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We report two experiments in this article that were designed to investigate the role of retrieval
constraints and interference in implicit learning of new verbal associations in a densely amnesic
participant, C.V., who had presumably sustained medial temporal lobe damage secondary to an
anoxic episode. In Experiment 1, repeatedly studied novel sentences produced significant priming
with Sentence1Fragment retrieval cues that provided maximal perceptual support as well as per-
ceptual priming for the single-word targets. However, little learning was observed when no percep-
tual cues were provided for the target itself with the Sentence1??? retrieval cues. In Experiment 2,
the effects of intraexperimental interference were measured by examining new verbal learning under
the Study-Only, Study-Immediate test, Test-Study training conditions. Unlike in the findings reported
in prior studies, C.V. showed little learning with the Sentence1??? retrieval cues even under the
minimal interference, Study-Only, condition. Together, these results demonstrate that implicit access
to novel verbal associations at a level more abstract than their perceptual configurations is not
ubiquitously observed in dense amnesia even when the learning conditions are optimized. These
results provide a window into the processes that mediate implicit learning of novel verbal associations
when the explicit memory contribution is minimized.© 2000 Academic Press
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involving memory-intact participants ha
demonstrated that repetition, interference,
retrieval cues play a large role in modulat
memory performance. In the present article,
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quisition of new information in a densely a
nesic individual. The purpose of our investi
tion is to isolate the role of implicit processes
the acquisition and retrieval of new verbal
formation.

The amnesic syndrome is characterized
the selective loss of memory for events sub
quent to the onset of amnesia (also known
anterograde amnesia) while other cogni
functions such as language, perception, a
tion, reasoning, problem solving, intelligen
and short-term memory are relatively intact
loss of memory for events immediately prec
ing the onset of amnesia, or retrograde amn
is also commonly reported.

The classic studies by Warrington a
Weiskrantz (1968, 1970) demonstrated that
spite grossly impaired explicit memory fun
tions, as those involved in recall and recog
tion, implicit memory functions, as tho
involved in word fragment completion, may
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1984; Graf & Schacter, 1985). In the wo
fragment completion task, participants
shown a list of words at study (e.g., elepha
and are later given fragmented versions of
studied ( _ l _ p _ a n _;solution: elephant) an
nonstudied words, and they are asked to c
plete the fragments with the first word th
comes to mind. The advantage in comple
studied fragments over nonstudied fragm
constitutes the measure of implicit memory
priming (Tulving et al., 1982). Such implic
memory tasks are largely data-driven such
changes in modality across study and tes
duce priming (Blaxton, 1989; Rajaram & Ro
diger, 1993; Srinivas & Roediger, 1990), b
meaningful encoding does not necessarily
crease priming relative to surface-level anal
of study material (see review by Roediger
McDermott, 1995).

Priming is also observed in implicit memo
tasks when the task relies on conceptual,
not perceptual, processes. For example,
conceptual implicit task such as category p
duction, participants study exemplar nam
(e.g., elephant) of various categories. At t
only the category names are provided (e.g.,
imals), and participants are asked to write do
the first few exemplars of that category t
come to mind. This task is considered to
conceptual in nature because the exemplars
category names are conceptually related, an
perceptual overlap exists between study and
stimuli. Predictably, modality changes do
impair such priming whereas manipulation
meaningful encoding enhances such prim
(e.g., Blaxton, 1989; Hamann, 1990; Sriniva
Roediger, 1990).

Both perceptual and conceptual forms
priming, or implicit memory, have been exte
sively examined in amnesia and found to
generally preserved (see Moscovitch et
1993, for a review), although the evidence
preserved conceptual priming is somew
mixed. Many studies have shown preser
conceptual priming in amnesia across a var
of conceptual implicit tasks (Gardner et
1973; Hamann, 1990; Keane et al., 19
Schacter, 1985; Shimamura & Squire, 19
)
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1982; Winocur & Weiskrantz, 1976). Yet, ot
ers have reported impairment on concep
priming in amnesia on a similar group of ta
(Blaxton, 1992; Cermak et al., 1998; Keane
al., 1997). The reasons for these discrepan
are not clear, but one possibility may be
differences in procedure and different group
amnesic participants employed across th
studies.

The database on the perceptual and con
tual priming effects in amnesia has inform
and refined our theories of intact memory fu
tions by providing a window into the operati
of implicit memory when the contribution
explicit memory is minimized (Blaxton, 199
Cohen & Squire, 1980; Gabrieli, 1995; Mos
vitch, 1992, 1994a; Roediger et al., in pre
Schacter, 1990; Tulving & Schacter, 1990). T
studies reviewed thus far reveal both the p
cessing and neural requirements for the re
vation of learned informationunder differen
retrieval conditions. Specifically, the perc
tual, lexical, and conceptual representation
words such as “elephant” exist in the cognit
system prior to the experimental context.

A key question that has concerned resea
ers in recent years is the role of implicit mem
in mediating the learning ofnew verbal infor-
mation. It is obvious that explicit memory
conscious awareness plays a vital role in
acquisition of new information, as evidenced
the performance of memory-intact individu
in the laboratory and in the real world. Whet
implicit memory also supports the acquisit
of new verbal information, and if it does, wh
the nature of such learning might be, consti
the questions examined in the present art
We investigated these questions in a den
amnesic individual because the minimal op
tions of explicit memory may help isolate t
implicit processes that mediate new ver
learning.

Recent studies have investigated the rol
implicit processes in mediating new ver
learning in the memory-intact as well as
amnesic populations. The latter set of studie
directly relevant here, and these studies fall
three general categories. In one set of stu
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293NEW LEARNING IN AMNESIA
examined in the amnesic population. The res
of these studies are mixed. Some studies
shown little, if any, evidence of acquisition
new vocabulary in the medial temporal lo
patient H.M. (Gabrieli et al., 1988) or in Ko
sakoff’s patients (Grossman, 1987). In contr
positive evidence of new learning has been
ported in amnesics in some studies. For ex
ple, there have been reports of progress in
academic training of a young amnesic
(Wood et al., 1989), normal acquisition of n
French vocabulary (Hirst et al., 1988), learn
of single-word interpretations of ambiguous
scriptions (McAndrews et al., 1987), and lea
ing of implicit frequency judgments (Dopkins
al., 1994). The reasons for these discrepan
once again are not clear, but they may a
from differences in tasks and procedures
differences in the severity and etiology of a
nesia among the participants.

In a second set of studies, new learning
amnesia has been examined for individual n
items such as nonwords and novel shape
priming tasks such as perceptual identificat
word reading, and lexical decision. By a
large, there appears to be preserved priming
nonwords (Cermak et al., 1991; Gabrieli
Keane, 1988; Musen & Squire, 1991) as wel
novel shapes (e.g., Gabrieli et al., 1990; Mu
& Squire, 1992a; Schacter et al., 1993; Verfa
lie et al., 1992). However, in some studies s
priming is found to be at subnormal levels (e
Diamond & Rozin, 1984; Gordon, 1988), ra
ing the concern that evidence for normal lev
of priming for novel information may som
times be contaminated by residual exp
memory in some amnesics (see Bowers
Schacter, 1993).

In the third set of studies, new learning h
been assessed for verbal associative info
tion; these studies are directly relevant for
present purposes because we used novel
tences as the stimuli in our study. Althou
associative learning has been examined
different types of stimuli such as learning co
puter vocabulary and programming comma
(Glisky & Schacter, 1988; Glisky et al., 1986
1986b), simple facts (Shimamura & Squ
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Glisky, 1995), the most extensively studied p
adigm in this domain involves the learning
novel word associations. In a typical experim
of this sort, participants are presented with
related word pairs (window–reason, mar
shave) and are later presented with intact p
(window–rea_____) or recombined pa
(march–rea_____) during the stem comple
task. The advantage in stem completion prim
for intact pairs over recombined pairs provi
the measure of new learning. The evidence
amnesic participants on this task has b
mixed (Graf & Schacter, 1985; Schacter
Graf, 1986) such that new associative learn
reliably occurred only in mild to moderate a
nesics and not severe amnesics (but see Tu
et al., 1991). However, recent studies have d
onstrated normal levels of priming in amnes
for new associations when rapid word iden
cation (Gabrieli et al., 1997; but see Paller
Mayes, 1994), reading time (Moscovitch et
1986, but see Musen & Squire, 1992b), or
lexical decision task (Goshen-Gottstein
Moscovitch, 1992) were used as the depen
measures. Once again, the discrepancies i
implicit acquisition of new associations app
to be due to changes in tasks as well a
severity of amnesia.

Together, the following conclusions may
drawn from these mixed findings on the acq
sition of new verbal information in the amne
population. One, the positive evidence of n
learning is often not purely implicit in natu
and may be mediated by residual episodic m
ory. If the explicit memory involvement com
plicates the interpretation of the data in
moderately amnesic participants, this prob
may become exaggerated in the memory-in
population. Thus, in order to understand
unique contribution of implicit memory to ne
verbal learning in the normal cognition of me
ory, it is critical to examine these proces
under conditions where the operations of
plicit memory are minimized. An effective wa
to achieve this goal is by examining the impl
learning processes in severely amnesic pa
pants. To this end, we tested a severely amn
participant in the present experiments. Two,
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294 RAJARAM AND COSLETT
ratories may be partly responsible for the mi
findings. Thus, the selection of the critical ta
and procedures used in other laboratories
dense amnesic participants is necessary t
fectively address this problem with differe
patient samples. For this reason, our exp
ments were closely modeled after the tasks
procedures used in recent studies that inv
gated related issues (Hayman et al., 1992;
jaram & Coslett, in press; Tulving et al., 199
Three, the reviewed studies also indicate
acquisition of individual, novel perceptual un
(such as nonwords and novel shapes) is
served more reliably in amnesics, but n
learning that involves an associative compon
is often impaired (see also Curran & Schac
1997). We focused on the latter outcome in
present investigation because the associ
component of learning may be fundamenta
most verbal learning (see Rajaram & Coslet
press). For instance, learning new vocabu
(Gabrieli et al., 1988) also requires the de
opment of an association between a new w
and its meaning. Thus, the role of implicit me
ory in mediating new verbal learning in gene
may be best understood by examining the m
anisms that govern newassociativelearning.

Associative learning may occur either only
the perceptual/lexical level, as measured by
perceptual identification, lexical decision, or
reading tasks (Gabrieli et al., 1997; Gosh
Gottstein & Moscovitch, 1992; Moscovitch
al., 1986), or at a higher conceptual or sema
level where some of the perceptual/lexical p
of the cue are not provided to the participa
(Hayman et al., 1992; Tulving et al., 1991).
the present study, we focus on the latter, r
tively more conceptual, level of associations
examine whether successful new learning
occur beyond the level where the participa
could simply rely on the perceptual gestalt
the stimuli (see also Goshen-Gottstein
Moscovitch, 1995).

The selection of the particular amnesic p
ticipant (C.V.) in this study also permitted us
collect evidence pertaining to a related iss
the possible neuroanatomical basis of new
ceptual associative learning. A number of t
h
f-

i-
d
i-
-

t

-

t
,
e
e

y
-
d

l
-

e

-

c
s

-

n
s

-

,
-

-

the medial temporal lobe structures in facili
ing the binding of various elements of n
information (Cohen & Eichenbaum, 1993; C
hen et al., 1997; Cohen et al., 1994; Johnso
Chalfonte, 1994; McClelland et al., 199
Moscovitch, 1994b; O’Reilly & McClelland
1994). According to these proposals, one m
predict impairment in the binding of new as
ciations when damage is sustained to the me
temporal lobe structures. Evidence from rod
studies supports this prediction (see Eich
baum et al., 1994). In humans, the prelimin
evidence from recent neuroimaging stud
(Cohen et al., 1994; Klingberg et al., 1994)
well as data from some of the amnesic c
studies support this prediction (Gabrieli et
1988; Rajaram & Coslett, in press; Verfaellie
al., 1995; see also Squire & Knowlton, 19
but also see Hayman et al., 1992; Tulving et
1991). However, the specific conditions un
which acquisition and testing take place h
often varied across studies, and the exact na
of learning impairment is not clearly und
stood.

In summary, our central goal was to exam
whether implicit memory processes can sup
the acquisition of new, conceptual associa
learning in a densely amnesic individual. T
recruitment of a densely amnesic individual w
expected to provide a window into the ope
tions of implicit memory that cannot be isola
easily in memory-intact individuals in whom
is often difficult to rule out the contributions
explicit memory. We systematically examin
the effects of interference and types of retrie
cues on new verbal associative learning.
selection of specific manipulations was m
vated by the findings from previous studies (
mann & Squire, 1995; Hayman et al., 19
Tulving et al., 1991; Rajaram & Coslett,
press). The specific goals and manipulation
each of the two experiments are presented
arately in the forthcoming sections.

In addition to this primary aim, our study al
provides suggestive data that speak to the
sible role of medial temporal lobe structures
mediating the learning of new associations,
by inference, in the binding of different e
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presented to the amnesic participant. We
that findings from our study provide sugges
insights into, and not a direct assessment of,
relationship.

PARTICIPANT DESCRIPTION

C.V.

C.V. was a 50-year-old college-educated m
who suffered a cardiac arrest, perhaps as a
sequence of a sustained seizure (status epi
cus), approximately 4 years prior to the tes
reported here. After the cardiac arrest, C
noted profound memory impairment but w
otherwise asymptomatic. Unable to return to
work in computer programming and intern
tional sales, he devoted his time to volunt
work and golf. C.V.’s wife stated that his pe
sonality and social interactions had not b
altered by the cardiac arrest. Neurologic ex
ination revealed C.V. to be alert, pleasant,
cooperative. He exhibited a severe amnesia
the examination was otherwise normal.

MRI of the brain demonstrated no abnorm
ities. Although we do not have pathologic co
firmation of the lesion site in C.V., neuropath
logic investigations of patients with sta
epilepticus have consistently demonstrated
hippocampus to be the most severely affe
brain region (e.g, Corsellis & Bruton, 198
Cendes et al., 1995; Hopkins et al., 199
Patchy areas of laminar neuronal loss in
cortex and death of Purkinje cells in the ce
bellum are less consistently observed. Furt
more, several studies have reported quantita
MRI analyses of the hippocampus in ano
patients where significant reduction in the h
pocampal region was noted in patients c
pared to controls (Press et al., 1989; Squir
al., 1990; Kesner et al., 1992; Hopkins et
1995). In light of these and other neuropat
logic findings (e.g., Graham and Lantos, 199
as well as C.V.’s strikingly preserved intelle
we suggest that his amnesia is attributabl
hippocampal disruption and its connections

Neuropsychological examination revea
that C.V. functioned in the superior range
many tasks despite his severe memory diso
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vised (WAIS-R), C.V. obtained a full scale
of 130 (verbal5 139, performance5 113),
with high-scaled scores of 17 on the vocabu
as well as arithmetic sections. These scores
roborate the clinical impression of intelligen
in the superior range. C.V. scored 58/60 on
Boston naming test; he successfully named
remaining 2 items with the use of phonem
cues. In stark contrast, on the Wechsler Mem
Scale – Revised (WMS-R), C.V. obtained
remarkably impaired score of 86 for gene
memory and scored below 50 on the dela
recall. His impairment was evident on memo
loaded subtests of the scale; for example
was unable to recall any details from the log
memory subtest 10 min after presentation
the same time, his performance on the atten
concentration section of the WMS-R was in
high range (125). This last score is consis
with his outstanding digit span performance
the WAIS-R (forward5 9, backward5 7).

ltogether, C.V.’s profound amnesia was c
rmed on these neuropsychological tests as
ifferential between his WAIS-R full scale I
core (130) and the General Memory score
MS-R (86) was more than 2SD apart by

ormative standards (mean5 100, SD 5 15).
This pattern was further substantiated by
large differential between C.V.’s score on
attention/concentration section of the WMS
(125) and the delayed recall section of
WMS-R (below 50). On the Warrington force
choice recognition test, C.V. scored below
first percentile for his age group (faces5 34/50,

ames5 34/50).

ontrol Participants

Four control participants (henceforth cal
atched Controls), matched for age (mean5
0.5 years,SD5 2.38) and education (mean5
5.5 years,SD5 1), were tested so as to cou

erbalance materials across conditions at
nce.1 Another group of nine control partic

pants (henceforth called Young Controls) w

1 Two matched control participants were tested in Li
f the materials for reasons described under Result
xperiment 2.
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296 RAJARAM AND COSLETT
education of 15.11 years (SD 5 1.96) was als
tested in Experiment 2 to fully counterbalan
materials across conditions. Control participa
were treated identically to the amnesic par
pant except when noted otherwise.

EXPERIMENT 1

The motivation for Experiment 1 came fro
recent reports of the learning of new ver
associations in densely amnesic particip
K.C. (Tulving et al., 1991) and C.C. (Rajaram
Coslett, in press) and from mixed evidence
learning in another densely amnesic particip
R.H. (Rajaram & Coslett, in press). In th
study, Tulving et al. (1991) focused on
importance of experimental factors in prod
ing long-lasting learning of new associations
amnesia. Amnesic participant K.C. exhibi
profound memory loss following extensi
head injury from a motorcycle accident in 19
Tulving et al. (1991) presented K.C. with
number of novel but plausible sentences (e
MEDICINE cured HICCUP) at study across
number of sessions conducted at least one w
apart. At test, implicit retrieval instructio
were given to assess the retention of these
sociations, and the retrieval cues varied ac
sessions in the amount of perceptual infor
tion they contained. As has been reported
numerous studies, perceptual priming for
target words (e.g., _ I _ C _ P) wasfound to be
intact in K.C. Interestingly, K.C. also show
substantial retention for the target item when
perceptual cue for the target itself was provi
(MEDICINE cured ???) even though he w
unable to recognize any of the studied sente
when explicit memory instructions were give
This finding was taken as evidence for n
semantic learning in dense amnesia. Tulvin
al. (1991) concluded from their data that n
learning of this kind is slow and laborious
amnesia, but is long lasting.

We became particularly interested in the fi
ings from the Sentence1??? retrieval conditio
because performance under this condition
quires the binding of new associations at a
atively more conceptual level than in the ta
such as perceptual identification and read
s
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l
s

f
t
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ek
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n

s
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the new associations is provided to the par
pants. Consequently, in a recent study, we
jaram and Coslett, in press) attempted to re
cate Tulving et al.’s findings with two dense
amnesic participants, C.C. and R.H. Amne
participant C.C. developed profound mem
loss after the resection of a meningioma aris
in the olfactory groove that created focal
cephalomalacia bilaterally in the gyri recti a
inferior portions of the cingulate gyri as well
the basal forebrain and other subfrontal st
tures. Postoperatively, C.C. exhibited nor
intelligence but grossly impaired memory fu
tions. R.H. became profoundly amnesic follo
ing a period of seizures in his early twenti
MRI scans at the time of testing revealed
tensive but focal damage bilaterally in the m
dial temporal lobe regions, including the h
pocampus, and some atrophy of the left lat
temporal lobe. R.H. exhibited superior levels
intelligence, with an IQ of 121, but dramatica
impaired memory functions.

The comparison of these two amnesic pa
ipants in our study provided the opportunity
determine whether the findings reported
Tulving et al. (1991) generalize to other dens
amnesic participants. To this end, we used
same set of materials that Tulving et al. u
and adopted the critical features of the meth
ology from their study. Furthermore, the co
parison of C.C.’s and R.H.’s performanc
where all the materials and experimental pro
dures were matched for the two participa
provided the opportunity to delineate the po
ble, differential roles of the underlying neu
structures involved in new associative learn
In particular, based on the theories of amn
that posit a specialized function of binding
formation to the medial temporal lobe structu
(Cohen & Eichenbaum, 1993; Cohen et
1997; Cohen et al., 1994; Johnson & Chalfo
1994; McClelland et al., 1995; Moscovitc
1994b; O’Reilly & McClelland, 1994), we pr
dicted that conceptual learning of new asso
tive information, as measured by the S
tence1??? retrieval cues, would be impaired
the medial temporal lobe participant R.H.

For present purposes, the methodological
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experiment included many sessions (8 for C.C
for R.H., and 5 for the three matched con
participants). Each session was conducted
1–3 weeks apart and contained a study pha
brief retention interval, and a test phase. In
sessions, participants studied novel and unfam
sentences at study (e.g., MEDICINE cured H
CUP, STAFF shot HIJACKER). In sessions 1
5, 7, 9, and 11, two types of retrieval cues w
provided, Sentence1Fragment (MEDICINE
ured _I _ C _ P) andSentence1??? (STAFF
hot ???). The Sentence1??? retrieval conditio
rovides a strong test of new associative le

ng because participants have to develop l
etween hitherto unassociated words and t

inks have to be strong enough for the part
ants to generate the target word in the abs
f any perceptual support for that word. T
entence1Fragment condition provided ma
al cues and was expected to produce con
rable priming for the target words. Session
, 6, 8, 10, and 12 presented only the fragm
f all target words (_I _ C _ P, _ I J _ _ K _ R

o assess the status of perceptual primin
hese two amnesic participants.

We replicated Tulving et al.’s (1991) findin
f new learning under the Sentence1Fragmen
s well as under the Sentence1??? conditions
ut only in the performance of our basal fo
rain amnesic participant C.C. We failed to fi

he evidence of new learning with the relativ
ore conceptual cues of Sentence1???, eve
fter 12 sessions of study and test, in our me

emporal amnesic participant R.H. These d
tand in sharp contrast with the findings
ulving et al. (1991). Notably, R.H. show
reserved perceptual priming with the Fr
ents Only cues (_ I J _ _ K _ R ) for thesame

et of target words (HIJACKER) that he fail
o produce with the Sentence1??? cue
STAFF shot ???). We further replicated t
attern of performance for C.C. and R.H. w
n entirely new set of materials (Rajaram
oslett, in press, Experiment 3). Together, th
ndings have two important implications. O
earning of new verbal associations can occu

relatively conceptual level even when the
rations of explicit memory are minimize
2
l
m

a
ll
r

-
,

-
s
se

ce

d-
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ts

n

l
a
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e

t
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aborious, depends on repeated trials, and is
bserved in all amnesics. Two, these findi
onstitute initial but strong evidence from h
an studies for the proposal that medial t
oral lobes may be specifically involved in

earning of new verbal associations. It should
oted, however, that Tulving et al’s amne
atient K.C. had also sustained medial temp

obe damage but did exhibit semantic learn
hus, we need more empirical information t
an provide us with further insights into t
ossible role of the medial temporal lobes
ediating new associative learning. We disc

his issue further in the General Discussion
ion.

At the cognitive level, the absence of n
ssociative learning as measured by the

ence1??? retrieval cues in our amnesic par
pant R.H. (Rajaram & Coslett, in press) may
ttributable to two different sources. One, n

earning may not occur because the amn
articipant fails to develop the association

ween different words in the sentence, or fail
ind the information. Two, it is possible th
ome associative learning does occur with
eated trials, but this learning may be tenu
nd susceptible to rapid forgetting. In our
eriment with R.H. (Rajaram & Coslett,
ress), the study-test sessions were held
eeks apart. This extended delay between
ions may have led to forgetting between
ions.
We tested this latter hypothesis in Exp
ent 1 here. To do so, we performed an ex

ment similar to the investigation describ
bove (Experiment 1, Rajaram and Cos
991) but with one critical change. We redu

he interval between sessions from 1–3 week
0 min–17 h. We reasoned that if a relativ
ccelerated presentation of sessions can c

eract the forgetting process, then amnesic
icipant C.V. may exhibit some learning of n
ssociations in the Sentence1??? retrieval con
ition. This outcome will further delineate t
echanisms (forgetting versus failure to

ially bind associations) that mediate impl
erbal associative learning. Thus, if such ac
ration were not sufficient to attenuate the
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298 RAJARAM AND COSLETT
onstrate that the binding of new association
a relatively conceptual level is severely limi
when explicit memory is suspended.

Method

Materials. Eighty three-word sentences us
by Tulving et al. (1991) and Rajaram and C
lett (1999, Experiment 1) were used as the
ical stimuli in this experiment. Each senten
consisted of three words that together m
sense but also constituted a novel, hitherto
known, configuration. Of these 80 critical s
tences, 48 were presented for study, and
were used as nonstudied sentences to a
priming. At test, 24 studied and 16 nonstud
sentences were presented under the Sente1
Fragment retrieval condition and the remain
24 studied and 16 nonstudied sentences
presented under the Sentence1??? retrieva
ondition. In some sessions (specified later)
ragments of all the studied and nonstudied
ets (the last word of each sentence) were
ented to assess perceptual priming. Across
ions (from 1–9), the specific sentences w
ested within each condition such that a gi
entence always appeared under the same
ition in all sessions. In the study list, in ad

ion to the 48 study sentences, 12 buffer s
ences, 8 at the beginning of the study list an
t the end of the study list, were included
liminate primacy and recency effects. At t

n addition to the 80 critical sentences (of wh
8 were studied and 32 were nonstudied
onstudied buffer sentences (not used anyw

n the experiment) were presented at the sta
he test list under different retrieval conditio
he presentation of all critical sentences wit
ach study and test list was randomly arran
ith respect to conditions and with the rest

ion that the order for C.V. was identical to t
rder used for C.C. and R.H. in Rajaram
oslett’s (1999, Experiment 1) study.
As in the Rajaram and Coslett (1991, Exp

ment 1) study, a recognition memory task w
dministered at the end of the ninth session.
ecognition task in this experiment consisted
booklet containing all 48 study sentences
new set of 48 nonstudied (buffer) senten
t

-
-

e
-

2
ss

e

re

e
-
-
s-
e

n-

-
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8
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ext experiment) arranged in a new rand
rder.
The selection and assignment of material

ifferent conditions as described, and all
ritical details of the design and procedure to
escribed shortly, were identical to those u

n the Rajaram and Coslett (1991, Experim
) study. The only change in the procedure

he reduction in the intersession interval fr
–3 weeks (Rajaram & Coslett, in press, Exp

ment 1) to 10 min–17 h. These steps were ta
o ensure that the treatment of the present
esic participant C.V. was identical in all
pects to that of amnesic participants C.C.
.H., as well as to that of matched con
articipants tested in our prior study, except

he intended manipulation of accelerated st
nd test cycles.
Design and procedure.Nine sessions we

onducted with each session containing a s
hase, a 5-min retention interval, and a
hase. Each session was conducted from
in–17 h apart. In the study phase, C.V. w
resented with one sentence at a time o
acintosh computer and was asked to de
hether the sentence made sense to him. C

esponses included both “yes” and “no,” par
larly in the initial sessions. Following a 5-m
reak, the test phase was conducted. In
dd-numbered sessions 1, 3, 5, 7, and 9, t
esignated the Sentence Cues sessions, th

rieval cues consisted of Sentence1Fragmen
MEDICINE cured _ I _ C _ P) andSen-
ence1??? (STAFF shot ???). C.V. was
structed to provide the first solution or the fi
word that came to mind. In sessions 2, 4, 6,
8, to be designated Fragments Only Cues
sions, the fragmented versions of all the stud
and nonstudied target words were presen
and C.V. was asked to complete the fragm
with the first solution that came to mind.

One hour after the completion of nine stu
test sessions, a recognition memory test
administered to C.V. All 48 studied and
nonstudied sentences were presented in a b
let, and C.V. was asked to check all the s
tences that looked familiar to him.
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Results

New learning was measured by subtrac
the proportion of correctly completed nonst
ied items from the proportion of correctly co
pleted studied items under all three retrie
conditions, Sentence1Fragment, Sentence1???
nd Fragments Only. The mean completion

ormance under various conditions is presente
able 1. The standard priming data were analy

n the following way. Within each retrieval co
ition, the total number of correct respon
cross sessions was computed for each st
nd nonstudied item. An independentt test by

tem was conducted to determine the advan
or studied over nonstudied items within ea
etrieval condition. In addition, an adjusted pr
ng measure (Snodgrass, 1989) was also de
nder each condition for each session. To de

his measure, the standard priming score (s
ed 2 nonstudied) was divided by (12 nonstud
ed) in order to adjust for baseline differences
ften complicate the comparison of different c
itions in case studies. This measure is comm
sed in priming studies and was also used
ulving et al. (1991) and Rajaram and Cos
1999). The adjusted priming scores across

Response Probabilities of Amn

Sentence cues
sessions

Sentence1???
(e.g., STAFF shot ?

Studied N

1 0.04
3 0.04
5 0
7 0.08
9 0.13

Fragments only cues
sessions

Targets from sent
(e.g., _IJ__K

Studied

2 0.67
4 0.63
6 0.79
8 0.79
l

r-
in
d

s
ed

e

d
e
-

t
-
ly
y
t
s-

ions for the Sentence Cues conditions and F
ent Only Cues conditions are displayed in Fi

n the left and right panels, respectively. No
owever, that the statistical analyses reported

ow were conducted on the more conserva
tandard, priming scores.
The critical question in this experiment w

hether the amnesic participant C.V. would
ibit learning of new verbal associations when

ntersession intervals were shortened in dura
s Fig. 1 shows, despite this manipulation, C
xhibited little learning of new associations un

he Sentence1??? retrieval condition,t (38) 5
.55,SE5 0.23. The highest level of performan
nder this condition was found in Session
here C.V. produced 3 out of 24 correct
ponses. This performance is quite similar
.H.’s performance in Rajaram and Cosle
tudy (1999, Experiment 1), in which R.H.’s b
erformance in the Sentence1??? condition con
isted of 2 out of 24 correct responses and
ramatically different from C.C.’s, who produc
1 out of 24 correct responses. Thus, we faile
nd evidence of new associative learning in C
espite arranging relatively optimal conditions

earning.

ic Participant C.V. in Experiment 1

)
Sentence1fragment

(e.g., MEDICINE cued _I_C_P)

tudied Studied Nonstud

0.67 0.38
0.88 0.50
0.88 0.69
0.92 0.63
0.88 0.63

e???
)

Targets from sentence1fragment
(e.g., _I_C_P)

nstudied Studied Nonstud

0.44 0.63 0.31
0.31 0.50 0.38
0.50 0.67 0.56
0.50 0.92 0.50
es

??

ons

0
0
0
0
0

enc1
_R

No
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Priming performance under the second c
dition of Sentence1Fragment cues yielded s

ificant priming,t(38)5 2.44,SE5 0.52, dem
nstrating the effectiveness of percep
onstraints in C.V.’s performance. Primi
cores were also analyzed for the Fragm
nly cues (Sessions 2, 4, 6, and 8) for the ta
ords of sentences that belonged to
entence1Fragment and Sentence1??? condi

ions. Perceptual priming scores for targets
elonged to the sentences in the Sentence1???
onditions (e.g., _ I J _ _ K _ R)were found to
e significant,t(38) 5 2.42, SE 5 0.44. This
nding is notable in that these were the v
argets that C.V. failed to produce in respons
he Sentence1??? cues. In other words, t
nding diminishes the concern that possible
uliarities in the target word in the Se
ence1??? items might have resulted in a l
f learning. These data also mimic the pat
eported for the medial temporal lobe amne
.H. who exhibited robust perceptual prim

or targets that he failed to produce under
entence1??? condition (Rajaram & Coslett,
ress, Experiment 1). Finally, perceptual pr

ng for targets that belonged to t
entence1Fragment condition was also alm

FIG. 1. The data from Experiment 1 for a
displays the adjusted priming scores for the sess
target word missing (Sentence1??? retrieval cue
version of the target word (Sentence1Fragment r
panel displays perceptual priming scores with t
targets from both the Sentence1??? (S1? here)
conditions.
-

l

t
t

e

t

o

-

n
c

-

ignificant,t(38) 5 1.92,SE5 0.47 (p 5 .06,
wo-tailed).2

On the recognition memory task, C.V. rec
nized 42 out of 48 studied sentences corre
and did not false alarm to any of the 48 n
studied sentences. Thus, C.V. exhibited rea
ably good recognition memory for studied
formation that was exposed to him nine tim
He also admitted to the recognition task be
“less threatening” than the other tasks he ha
do, although he could not quite describe
other tasks he had been asked to do.

2 We also compared priming across the Senten1
ragment retrieval condition and the Fragments Only

rieval condition for the same set of items to determ
hether priming levels increased as a function of the

ence cues. This comparison showed a trend for b
tandard priming under the Sentence1Fragment conditio
ompared to under the Fragments Only condition, as
ndicated by the adjusted priming scores displayed in Fi
ut this did not meet significance,t(38) 5 1.63, p 5 .11
two-tailed),SE5 0.33. This comparison should be view
ith caution because the same items served unde
entence1Fragment and Fragments Only conditions ac
essions. It should also be noted that because our focu
n the measure of associative learning under the rela
ore conceptual, Sentence1??? condition, the comparis
resented here was not critical with respect to the que
e addressed in this series of experiments.

esic participant C.V. are displayed. The left pane
s where the sentence cues were presented either wi
dition, labeled as S1? here) or with the fragmented
val cue condition, labeled as S1F here). The right

adjusted priming measure for only the fragments of
the Sentence1Fragment (S1F here) retrieval cue
mn
ion
con
etrie
he
and
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Three main findings of this experiment
noteworthy. One, C.V. showed little eviden
for the learning of new verbal associations w
no perceptual cues for the targets were prov
to aid the target production. This pattern
performance is similar to the pattern repor
for the medial temporal lobe amnesic, R.H.,
different from the pattern reported for the ba
forebrain amnesic, C.C., and the head in
amnesic, K.C. (Rajaram & Coslett, in pre
Tulving et al., 1991). Two, in contrast to h
poor performance under the Sentence1??? con
dition, C.V. showed significant priming wh
the retrieval cues of Sentence1Fragment pro
vided maximal support to aid retrieval. Th
finding, albeit with a different task, is similar
the reports of successful associative learnin
amnesics in perceptual identification and re
ing tasks that also provide all of the percep
information at test (Gabrieli et al., 1995; G
hen-Gottstein & Moscovitch, 1992; Moscovit
et al., 1986). Three, C.V. also showed sign
cant perceptual priming when fragments of
targets were presented in isolation (Fragm
Only cues). Perceptual priming for such fr
ments was obtained even for the set of tar
that C.V. failed to produce under the S
tence1??? condition. Overall, C.V.’s perfo
mance bears a striking similarity to R.H.’s p
formance reported in our previous stu
(Rajaram & Coslett, in press, Experiment 1

It is important to note that C.V.’s (an
R.H.’s) performance cannot readily be att
uted to severity of amnesia alone. Both th
amnesic participants did exhibit profound a
nesia on both clinical and neuropsycholog
assessment. However, C.V.’s recognition
formance was considerably better than tha
ported for either R.H. (16/48 correct) or C
(24/48 correct). Alternately, Tulving et al. r
ported that K.C. failed to recognize any of
studied sentences after multiple study-test
sions, and yet unlike C.V., Tulving et al.’s a
nesic K.C. did show substantial learning un
the Sentence1??? condition. Furthermore,
the present experiment, C.V.’s feedback s
gested that his recognition performance m
d

t
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ts

ts
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But this sense of familiarity, even though su
rior to that seen in the other amnesics descr
above, was clearly not sufficient to support e
the implicit production of correct targets.

In Experiment 2, we examined the role
interference in mediating implicit learning
new verbal associations. In memory resea
the deleterious role of interference has l
been noted both in studies of memory-in
(Martin, 1971; Postman, 1971; Runquist, 19
Underwood & Postman, 1973) and amnesic
ticipants (Cermak & Butters, 1972; Cermak
al., 1974; Mayes et al., 1987; Warrington
Weiskrantz, 1973, 1974; Winocur & Weis
rantz, 1976). Some theories of amnesia po
late that the mechanism by which medial te
poral lobe structures facilitate the binding
various elements in new stimuli is by suppre
ing interference from other stimuli (Shapiro
Olton, 1994). In a recent study, Hayman et
(1992) and Hamann and Squire (1995) ex
ined new verbal, associative learning un
study-test conditions that varied in the amo
of interference they created. We reasoned th
C.V.’s failure to show poor new associat
learning is attributable to possible interfere
effects in Experiment 1, then under conditio
that minimize interference (Hayman et
1992), C.V. should exhibit better learning ev
when retrieval cues are perceptually impov
ished.

EXPERIMENT 2

The design and procedure of this experim
were adopted from Hayman et al.’s (1992)
Hamann and Squire’s (1995) procedures
were modified to suit the particular hypothe
tested in this experiment. One possible rea
for poor new learning in the absence of perc
tual cues may be that the test cue format (S
tence1???) creates a high-interference si
tion. That is, when the amnesic participant f
to produce the correct (studied) target, so
other answer is produced to complete the
tence because of the implicit retrieval instr
tions given to the participant. This sponta
ously produced (incorrect) response m
interfere with the learning of the correct (stu
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an
an
uc
red
der
em
pre
the
.C
alk
ne
ou
ar

f th
this
to
re

ed
he
nta
the
ing

sic
nse
t th
&
en

nce
ce

Ex-
en
is

re-
en
nd
fir

tly
s
d-
ou

afte
wa
d b
the

Sentence1??? condition in our study did not
un-
so

as
ion.
en-

on
dy-

ob-
er-
the
nt
ndi-
the
wo
dure
ing
lly,
the
in-
eri-
The
in-
re-
te-
as
tial
est-
w,
ing.
st-

tion
el of
al.,

t to
vi-
x-
ose
di-
udy
rn-
ed
tive
ion
in-
der
an
sia.

302 RAJARAM AND COSLETT
ing.
In support of this argument, recently Haym

et al. (1992) reported that amnesic particip
K.C. learned the correct target responses m
faster under the Study Only condition compa
to the Study-Test condition. Specifically, un
the Study Only condition, the entire study it
(e.g., a talkative featherbrain-parakeet) was
sented repeatedly without any testing until
last session. In their Study-Test condition, K
was presented with definition cues (e.g., a t
ative featherbrain-???) and was asked to ge
ate the target word. Following his spontane
response, the correct target (parakeet) appe
on the screen. (Note here that because o
order in which the events occurred under
retrieval condition, it is more appropriate
label this condition as Test-Study, and the
fore, this condition will henceforth be referr
to as the Test-Study retrieval condition.) T
generation of a response prior to the prese
tion of the target within each session led to
production of incorrect targets, thereby lead
to high interference. Under our Sentence1???
retrieval condition in Experiment 1, amne
participant C.V. was asked to produce respo
in every session. Thus, one might argue tha
failure of R.H. in the previous study (Rajaram
Coslett, in press) and that of C.V. in the pres
study to learn the appropriate target sente
may be attributable to the high-interferen
learning condition used in our experiments.

It is important to note that the Sentence1???
retrieval condition used in our experiments (
periment 1 in the present study, and Experim
1 in Rajaram and Coslett’s (1999) study)
somewhat different from the Test-Study
trieval condition just described. Under the S
tence1??? retrieval condition, the correct a
complete sentences were always presented
(at study) within a session. Subsequen
within the same session the Sentence1??? cue
were provided for implicit retrieval of the stu
ied targets. Thus, the amnesic participants in
studies did not first generate a response
which the correct target was presented, as
the case under the Test-Study condition use
Hayman et al. (1992). Therefore, although
t
h
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eliminate interference to the extent possible
der the Study Only retrieval condition, it al
did not create levels of interference as high
those that occur under the Test-Study condit
Because of the order of events under our S
tence1??? retrieval condition, this conditi
will henceforth be referred to as the Stu
Immediate Test condition.

The present experiment was designed to
tain direct empirical evidence for these diff
ential levels of interference. Specifically,
implicit new learning of amnesic participa
C.V. was directly compared across three co
tions—the Study Only, the Test-Study, and
Study-Immediate Test conditions. The first t
conditions were selected to adopt the proce
used by Hayman et al. (1992) for manipulat
“intraexperimental” interference. Specifica
intraexperimental interference arises from
conditions of the experiment that generate
terference effects rather than from preexp
mental associations known to participants.
third, Study-Immediate Test, condition was
cluded to obtain a direct replication of the
sults of Experiment 1 with a new set of ma
rials. This comparison of three conditions w
expected to demonstrate whether differen
amounts of interference in the learning and t
ing situations lead to differential levels of ne
and relatively conceptual, associative learn
We predicted little new learning under the Te
Study learning condition because this condi
has been shown to produce the highest lev
interference for other amnesics (Hayman et
1992; Hamann & Squire, 1995). With respec
the Study-Immediate Test condition, we pre
ously found minimal new learning (present E
periment 1), and we expected to replicate th
findings. The most interesting learning con
tion in the present experiment was the St
Only condition. Hayman et al. found that lea
ing under this condition was greatly facilitat
in a severely amnesic participant K.C. Posi
evidence of new learning under this condit
by our amnesic participant C.V. would del
eate at least one experimental condition un
which new verbal, associative learning c
ubiquitously occur in cases of severe amne
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303NEW LEARNING IN AMNESIA
Materials. A new set of 174 sentences w
onstructed for this study. These sentences
imilar to those used in Experiment 1 in t
hey were unfamiliar and yet plausible in nat
e.g., MACHINE refined COPPER, COU
RY exported PEPPERMINT). Of these, 1
entences were taken from the materials use
ajaram and Coslett (1999, Experiment 3).

hese 120 sentences, 72 served as critical st
n this experiment. These 72 sentences w
andomly divided into three sets of 24 s
ences, each to appear under three conditio
he experiment (Study Only, Test-Study, Stu
mmediate Test). We constructed three s
ists to completely counterbalance the sets
entences across conditions for both Matc
nd Young Control participants.3

Of the remaining 102 sentences from
overall set of sentences, 6 were used to serv
primacy and recency buffers in the three st
lists just described with one each appearin
the beginning and end of each of the three l
Of the remaining 96 sentences, 24 serve
fillers in the test (described shortly) for t
Study-Immediate Test condition. The remain
72 sentences served as fillers in a recogn
task that was conducted at the end to obtain
of several measures of explicit memory. In
dition to these 174 sentence stimuli, 72 ad
tional words were selected to serve as foils
forced-choice recognition task that served
one of several measures of explicit memory

Design and procedure.Each participant wa
tested over three days in this experiment.
ticipants (amnesic participant C.V., fo
Matched Controls, and nine Young Contro
were tested individually. The design and pro
dure were adopted (and modified where ne
sary) from Hayman et al.’s (1992) and Hama
and Squire’s (1995) studies. Day 1 consiste
baseline measurements for target comple
for the 72 critical stimuli. The first baseline ta
consisted of Sentence1??? cues for the 72 cr

3 Two Matched Control participants were tested on Li
or reasons described in footnote 5. One Matched Co
articipant each was tested in Lists 2 and 3.
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plete the sentence cues with the first word
came to mind. The second baseline mea
consisted of fragmented versions of the ta
words (presented in isolation) from the 72 c
ical sentences, and the participants were a
to complete the fragment with the first word t
came to mind. In both baseline tasks, par
pants were given a maximum of 15 s for e
completion.

A gap of at least 1 day (6 days in the cas
amnesic participant C.V.) intervened betw
the baseline measurement and the next, a
sition, phase of the experiment. The entire
quisition phase was carried out within 1 d
with a gap of 30 min to 3 h between session
total of six sessions was conducted during
acquisition phase. Each session included
three learning conditions described below.
presentation of conditions within each sess
was blocked and was counterbalanced for o
across sessions with a Latin Square des
Across sessions, each set of 24 sentences
nested within each condition such that the s
set of 24 sentences was presented within a g
condition in all six sessions for amnesic par
ipant C.V. For the Matched and Young Con
participants, sentences were counterbala
across learning conditions but were nes
within the condition in all six sessions for
given participant. Following Hamann a
Squire’s (1995) encoding instructions, under
three conditions, participants were asked to

l

4 Note that according to Hayman et al.’s (1992) de-
tions, this procedure may create an interference situ
because participants are asked to produce spontaneo
swers that may be incorrect. However, Hamann and S
(1995) used this procedure to obtain the baseline comp
measure and subsequently found sizeable learning und
minimal interference condition, i.e., Study Only, in th
group of amnesic participants. Thus, precedence for
method already exists in this literature. Because the bas
measurement in our experiment required spontaneous
duction of responses only once, and was collected six
prior to the learning phase for C.V., the influence of in
ference from the baseline procedure, if any, may h
dissipated. The baseline intrusion rates for C.V. describ
footnote 5 confirm this prediction. Finally, our selection
this baseline measure was also guided by the fact tha
measure has the obvious advantage of providing clean
ing measures in our small-N design.
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304 RAJARAM AND COSLETT
sentence made to them on a 5-point scale o
very little, (2) a little, (3) some (average), (4
fair amount, (5) a lot. A maximum of 15 s w
allowed for each decision. Participants co
pleted the task quickly and efficiently.

—Study Onlycondition: This condition con
tained 24 of the 72 critical sentences. E
sentence was presented one at a time fo
rating task. No intervening test was conduc
on these materials until Day 3. This condit
was assumed to create minimal intraexperim
tal interference.

—Test-Studycondition: This condition in
luded another set of 24 of the 72 critical s
ences. For each item, participants were
resented with the Sentence1??? cue and we
sked to guess the target. After the particip
rovided the response, the intended target
resented with the sentence cue for the ra

ask. This condition was assumed to create m
mal intraexperimental interference.

—Study-Immediate Testcondition: The re
aining set of 24 of the 72 critical senten
as presented under this condition. This co

ion is the same as the Sentence1??? conditio
sed in Experiment 1. Participants were p
ented with the entire sentence for the ra
ask. After the presentation of three stu
locks, the 24 sentences from this condi
ere once again presented in the Sentence1???

ormat to measure new learning. These 24 s
ed sentences were intermixed with 24 fil
onstudied sentences (the same set in e
ession) in order to simulate the interfere
.V. experienced in Experiment 1.

After the acquisition phase, tests of impl
nd explicit memory were conducted on

ollowing day. The participants were tested o
easures presentedin the following order.

—Implicit production:This test consisted
2 studied items from all three learning con

ions described above presented in a ran
rder. In addition, four buffer cues not us
nywhere else in the experiment were prese
t the beginning of this list. These stimuli we
resented in the Sentence1??? format and pa
)

-

h
e

d

-

-
t

ts
s
g
x-

i-

-
g

-

ry
e

m

d

he first response that came to mind.
—Explicit recall: This test was identical

he implicit production test except that the st
li were presented in a new random order
ifferent retrieval instructions were given. P

icipants were asked to complete each S
ence1??? cue with the studied target word

—Recognition test for studied items.Partici-
ants were presented with all 72 studied s

ences in a new random order and were aske
ircle YES for the items they believed to
tudied. This test was conducted to maxim
he familiarity of the stimuli for the amnes
articipant.
—Two-alternative forced-choice recog

ion: Each of the 72 sentences from the th
tudied conditions was presented in the foll
ng fashion. The sentence cue of the test
resented with the target as well as an unrel

oil. The two alternatives were arranged ab
nd below, and to the right of, the sentence
he position of the target was randomly

ected across stimuli. The foils were deriv
rom a different pool of items and were not us
nywhere else in this experiment or in Exp
ent 1. These foils were normed on a grou
0 college undergraduates to ensure that

argets and foils were equally likely to be
ected as targets prior to study (selection
argets versus foils,t(9) 5 1.14,SE5 1.67). In
he forced-choice recognition task, C.V. a
ontrol participants were asked to pick the s
ed target that matched with the sentence.
est is similar to the recognition memory t
sed by Hamann and Squire (1995).
—Yes/No recognition:The 72 studied se

ences were intermixed with a new set of
ller, nonstudied sentences (not used anyw
lse in the experiment), and participants w
sked to select the sentences they had stu
arlier.

Explicit memory was tested in the four d
erent ways just described in order to expl
arious aspects of C.V.’s performance. It w
xpected that explicit recall would be the m
ifficult task for C.V. The recognition task
articularly the forced-choice recognition ta
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explicit tasks (Freed & Corkin, 1988; Freed
al., 1987), and the forced-choice recognit
task was expected to show some memory fo
newly learned stimuli.

—Implicit word fragment completion tes
This test was conducted 4 h after the precedin
series of tests were completed by C.V. as
as the control participants. The fragmented
sions of target words from the 72 studied s
tences were intermixed with filler fragmen
and participants were asked to complete e
fragment with the first solution that came
mind. No sentence cues were included in
test, and participants were given a maximum
15 s to complete each fragment.

Results and Discussion

In the implicit production task, the proporti
of correct targets produced in the baseline p
served as the nonstudied items and were
tracted from the proportion of studied targ
produced in the test phase on Day 3. Neithe
amnesic participant C.V. nor the Matched C
trols produced any of the correct responses
ing the baseline period. Among the Young C
trols, only two participants produced 1 out of
correct completion each in the baseline m
sure. Thus, the baseline completion rate fo
participants taken together was close to z
For the implicit word fragment completion te
the baseline completion rate was assesse
Day 1 for the targets that were subseque
studied in the sentence context (on Day 2) un
the three conditions just described. The base
completion rate was subtracted from the pro
tions of fragments completed on Day 3 to ob
the measure of standard priming. Because
same set of items served as nonstudied
studied items in this experiment, we did
adjust for baseline differences with adjus
priming as in Experiment 1. Thus, we pres
the data only for the more conservative, s
dard, priming measure in this experiment. T
mean fragment completion rates for C.
Matched Controls, and Young Controls acr
different conditions are displayed in Table 2

The implicit new learning test was design
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to measure the extent of implicit new verb
associative learning under three learning co
tions that varied in the amount of intraexpe
mental interference. The data from the amn
participant C.V., the Matched Controls, a
Young Controls are displayed in the left pa
of Fig. 2. Amnesic participant C.V. show
poor learning under all three conditions, incl
ing the Study Only condition that was presum
to create the lowest amount of interference
fact, C.V.’s production of correct targets w
equivalent under the Study Only (0.08) a
Test-Study conditions (0.08). This pattern
quite different from the advantage in primi
reported by Hayman et al. (1992) for their a
nesic participant K.C. and by Hamann a
Squire (1995) for their group of nine amne
participants. C.V.’s performance appeared t
numerically higher under the Study-Immedi
Test condition (0.17) that is most comparabl
the new verbal learning condition of Expe
ment 1 and is presumed to be the condition
moderate (not high) interference in the pres
experiment. However, this level of performan
was still quite low such that standard prim
scores (studied2 nonstudied) across the thr
learning conditions, Study Only, Study-Imm
diate Test, and Test-Study did not differ fro
one another,X2 5 0.99. Predictably, amnes
participant C.V.’s implicit new learning wa

Mean Response Probabilities of Amnesic Partici
.V. and Mean Response Probabilities of Young Con

N 5 9) and Matched Controls (N 5 4) in the Word
ragment Completion Task in Experiment 2 (The Stan
eviations Are Presented in Parentheses)

Young
controls

Matched
controls C.V

Study only
Studied 0.29 0.26 0.4
Nonstudied 0.07 0.10 0.0

Study-Immediate Test
Studied 0.33 0.27 0.3
Nonstudied 0.08 0.07 0.1

Test-Study
Studied 0.24 0.28 0.5
Nonstudied 0.05 0.07 0.1
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306 RAJARAM AND COSLETT
substantially lower than the learning exhibi
by the control participants, both Matched a
Young, such that C.V.’s performance fell bel
the 95% confidence intervals for each of
control groups under all of the training con
tions in the implicit production task (see Fig.
left panel).

As expected, the data from the explicit rec
test (Fig. 2, right panel) revealed grossly
paired performance from amnesic particip
C.V. under all three learning conditions, a
they fell outside the range of the explicit rec
performance of Young Controls as well as t
of Matched Controls. Also, it took C.V. nea
15 min to perform this explicit recall ta
whereas the control participants took an ave
of 9 min and 40 s (Young Controls average5 9
min, 20 s; Matched Controls average5 10 min)
to complete this task. This difference is par
ularly striking in light of the duration data f
the previous, implicit production, task whe
C.V. took 7 min and 30 s to complete the t
and control participants took an average o
min and 38 s (Young Controls average5 8 min
and 26 s; Matched Controls average5 8 min
50 s).

The data from the control participants for
Study Only and Test-Study conditions w
compared to determine whether these two
ditions led to differential performance in t
implicit production and explicit recall tasks.

FIG. 2. The correct target production in Experim
control groups. The left panel presents the data
(studied–nonstudied) for the three learning cond
presents the explicit recall data as the proportions
conditions with varying amounts of interference. (
l

t

t

e

-

the implicit production task, performance d
not differ for either the Young Controls (Stu
Only 5 0.48; Test-Study5 0.46) or the
Matched Controls (Study Only5 0.54, Test
Study5 0.52) across the two conditions,t , 1
(for both groups collapsed).5 These data a

5 The performance of one Matched Control particip
equires some explanation. This participant perfor
oorly in the implicit production task, particularly under
tudy Only (0.13) and Test-Study (0.17) conditions. At
lance, these data are problematic. However, during
ebriefing session, this participant explained the stra
he used in the implicit production task. She explained
he liked some other completions better than the ones
ided in the learning sessions. At test, when she saw
entence cue, both the studied response as well a
referred response came to mind simultaneously. She
hose her preferred response over the studied resp
herefore, her production of studied responses was l

han expected. This explanation predicts a much hi
evel of performance in the explicit recall task becaus
his test participants were asked to complete the sen
tems with the studied responses. Results confirmed
rediction as this Matched Control participant perform
ear ceiling in the explicit recall task (Study Only5 0.88,
tudy-Immediate Test5 0.96, and Test-Study5 0.83). It
hould be noted that none of the results reported fo
ontrol participants, either averaged across all controls
icipants or averaged only for the Matched Control par
ants, change when the data from this participant ar
oved from the analyses. Therefore, we took the m

onservative approach of including this participant’s da
he analyses.

An additional concern pertaining to this Matched Con
articipant’s performance may be that amnesic partic

t 2 is displayed for amnesic participant C.V. and the tw
r the implicit production task as proportions of primi
s with varying amounts of interference. The right pa

corrected recall (studied–nonstudied) for the three lear
ntrol-Y, Young Controls; Control-M, Matched Controls)
en
fo

ition
of
Co
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307NEW LEARNING IN AMNESIA
(1992) for their four control participants w
also exhibited equivalent performance in
implicit production of correct targets under
Study Only and Test-Study conditions (0.85
0.83, respectively). In contrast, Hamann
Squire (1995) reported that their control par
ipants produced more targets under the T
Study condition compared to the Study O
condition (0.77 and 0.61, respectively, deri
from their graph). Hamann and Squire’s (19
results showing an advantage for Test-St
condition in memory-intact participants rep
cate prior findings with memory-intact parti
pants (e.g., Carrier & Pashler, 1992; Darley
Murdock, 1971; Runquist, 1986; Wenger et
1980). The apparent discrepancy between
findings and Tulving et al.’s findings, on o
hand, and those of Hamann and Squire’s, on
other, can be resolved by considering the
trieval instructions given to all participants.
Hayman et al.’s study and our present exp
ment, participants were asked to produce
first word that came to mind, whereas in
Hamann and Squire study, participants w
asked to “produce the target words they
studied on previous sessions” (p. 1032).
gether, two implications can be derived fr
this overall pattern of findings. One, supe
memory in memory-intact participants un
the Test-Study condition in previous reports
attributable to the explicit retrieval instructio
given to participants, and it does not genera
to implicit production in memory-intact parti
ipants. Two, this pattern predicts that in
subsequent explicit recall task, we should

C.V. also had preferred responses that blocked his pro
tion of correct responses in the implicit production ta
This concern is allayed by the examination of amn
participant C.V.’s intrusion rates from the baseline meas
C.V. produced 14% baseline intrusions in the implicit p
duction task (Study Only5 17%, Study-Immediate Test5
8%, Test-Study5 17%), and 19% baseline intrusions in
explicit recall task (Study Only5 25%, Study-Immediat
Test 5 21%, Test-Study5 12%). Thus, there were lar
proportions of items in the implicit production task (86
and the explicit recall task (81%) in which new learn
could have taken place without the interference of intrus
from preexperimental associations.
t-

)
y

,
r

e
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i-
e

e
d
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e

-

items over Study Only items. Consistent w
this prediction, in the Explicit Recall task, t
control participants exhibited significantly b
ter recall for targets learned under the T
Study training condition than under the Stu
Only training condition,t(12) 5 2.53, SE 5

.03. This pattern is similar to the findings
amann and Squire (1995) and suggests tha
dvantage for the Test-Study training proced

n memory-intact participants may be more e
ly obtained in explicit memory tasks than
mplicit tasks.

One possible reason that the advantage
he Study Only procedure is seen in many c
f amnesia (though not ours) but not under

mplicit retrieval condition for memory-inta
articipants may partially be attributable to
se of explicit memory access used by mem

ntact participants even in the implicit tas
pecifically, with multiple training session
emory-intact participants may more easily

oke explicit access to study materials than m
he amnesic participants. Although this expl
ccess may only be partial and not as willfu

n the explicit recall task, it may be sufficient
liminate the Study Only advantage observe
mnesic participants by other researchers
ann and Squire, 1995; Hayman et al., 19
ur own results with control participants in t

mplicit production task may be susceptible
his possibility, but we do note that such expl
ccess in our implicit production task was
omplete because the overall level of mem
erformance improved significantly for the co

rol participants across the implicit product
nd explicit recall tasks,t(12) 5 3.38, SE 5
.07.
On the three recognition memory tasks

ollowed, C.V.’s performance was expected
mprove because of the familiarity compon
f recognition. The data from the three rec
ition tasks are displayed in Fig. 3. In the fi
ecognition task, where all 72 studied senten
ere presented to provide maximum familia

or performance (the left-most of the bars
ig. 3), C.V. recognized 69% studied senten
orrectly. Although C.V.’s performance w
easonably good, it still fell outside the range

c-
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308 RAJARAM AND COSLETT
recognition performance of Young Contr
(97% correct) and Matched Controls (99% c
rect), who performed at ceiling. Furthermore
is interesting to note that it took C.V. over 7 m
to complete this task, whereas the control
ticipants took an average of 3 min and 2
(Young Controls average5 3 min 33 s
Matched Controls average5 3 min 20 s) fo
completion.

On the second recognition task of two-al
native forced-choice recognition (the middle
of bars in Fig. 3), C.V. showed remarkably go
recognition memory (91% correct), support
the extant data that amnesic participants s
improved performance on forced choice rec
nition memory tasks (Freed & Corkin, 198
Freed et al., 1987). But C.V.’s performance w
somewhat below that of controls, who obtain
perfect scores on this task. Once again, the
taken to complete the task reflected poorer
formance on C.V.’s part (18 min) compared
control participants, who took an average o
min (Young Controls average5 3 min, 40 s
Matched Controls average5 4 min, 20 s)
C.V.’s report following this test was also reve
ing regarding his level of conscious awaren
of the study materials. C.V. remarked at the
of the forced-choice recognition test that
found this task easy becausehe had earlie

FIG. 3. The recognition memory performance of amn
participant C.V. and two control groups across three di
ent measures of recognition memory in Experiment
displayed. The left-most panel presents the correct rec
tion of the 72 studied sentences. The middle panel pre
the correct recognition of the sentences where particip
had to choose between the correct target and a foil plac
front of the sentence cue. The right-most panel presen
hits–false alarm data collapsed across the three lea
conditions from the yes/no recognition task. (Contro
Young Controls; Control-M, Matched Controls).
-
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t

w
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s

e
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s
d

as “the rabbi and the turkey” (studied sente
presented to C.V., “Rabbi requested turkey

On the third recognition memory task
yes/no recognition (the right-most set of bar
Fig. 3), amnesic participant C.V. correctly r
ognized 70 out of 72 sentences, and he
duced 7 out of 72 false alarms, yielding ad9
value of 3.16 and aB of 1.47, and demonstra
ing good recognition memory. Control parti
pants showed nearly perfect recognition m
ory (Young Controls, hits5 100%, false
alarms5 1%; Matched Controls, hits5 100%,
false alarms5 0). The time taken to comple
this task showed the same pattern as the e
tasks such that C.V. took 8 min and 50 s
complete the tasks whereas the control par
pants took an average of 5 min 41 s (You
Controls5 5 min 53 s; Matched Controls5 5
min 30 s).

The status of perceptual priming was m
sured with a word fragment completion task
obtaining the standard priming scores (stud
nonstudied). Collapsed across three study
ditions, amnesic participant C.V. produced s
stantial priming for the studied targe
(studied5 32, nonstudied5 9). C.V.’s perfor-
mance either was within the range of the con
participants or even exceeded that of con
participants across different conditions (see
4). It is also relevant to note that C.V. exhibi
perceptual priming for learned targets e
when he failed to produce them in respons

FIG. 4. The perceptual priming data in the form
adjusted priming scores from the word fragment comple
task in Experiment 2 are displayed for the amnesic pa
ipant C.V. and the two control groups. The fourth set of
present the average adjusted priming scores across al
uli from all three learning conditions. (Control-Y, You
controls; Control-M, Matched Controls).

-

i-
ts
ts
in
e
g



sentence cues in the implicit production task

no
di-
ndi
as
in
n e
nt
.’s

sly
r-
a
is
.’s
th

on
th
ce
9a

ing
on

he
p-

in
o

tive
.V
for

iev
ion
ro-
ptu
e
r t
nce
.C
an
as
lv-
ce
n
ir-
ce

esi
ss,

Experiments 1 and 3) and quite different from
sal
&

ant
n-
or-
i-
the
nt 1
in

in
sted
tal
ns,
st-
ent
ing
ion
t of
udy

of
erity
bal

of
airs
so-

nd
se-
raf,
im-

.H.
the

to
lity
od
sia.
u-

vel,
than
ects

ngly
esia
er-
For
ing
s

309NEW LEARNING IN AMNESIA
and explicit recall tasks.
Taken together, C.V.’s performance did

improve under the Study Only learning con
tion compared to under the Test-Study co
tion even though the former condition w
shown to be more beneficial for learning
another densely amnesic participant (Hayma
al., 1992) and a group of amnesic participa
(Hamann and Squire, 1995). Predictably, C.V
explicit recall was also found to be gros
impaired. C.V.’s recognition memory perfo
mance was found to be reasonably good
though it took C.V. much longer to perform th
task compared to control participants. C.V
contrasting pattern of performance across
implicit production and explicit recall tasks,
one hand, and the recognition tasks, on
other, is similar to the pattern of performan
recently reported by Isaac and Mayes (199
1999b) in a group of amnesics for the forgett
rates in free recall and cued recall tasks, on
hand, and the recognition task, on the ot
Finally, C.V. exhibited normal levels of perce
tual priming for the studied targets.

GENERAL DISCUSSION

Two experiments were conducted to exam
the role of different retrieval cues and types
interference in new conceptual associa
learning in a severely amnesic participant, C
Experiment 1 revealed substantial priming
repeated, novel sentences when the retr
cues either provided perceptual informat
only for the targets (perceptual priming) or p
vided the sentence frames as well as perce
information for the targets (Sentenc1
Fragment cues). These findings are simila
the priming data obtained from the performa
of a basal forebrain amnesic participant, C
and a medial temporal lobe amnesic particip
R.H. (Rajaram & Coslett, in press), as well
from a densely amnesic participant, K.C. (Tu
ing et al., 1991). Critically, C.V.’s performan
under the Sentence1??? retrieval cue conditio
was grossly impaired. This pattern of impa
ment is similar to the impaired performan
observed for the medial temporal lobe amn
participant R.H. (Rajaram & Coslett, in pre
t
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al

o
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the substantial priming produced by the ba
forebrain amnesic participant C.C. (Rajaram
Coslett, in press) and the amnesic particip
K.C. (Tulving et al., 1991) with the Se
tence1??? retrieval cues. C.V.’s poor perf
mance under the Sentence1??? retrieval cond
tion is particularly remarkable because
Study-Test sessions in the present Experime
were presented in quick succession, unlike
the previous studies described here.

In Experiment 2, the role of interference
new conceptual associative learning was te
by manipulating the levels of intraexperimen
interference across three learning conditio
Study Only, Study-Immediate test, and Te
Study. Unlike previous studies, in the pres
experiment we failed to find improved learn
in C.V.’s performance even under the condit
that presumably created the least amoun
intraexperimental interference, i.e., the St
Only learning condition.

An obvious and reasonable interpretation
the present data pertains to the role of sev
of amnesia in mediating learning of new ver
associations. Previous studies on priming
new associations with unrelated word-p
(Graf & Schacter, 1985) showed that new as
ciation priming could be obtained in mildly a
moderately amnesic participants but not in
verely amnesic participants (Schacter & G
1986). One possibility may be that gross
pairments in priming with the Sentence1???
retrieval cues for the amnesic participants R
(Rajaram & Coslett, in press) and C.V. (
present experiments) may be attributable
their severe amnesia. Similarly, C.V.’s inabi
to benefit from the Study Only learning meth
may also be attributable to his severe amne

Undoubtedly, new verbal learning, partic
larly at the conceptual and semantic le
would be impaired more in severe amnesia
in moderate amnesia. However, several asp
of the data from these and other studies stro
suggest that differences in severity of amn
can not solely account for the patterns of p
formance exhibited by amnesic participants.
instance, the first evidence of positive learn
under the Sentence1??? retrieval condition wa
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K.C., who failed to recognize any of the stud
sentences after several trials of learning (T
ing et al., 1991). Similarly, basal forebrain a
nesic participant C.C. showed substantial le
ing under the Sentence1??? retrieval conditio
even though her recognition memory for
same sentences was poor and comparable t
of the medial temporal lobe amnesic particip
R.H., who failed to show such learning (R
jaram & Coslett, in press). Finally, in Expe
ment 2 in the present series, C.V. exhibited p
learning in response to Sentence1??? retrieva
cues, but his recognition memory was reas
ably good for the same set of stimuli. In su
although severity of amnesia may accoun
large part for the failure of new verbal, assoc
tive learning, as measured by the Sentence1???
etrieval cues, this explanation does not acc
or all of the data in the literature.

An alternate interpretation may be that
edial temporal lobes including the hippoca
al system may be heavily involved in med

ng new verbal, associative learning where p
eptual support at test is limited. The failure
edial temporal lobe amnesic participant R

upports this interpretation. Because C.V.’s
esia also appears to be a result of presu
ippocampal damage, the results from
resent study also support this interpretat
imilarly, medial temporal lobe amnesic par

pant H.M.’s failure to produce the correct t
ets under the Sentence1??? conditions als

avors this notion (in Squire & Knowlton
995). Recently, Isaac and Mayes (199
999b) and Aggelton and Brown (1999) ha
lso proposed that damage to the extended
ocampal system disrupts the consolidatio
omplex associations.
However, three lines of evidence complic

he interpretation that the medial temporal l
egions play a large role in the formation of n
erbal associations. One, densely amnesic
icipant, K.C., who did show successful sem
ic learning under conditions very similar
hose tested here, reportedly sustained exte
rain injury that also included some of the m
ial temporal lobe regions bilaterally (Haym
t al., 1992; Kohler et al., 1997; Tulving et a
-

-

at
t

r

-

-

t

-

-

.
-
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e
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p-
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ve

t al. (1997) reported three case studies w
he participants exhibited amnesia resul
rom bilateral hippocampal pathology sustai
n early childhood. In all three cases, the am
ic participants displayed debilitating episo
emory deficits but had acquired speech

anguage skills, literacy, and factual knowled
ithin the low-average to average range. Th
ndings suggest that semantic memories ca
cquired despite hippocampal damage. H
ver, it is also relevant to note that in laborat

ests of multitrial (10 trials in each task) reco
ition tasks of novel associations (faces w
oices, objects with places), these amnesic
icipants performed poorly relative to contro
hus, the learning achieved in the real wo
ay be attributable to multiple sources of r
ncoding that may have far exceeded the n
er of repetitions typically tested in the labo

ory settings. Three, in Experiment 2 repor
ere, we found that C.V. failed to acquire no
erbal associations even under the minima
erference condition. This finding is problema
t least for the strong version of the claim t

he hippocampus and the related structures
ble learning of novel associations by suppr

ng interfering stimuli.
A possible resolution of these findings m

merge with a more precise consideration
uman participants of different substructu
ithin the medial temporal lobes that may s
erve different cognitive components that
erlie new learning (see also Mishkin et
998). At the cognitive level, the streamlini
cross laboratories of acquisition and reten

asks, and the putative processes tappe
hese tasks, will greatly facilitate such analy
nd provide a better assessment of the s

ure–function mappings of implicit learning
ovel verbal information in the human cog

ive system.

mplications for Normal Cognition

The results from the present series of ex
ments provide a window into the contributio
f the implicit memory processes in mediat
ew verbal associative learning in a memo

ntact cognitive system. As demonstrated by
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ceptual or semantic level (as required by
Sentence1??? retrieval cues) requires multitr
training. Multiple trials in memory-intact pa
ticipants present the danger of explicit acces
the learned material. Such contamination c
plicates our understanding of the exact role
implicit memory in supporting new learnin
and the exact conditions under which s
learning may occur. These problems may
circumvented by assessing the effects of
plicit learning in cases of severe amnesia.

The findings with dense amnesics from ot
studies (Hamann & Squire, 1995; Hayman
al., 1992; Rajaram & Coslett, 1991; Tulving
al., 1991; see also Van der Linden et al., 19
Verfaellie, et al., 1995) and our findings h
demonstrate that new verbal associative le
ing is slow and laborious in amnesia. Intere
ingly, this pattern in the amnesic performa
for verbal learning bears a strong resembla
to the pattern observed in the memory-in
population in studies of implicit learning f
rule-governed sequences of stimuli such as
tificial grammar learning and probability lea
ing (Reber, 1989), the serial reaction time t
(Stadler, 1989), and the choice reaction t
task (Lewicki et al., 1987). In these studies w
the memory-intact population, learning is fou
to occur without any conscious awareness o
rules and typically requires several (sometim
hundreds) of trials. In studies of new ver
learning in the memory-intact population,
cluding the control data in the present serie
experiments, learning seems to occur at a m
rapid rate and with some awareness, indica
that it is much more difficult to eliminate the u
of explicit memory in new learning of verb
stimuli. Our comparison of new implicit an
explicit learning in memory-intact participan
provided the first direct comparison within o
study of performance under the Test-Study
Study Only conditions in Experiment 2. The
findings revealed likely effects of explicit co
tamination on implicit learning. Specifical
the memory-intact participants did not dem
strate the Study Only advantage exhibited
other amnesics (Hamann & Squire, 1995; H
man et al., 1995) in the implicit production ta
o
-
f

e
-

r
t

;

-
-

e
t

r-

k

e
s
l

f
re
g

d

-
y
-

Study advantage in the explicit recall task. P
sumably, the advantage amnesics show fo
Study Only condition dissipates in memo
intact participants because of explicit acces
multitrial learning situations. Together, the
findings underscore the contribution of the a
nesic data toward understanding the nor
cognitive functions.

Our findings reported in this manuscript a
delineate the differences between implicit lea
ing of new associations at a perceptual level
a conceptual level. Amnesic participant C.V.
well as another severely amnesic particip
R.H., we reported earlier, Rajaram & Coslett
press) failed to show any learning with retrie
cues that provided only partial perceptual s
port and required access to learned informa
at the conceptual or semantic level. In contr
these participants exhibited substantial per
tual priming for single words as well as f
novel associative stimuli when perceptual s
port for the to-be-retrieved item was availab
These results suggest a dissociation betw
perceptual and conceptual binding of verbal
sociations. Because perceptual binding doe
seem to guarantee conceptual binding as w
an understanding of implicit acquisition of n
information in normal cognition will require
systematic analysis of these separable cogn
components and mechanisms.
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