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The amnesic patient E.P. has demonstrated normal levels of repetition priming and at-chance recognition

performance (S, B. Hamann & L. R. Squire, 1997), suggesting that the sense of familiarity used to make

a recognition memory judgment is not based on the same mechanism responsible for repetition priming.

However, the recognition tests previously used may have discouraged the use of familiarity and

encouraged reliance on episodic memory. This issue was addressed in 5 experiments with E.P., 3 other

amnesic patients with hippocampal damage, and 8 healthy controls. In Experiments 1-3, which were

designed to discourage the use of episodic memory, the amnesic patients were impaired and E.P.

performed at chance. In Experiments 4 and 5A, a stem-completion priming task was combined with a

recognition memory task on each trial. E.P.'s priming was intact, yet his recognition memory perfor-

mance was at chance. This suggests that although recognition memory judgments may be made on the

basis of familiarity, repetition priming is not the source of this feeling of familiarity.

When processing a stimulus item, a recent encounter with the

same item or a perceptually similar item facilitates this process-

ing—a phenomenon known as repetition priming (Richardson-

Klavehn & Bjork, 1988; Schacter, Chiu, & Ochsner, 1993). Rep-

etition priming (as illustrated by tasks like stem completion and

perceptual identification) and other forms of nondeclarative

(Squire, 1992) or implicit (Schacter, 1992) memory have been

dissociated from recognition and recall (declarative or explicit

memory) in both normal volunteers (Jacoby & Dallas, 1981;

Roediger & McDermott, 1993; Schacter, 1992; Tulving, Schacter,

& H. Stark, 1982) and amnesic patients (Hamann & Squire, 1997;

Squire & Knowlton, 1995). Some have viewed these dissociations

in the context of dual-process theories of recognition, according to

which recognition memory is composed of two components: ex-

plicit recollection and familiarity (Gardiner & Java, 1993; Jacoby,

1991; Mandler, 1980, 1989). These theories propose that a single

underlying factor is both the source of repetition priming effects
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and one of the bases for the feeling of familiarity that is used

during recognition memory judgments.

An alternative view holds that repetition priming and recogni-

tion are independent of one another. Although the form of memory

responsible for repetition priming is present during a recognition

memory task, and although a feeling of familiarity is a component

of recognition memory judgments, the form of memory that sup-

ports repetition priming is not the source of the familiarity com-

ponent of recognition memory (Schacter, 1992; Schacter & Buck-

ner, 1998; Squire, 1992; Squire, Knowlton, & Musen, 1993;

Wagner, Gabrieli, & Verfaellie, 1997). The neuropsychological

evidence is consistent with this view. Damage to the hippocampus

and related medial temporal lobe structures results in amnesia.

Numerous studies have shown a dissociation between intact rep-

etition priming and impaired recognition memory in amnesic pa-

tients (e.g., Haist, Shimamura, & Squire, 1992; Hamann & Squire,

1997; Reber & Squire, 1999). Further, focal occipital lobe lesions

can impair performance on visuoperceptual priming tasks while

leaving recognition memory intact (Gabrieli, Fleischman, Keane,

Reminger, & Morrel, 1995; Keane, Gabrieli, Mapstone, Johnson,

& Corkin, 1995). Additionally, although increasing perceptual

fluency (a term often used to describe what is changed during

perceptual repetition priming) increases the probability that both

healthy controls (e.g., Johnston, Dark, & Jacoby, 1985; Whittlesea,

1993) and amnesic patients (Verfaellie & Cermak, 1999) will

endorse an item during a recognition memory test, the improve-

ment is similar for both studied and nonstudied items. Manipulat-

ing perceptual fluency can shift bias but does not reliably increase

recognition memory accuracy (see also Reber & Squire, 1999).

The severely amnesic patient E.P. provides particularly compel-

ling evidence for this alternative view. E.P. has severe anterograde

and retrograde amnesia (Hamann & Squire, 1997; Reed & Squire,

1998; Squire & Knowlton, 1995) and has scored at chance on

every test of delayed recognition memory that he has been given.
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460 STARK AND SQUIRE

Yet, he exhibits completely intact stem completion and perceptual

identification priming (Hamann & Squire, 1997) and completely

intact category learning of dot patterns (Squire & Knowlton,

1995). In one study (Hamann & Squire, 1997), E.P. had a mean

discriminability score (d') of 0.067 (chance equals 0) across six

yes/no recognition memory tests and a mean percentage correct of

52% (chance equals 50%) across six forced-choice recognition

memory tests. In contrast, his performance was identical to that of

healthy volunteers on both a stem-completion task and a percep-

tual identification task that involved the same stimuli.

These findings suggest that the memory that results in repetition

priming is not available as a source of familiarity-based recogni-

tion. E.P.'s recognition memory was not benefitted by his intact

repetition priming. However, it is possible that the conventional

recognition tests used by Hamann and Squire (Hamann & Squire,

1997) discouraged the use of familiarity and encouraged reliance

on episodic memory. To explore this possibility, we designed five

experiments that encouraged the use of familiarity and discouraged

the use of episodic memory.

Experiment 1

In contrast to the experiments reported by Hamann and Squire

(1997), an explicit effort was made in this study to encourage the

use of familiarity as a basis for recognition memory judgments.

Specifically, a speeded, forced-choice recognition memory para-

digm was used at test. Participants were instructed to make their

judgments as quickly as possible, and a time limit was imposed on

each trial.

Method

Participants. E.P. is a 75-yeat-old retired laboratory technician with 12

years of education who, in 1992, suffered extensive bilateral damage to the

medial temporal lobes as the result of herpes simplex encephalitis. The

damage extends caudally from the temporal pole and damages bilaterally

the perirbinal cortex, the amygdaloid complex, the entorhinal cortex, the

parahippocampal cortex, and the hippocampal region (CA fields, dentate

gyrus, and subicular complex). The lesion also extends laterally to include

the fusiform gyms at some levels (Reed & Squire, 1998; Schmolck,

Stefanacci, & Squire, in press). In addition to E.P., 3 other amnesic patients

with hippocampal formation damage also participated (A.B., P.H., and

L.J.; see Table 1). All 4 patients had participated in the Hamann and Squire

(1997) experiments, and additional neuropsychological data appear there

and elsewhere (Hamann & Squire, 1995). Finally, 8 healthy volunteers (2

men, 6 women; mean age = 74.6 years; mean education = 11.9 years)

served as a control group. Six of the 8 controls had also participated in the

experiments reported by Hamann and Squire (1997),

The same amnesic patients and controls participated in Experiments 1-5,

with the exception of 1 control who was unavailable for Experiments 4

and 5.

Materials. Six of the 24-word lists used by Hamann and Squire (1997)

were used in Experiment 1. Three of these lists were used as a source of

study items, and the remaining three were used as a source of foils. As the

performance of patient E.P. is the primary focus of this study, all partici-

pants received the exact same stimuli in the same order as did E.P.

Procedure. The experiment consisted of a study phase and a test phase.

In the study phase, participants were shown a list of 24 words, with a

duration of 3 s and an intertrial interval (ITI) of 0.5 s, and asked to name

each word aloud. After a 5-min delay, the test phase began. The test phase

consisted of a forced-choice recognition memory task in which participants

were shown two words beside each other on the computer screen. One of

the words was a previously studied item (target) and the other was not

(foil). Above the two words were the instructions, "Which old?", and

participants were asked to indicate with a keypress which word was on the

previously studied list. They were asked to make their judgments as rapidly

as possible and to "go with their gut feeling" if they did not immediately

know the answer. If their response was not made within 1.5 s, the computer

would beep, indicating that they should try to respond more rapidly. After

the ITI, another pair of words appeared until all 24 pairs had been shown.

For each participant, the experiment was repeated a total of three times in

one session, with different materials for each test.

Before the experiment, a practice task was administered to ensure that

participants could read the two stimuli and perform a speeded, forced-

choice decision task. In the practice task, participants identified which of

two words shown on the screen named an animal. With a 1.5-s stimulus

duration and response window, and a 0.5-s m, E.P. performed reliably

with a list of 24 word pairs. His performance noticeably worsened with

more rapid presentations. After one or two runs through the practice task,

all participants were able to make responses reliably within these time

constraints.

Results

Figure 1 shows recognition memory performance for the three

groups in terms of overall percentage correct, together with the

forced-choice recognition memory data from Hamann and Squire

(1997). The healthy volunteers were correct on 84% of their

judgments, 1(7) = 11.0, p < .001, versus chance. The 3 amnesic

patients were impaired relative to controls (65% correct),

r(9) = 2.8, p < .02, and did not differ significantly from chance,

r(2) = 1.8, p = .1. Finally, across the three test repetitions, E.P.'s

performance was not above chance, averaging only 43% correct on

this task.

Table 1

Characteristics of Amnesic Patients

Patient

E.P.
A.B.
P.H.
L.J.

Age

75
60
75
60

Education

12
20
19
12

WAIS-R IQ

103

104
115
98

Attention

94
87

117
105

Verbal

59
62
67
83

WMS-R

Visual

82
72
83
60

General

68
54
70
69

Delay

56
<50

57
<50

Note. The Wechsler Adult Intelligence Scale—Revised (WAIS-R) and the indices of the Wechsler Memory Scale—Revised (WMS-R) yield a mean
score of 100 in die normal population with a standard deviation of 15. L.J. is female and the other patients are male.
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Figure 1. Percentage of correct scores on the speeded, forced-choice
recognition memory test of Experiment ] (Exp. 1, grey bars) for controls
(n = 8), amnesic patients (AMN, n = 3), and E.P. For comparison,
performance an the forced-choice recognition memory task of Hamann and
Squire (1997) is shown as well (H & S [1997], white bars). For the controls
and the AMN group, circles show the average score for each participant on
three different tests. E.P,'s score is his mean (±SEM) for me same three
tests. The dotted line represents chance performance. Despite the time
constraint and the encouragement to rely on "gut feeling," E.P.'s recogni-
tion memory performance was at chance.

Experiment 2

Experiment 1 demonstrated that requiring recognition memory
judgments to be made as rapidly as possible did not elevate E.P.'s
performance above chance levels. As discussed, the time available
to make each recognition memory judgment was the minimum
time in which he could read two words, make a two-choice
decision based on the words, and press a key indicating his choice.
It is unlikely, therefore, that further limiting the time available to
make the decision could yield above-chance recognition memory
performance.

In Experiment 2, we encouraged the use of familiarity in a
different way, by modifying the instructions given in the test
phase. At test, no reference was made to the previous study phase,
and participants were asked to decide (as quickly as possible)
which of two words was "more familiar." Experiment 2 is there-
fore not a conventional test of recognition memory. Rather, Ex-
periment 2 asks whether, for E.P., judgments of familiarity can be
altered by the study task. That is, Experiment 2 attempts to
ascertain whether E.P.'s familiarity judgments (of the kind that
could potentially contribute to recognition memory decisions) can
be influenced by a prior study task.

We expected that healthy controls would recall having seen
words in the study phase and would most likely perceive this as a
recognition memory test in spite of the instructions. However,
E.P.'s amnesia is so severe that he has no measurable episodic
memory. Without any memory of the study episode to guide him,
and given instructions that made no reference to the study episode,
we expected that E.P. would use feelings of familiarity, rather than
episodic memory, when making his judgments.

Method

Participants. The same individuals who had participated in Experi-
ment 1 also participated in Experiment 2.

Materials. Six of the 24-word lists used by Hamann and Squire (1997)
were used in Experiment 2. Three of the lists were used as a source of study
items, and the remaining three were used as a source of foils. Again, all of
the participants received the exact same stimuli in the same order as E.P.

Procedure. The experimental procedure was identical to that of Ex-
periment 1 except that the instructions given during the test phase were
modified. At test, volunteers were informed that some words "may seem
more familiar than others." Instead of asking volunteers to quickly choose
which of the two presented words was on the study list, we asked them to
quickly choose the word that was "more familiar." Above the pair of words
on each test trial the phrase, "Which familiar?" replaced the phrase,
"Which old?" that was used in Experiment 1. hi this way, volunteers were
encouraged to use familiarity as the basis for their speeded judgments. Note
that at no point during the test phase was any reference made to the earlier
study phase. For each participant, the test was repeated a total of three
times in one session, with different materials on each occasion.

Results

Figure 2 shows recognition memory performance for the three
groups in terms of overall percentage correct across the three tests.
The healthy volunteers were correct on 85% of their judgments,
rf7) = 10.8, p < .001, versus chance. The amnesic group averaged
68% correct and was impaired relative to controls, r(9) = 3.0, p <
.05. Their recognition accuracy was also above chance levels,
f(2) = 9.2, p < .05. Across the three tests, E.P. was again not
above chance, averaging only 47% correct. Approximately 1 year
after his initial testing, E.P. was again given three tests in this same
paradigm to determine whether an imbalance in the preexperimen-
tal familiarity of the test stimuli could have obscured an effect of
the study task on familiarity judgments. Study and foil items were
exchanged for these tests. Although E.P.'s average performance
across all six tests rose slightly, to 55% correct, this result was
largely due to one outlier (75% correct). His performance was still
not reliably above chance (p = .34), and his median score across
all six tests was 49% correct.
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Figure 2. Percentage of correct scores on the speeded, forced-choice
familiarity-based recognition memory task of Experiment 2 for controls
(n — 8), amnesic patients (AMN, n — 3), and E.P. For the controls and the
AMN group, circles show the average score for each participant on three
different tests. E.P.'s score is his mean (±SEM) for the same three tests.
The dotted line represents chance performance. Despite instructing partic-
ipants to base judgments on a feeling of familiarity, E.P.'s performance
was at chance.
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Postexperimental interviews indicated that controls perceived
the experiment as a test of recognition memory and did not base
their judgments purely on a feeling of familiarity. For example,
when asked what "familiar" meant, one control replied, "Familiar
meant I saw it before on the screen." Another responded, "Familiar
means the word I recognized from the words I read earlier." Two
of the 3 amnesic patients (L.J. and A.B.) similarly perceived the
experiment as a thinly disguised recognition memory test. In the
postexperimental interview, A.B. defined "familiar" by saying, "I
was interpreting 'most familiar' as the one I had seen before." In
contrast, both the most severely impaired of the amnesic group
(P.H.) and E.P. gave no indication that they remembered the study
phase or that they were basing their judgments on anything but
familiarity. During one of the study phases, E.P. did predict that
his memory would later be tested, saying, "I bet you're going to
test me on these later." However, after the last test item, when
asked what he was using to make his decision, E.P. replied that he
picked the one that was "more common" and gave no indication
that he remembered having seen the words earlier.

Experiment 3

Experiment 2 demonstrated that explicit instructions to make
speeded forced-choice judgments based on familiarity did not
elevate E.P.'s performance above chance levels. In Experiment 3,
participants were again asked to make rapid familiarity judgments,
but the forced-choice paradigm used in Experiment 2 was replaced
by a yes/no paradigm in which judgments were made on single
items. As was the case for Experiment 2, Experiment 3 does not
provide a conventional test of recognition memory. Rather, Ex-
periment 3 attempted to directly encourage the use of familiarity in
making judgments.

Experiment 3 was initially attempted with E.P. using three lists
of stimuli from the same population as Experiments 1 and 2 (the
word lists used by Hamann & Squire, 1997). When asked to make
yes/no familiarity judgments on these words, E.P. responded "yes"
to every item on the first two lists, repeatedly commenting, "This
is easy: these are all familiar words." Even when instructed to
respond "yes" if the word seemed "more familiar than most
words," E.P. generated too few "no" responses to allow for any
difference to emerge in his treatment of study items and foils.

The words used by Hamann and Squire (1997) were relatively
familiar words, having a maximum Kucera and Francis frequency
of 895 and a mean of 52 (Kucera & Francis, 1967). In responding
"yes" to virtually all of these items, E.P. demonstrated that when
asked to make judgments of familiarity, he responds on die basis
of familiarity and does not view the task as a thinly veiled test of
his memory (as healthy control volunteers and 2 of the amnesic
patients did in Experiment 2.) In an effort to reduce the subjective
familiarity of the words (and thereby reduce the number of "yes"
responses), a different set of words was used (Coltheart, 1981),
with lower Kucera and Francis frequency scores (maximum - 20,
Af = 10).

Method

Participants. The same individuals who had participated in Experi-
ments 1 and 2 also participated in Experiment 3.

Materials. Twelve lists of 24 words were drawn from the above-
mentioned set. Word length ranged from four to seven letters and included

words less familiar than those used in Experiments 1 and 2 (e.g., austere,
zeal, creed, inquest). Six of the lists served as study lists, and six served as
foils. As with Experiments 1 and 2, all participants received the exact same
stimuli in the same order as did E-P.

Procedure. The study phase was identical to that used in Experi-
ments 1 and 2, and the test phase was similar to that used in Experiment 2.
However, instead of asking volunteers which of two words was "more
familiar," Experiment 3 used a speeded yes/no paradigm. On each trial, a
single word was presented in the middle of the screen with the question
"Familiar?" printed above it. Participants were asked to press a key marked
"yes" if the word "felt familiar" to them and to press a key marked "no" if
it did not. They were informed that some words might feel more familiar
than others. Participants were thus encouraged to use familiarity as the
basis for their judgments. As in Experiments 1 and 2, participants were
encouraged to respond quickly with their first impression, and a 1.5-s time
limit was imposed on each trial. Note that at no point during the test phase
was any reference made to the earlier study phase. For each participant, the
experiment was repeated a total of six times over 2 days, with different
materials on each occasion.

Results

Figure 3 shows recognition memory performance for the three
groups in terms of d'. The healthy volunteers were correct on 81 %
of their judgments, and obtained an average d' score of 1.85,
f(7) = 11.4, p < .001, versus a chance score of 0. The amnesic
group averaged 65% correct, with a corresponding d' of 1.08.
Their performance was marginally impaired relative to controls,
r(9) = 2.2, p = .057, and did not significantly differ from chance
levels, r(2) = 1.1, p = .11. Across the six tests, E.P. was cor-
rect 51.9% of the time, with a corresponding d' of 0.2. A one-
sample t test on the d' measures obtained from each of the six tests
(-0.03,0.77,0.48,0.0,0.0,0.0) showed no deviation from chance
performance, r(5) = 1.5, p - .2. Approximately 1 year after his
initial testing, E.P. was again given six tests in this paradigm to
determine whether an imbalance in the preexperimental familiarity
of the test stimuli was obscuring an effect of the study task on his
familiarity judgments. Study and foil items were exchanged for
these tests. E.P.'s average performance across all 12 tests remained
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Figure 3. Discriminability (d') on the speeded yes/no familiarity-based
recognition memory task of Experiment 3 for controls (n = 8), amnesic
patients (AMN, n = 3), and E.P. For the controls and the AMN group,
circles show the average score for each participant on six different tests,
E.P.'s score is his mean (±5£M) for the same six tests. A d' of 0 represents
chance performance. Instructing participants to endorse words that "felt
familiar" did not elevate E.P.'s performance.
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at chance (p = .45) with an average score of 50.7% correct and a
corresponding d' of 0.08 (median = 0.0).

Postexperimental interviews again indicated that the controls
perceived the experiment as a recognition memory test. Interviews
of 4 of the controls indicated that in each case, their responses were
based on whether they remembered having seen the word during
the study phase. One volunteer said words were "definitely famil-
iar as if I'd studied them." Another commented, "I had just seen it
(a word) in the list of words I just read." The same 2 amnesic
patients that perceived Experiment 2 as a recognition memory test
also perceived Experiment 3 as a recognition memory test. During
the test sessions, LJ. routinely commented, "seen that one... didn't
see that one." In the interview, A.B. commented that he was trying
"to decide if I'd seen it before." In contrast, P.H. (whose d' score
of 0.51 was the lowest of the amnesic group) did not view this as
a test of recognition memory. In the interview, he commented that
"most of them were all familiar—just a couple out of the ordi-
nary." When asked to define "familiar," P.H. said, "if it is known
to me ... [Experimenter: 'If it is in your vocabulary?'] . . . Yes."
As in Experiment 2, E.P. gave no indication that he remembered
the study phase or that he was basing his judgments on anything
but a feeling of familiarity, defining "familiar" as "common."

Experiment 4

In Experiment 4, we attempted to provide E.P. with whatever
information his intact nondeclarative memory could provide by
making this information as accessible as possible to him when he
was making recognition memory judgments. During the test phase,
each test trial consisted of a stem-completion task followed im-
mediately by a forced-choice recognition test. In the stem-
completion portion of the trial, a three-letter word stem was
presented with the instruction to complete the stem to form the first
word that comes to mind. The stem could always he completed to
form a studied word. In the recognition portion of the trial, two
words were presented: the studied item that completed the stem
and a matched foil that also completed the stem. Because E.P.
exhibits intact repetition priming, we expected that he would often
complete the stem with the studied item. Several seconds after
completing the stem, the studied item and a foil were presented
together for a forced-choice recognition memory test. On many of
the trials, he would have generated the correct answer (the studied
item) in response to the stem-completion probe just before the
recognition memory test. The question of interest was whether his
recognition memory performance would remain at chance on those
trials when he had just demonstrated intact priming for the same
word.

Method

Participants. The same individuals who had participated in Experi-
ments 1-3 also participated in Experiment 4, with the exception of 1
control who was unavailable.

Materials. Stem-completion norms for 120 three-letter word steins
(Graf, Squire, & Mandler, 1984) were collected from 110 University of
California, San Diego (UCSD) undergraduate students. The word stems
were randomly divided into six lists of 20 word stems. For each of the six
lists, the two most frequent completions of the stems were alternately
assigned to a pair of matched completion lists. Half of the items on each
completion list were therefore the most frequent completions to the word

sterns, and half were the second most frequent completions, resulting in
two lists of words whose mean completion rates from the stem list were
approximately equal. To match the completion lists more closely, the mean
and variance of completion rates across the 12 lists were then equated by
exchanging items across lists. For each of these matched completion lists,
one list served as study items and one as foils.

Procedure. The study phase was similar to that used in the previous
three experiments. Participants viewed a list of 20 words (e.g., motel}
presented one at a time. In the test phase, each of 20 trials began by
presenting one of the three-letter stems (e.g., mot ) along with instruc-
tions to "Complete this word beginning to form the first word that comes
to mind." Once the participant had verbally completed the stem to form a
word, the screen was cleared and a pair of words (one from the study list
and one from the matched foil list), appeared on the screen (e.g., motel,
motor). Participants were then asked, "Which word did you see on the
list 10 minutes ago?" and were encouraged to make their responses quickly
(no fixed time limit was imposed, however). After their response, a 500-ms
ITI preceded the next trial. To generate sufficient data, a total of six
study-test sessions were completed over 2 days. All participants received
the exact same stimuli in the same order as did E.P.

Results

Figure 4a shows the priming scores for all three groups of
participants. Controls completed the stem to the study item (e.g.,
motel) with a probability of 0.46, and they produced the matched
nonstudied item (e.g., motor) with a probability of 0.17. The
priming score was taken to be the difference, 0.29. The amnesic
group had an average priming score of 0.18 (0.38 vs. 0.2). E.P.
demonstrated normal levels of priming across his six tests, aver-
aging 0.26 (0.46 vs. 0.2). His priming score was well within the
range of the control scores (control 95% confidence inter-
val = 0.19-0.39) and only 0.31 standard deviations from the
control mean.

Figure 4b shows performance on the forced-choice recognition
memory portion of the task. The healthy controls were correct on
80% of their judgments, ?(6) = 10.1, p < .001, versus chance. The
amnesic group averaged 62% correct and was impaired relative to
controls, t(8) — 3.2,p < .05. Moreover, their recognition accuracy

.40 -
100

80

60

40

20

Etl

Controls AMN EP Controls AMN EP

Figure 4. Performance on the stem-completion task (a) and the forced-
choice recognition memory task (b) of Experiment 4 for controls (n = 7).
amnesic patients (AMN, n — 3), and E.P, For the controls and the AMN
group, circles show the average score for each participant on six different
tests. E.P,'s score is his mean (±SE\f) for the same six tests. The dotted
line shows chance performance. Giving E.P. access to his intact priming for
each item immediately before the recognition probe failed to elevate his
performance above chance.
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was not significantly different from chance levels, ((2) = 2.6, p =

.11. Finally, across the six tests, E.P. also did not score above

chance, averaging only 48% correct.

Recognition performance versus stem-completion performance

is shown in Table 2 for all three groups. When the controls and

amnesic patients completed the word stem to form the study item,

their probability of choosing the studied word in the forced-choice

recognition test was above chance (binomial ps < .001). More-

over, when they completed the word stem to form the matched foil

word that was presented in the forced-choice recognition test,

controls showed a nonsignificant trend to choose the foil word

during recognition (binomial p = .18). Similarly, the amnesic

patients chose the foil more often than the studied item on these

trials (binomial p < .01). These findings suggest that, for the

controls and amnesic patients, the stem-completion task and the

recognition memory task were not independent. This result could

occur if both tasks drew on a single memory trace or if both tasks

were influenced by a common factor (e.g., the attention paid to

each item at study). Alternatively, it is possible that the words that

were produced in response to the stem completion probes (and any

feelings of familiarity associated with these words) served as cues

for recognition memory. If so, it would not simply be the case that

priming benefited recognition. Rather, the participants might have

a bias in the recognition task to choose the word that they had just

produced in the stem-completion task (see Experiments 5A, 5B,

and Table 4).

Patient E.P. performed differently than the controls and the

other amnesic patients. He had a bias not to choose the word he

had generated in the stem-completion portion of the trial. Of the 55

trials in which E.P. completed the word stem to the studied item,

he incorrectly chose the foil on 42 trials during the recognition

portion (76%, binomial p < .001). Similarly, on 20 of the 24 trials

(83%) in which E.P. completed the stem to the foil item, he

correctly chose the target item during recognition (p < .005). His

bias for choosing the other word was similar regardless of whether

he generated the study item or the foil (binomial p = .7). Thus,

instead of using his intact priming to facilitate his recognition,

E.P.'s bias worked against recognition accuracy. E.P. tended to

choose a word other than the word he had generated in the stem

completion phase.

Experiment 5A

In Experiment 4, E.P. demonstrated intact priming for an item

and then, immediately thereafter, demonstrated no recognition

memory for the same item. Despite having frequently uttered the

correct word 5 s earlier in response to the stem-completion probe,

E.P. failed to use this information to facilitate his recognition

memory judgments. One difficulty in interpreting these results

comes from the fact that E.P. demonstrated a strong bias in the

recognition task. Specifically, he avoided choosing words he had

just produced in the stem-completion task. Although this bias does

not support the idea that priming can support or facilitate recog-

nition memory judgments, it is possible that E.P.' s bias might have

obscured a contribution of priming to recognition.

Experiment 5A addressed this possibility. Instead of presenting

participants with a forced-choice recognition memory task using

the two most likely completions to the just-completed stem (as in

Experiment 4), a yes/no paradigm was adopted. After completing

the word stem to form a word, participants decided whether this

word was on the list they had studied 10 min earlier. We thus

sought to determine whether completing the word stem to form the

studied item, immediately before the recognition memory test,

would facilitate E.P.'s recognition memory.

Method

Participants. E.P. and the healthy control volunteers who participated

in Experiment 4 also participated in Experiment 5A.

Materials. The six lists of 20 words used in Experiment 4 were also

used in Experiment 5A (6 months later). Three of the lists served as study

items, and three of the lists served as foils in the test phase. Two of the lists

used as study items had served as foils in Experiment 4, and one list had

served as targets.

Procedure. The study phase was similar to that used in the previous

experiments. Participants viewed a list of 20 words (e.g., motel} presented

one at a time. In the test phase, each of the 40 trials began with the

presentation of a three-letter stem (e.g., mot ), with instructions to "Com-

plete this word beginning to form the first word that comes to mind." Half

of the stems could be completed to form study items and half could not.

Once the participant had named a word that completed the stem, the

experimenter asked whether the word just generated was on the list of

words the participant had recently studied. For example, if the participant

completed the stem mot with the word motel, the experimenter asked,

"Was motel on the list of words you studied ten minutes ago?" For each

participant, the experiment was repeated a total of three times in one

session, with different materials. All participants received the same stimuli

in the same order.

Results

Figure 5 shows the priming and recognition memory scores.

Priming scores were first calculated by subtracting the baseline

Table 2

Recognition Memory Performance Versus Stem Completion Performance (Experiment 4)

Recognition11

Correct
Incorrect

Studied

54.9
0.8

Controls

Foil

8.1
12.4

Other

33.6
10.1

Studied

41.0
4.7

Stem completion11

Amnesic patients

Foil

6.0
18.0

Other

28.0
22.3

Studied

13
42

E.P.

Foil

20
4

Other

24
17

Note. Numbers are the average number of trials in each of the six response categories (out of a total of 120).
a Tn the forced-choice recognition test, participants could choose the study item (correct) or the matched foil item (i
completed to form the studied item, the matched foil item, or some other valid word.

incorrect). b Word stems could be
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probability of completing the stems to the study items (0-23, based
on results from 110 UCSD undergraduates) from the observed
probability of completion. On those trials in which the word stem
could be completed to form, a study item, controls produced the
study item with a probability of 0.49 (priming score = 0.26).
E.P.'s probability of producing the study item was 0.45 (priming
score = 0.22). E.P.'s priming score was normal, corresponding
exactly to the median score of the controls.

The recognition scores were very different. Controls scored 72%
correct, but E.P. scored only 53% correct across his three tests. His
three scores were not better than chance, r(2) = 0.9, p - .5, and
were below the mean score of the controls, t(2) = 5.1, p < .05. The
finding of interest was that successfully completing the word stem
to form the study word did not affect E.P.'s recognition perfor-
mance (see Table 3). In the stem completion phase, E.P. produced
the study word on 27 trials (out of 60 trials in which a study item
could have been generated). In response to the recognition memory
question, he then correctly responded "yes" on 13 of these trials
(48%), and incorrectly responded "no" on 14 trials (52%). Despite
the fact that his priming was normal and that he had just generated
the study item in response to the stem-completion probe, he did not
use that information to say "yes" more often than "no" in response
to the recognition memory question that followed immediately
thereafter. In contrast, on the average of 29.4 trials in which the
controls completed the word stems to form study items, they
correctly responded "yes" to the yes/no recognition memory probe
on 24.3 trials and "no" on 5.1 trials (83% correct).

As in Experiment 4, controls were somewhat more likely to
indicate that they recognized a word if they had generated it in the
stem-completion task. Thus, controls scored 83% correct (24.3/
29.4) on the recognition memory test when they completed the
word stem to the studied word and only 68% correct (61.3/90.6)
when they completed the word stem to a nonstudied word (Table
3). E.P., however, showed no such dependence, scoring 48%
correct (13/27) when he completed the word stem to the studied
item and 55% correct (51/93, binomial p = A) when he completed
the word stem to a nonstudied word.

.40 r

.30 -

01

I .20
•c
D_

.10

100

80

Controls EP Controls EP

Figure 5. Performance on the stem-completion task (a) and the yes/no
recognition memory task (b) of Experiment 5, for controls (n — 7) and E.P.
For the controls, circles show the average score for each participant on
three different tests. E.P.'s score is his mean (±SEM) for the same three
tests. The dotted line shows chance performance. Giving E.P. access to his
intact priming for each item immediately prior to the recognition probe
failed to elevate his performance above chance.

Table 3
Recognition Memory Performance Versus Stem Completion
Performance (Experiment 5A)

Stem completion1"

Controls E.P.

Recognition3 Studied Other Studied Other

Correct
Incorrect

24.3
5.1

6i.3
29.3

13
14

51
42

Note. Numbers are the average number of trials in each of the four
response categories (out of a total of 120 trials in the six tests).
* In the recognition test, participants indicated whether the word generated
in response to the stem-completion probe was on the study list. b Word
stems could be completed to form the studied item or some other valid
word.

Experiment 5B

In Experiment 5A, recognition memory accuracy for controls
was higher when they completed the word stem to the studied
word than it was when they completed the word stem to a non-
studied word (Table 3). This finding suggests some degree of
dependence between repetition priming and recognition memory
performance. From the data, however, one cannot know whether
completing the stem to the studied word increased recognition
memory accuracy or whether completing the word to a nonstudied
stem decreased recognition memory accuracy. Experiment 5B
addressed this issue by presenting (he controls with the identical
recognition memory test as in Experiment 5A but without the
stem-completion component of the experiment.

Method

Participants. Six of the 7 healthy control volunteers from Experiment
5A participated.

Materials. The same six lists of 20 words used in Experiment 5A were
also used in Experiment 5B.

Procedure. Experiment SB look place approximately 1 year after Ex-
periment 5A. The study phase was identical to that of Experiment 5A. Each
participant received the same stimuli in the same order as in Experiment
5A. Unlike Experiment 5A, the test phase did not include a stem-
completion task and consisted only of a yes/no recognition memory test
with 40 words. For each participant, the recognition memory test was the
same test that he or she had received in Experiment 5A. On average, the
recognition memory test was composed of 9.8 targets and 30.2 foils.
Whatever word the participant had generated in response to the stem-
completion probe of Experiment 5A was used as the recognition memory
stimulus in Experiment 5B (as it was in Experiment 5A). The only
difference between the recognition memory task of Experiment 5A and 5B,
therefore, was the presence of the stem-completion task in Experiment 5A.
Therefore, the precise number of targets and foils varied for each partici-
pant and for each of the three repetitions of the experiment.

Results

The probability of responding "yes" or "no" to the recognition
memory probe, conditionalized on whether the probe was a studied
item, is shown in Table 4. In Experiment 5A, if the recognition
memory probe was a studied item, the probability of responding
"yes" was 0.84 and the probability of responding "no" was 0.16. In
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Experiment 5B, the corresponding probabilities remained un-

changed at 0.86 and 0.14, respectively. When the recognition

memory probe was a nonstudied item, the probability in Experi-

ment 5A of responding "yes" was 0.34 and the probability of

responding "no" was 0.66. In Experiment 5B, however, the cor-

responding probabilities shifted to 0.17 and 0.83. In contrast to the

findings in Experiment 5A, controls in Experiment 5B were as

accurate at rejecting nonstudied items as they were at accepting

studied items. This resulted hi an increase in the overall d'

from 1.52 in Experiment 5A to 2.24 in Experiment 5B, f(5) = 3.6,

p < .05. Thus, the inclusion of the stem-completion task in

Experiment 5A reduced recognition memory accuracy specifically

for trials in which a nonstudied item was generated. Recognition

accuracy was already high (0.86), and generating a studied word in

the stem-completion task did not improve this score. However,

generating a nonstudied word in the stem-completion task reduced

recognition accuracy by increasing the probability of false recog-

nition. This finding might be akin to reports that manipulations of

perceptual fluency can lead to false recognition (cf. Johnston et al.,

1985; Whittlesea, 1993).

Discussion

In five experiments, we used the most direct methods we could

construct for encouraging the use of both familiarity and the

information available from repetition priming during recognition

memory judgments and familiarity judgments. The experiments

focused particularly on the severely amnesic patient, E.P. In every

experiment, E.P.'s performance remained at chance. Imposing

constraints on the time allowed to make judgments failed to

elevate E.P.'s performance above chance (Experiments 1-3). Ex-

plicit instructions to base decisions on familiarity failed to elevate

his performance above chance (Experiments 2 and 3). Giving E.P.

access to his intact repetition priming for each item immediately

before the recognition test failed to elevate his performance above

Table 4

Effect of Stem Completion Task on Recognition Memory

Performance (Experiments 5A and 5B)

Recognition3

"Yes"
"No"

Experiment 5A:
Stem completion"*

used as
recognition probe

Studied Other

0.84 0.34

0.16 0.66

Experiment 5B:
Recognition probe"

Studied Other

0.86 0.17
0.14 0.83

Note. Numbers are the probability of generating a "yes" or "no" response
to the recognition probe conditionalized upon stem completion. Data are
for the 6 controls who participated in both Experiments 5A and 5B.
a In the recognition test of Experiment 5A, participants indicated whether
the word generated in response to the stem-completion probe was on the
study list. The items presented in the recognition memory task were the
words that had been produced in response to the stem-completion probes.
In Experiment 5B, there was no stem-completion task. The items presented
in the recognition memory task were, for each control, the words that had
been produced in response to the stem-completion probes of Experi-
ment 5A.
b Word stems could be completed to form the studied item or some other
valid word.

chance (Experiments 4 and 5A). When collapsed across all five

experiments, E.P. was correct only 49.9% (S£M = 2.1%) of the

time on tests of recognition and familiarity. Yet, E.P. exhibited

normal repetition priming—priming that did not facilitate his

recognition memory judgments (Experiments 4 and 5A; Hamann

& Squire, 1997). Inasmuch as the status of other forms of priming

(e.g., conceptual or semantic) in E.P. are unknown, our findings

necessarily apply only to the case of repetition priming. Our data

strongly suggest that repetition priming cannot be the basis for the

feeling of familiarity used in recognition memory judgments.

In Experiments 2 and 3, the feeling of familiarity was assessed

directly by modifying the instructions to make no reference to the

study episode and by asking participants to respond on the basis of

familiarity. As noted, although this procedure does not provide a

conventional test of recognition memory, it does encourage par-

ticipants (and E.P. in particular) to use familiarity as a basis for

making judgments. On the surface, the task appears similar to the

"famous names" task. Specifically, both healthy controls (e.g.,

Dywan & Jacoby, 1990; Jacoby, Woloshyn, & Kelley, 1989) and

amnesic patients (Squire & McKee, 1992,1993) are more likely to

judge a name as famous (the "false fame" effect) if they have

encountered it recently. One could view the "famous names" task

as one in which participants are asked whether they are familiar

with a name or not. Thus, in the earlier studies, amnesic patients

were more likely to judge a name as famous (or familiar) if they

had seen the name recently, but in the present study they were not

more likely to designate a word as familiar if they had seen the

word recently. One source of this difference may lie in the instruc-

tions. Asking participants to judge the fame of names may not be

the same as asking them to judge their familiarity. Another source

of the difference may lie in the stimuli. Participants have had far

more prior experience with words than with the semifamous names

used in the earlier studies. It is plausible that the extent to which

a study episode influences subsequent judgments may vary accord-

ing to the "frequency" of the study material, just as low-frequency

words yield more repetition priming than high-frequency words

(e.g., Jacoby & Dallas, 1981). The present data cannot address this

issue.

In Experiment 4 (and to some extent in Experiment 5A), a

relationship was found between performance on the stem-

completion task and performance on the recognition memory task

that followed immediately thereafter. In Experiment 4, both con-

trols and the amnesic patients, but not E.P., achieved better rec-

ognition accuracy when they generated the target word in the

stem-completion task than when they generated the foil word.

In Experiment 5A, controls exhibited a similar pattern of

performance.

From this, one might conclude that the study task resulted in a

memory trace that supports both repetition priming and recogni-

tion memory. However, this idea is not consistent with the data.

First, in Experiment 4, when the foil word was produced in the

stem-completion task, the amnesic patients and controls tended in

the recognition task to choose the foil word rather than the word

from the study list (Table 2). Second, removing the stem-

completion task increased recognition memory accuracy for the

foils, but did not alter accuracy for the targets (Experiment 5B).

Thus, generating the studied item did not enhance recognition;

rather, generating a nonstudied (and not primed) word reduced

recognition accuracy (Experiment 5A). Finally, in Experiment 4,
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E.P. was biased to choose the word that he had not generated in the

stem completion task. The data from E.P. directly contradict the

idea that modifications to a single memory trace result in both a

priming effect and an increase in the feeling of familiarity that is

used in recognition memory. In summary, we find no evidence for

the idea that repetition priming and recognition depend on the

same underlying trace or that priming makes a fundamental, au-

tomatic contribution to recognition memory judgments.
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