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Relaxing decision criteria does not improve
recognition memory in amnesic patients
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An important question about the organization of memory is whether information available in non
declarative memory can contribute to performance on tasks of declarative memory. Dorfman,
Kihlstrom, Cork, and Misiaszek (1995) described a circumstance in which the phenomenon of priming
might benefit recognition memory performance. They reported that patients receiving electroconvul
sive therapy improved their recognition performance when they were encouraged to relax their crite
ria for endorsing test items as familiar. It was suggested that priming improved recognition by making
information available about the familiarity of test items. In three experiments, we sought unsuccess
fully to reproduce this phenomenon in amnesic patients. In Experiment 3, we reproduced the methods
and procedure used by Dorfman et al, but still found no evidence for improved recognition memory fol
lowing the manipulation of decision criteria. Although negative findings have their own limitations,
our fmdings suggest that the phenomenon reported by Dorfman et al. does not generalize well. Our re
sults agree with several recent findings that suggest that priming is independent of recognition mem
ory and does not contribute to recognition memory scores.
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An important and now widely accepted idea about the
organization of memory is that long-term memory is
not a single mental faculty (Schacter, 1987; Squire,
1982, 1992; Tulving, 1985; Weiskrantz, 1990). The
major distinction is between the capacity for conscious
recollection offacts and events (declarative memory) and
a collection of nonconscious (nondeclarative) learning
and memory abilities that support skill and habit learning,
classical conditioning, and the phenomenon of priming.
Declarative memory is concerned with the deliberate re
trieval ofrecently occurring facts and episodes, and it de
pends on the integrity of the medial temporal lobe and
diencephalic brain systems that are damaged in amnesia.
Nondeclarative memory is expressed through perfor
mance and is considered to be more automatic and less
accessible to awareness than declarative memory. For ex
ample, the phenomenon ofperceptual priming can occur
in the absence of awareness that memory is being tested
and without any deliberate effort to retrieve. Subjects
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simply identify or detect stimuli or make judgments
about them.

Declarative memory is typically assessed in conven
tional tests of recall and recognition. One important issue
is to what extent, if any, the phenomenon of priming can
contribute to recognition memory performance as a result
of increased perceptual fluency. Theories of recognition
memory that rely on two processes (a feeling of famil
iarity and a recollective process) have been successful in
accounting for a number ofempirical findings (Gardiner,
1988; Jacoby, 1983; Mandler, 1980; Whittlesea, 1993).
One possibility is that priming supports the component
ofrecognition that depends on familiarity. Manipulations
of perceptual fluency have been shown to affect the rate
at which test items are endorsed as having been seen pre
viously (Jacoby & Whitehouse, 1989; Johnston, Dark, &
Jacoby, 1985; Johnston, Hawley, & Elliot, 1991; Joordens
& Merikle, 1992; Whittlesea, Jacoby, & Girard, 1990).
However, these effects appear to work by influencing re
sponse bias. None of these reports has demonstrated di
rectly that perceptual fluency can improve recognition per
formance (i.e., produce an increased d' discriminability
score).

Memory-impaired patients provide a unique opportunity
to identify the possible contribution ofpriming to recog
nition memory performance because these patients have
intact perceptual and semantic priming but severely im
paired declarative memory (Squire, Knowlton, & Musen,
1993). Two approaches to this issue have been used in
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studies of memory-impaired patients. The first is based
on the idea that, if priming is intact in amnesia and can
also contribute to recognition memory performance,
then in amnesia it should be the case that recognition
memory is disproportionately spared in comparison with
recall. In addition, recognition should never be so poor
as to be at chance levels, so long as priming is intact. In
one study ofmemory-impaired patients, recognition and
recall were found to be proportionately impaired, in con
trast to what would be expected ifpriming contributes to
recognition (Haist, Shimamura, & Squire, 1992). In other
studies, recognition was at chance levels, despite intact
priming (Hamann & Squire, 1997; Squire, Shimamura,
& Graf, 1985).

There are two considerations that might limit the gen
eralizability of these findings. First, with respect to the
finding that recall and recognition were proportionately
impaired, three studies (Hirst, Johnson, Phelps, Risse, &
Volpe, 1986; Hirst, Johnson, Phelps, & Volpe, 1988;
Shoqeirat & Mayes, 1991) have reported recognition to
be disproportionately spared in amnesia, relative to re
call. In some ofthese studies, frontal lobe dysfunction in
these patients may have contributed differentially to their
impaired recall, and frontal lobe dysfunction, rather than
priming, may explain why recognition is sometimes less
affected than recall in memory-impaired patients (see
Haist et aI., 1992; Shoqeirat & Mayes, 1991). Neverthe
less, the available data comparing recall to recognition in
amnesia are not consistent. Second, with respect to the
finding that recognition can be at chance levels despite
intact priming (Hamann & Squire, 1997; Squire et aI.,
1985), such a finding does not exclude the possibility
that some kind of recognition test, or some kind of test
instruction, might still reveal an influence ofpriming on
recognition performance.

Another approach that has been used to determine
whether priming can influence recognition memory has
been to examine directly the feeling offamiliarity achieved
by amnesic patients in recognition memory tasks. The
question of interest is whether feelings of familiarity are
preserved in amnesia and can thereby be available as a
basis for making recognition judgments. Knowlton arid
Squire (1995) examined the "remember" and "know" re
sponses (Tulving, 1985) made by both control subjects
and amnesic patients in a recognition memory task. After
endorsing each item in a recognition task, subjects were
asked to judge whether they specifically remembered
encountering the item previously (remember) or simply
had a sense offamiliarity about the item (know). The feel
ing of"knowing" that an item was presented on the study
list without "remembering" the specific encounter with
that item has been proposed to result from priming (Gar
diner & Java, 1993). If so, then amnesic patients should
demonstrate relative preservation of "know" responses,
while being impaired on "remember" responses. However,
in the study by Knowlton and Squire, amnesic patients
were equivalently impaired for both "remember" and
"know" responses, indicating that both types ofresponses

are supported by declarative memory. The more specific
"remember" responses require additional declarative pro
cessing (e.g., to recover source memory), but "know" re
sponses depend on declarative memory as well (Shima
mura & Squire, 1987; Tulving, 1989). A recent analysis
of data for "remember" and "know" responses from the
Knowlton and Squire study and two others (Schacter, Ver
faellie, & Anes, 1997; Schacter, Verfaellie, & Pradere,
1996) also reached the conclusion that amnesia impairs
both remembering and knowing when corrections for re
sponse bias are included (Yonelinas, Kroll, Dobbins,
Lazzara, & Knight, 1998).

A recent report suggested a specific circumstance under
which priming might contribute to recognition memory
performance (Dorfman, Kihlstrom, Cork, & Misiaszek,
1995). That study examined the recognition memory per
formance of psychiatric patients prescribed a course of
bilateral electroconvulsive therapy (ECT) to treat major
affective disorder. During the course ofECT, anterograde
and retrograde amnesia is a prominent side effect (Squire,
1986). In the study by Dorfman et aI., patients studied a
list of 28 words 10-30 min before the fourth, fifth, or
sixth ECT treatments and then were given two recogni
tion tests approximately 1 h after treatment (together with
one test of cued recall and one test of word-stem com
pletion priming). The two recognition tests differed in
their instructions. For the "low-criterion" test, in order to
encourage the use of familiarity in making recognition
judgments, subjects were instructed to endorse a test word
as one previously presented if the word seemed at all fa
miliar. For the "high-criterion" test, subjects were told to
endorse a test word only if they were relatively certain
the word had appeared on the study list.

The study by Dorfman et aI. (1995) followed on an
earlier report (Squire et aI., 1985) that priming was intact
after ECT, even when recognition memory was at chance.
Squire et aI. used a three-alternative forced-choice recog
nition task to avoid response bias. Dorfman et aI. used a
yes/no recognition test so that response bias could be ma
nipulated by low-criteria and high-criteria instructions.
The rationale behind the low-criterion test was that it
might encourage subjects to draw on whatever informa
tion about the study words was available from priming
and then to use this information to improve their recog
nition performance. The result obtained by Dorfman et aI.
was that the patients performed significantly better on
the low-criterion test than on the high-criterion test. Ac
cordingly, it was suggested that the ECT patients were
able to use their implicit memory to improve their recog
nition accuracy when they were encouraged to do so. This
study is the only one known to us in which an improve
ment in d' discriminability was obtained in memory
impaired patients as a result of manipulating perceptual
fluency or test instructions.

In three experiments, we sought to reproduce in am
nesic patients the phenomenon reported by Dorfman
et aI. (1995). In the first experiment, we assessed the per
formance ofpatients with medial temporal lobe or dien-



DECISION CRITERIA AND RECOGNITION MEMORY 503

Table 1
Characteristics of Amnesic Patients

WMS-R

Patient Lesion Age (Years) WAIS-RIQ Attention Verbal Visual General Delay

A.S. HF 58 104 87 62 72 54 <50
PH. HF 74 120 117 67 83 70 57
U. HF 58 98 105 83 60 69 <50
R.M. HF 77 102 96 59 69 56 <50
N.A. Dien 59 109 102 67 89 68 71
R.C. Dien 79 106 115 76 97 80 72
P.N. Dien 69 99 81 77 73 67 53
lW. Dien 59 98 104 65 70 57 57
N.F. Dien 60 94 91 62 73 53 <50
M.H. Unk 75 107 104 83 83 78 80

Means 66.8 103.7 100.2 70.1 76.9 65.2 59

Note-WAIS-R, WechslerAdult Intelligence Scale-Revised; WMS-R, WechslerMemory Scale-Revised;
HF, hippocampal formation; Dien, diencephalon; Unk, unknown. The WAIS-R and the WMS-R indices
yield a mean score of 100 in the normal population,with a standard deviation of 15.The WMS-R does not
provide scores for subjectswho score below 50. Therefore,the scores below 50 were scored as 50 for calcu-
lating a group mean.

cephalic lesions using the low-criterion and high-criterion
recognition procedures described by Dorfman et al. In
the second experiment, we determined that amnesic pa
tients exhibited intact priming under the conditions used
in Experiment 1. In the third experiment, we assessed low
criterion and high-criterion recognition performance in
amnesic patients and control subjects using list lengths,
delays, and an experimental design that followed as closely
as possible the procedure used by Dorfman et al.

EXPERIMENT 1

Method
Amnesic patients. Ten amnesic patients (7 men and 3 women)

participated in this study. Four of the patients had alcoholic Kor
sakoff's syndrome. All 4 had participated in quantitative magnetic
resonance imaging (MRI) studies that demonstrated reductions in
the volume of the mammillary nuclei and loss of thalamic tissue
density (for Patients R.C., P.N., and J.w., Squire, Amaral, & Press,
1990; for P.N. and J.w., see also Shimamura, Jernigan, & Squire,
1988; for N.F., unpublished observations). Patient N.F. also had bi
lateral reduction in the size of the hippocampal formation. Of the
remaining 6 patients, 3 (PH., L.J., and R.M.) had radiologically
confirmed bilateral hippocampal damage (for P.H., Polich &
Squire, 1993; for L.J., Reed & Squire, 1998). Patient P.H. had a his
tory of 1- to 2-min attacks (of possible epileptic origin) in associa
tion with gastric symptoms and transient memory impairment. In
1989, he suffered a series of small attacks that resulted in marked
and persisting memory impairment. Patient L.J. became amnesic
gradually in 1988-1989 without any known precipitating event.
Her memory impairment has remained stable since that time. Pa
tient R.M. became severely amnesic in 1995 following a stroke.
MRI revealed reduction in the size of the hippocampal formation
bilaterally, together with a left unilateral lesion involving the ros
trum of the corpus callosum, the basal forebrain, and the head of the
caudate nucleus. Patient A.B., who was unable to participate in
MRI studies, became amnesic in 1976 after an anoxic episode and
is presumed to have hippocampal damage based on his etiology.
Patient N.A. became amnesic, primarily for verbal material, fol
lowing a stab wound to the left diencephalic region with a minia
ture fencing foil (Squire, Amaral, Zola-Morgan, Kritchevsky, &

Press, 1989; Teuber, Milner, & Vaughn, 1968). Patient M.H. expe
rienced a sudden onset of severe memory problems thought to be
due to cerebral ischemia. The locus ofher damage is unknown. All
10 patients are well characterized neuropsychologically (see Ta
bles 1 and 2).

The patients averaged 66.8 years of age at the beginning of the
study and had an average of 13.5 years of education. Immediate and
delayed prose recall (12 min) averaged 4.7 and 0.0 segments, re
spectively (Gilbert, Levee, & Catalano, 1968; maximum score =

21). Scores on other memory tests appear in Tables 1 and 2. The
mean score on the Dementia Rating Scale (DRS) was 130.9 (Mat
tis, 1976; maximum score = 144). Most of the points lost on the
DRS were from the memory subportion of the test (mean points
lost = 7.2). The mean score for the Boston Naming Test was 56 (Ka
plan, Goodglass, & Weintraub, 1983; maximum score = 60). Scores
for healthy subjects on these tests can be found elsewhere
(Janowsky, Shimamura, & Squire, 1989; Squire et al., 1990).

Control subjects. The control subjects (16 men and 16 women)
were either employees or volunteers at the San Diego Veterans Af
fairs Medical Center or were recruited from the retirement com
munity of the University of California at San Diego. The subjects
were matched to the amnesic patients with respect to the mean and
range of their ages, years of education, and scores on the Informa
tion and Vocabulary subtests of the Wechsler Adult Intelligence
Scale-Revised (WAIS-R). They averaged 64.7 years of age (range
49-77), 14.2 years of education, and 20.8 and 51.9 on the Informa
tion and Vocabulary subtests, respectively (amnesic patients = 19.7
and 51.3, respectively). Immediate and delayed prose recall aver
aged 7.4 and 5.9 segments, respectively. The 32 subjects were as
signed to one of three control groups (CON-I, n = 8; CON-2, n =

12; CON-3, n = 12).
Materials. Four 36-item lists (A, B, C, and D) were first con

structed from a pool of 144 words (average length = 5.9 letters,
range 5-7; average frequency = 44.9 per million, range 40-51;
Kucera & Francis, 1967) . Four 72-item lists were then constructed
by combining the word lists (AB, CD, AC, and BD). Lists AB and
CD were used for study. Half the subjects were given the AB list,
and half were given the CD list. In this way, each subject studied a
single list of72 words. Lists AC and BD were then used in two sep
arate recognition tests for each subject, as described below. For all
lists, each word was printed on a separate index card for individual
presentation. Each subject received a random order of the cards at
both study and test. Five buffer words were also used in the study
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Table 2
Memory Test Performance

Patient
Diagram
Recall

Paired
Associates

% Word
Recall

% Word
Recognition 50 Words 50 Faces

33
34
29
30
42
30
31
34
27
36

32.6

32
36
33
26
34
37
31
29
28
27

31.3

83
84
93
72
93
85
83
96
76
91

85.6

33
27
40
16
49
19
29
28
36
41

31.8

1,1, I
0,0,1
0,0,0
0,0,0
0,0,2
0,0,3
1,1,1
0,0,2
0,0,2
0,4,2

0.2, 0.6, 1.4

4
3
3
o

17
3
2
4
4
2

4.2Means

Control
Means (n = 8) 20.6 6.0,7.6,8.9 71.0 97.0 41.1 38.1

Note-The diagram recall score is based on delayed (12-min) reproduction of the Rey
Osterrieth figure (Osterrieth, 1944; maximum score = 36). Note that N.A.'s score on the dia
gram recall was rather good because his lesion is primarily left diencephalic and his amnesia
is primarily for verbal material. The average score for the amnesic patients for copying the fig
ure was 29.0, a normal score (Kritchevsky, Squire, & Zouzounis, 1988). The paired associate
scores are the number of word pairs recalled on 3 successive trials (maximum score = 10/trial).
The word recall score is the percentage ofwords recalled across 5 successive study-test trials.
The word recognition score is the percentage of words identified correctly by yes/no recogni
tion across 5 consecutive study-test trials. The score for words and faces is based on a 24-h
delayed recognition test of50 words or 50 faces (modified from Warrington, 1984; maximum
score = 50, chance = 25). The mean scores for control subjects shown from these tests are from
Squire and Shimamura (1986).

A.B.
P.H.
LJ.
R.M.
N.A.
R.C.
P.N.
J.w.
N.F.
M.H.

phase (average length = 6, average frequency per million = 35) with
two words presented prior to the study list and three additional
words following.

Procedure. In the study session, the subjects rated how much
they liked each word (72 words from the study list plus 5 buffer
items) on a 1-5 likability scale. A card showing the scale was pro
vided to all subjects (I = dislike the word very much; 5 = like the
word very much). The patients were allowed as much time as needed
to provide a response, and they typically responded within 5 sec. Rat
ing of the study words was followed by a 5-min, conversation-filled
delay for the amnesic patients (AMN) and for CON-I. CON-2 re
turned for the test I or 2 days later, and CON-3 returned for the test
I week after study.

Two different recognition tests were given following the delay: a
low-criterion test and a high-criterion test. Test order was counter
balanced across subjects. The subjects were instructed that they
would be shown words one at a time and were asked to decide
whether the word had been seen in the study phase. In addition, the
subjects were told that they would receive additional instructions
concerning "when you should say 'yes' I have seen the word before
or 'no' I have not seen the word before." For the low-criterion test,
the subjects were instructed, "If you think you might have seen the
word or if it seems familiar to you at all, then you should say 'yes.'
If it doesn't seem familiar to you, you should say 'no.!" For the
high-criterion tests, the subjects were instructed, "If you are rela
tively certain you saw the word before, then you should say 'yes.' If
you're not so sure or don't think you saw the word, you should say
'no.' Say 'yes' only if you are relatively certain the word appeared
before." For both tests, the subjects were additionally instructed to
respond as quickly as possible. To ensure that the subjects under
stood the instructions and the difference between the two recogni
tion tests, they were required to describe the instructions to the ex
perimenter in their own words before beginning the test. The second
recognition test began as soon as the first test was completed, fol-

lowing a restatement of the instructions and a description of the in
structions by the subject.

To help the amnesic patients remember the instructions during
the course of the 72-item recognition tests, the instructions were
written on cards and placed in view of all subjects. In addition, the
experimenter reviewed the instructions four times for all subjects
after presentation of the 6th, 23rd, 41st, and 58th test words.

Results
Hit rates and false-alarm rates for the four groups for

both the low-criterion and high-criterion recognition tests
are shown in Figure I. Ifthe subjects followed the test in
structions, the endorsement rate oftest items (the average
of the hit rate and the false-alarm rate) should be higher
in the low-criterion test than in the high-criterion test. To
determine the effect of instructions, a 4 X 2 analysis of
variance (ANaYA; 4 subject groups X 2 test conditions)
was applied to the percent oftest items endorsed (average
of hit rate and false-alarm rate). There was no effect of
group [F(3,38) = 1.10], a strong effect of test condition
[F(l,38) = 25.9,p < .001], and no interaction [F(3,38) =

0.52]. The effect of test condition reflects the higher
overall endorsement rate in the low-criterion test than in
the high-criterion test. Additionally, separate one-way
ANOYAs revealed significantly higher endorsement rates
in the low-criterion condition for each control group [for
CON-I, F(l,7) = 18.2; for CON-2, F(l,II) = 8.40; for
CON-3, F(I,II) = 8.34; all ps < .02]. The increase in
endorsement rate in the low-criterion condition for am
nesic patients was marginally significant [F(l ,9) = 4.40,
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Figure 1. Percent hits (shaded bars) and percent false alarms
(open bars) in Experiment 1 for the high-criterion (HIGH) and
low-criterion (LOW) tests for the amnesic patients (AMN) and
three control groups tested after study-test delays of 5 min
(CON-I),I or 2 days (CON-2), or 1 week (CON-3). Bars indicate
the standard errors ofthe mean.

p < .07] (and similar in magnitude to the increase ob
served in the control groups). These results indicate that,
overall and in accordance with the instructions, the sub
jects endorsed significantly more items in the low-criterion
test than in the high-criterion test.

Recognition performance (d' discriminability scores)
for the low-criterion and high-criterion tests is shown in
Figure 2 for the amnesic patients (AMN) and for the
three control groups tested at different study-test delays
(CON-I, CON-2, and CON-3). All four groups exhib
ited significant recognition memory of the studied ma
terial in both the low-criterion and high-criterion tests
(d' was reliably greater than zero in all cases; ts > 2.32,
ps < .05). The important finding was that all four groups
obtained virtually the same d' score for the low-criterion
test and the high-criterion test. A 4 X 2 ANOVA across
the four groups (between-subjects) and the low-criterion
and high-criterion tests (within-subjects) indicated a
strong effect of group [F(3,38) = 35.5, p < .001], re
flecting the superior performance of the CON-l (5-min
study-test delay) group in comparison with the other
groups (AMN, CON-2, CON-3). There was no effect of
test condition [F(l,38) = 0.018] and no group X test con
dition interaction [F(3,38) = 0.79]. In addition, none of
the groups individually exhibited a trend for better recog
nition performance on the low-criterion test than on the
high-criterion test (separate one-way ANOVAs for each
group based on d', Fs < 1.14).

The same results were obtained when the data were an
alyzed using a percent correct measure ofrecognition per
formance (hits plus correct rejections divided by 72). A
4 X 2 ANOVAinvolving the four groups and the two tests
revealed a strong effect of group [F(3,38) = 39.9, p <
.001], no effect oftest condition, and no group X test inter-

In Experiment 1, manipulating decision criteria with
the test instructions did not influence recognition mem
ory judgments. One possible concern is that priming was
not assessed independently in this experiment. If prim
ing were weak or absent in the particular conditions used
in Experiment 1, then priming could not have benefited
recognition memory. Accordingly, in Experiment 2,
16-17 months after Experiment 1, we assessed priming
using most of the same words that had been presented in
Experiment 1. We also used the same-sized study list (72
words) and the same study-test delay (5 min).

EXPERIMENT 2

action (Fs < 1.0). Individual one-way ANOVAs for each
group confirmed that performance was similar on the
low-criterion and high-criterion tests (Fs < 1.25).

Finally, the data were analyzed to determine whether
there was an effect oftest order using a 4 X 2 X 2 ANOVA
(4 groups X 2 test types X 2 possible test orders). This
analysis revealed the expected effect ofgroup [F(3 ,34) =

39.7, p < .001], but no effect oftest order [F(l,34) =

2.27,p> .14], no effect oftest type [F(l,24) = 0.20], and
no interactions of test order with group and/or test type
(Fs < 2.12,ps > .10).

Discussion
The amnesic patients exhibited impaired recognition

memory performance when compared with control sub
jects tested at the same 5-min delay (CON-I). Control sub
jects tested at longer delays (1-2 days and 1 week) per
formed similarly to the amnesic patients and were also
impaired relative to the control subjects tested at a 5-min
delay. All four subject groups endorsed more items in the
low-criterion test than in the high-criterion test, in accor
dance with the test instructions. Nevertheless, the test in
structions had no measurable effect on recognition mem
ory accuracy. Amnesic patients performed similarly on
the low-criterion and high-criterion recognition tests.
Similarly, none of the three control groups showed any
tendency to improve their recognition performance on the
low-criterion test. That is, for all groups, including the am
nesic patients, both the hit rate and the false-alarm rate
increased in the low-criterion condition, but there was no
change in d',

Method
Amnesic patients. With the exception of Patient R.M., all the

amnesic patients from Experiment 1participated in this experiment.
Control subjects. The control subjects (5 men and 5 women)

were recruited as in Experiment I. They averaged 65.0 years ofage
(range 49-75),13.3 years of education, and 20.5 and 52.9 on the In
formation and Vocabulary subtests of the WAIS-R, respectively
(amnesic patients = 19.7 and 51.3, respectively). Immediate and de
layed prose recall averaged 7.4 and 5.6 segments, respectively. Five
of the control subjects had also participated in Group CON-I in Ex
periment I.

Materials. A set of 144 words was assembled such that no 2 had
the same three-letter stem (average length = 5.9 letters, range 5-7;
average frequency = 45.5 per million, range 40-51; Kucera & Fran-
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HIGH LOW
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AMN
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w
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w
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2.5

2

1.5

0.5

o
HIGH LOW

AMN
HIGH LOW

CON-1

HIGH LOW

CON-2

HIGH LOW

CON-3

Figure 2. Recognition performance in Experiment I expressed as d', AMN =
amnesic patients; CON-I, CON-2, and CON-3 = control subjects tested after de
lays of 5 min, I or 2 days, or I week, respectively. Bars indicate the standard errors
ofthe mean.

cis, 1967). One hundred thirty ofthe words came from the lists used
in Experiment 1. The words were assigned to six lists of 24 words
each (balanced for baseline completion rate).

Procedure. Each subject received a unique combination ofthree
24-item lists at study (72 words total). As in Experiment 1, the sub
jects rated how much they liked each word on a 1-5 likability scale.
A card showing the scale was provided to all subjects (l = dislike
the word very much; 5 = like the word very much). The patients were
allowed as much time as needed to provide a response, and they typ
ically responded within 5 sec. Rating ofthe study words was followed
by a 5-min, conversation-filled delay and then by the priming test.
For the priming test, 144 three-letter word stems were presented one
at a time, and the subjects were asked to complete each stem to form
"the first word that comes to mind."

Results and Discussion
Percent word-stem completion for study words, percent

baseline word-stem completion, and percent priming are
shown in Figure 3. The amnesic patients and control sub
jects performed similarly [ts(17) < 0.8, for each of the
three comparisons]. Percent priming scores (study words
completed minus baseline words completed) were 12.5%
for the amnesic patients and 16.7% for the control sub
jects. Both scores were well above zero (ts > 2.7, p <
.05). These data indicate that priming did occur under
the conditions ofExperiment 1. Yet,despite the fact that
priming occurred, we were unable to improve recogni
tion memory performance in Experiment 1 using a test
procedure that had been designed to allow recognition to
benefit from priming effects.

Five of the control subjects in Experiment 2 had also
participated in Experiment 1 and had therefore already
seen most of the study words that were used in Experi
ment 2. To assess whether this earlier exposure to study
words affected their level of priming, the priming score
obtained by the 5 subjects who had participated in Ex
periment 1was compared with the priming score obtained
by the remaining 5 subjects. The subjects who had pre-

viously participated in Experiment 1 exhibited a higher
priming score than the other subjects (20.3% vs. 13.1%),
but the effect was not significant [t(8) = l.37,p > .20].
Given that Experiment 2 was administered 16-17 months
after Experiment 1, it seems unlikely that this difference
reflects a real difference in priming performance.

EXPERIMENT 3

There were several differences between the conditions
of our Experiment 1 and the procedures followed by
Dorfman et al. (1995). Notable among these was that our
study list was longer (72 words vs. 28 words) and our two
recognition tests each contained more words from the
study lists (36 words vs. 7 words). In addition, our test
session consisted of only two recognition tests, whereas
Dorfman et al. gave the high-criterion test following a
stem cued-recall test and the low-criterion test following
a word-stem completion test. In view of these differ
ences, we carried out Experiment 3 with the objective of
reproducing as closely as possible the method and pro
cedures of the original study by Dorfman et al.

Method
Amnesic patients. Eight of the 10 amnesic patients from Ex

periment 1participated in this study (all but Patients M.H. and R.W).
Control subjects. The control subjects (3 men and 5 women)

were recruited as in Experimertt 1. They averaged 64.6 years ofage
(range 52-74),15.4 years ofeducation, and 21.1 and 53.8, respec
tively, on the Information and Vocabulary subtests ofthe WAIS-R.
Immediate and delayed prose recall averaged 8.1 and 6.8 segments,
respectively.

Materials. Two sets of 28 words used previously in word-stem
priming experiments (Hamann & Squire, 1996) were assembled
(average length = 6.3 letters, range 4-8; average frequency = 52.1
per million; Kucera & Francis, 1967). The first set of28 words was
used for the stem-completion and stem cued-recall tests. The sec
ond set of28 words was used for the low- and high-criterion recog-
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Results
The results for all four tests are shown in Figure 4. The

amnesic patients exhibited marginally impaired cued-

Figure 3. Percent word-stem completion for study words and
baseline words in Experiment 2. Priming = study words minus
baseline words; shaded bars = amnesic patients (AMN, n = 9 );
open bars = control group (CON, n = 10). Bars indicate the stan
dard errors of the mean.

nition tests. Each set of 28 words was further divided into two lists
of 14words, matched according to frequency ofoccurrence. For the
first set of 28 words, the two 14-word lists served as items for the
stem completion test and the stem cued-recall test. These materials
were balanced across subjects, so that items served equally often as
items for stem completion and as items for cued recall. For the sec
ond set of 28 words, the two 14-word lists provided items for the
low- and high-criterion recognition tests. These materials were also
balanced across subjects in the same way as the other two 14-word
lists. Finally, each list of 14 items was divided into groups of 7
items. Half of these items were available as items for the study list;
the other half were available to measure baseline performance in
the case of the stem completion test, as fillers in the word-stem cued
recall test and as distractor items in the two recognition tests. These
materials were balanced across subjects so that items were equally
likely to appear on the study list or as nonstudied items on one of
the four tests.

Procedure. Each subject received 28 study words to rate on a
1-5 likability scale. The 28 study words were preceded and fol
lowed by 3 buffer words. One hour later, four memory tests were
given: a word-stem priming test, a test of word-stem cued recall,
and two recognition memory tests that used the same procedure as
in Experiment 1. In the word-stem completion test, the subjects
were shown 14 three-letter word stems and asked to produce "the
first word that comes to mind" (as in Experiment 2). Seven of the
word stems could be completed to form study words. For the stem
cued-recall test, the subjects were shown 14 three-letter word stems
and asked to complete the stem with a word from the study list.
Seven of these word stems were the stems of study words. Both of
the stem test lists were preceded by 2 practice stems. For each ofthe
two recognition tests, 14 words were presented, 7 ofwhich had ap
peared on the study list. Each subject was given one of two test or
ders: word-stem completion, low-criterion recognition test, stem
cued recall, and high-criterion recognition test; or stem cued recall,
high-criterion recognition test, word-stem completion, and low
criterion recognition test (as in Dorfman et al., 1995).

recall performance (Figure 4A), recalling 16.9% of the
study words compared with 29.4% for the control subjects
[t(14) = 1.87,p < .09]. Word-stem completion priming
(Figure 4B) was also lower for the amnesic patients than
for the control subjects, though the difference did not reach
significance. Baseline stem completion was similar for
the two groups (AMN = 13.4%, CON = 12.5%), but the
control subjects exhibited more priming than the amnesic
patients [17.9% vs. 4.5%; t(14) = 1.68,p > .10] and the
level of priming exhibited by the amnesic patients was
not greater than chance [t(7) = 0.83]. Twoconsiderations
suggest that the control subjects likely obtained their su
perior score by drawing on declarative memory. First, a
relatively short list ofwords (28) was encoded with a se
mantic orienting task, conditions under which normal
subjects readily use declarative memory strategies to per
form word-stem completion tasks (Hamann & Squire,
1996). Second, with retention intervals as long as 2 h,
studies of word-stem completion in memory-impaired
patients have found quite low levels ofpriming even when
a semantic encoding task is used (2.9% priming score,
Graf, Squire, & Mandler, 1984; 9% priming score, Squire,
Shimamura, & Graf, 1987).

Hit rates and false-alarm rates for the two recognition
tests are shown in Figure 4C. Across the two tests, the
control subjects exhibited better recognition performance
than did the amnesic patients [hits plus correct rejections,
CON = 83.3% correct, AMN = 59.8% correct; t(14) =

4.5,p < .001]. The amnesic patients endorsed more ofthe
test items in the low-criterion test than in the high-criterion
test [54.9% vs. 43.3%; t (7) = 2.32, P < .06], indicating
that they followed the test instructions. In contrast, the
control subjects did not endorse more items in the low
criterion condition than in the high-criterion condition
[48.2% vs, 47.8%; t(7) = O.ll,p > .10]. The lack of an
effect of test instructions on the endorsement rate ofcon
trol subjects was also observed by Dorfman et al. (1995)
and was presumably due to the relatively easy recognition
test that was used. Only 14 test items were presented (7
study words and 7 distractor words). Control subjects rec
ognized approximately 5 of the 7 study words and incor
rectly endorsed approximately 1 ofthe 7 distractor words.
As suggested by Dorfman et al., when performance is as
close to ceiling levels as this, it is difficult to influence
endorsement rate by manipulating test instructions.

Recognition performance (d' discriminability scores)
for the two recognition tests is shown in Figure 40. Al
though the amnesic patients endorsed more items in the
low-criterion test, d' scores for the two tests were virtually
identical. The control subjects also exhibited similar per
formance for the two recognition tests. A 2 X 2 ANOVA
(2 groups X 2 recognition tests) indicated a strong effect
ofgroup [F(1,14) = 19.7,p < .001], reflecting the supe
rior performance ofthe control group in comparison to the
amnesic patients. There was no effect of test condition
[F(1,14) = 1.8,p > .10] and no interaction [F(1,14) =
0.3]. Thus, there was no evidence for an improvement in
recognition memory performance in the low-criterion
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Figure 4. (A) Cued recall performance for amnesic patients (AMN, shaded bar, n = 8 ) and controls (CON, open bar, n =
8). (B) Percent word-stem completion for study words and baseline words. Priming = study words minus baseline words;
shaded bars = amnesic patients (AMN, n = 8); open bars = controls (CON, n = 8). (C) Percent hits (shaded bars) and per
cent false alarms (open bars) for the high-criterion (HIGH) and low-criterion (LOW) recognition memory tests. AMN =

amnesic patients (n = 8); CON = controls (n = 8). (D) Recognition memory performance measured by d' for the high
criterion (shaded bars) and low-criterion (open bars) tests. AMN = amnesic patients (n = 8); CON =controls (n = 8). Bars
indicate the standard errors of the mean.

condition as the result of manipulating test instructions.
The same results were obtained when the data were ana
lyzed using a percent correct measure ofrecognition per
formance (hits plus correct rejections). Indeed, perfor
mance was slightly better in the high-criterion condition
than in the low-criterion condition (AMN = 56.7% and
62.9% for the low-criterion and high-criterion condi
tions, respectively; CON = 80.4% and 86.2%). It cannot
be argued that the amnesic patients failed to improve their
performance in the low-criterion condition because of
floor effects in the high-criterion condition. The amnesic
patients performed above chance levels on the high
criterion test whether performance was measured by d'
[mean d' = 0.63; t(7) = 2.9,p < .05] or by percent correct

[hits plus correct rejections = 62.9% correct; t(7) = 3.7,
p < .01].

GENERAL DISCUSSION

As expected, the patients consistently performed more
poorly than the control subjects on the recognition tests.
In addition, all the subject groups (except for control
subjects in Experiment 3) endorsed more items (both tar
gets and distractors) in the low-criterion test than in the
high-criterion test, in accordance with the test instructions.
Yet there was no hint of improved performance in the
low-criterion condition by any group. In Experiments 1
and 3, amnesic patients performed similarly on the low-



DECISION CRITERIA AND RECOGNITION MEMORY 509

criterion and high-criterion recognition tests. Similarly,
the three control groups in Experiment 1 and the control
group in Experiment 3 also performed similarly on the
low-criterion and high-criterion tests. Thus, encouraging
the subjects to use familiarity in making their recogni
tion judgments did not improve recognition perfor
mance.

Dorfman et al. (1995) reported that instructions en
couraging ECT patients to use familiarity led to improved
recognition memory performance. Specifically, in that
report, hit rate increased without a concomitant increase
in false-alarm rate. We did not find this effect for the 10
amnesic patients studied here. Indeed, the largest increase
in d' for an individual patient in the low-criterion test of
Experiment 1 was +0.82 (the change in d' for the other
amnesic patients ranged from -0.64 to +0.20), and the
largest increase in Experiment 3 was +0.65 (range for other
patients = -1.56 to +0.37). Dorfman et al. observed an
average increase in d' of +1.29 in the low-criterion test
compared with the high-criterion test.

Dorfman et al. (1995) found, as we did in Experi
ment 3, that the recognition scores ofcontrol subjects did
not improve significantly in the low-criterion condition
(nor did their endorsement rate significantly increase).
This result was likely due to the fact that the control sub
jects performed at or near ceiling on both recognition tests,
presumably because ofthe short study list that was used,
and the low-criterion test could not improve performance
further, relative to the high-criterion test. Note, however,
that, in Experiment 1,our control subjects were not at ceil
ing, even at the shortest (5-min) delay. If the instruc
tional manipulation had enabled priming to contribute
more effectively to recognition memory, the performance
of these control subjects could have improved. Yet each
of the three control groups exhibited a significant in
crease in endorsement rate in the low-criterion condition
without improving either the percent correct score or the
d'score.

Two features of the amnesia associated with ECT may
be relevant to understanding the differences between our
two studies. First, ECT patients, particularly the elderly,
are often confused during the first hour after bilateral treat-

.... ment. The patients tested by Dorfman et al. (1995) aver
aged 62.1 years ofage. Ifthese patients experienced some
confusion during the recognition test, which was admin
istered 50-60 min after treatment, their confusion may
have interfered with their ability to make recognition judg
ments. If so, instructions to set a relaxed threshold for
endorsing items (the low-criterion condition) might ac
tually encourage subjects to use their memory more con
sistently and successfully than they were able to do in the
high-criterion condition.

A second and related point is that ECT patients are un
accustomed to their memory dysfunction and, as a result,
may be unable to rely on weak, residual declarative mem
ory to endorse a test item as having been seen recently.
Such a difficulty would be expected to affect memory per
formance more strongly in the high-criterion condition

than in the low-criterion condition. Amnesic patients, who
are accustomed to their condition, could have learned that
weak memory traces can actually index recent events. In
that case, stable amnesic patients may be able to use their
residual memory equally well in both the low-criterion
and the high-criterion condition. These considerations
raise the possibility that the results reported by Dorfman
et al. (1995) were due to a meta-memory impairment fol
lowing ECT that was sensitive to test instructions (re
laxing the response criterion in the low-criterion condi
tion). One could suppose that amnesic patients have
learned to rely on a priming contribution to recognition
memory and that an instructional manipulation could not
further increase this contribution. However, this idea
cannot account for the finding ofconsistently chance lev
els ofrecognition memory performance in a severely im
paired amnesic patient who nevertheless exhibits normal
priming (Hamann & Squire, 1997).

The level ofpriming observed in our Experiment 3 and
that reported by Dorfman et al. (1995) deserve mention.
The patients prescribed ECT obtained a word-stem com
pletion priming score of 26% following a study-test in
terval of60-90 min. In our attempt to replicate their pro
cedure directly (Experiment 3), we observed only 4.5%
word-stem completion priming at a 60-min delay. As
mentioned in the Results section of Experiment 3, word
stem completion priming is often weak after 1 h or more.
In a comprehensive study by Roediger, Weldon, Stadler,
and Riegler (1992), college students obtained priming
scores of 10%-15% after a study-test delay of 90
120 min (Experiments 2 and 3). Other studies have found
word-stem completion priming scores after delays of
90 min to 24 h of3.3% to 7.3% (Chen & Squire, 1990),
8.8% (Graf& Mandler, 1984), 13% (Craik, Moscovitch,
& McDowd, 1994, estimated from Figures 2 and 3), and
13.5%-17% (McBride & Dosher, 1997). Higher levels
ofword-stem completion priming are often associated with
a contribution of declarative memory (e.g., Hamann &
Squire, 1996). It is true that the low cued-recall score of
the ECT patients (5% correct) studied by Dorfman et al.
is not indicative of much residual declarative memory.
However, the patients were discouraged from guessing,
so it is difficult to know how much declarative memory
was available. In any case, even if residual declarative
memory did contribute to the priming scores of the ECT
patients, it is still unclear why Dorfman et al. obtained an
effect of test instructions on recognition performance
and we did not.

In summary, we were unable to obtain the finding re
ported by Dorfman et al. (1995) that instructional ma
nipulations allow priming to improve recognition mem
ory performance. Although Experiment 1 used a different
procedure than the Dorfman et al. experiment, the fail
ure to find an effect (in a case where priming was robust)
suggests that the effect of instructional manipulation
might be specific to the exact procedure and test items (or
patient population) used by Dorfman et al. The failure in
Experiment 3 to observe robust priming (and the failure
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as well to observe an effect of the instructional manipu
lation) raises the general question of whether priming is
sufficiently robust and persistent to support familiarity.
One possibility is that the instructional manipulation ef
fect could be specific to the word stimuli used by Dorfinan
et aI., since we followed closely their experimental pro
cedure (but did not use their words). Although negative
results have their own limitations, our findings suggest
that the phenomenon reported by Dorfman et al. does not
generalize well. Our results are consistent with a number
ofrecent findings (Gabrieli, Fleischman, Keane, Reminger,
& Morrell, 1995; Haist et aI., 1992; Hamann & Squire,
1997; Knowlton & Squire, 1995; Wagner, Gabrieli, &
Verfaellie, 1997) that suggest that nondeclarative mem
ory (priming) is independent ofrecognition memory and
does not contribute to recognition memory scores.
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