclusion/exclusion
procedure.

The finding that estimates of habit show
probability matching suggests that habit is a
form of implicit learning. Reber (e.g., 1989)
has argued that probability matching reflects
implicit Iearning of an event sequence that is
acquired independently of a conscious effort
to learn and without intentional strategies.
Knowlton, Squire, and Gluck (1994) described
probability learning as a task that relies pri-
marily on the form of memory preserved by
amnesiacs, They found that amnesiacs show
evidence of probability learning but perform
more poorly than people with normaily func-
tioning memory. They suggested that the
poorer probability learning of amnesiacs is a
result oftheir inability to recollect (declarative
memory), a type of memory used by people
with normal memory to supplement the more
automatic, unintentional form of memory
(procedural memory) that is fully relied on by
those with amnesia for performance in proba-
bility learning tasks. The process-dissociation
procedure offers the advantage of separating
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the contributions of different forms or uses of
memory within a task, rather than identifying
processes with different tasks. Just as recali
does not serve as a pure measure of recollec-
tion in recognition memory performance, per-
formance in probability learning tasks is un-
likely to serve as a plue measure of more
automatic bases of responding (e.g., implicit
learning or habit) in cued-recall performance.

Ratcliff and McKoon (1995, 1997) argued
that many implicit memory effects are actually
bias effects and proposed a counter model of
such effects, We (Jacoby et. al., 1993) agree
that automatic influences of memory (implicit
memory) can be expressed as bias. However,
we see the term "bias" as synonyrnous with
the claim that an automatic influence of mem-
ory, such as familiarity in a test of recognition
memory, can serve as an alternative to recol-
lection as a basis for responding. lacoby,
McElree, and Trainham (1999J have shown
that results reported as support for their
counter model by Ratcliff and McKoon (1997)
when reanalyzed, reveal striking dissociations
that are the same as found by Hay and Jacoby
(rse6). That is, the experiments supporting
the counter model reveal striking dissocia-
tions betweeen bias effects and memory, sug-
gesting the same independence between pro-
cesses-as found using the process-dissociation
proceGure.

Controversy Surrounding the
Process-Dissociation Procedure:
Alternative Approaches

The assumptions underlying the process-dis-
sociation approach have been controversial
(e.g., Buchner et al., 1995; Curran & Hintzman,
1995, 1997; Graf & Komatsu, 1994; Mull igan &
Hirshman, 1997; Ratcliff, Van Zandt, & Mc-
Koon, 1995). Most controversial has been the
assumption that recollection and familiari-
ty independenfly contribute to performance.
Curran and Hintzman (1995) found correla-
tions between R and A and so argued that the
two bases for responding are not independent,
However, through subsequent exchanges (see
Curran & Hintzmart, 1.997, and Hintzman &
Curran, 1997, along with responses by Jacoby,
Begg, & Toth, 1.997, and Jacoby & Shrout,
1997) agreement was reached that correlations
between R and A calculated by aggregating
over participants or over items cannot legiti-



mately be used to test the independence of un-
derlying processes. |acoby (1998) showed that
instructions can be manipulated in a way that
results in violation of assumptions underlying
the process-dissociation procedure, and also
described other boundary conditions for those
assumptious. "Patadoxical" dissociations that
result 

-from 
violating underlying assumptions

(Curran & Hintzrnan, 1995) can be replicated
when participants are instructed to use a par-
ticular strategy, but those dissociations were
not related to correlations between R and A.
Although the independence assumption un-
derlying the process-dissociation procedure
can be violated, correlations between R and A
are not useful for detecting such violations,

An alternative to the independence as-
sumption is that recollection and familiarity
are in a redundant relationship-that is, recol-
Iection cannot occur unless familiarity fust
occurs, so recollected items are a subset of fa-
miliar items (Buchner et al., 1995; ]oordens &
Merikle, 1993), By this account, recollection is
a late stage of processing that relies on the
prior stage of computing familiarity. One way
to think about the fifference between inde-
pendence and redundancv is with the exam-

ile of genetate/recognize models of recall ver-
sus models of direct retrieval. If recall is cued
by a stem of the studied word, e.g., mot- -,

people can be instructed to use that cue to
generate the first word that comes to mind,
and then do a recognition check of whether
the generated item was on the list. With that
strategy, recognition is a later stage of process-
ing that occrus only if a studied word has been
generated And, so, clearly the two cannot
be independent. Generation of studied items
would 6e above baseline because of effects of
automatic or unconscious memory (]acoby &
Hollingshead, 1990). It was such generate/rec-
ognize instructions that ]acoby (1998) used to
violate the independence assumption under-
lying the process-dissociation procedure and
to establish boundary conditions for the pro-
cedure.

In contrast, the instructions in the process-
dissociation procedure are to use the stem as
a cue for retrieval, a:rd so start a process of
recollection. People might find also that the
studied item comes automatically to mind, but
in this case, recollection of the studied item
does not depend on waiting for the automatic
retrieval to occur-the two processes occur in-
dependently. hr the case of recollection and
familiarity, if recollection depended upon fa-
miliarity, the equations used to generate esti-
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mates with the process-dissociation procedure
would be in error, arrd it becomes quite amaz-
ing that so many manipulations would have
produced invariance in estimates of F across
wide variations in R (e,g,, divided attention,
elderly vs. young participants, short-deadlines
to respond vs. Iong-deadlines to respond.)
Those experiments all used instructions de-
signed to 

-encourage 
direct retrieval,

Age-related deficits in recollection are
closely related to age-related deficits in source
monitoring (Spencer & Raz, 1995). Source
rnonitorilg paradigms assess memory for
source by examining overt source attributions
(fohnson, Hashtroudi, & Lindsay, 1993; Mitch-
eII & Johnson, chapter 12). Participants choose
one of n-alternatives denoting whether and in
what context the test item was studied. For ex-
ample, participants might hear some words
and read other words during study and then
later judge for each test word whether it was
read, heard, or not studied eariier. Those iudg-
ments are used to compute both a measure of
recognition memory and a measure of source
memory, often with the intention of studying
possible impairments in certain types of
source discrimination (e.g., Foley & ]ohnson,
1985; Harvey, 1985), Results hom standard
tests of soruce memory have shown that older,
as compared to younger, adults are less able to
remember whether information was presented
visually or aurally (e.g., Light, La Voie, Valen-
cia-Laver, Albertson-Owens, & Mead, tggz;
Mclntyre & Craik, 1987).

To adequately measure source memory
(recollection), one must take response biases
into account and make an assumption about
the relation between recognition and source
memory, which, in turn, requires tlat one
adopt a model of recognition-memory perfor-
marlce, The treatment of source information as
a late achievement is implicit in the multi-
nomial model most often used to measure
source monitoring (e.g., Buchner, Erdfelder,
Steffens, & Martensen, L997; fohnson, Kou-
nios, & Reeder, 1994). The model that is most
commonly used (Batchelder & Riefer, 1990,
Model 5b) treats the probability of retrieving
source information as conditional on having
recognized or detected an item as "old." How-
ever, this model does not specify the pro-

'cesses involved in the detection parameter,
D-that is, it does not specify a particular
model of recognitiotr memory. One could in-
terpret D or recognition of old items as depen-
dent only on familiarity, and interpret the
soruce memory parameter as recollection, In



contrast, the independence model is a dual-
process model of recognition memory (see
Clark & Gronlund, 1990, for a discussion ofev-
idence for a dual-process model of recogni-
tion). McElree et al. (1999) describe how an
independence assumption of the sort used to
interpret ironic effects of repetition can be ac-
commodated in the framework of global-mem-
ory models (e.g., MINERVA2, Hintzman, 1988;
SAM, Gillund & Shiffrin, 1984;TODAM, Mur-
dock, 1982). |acoby (1999) showed that a
multinomial model based on an independence
assumption could account for results from his
experiment using fewer parameters than re-
quired by a model based on a redundancy as-
sumption.

The remember/know procedure (see Gardi-
ner, chapter 15) focuses on differences in sub-
jective experience whereas investigations of
source memory and use of the process-dissoci-
ation procedure have emphasized differences
in objective performance and sought to specify
underlying processes. However, we agree re-
garding the importance of subjective experi-
ence. Estimates of recollection gained by the
process-dissociation procedure are sometimes
the same as the probability of a "remember"
response, which is used as an index of the
subjective experience of recollection. That is,
subjective and objective measures of recollec-
tion often coincide. A point of controversy is
how "know" responses should be interpreted.
Participants are told to respond "know" on a
test of recognition memory, for example, if an
item seems familiar but they cannot remember
encountering the item during study-a situa-
tion similar to that experienced by Baddeley
in the anecdote used to begin this chapter. We
have identified "know" responses with famil-
iarity and argued that one must make an as-
sumption about the relation between recollec-
tion and familiarity (e,g,, an independence
assumption) to interpret those responses in
terms of the underlying processes. (For further
discussion of the relation between remember/
know and process dissociation, see Jacoby,
Yonelinas, & fennings, 1992; Kelley & ]acoby,
1998; Richardson-Klavehn, Gardiner, & Java,
1ee6).

Concluding Comments

Placing processes in opposition as in the
"fame" and the "ilonic effects" experiments
produces results that show the necessity of a
dual-process model for recognition. There is a
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growing consensus that contributions of dif-
ferent forms or uses of memory must be sepa-
rated within a task rather than identified with
different tasks, although there is little agree-
ment about how that should be done.

It is impofiant to devise means to measure
deficits in recoilection or source memory as
part of diagnosis and treatment. As an exam-
ple, older adults'greater susceptibii i ty to false
memory (e.g., Schacter, Kagan, & Leichtman,
1995) can be seen as a failure to use recollec-
tion as a basis for excluding test items that are
familiar for a wrong reason. An exclusion test
is not equivalent to asking people to report on
memory for source. People sometimes make
exclusion errors even though if directly asked
they could report the source information that
would allow those errors to be avoided, and
this is likely to be particularly true for older
adults (e.g., Dywan & lacoby, 1990; Multhaup,
1995). AIso, understanding exclusion errors
requires that one consider the possibility of
differences in familiarity as well as differences
in recollection (Yonelinas et al., 199s). Older
adults and other special populations are more
prone to errors that reflect an over-reliance on
habit (Hay & Jacoby, 1es9).

To measure t}te separate contributions of
the different processes to overall performance,
one must adopt an assumption about the rela-
tionship between recolleciion and more auto-
matic influences of memory, such as familiar-
ity. It seems likely that an independence
assumption is appropriate in some situations
whereas a redundancy assumption is appro-
priate in other situations. That is, we expect
any model to have boundary conditions. An
important goal for research is to specify such
boundary conditions and so reveal factors tLat
determine the relation between underlving
processes. The question about the relation bel
tween processes underlying memory perfor-
mance has a parallei in the relation between
the automatic versus consciously controlled
processes underlying social behavior (see
Chaiken & Trope, 1999), There, too, it is im-
portant to distinguish between early-selection
(independenceJ and late-correction (redun-
dancy) models to specify better the nature of
deficits in social monitoring and to design
treatments aimed at escaping the effects of
such automatic processes as stereotyping (]a-
coby, Keiley, & McEIree, 19S9).

Although recollection and automatic influ-
ences of memory are not always independent,
there are advantages to be gained by arranging
situations such that independence holds. Our



T"

I RECOLLECTION AND FAMILIARITY

proposal of independence between memory
processes is consistent with the proposal by
McClellend, McNaughton, and O'Reilly (1995)

of independent learning systems in the hippo-
campus and neocortex. Aggleton and Brown

tfs9S) describe evidence to support their
claim that recollection and familiarity have
different anatomical bases, and discuss the
importance of techniques for separately mea-
suring the two bases for recognition memory.
Dissociations such as those presented in table
L4.2 encou.rage us to believe that assumptions
underlying the process-dissociation procedure
can be met.
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