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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 Sentence Fragment 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 SenterR®? 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 Senter@@? 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 minimizede 2000 Academic Press

In recent years, empirical studies involvingexamine the role of these variables on the ac-
memory-intact as well as memory-impaired (oguisition of new information in a densely am-
amnesic) participants have informed theories afesic individual. The purpose of our investiga-
memory functions and processes. Investigationi®n is to isolate the role of implicit processes in
involving memory-intact participants havethe acquisition and retrieval of new verbal in-
demonstrated that repetition, interference, arfdrmation.
retrieval cues play a large role in modulating The amnesic syndrome is characterized by
memory performance. In the present article, wihe selective loss of memory for events subse-

_quent to the onset of amnesia (also known as
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largely intact in amnesia (Diamond & Rozin,Vaidya et al., 1995; Warrington & Weiskrantz,
1984; Graf & Schacter, 1985). In the word1982; Winocur & Weiskrantz, 1976). Yet, oth-
fragment completion task, participants arers have reported impairment on conceptual
shown a list of words at study (e.g., elephantpriming in amnesia on a similar group of tasks
and are later given fragmented versions of th@laxton, 1992; Cermak et al., 1998; Keane et
studied (_ | _p _an_solution: elephant) and al., 1997). The reasons for these discrepancie:
nonstudied words, and they are asked to comafe not clear, but one possibility may be the
plete the fragments with the first word thadifferences in procedure and different groups of
comes to mind. The advantage in completingmnesic participants employed across these
studied fragments over nonstudied fragmenttudies.
constitutes the measure of implicit memory, or The database on the perceptual and concep
priming (Tulving et al., 1982). Such implicit tual priming effects in amnesia has informed
memory tasks are largely data-driven such thaind refined our theories of intact memory func-
changes in modality across study and test réions by providing a window into the operation
duce priming (Blaxton, 1989; Rajaram & Roe-of implicit memory when the contribution of
diger, 1993; Srinivas & Roediger, 1990), buexplicit memory is minimized (Blaxton, 1995;
meaningful encoding does not necessarily incohen & Squire, 1980; Gabrieli, 1995; Mosco-
crease priming relative to surface-level analysigitch, 1992, 1994a; Roediger et al., in press;
of study material (see review by Roediger &Schacter, 1990; Tulving & Schacter, 1990). The
McDermott, 1995). studies reviewed thus far reveal both the pro-
Priming is also observed in implicit memorycessing and neural requirements for the reacti-
tasks when the task relies on conceptual, andtion of learned informationunder different
not perceptual, processes. For example, in ratrieval conditions. Specifically, the percep-
conceptual implicit task such as category praual, lexical, and conceptual representations of
duction, participants study exemplar namewords such as “elephant” exist in the cognitive
(e.g., elephant) of various categories. At tessystem prior to the experimental context.
only the category names are provided (e.g., an- A key question that has concerned research:-
imals), and participants are asked to write dowars in recent years is the role of implicit memory
the first few exemplars of that category thain mediating the learning ofiew verbal infor-
come to mind. This task is considered to benation. It is obvious that explicit memory or
conceptual in nature because the exemplars acdnscious awareness plays a vital role in the
category names are conceptually related, and agquisition of new information, as evidenced by
perceptual overlap exists between study and teste performance of memory-intact individuals
stimuli. Predictably, modality changes do notn the laboratory and in the real world. Whether
impair such priming whereas manipulation ofmplicit memory also supports the acquisition
meaningful encoding enhances such primingf new verbal information, and if it does, what
(e.g., Blaxton, 1989; Hamann, 1990; Srinivas &he nature of such learning might be, constitute
Roediger, 1990). the questions examined in the present article.
Both perceptual and conceptual forms o¥We investigated these questions in a densely
priming, or implicit memory, have been exten-amnesic individual because the minimal opera-
sively examined in amnesia and found to b&ons of explicit memory may help isolate the
generally preserved (see Moscovitch et alimplicit processes that mediate new verbal
1993, for a review), although the evidence fotearning.
preserved conceptual priming is somewhat Recent studies have investigated the role of
mixed. Many studies have shown preserveunnplicit processes in mediating new verbal
conceptual priming in amnesia across a varietgarning in the memory-intact as well as the
of conceptual implicit tasks (Gardner et al.amnesic populations. The latter set of studies is
1973; Hamann, 1990; Keane et al.,, 1997irectly relevant here, and these studies fall into
Schacter, 1985; Shimamura & Squire, 1984hree general categories. In one set of studies
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the acquisition of hitherto unknown words wasl987), and name—face associations (Thoene &
examined in the amnesic population. The resultSlisky, 1995), the most extensively studied par-
of these studies are mixed. Some studies haaeligm in this domain involves the learning of
shown little, if any, evidence of acquisition ofnovel word associations. In a typical experiment
new vocabulary in the medial temporal lobeof this sort, participants are presented with un-
patient H.M. (Gabrieli et al., 1988) or in Kor-related word pairs (window—reason, march—
sakoff's patients (Grossman, 1987). In contrasshave) and are later presented with intact pairs
positive evidence of new learning has been réwindow—rea ) or recombined pairs
ported in amnesics in some studies. For exanfmarch—rea ) during the stem completion
ple, there have been reports of progress in thask. The advantage in stem completion priming
academic training of a young amnesic girfor intact pairs over recombined pairs provides
(Wood et al., 1989), normal acquisition of newthe measure of new learning. The evidence with
French vocabulary (Hirst et al., 1988), learninggmnesic participants on this task has been
of single-word interpretations of ambiguous demixed (Graf & Schacter, 1985; Schacter &
scriptions (McAndrews et al., 1987), and learnGraf, 1986) such that new associative learning
ing of implicit frequency judgments (Dopkins etreliably occurred only in mild to moderate am-
al., 1994). The reasons for these discrepanciessics and not severe amnesics (but see Tulvin
once again are not clear, but they may ariset al., 1991). However, recent studies have dem:-
from differences in tasks and procedures anohstrated normal levels of priming in amnesics
differences in the severity and etiology of amfor new associations when rapid word identifi-
nesia among the participants. cation (Gabrieli et al., 1997; but see Paller &
In a second set of studies, new learning iMayes, 1994), reading time (Moscovitch et al.,
amnesia has been examined for individual novél986, but see Musen & Squire, 1992b), or the
items such as nonwords and novel shapes lexical decision task (Goshen-Gottstein &
priming tasks such as perceptual identificatioriMoscovitch, 1992) were used as the dependen
word reading, and lexical decision. By andmeasures. Once again, the discrepancies in th
large, there appears to be preserved priming fanplicit acquisition of new associations appear
nonwords (Cermak et al.,, 1991; Gabrieli &o be due to changes in tasks as well as to
Keane, 1988; Musen & Squire, 1991) as well aseverity of amnesia.
novel shapes (e.g., Gabrieli et al., 1990; Musen Together, the following conclusions may be
& Squire, 1992a; Schacter et al., 1993; Verfaedrawn from these mixed findings on the acqui-
lie et al., 1992). However, in some studies suckition of new verbal information in the amnesic
priming is found to be at subnormal levels (e.gpopulation. One, the positive evidence of new
Diamond & Rozin, 1984; Gordon, 1988), raisd{earning is often not purely implicit in nature
ing the concern that evidence for normal leveland may be mediated by residual episodic mem-
of priming for novel information may some-ory. If the explicit memory involvement com-
times be contaminated by residual expliciplicates the interpretation of the data in the
memory in some amnesics (see Bowers &ioderately amnesic participants, this problem
Schacter, 1993). may become exaggerated in the memory-intact
In the third set of studies, new learning hagopulation. Thus, in order to understand the
been assessed for verbal associative informanique contribution of implicit memory to new
tion; these studies are directly relevant for thgerbal learning in the normal cognition of mem-
present purposes because we used novel seny, it is critical to examine these processes
tences as the stimuli in our study. Althoughunder conditions where the operations of ex-
associative learning has been examined withlicit memory are minimized. An effective way
different types of stimuli such as learning comto achieve this goal is by examining the implicit
puter vocabulary and programming commandgarning processes in severely amnesic partici-
(Glisky & Schacter, 1988; Glisky et al., 1986apants. To this end, we tested a severely amnesi
1986b), simple facts (Shimamura & Squireparticipant in the present experiments. Two, the
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variations in tasks and procedures across labories have recently proposed a special role of
ratories may be partly responsible for the mixethe medial temporal lobe structures in facilitat-
findings. Thus, the selection of the critical taskéng the binding of various elements of new
and procedures used in other laboratories withformation (Cohen & Eichenbaum, 1993; Co-
dense amnesic participants is necessary to éfen et al., 1997; Cohen et al., 1994; Johnson &
fectively address this problem with differentChalfonte, 1994; McClelland et al., 1995;
patient samples. For this reason, our experMoscovitch, 1994b; O'Reilly & McClelland,
ments were closely modeled after the tasks arid94). According to these proposals, one may
procedures used in recent studies that invespredict impairment in the binding of new asso-
gated related issues (Hayman et al., 1992; Raiations when damage is sustained to the media
jaram & Coslett, in press; Tulving et al., 1991)temporal lobe structures. Evidence from rodent
Three, the reviewed studies also indicate thatudies supports this prediction (see Eichen-
acquisition of individual, novel perceptual unitsbaum et al., 1994). In humans, the preliminary
(such as nonwords and novel shapes) is obvidence from recent neuroimaging studies
served more reliably in amnesics, but newCohen et al., 1994; Klingberg et al., 1994) as
learning that involves an associative componemtell as data from some of the amnesic case
is often impaired (see also Curran & Schactestudies support this prediction (Gabrieli et al.,
1997). We focused on the latter outcome in th&988; Rajaram & Coslett, in press; Verfaellie et
present investigation because the associatie¢, 1995; see also Squire & Knowlton, 1995;
component of learning may be fundamental tbut also see Hayman et al., 1992; Tulving et al.,
most verbal learning (see Rajaram & Coslett, in991). However, the specific conditions under
press). For instance, learning new vocabulamyhich acquisition and testing take place have
(Gabrieli et al., 1988) also requires the develeften varied across studies, and the exact natur
opment of an association between a new woraf learning impairment is not clearly under-
and its meaning. Thus, the role of implicit mem-stood.

ory in mediating new verbal learning in general In summary, our central goal was to examine
may be best understood by examining the meckhether implicit memory processes can support
anisms that govern neassociativdearning.  the acquisition of new, conceptual associative

Associative learning may occur either only atearning in a densely amnesic individual. The
the perceptual/lexical level, as measured by threcruitment of a densely amnesic individual was
perceptual identification, lexical decision, or thexpected to provide a window into the opera-
reading tasks (Gabrieli et al., 1997; Goshertions of implicit memory that cannot be isolated
Gottstein & Moscovitch, 1992; Moscovitch eteasily in memory-intact individuals in whom it
al., 1986), or at a higher conceptual or semantis often difficult to rule out the contributions of
level where some of the perceptual/lexical partsxplicit memory. We systematically examined
of the cue are not provided to the participantthe effects of interference and types of retrieval
(Hayman et al., 1992; Tulving et al., 1991). Incues on new verbal associative learning. The
the present study, we focus on the latter, relaselection of specific manipulations was moti-
tively more conceptual, level of associations twated by the findings from previous studies (Ha-
examine whether successful new learning camann & Squire, 1995; Hayman et al., 1992;
occur beyond the level where the participantSulving et al., 1991; Rajaram & Coslett, in
could simply rely on the perceptual gestalt opress). The specific goals and manipulations of
the stimuli (see also Goshen-Gottstein &ach of the two experiments are presented sep
Moscovitch, 1995). arately in the forthcoming sections.

The selection of the particular amnesic par- In addition to this primary aim, our study also
ticipant (C.V.) in this study also permitted us toprovides suggestive data that speak to the pos
collect evidence pertaining to a related issuesjble role of medial temporal lobe structures in
the possible neuroanatomical basis of new comrediating the learning of new associations, and
ceptual associative learning. A number of theby inference, in the binding of different ele-
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ments of the associative stimuli (i.e., sentence§n the Wechsler Adult Intelligence Test-Re-
presented to the amnesic participant. We notésed (WAIS-R), C.V. obtained a full scale 1Q
that findings from our study provide suggestivef 130 (verbal= 139, performance= 113),
insights into, and not a direct assessment of, thigith high-scaled scores of 17 on the vocabulary

relationship. as well as arithmetic sections. These scores cor
roborate the clinical impression of intelligence
PARTICIPANT DESCRIPTION in the superior range. C.V. scored 58/60 on the

Boston naming test; he successfully named the
C.v. remaining 2 items with the use of phonemic
C.V. was a 50-year-old college-educated macues. In stark contrast, on the Wechsler Memory
who suffered a cardiac arrest, perhaps as a coBeale — Revised (WMS-R), C.V. obtained a
sequence of a sustained seizure (status epilepgmarkably impaired score of 86 for general
cus), approximately 4 years prior to the testingnemory and scored below 50 on the delayed
reported here. After the cardiac arrest, C.\iecall. His impairment was evident on memory-
noted profound memory impairment but wadoaded subtests of the scale; for example, he
otherwise asymptomatic. Unable to return to hiwas unable to recall any details from the logical
work in computer programming and internaimemory subtest 10 min after presentation. At
tional sales, he devoted his time to volunteethe same time, his performance on the attention
work and golf. C.V.’s wife stated that his per-concentration section of the WMS-R was in the
sonality and social interactions had not beehigh range (125). This last score is consistent
altered by the cardiac arrest. Neurologic exanwith his outstanding digit span performance on
ination revealed C.V. to be alert, pleasant, anthe WAIS-R (forward= 9, backward= 7).
cooperative. He exhibited a severe amnesia bAttogether, C.V.’s profound amnesia was con-
the examination was otherwise normal. firmed on these neuropsychological tests as the
MRI of the brain demonstrated no abnormaldifferential between his WAIS-R full scale 1Q
ities. Although we do not have pathologic conscore (130) and the General Memory score on
firmation of the lesion site in C.V., neuropathoWMS-R (86) was more than &D apart by
logic investigations of patients with statusnormative standards (mean 100, SD = 15).
epilepticus have consistently demonstrated thEhis pattern was further substantiated by the
hippocampus to be the most severely affectddrge differential between C.V.'s score on the
brain region (e.g, Corsellis & Bruton, 1983;attention/concentration section of the WMS-R
Cendes et al.,, 1995; Hopkins et al.,, 1995)125) and the delayed recall section of the
Patchy areas of laminar neuronal loss in th&/MS-R (below 50). On the Warrington forced-
cortex and death of Purkinje cells in the cereehoice recognition test, C.V. scored below the
bellum are less consistently observed. Furthefirst percentile for his age group (faces34/50,
more, several studies have reported quantitativemes= 34/50).
MRI analyses of the hippocampus in anoxic
patients where significant reduction in the hipControl Participants

pocampal region was noted in patients COM- o+ control participants (henceforth called

pared to controls (Press et al., 1989;_ Squire Rhatched Controls), matched for age (mean
al., 1990; _Kesner et al., 1992; Hopkins et algq 5 yearsSD = 2.38) and education (mean
1995). In light of these and other neuropath015_5 yearsSD = 1), were tested so as to coun-

logic findings (e,'g" (_Br_aham and Lantqs, 1997)terbalance materials across conditions at leas
as well as C.V.’s strikingly preserved mtellect,once.l Another group of nine control partici-

we suggest that his amnesia is attributable 19, ¢ (henceforth called Young Controls) with
hippocampal disruption and its connections.

Neuropsychological examination revealed . Two matched control participants were tested in List 1

that C.V. functioned in the superior range Oy the materials for reasons described under Results for
many tasks despite his severe memory disord&xperiment 2.
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mean age of 21.56 yearSIp = 3.78) and mean where all of the perceptual information about
education of 15.11 year$D = 1.96) was also the new associations is provided to the partici-
tested in Experiment 2 to fully counterbalancegants. Consequently, in a recent study, we (Ra-
materials across conditions. Control participanfgram and Coslett, in press) attempted to repli-
were treated identically to the amnesic particieate Tulving et al.’s findings with two densely
pant except when noted otherwise. amnesic participants, C.C. and R.H. Amnesic
participant C.C. developed profound memory
EXPERIMENT 1 loss after the resection of a meningioma arising
The motivation for Experiment 1 came fromin the olfactory groove that created focal en-
recent reports of the learning of new verbatephalomalacia bilaterally in the gyri recti and
associations in densely amnesic participantsferior portions of the cingulate gyri as well as
K.C. (Tulving et al., 1991) and C.C. (Rajaram &the basal forebrain and other subfrontal struc-
Coslett, in press) and from mixed evidence ofures. Postoperatively, C.C. exhibited normal
learning in another densely amnesic participamatelligence but grossly impaired memory func-
R.H. (Rajaram & Coslett, in press). In theirtions. R.H. became profoundly amnesic follow-
study, Tulving et al. (1991) focused on thdang a period of seizures in his early twenties.
importance of experimental factors in producMRI scans at the time of testing revealed ex-
ing long-lasting learning of new associations irensive but focal damage bilaterally in the me-
amnesia. Amnesic participant K.C. exhibitedlial temporal lobe regions, including the hip-
profound memory loss following extensivepocampus, and some atrophy of the left lateral
head injury from a motorcycle accident in 1980temporal lobe. R.H. exhibited superior levels of
Tulving et al. (1991) presented K.C. with aintelligence, with an 1Q of 121, but dramatically
number of novel but plausible sentences (e.gmpaired memory functions.
MEDICINE cured HICCUP) at study across a The comparison of these two amnesic partic-
number of sessions conducted at least one wegdants in our study provided the opportunity to
apart. At test, implicit retrieval instructionsdetermine whether the findings reported by
were given to assess the retention of these aBulving et al. (1991) generalize to other densely
sociations, and the retrieval cues varied acrossnnesic participants. To this end, we used the
sessions in the amount of perceptual informasame set of materials that Tulving et al. used
tion they contained. As has been reported iand adopted the critical features of the method-
numerous studies, perceptual priming for thelogy from their study. Furthermore, the com-
target words (e.g. | _ C _ P) wadound to be parison of C.C.'s and R.H.'s performances
intact in K.C. Interestingly, K.C. also showedwhere all the materials and experimental proce-
substantial retention for the target item when ndures were matched for the two participants
perceptual cue for the target itself was providegdrovided the opportunity to delineate the possi-
(MEDICINE cured ??7?) even though he wadble, differential roles of the underlying neural
unable to recognize any of the studied sentencesuctures involved in new associative learning.
when explicit memory instructions were givenln particular, based on the theories of amnesia
This finding was taken as evidence for nevthat posit a specialized function of binding in-
semantic learning in dense amnesia. Tulving érmation to the medial temporal lobe structures
al. (1991) concluded from their data that neWCohen & Eichenbaum, 1993; Cohen et al.,
learning of this kind is slow and laborious in1997; Cohen et al., 1994; Johnson & Chalfonte,
amnesia, but is long lasting. 1994; McClelland et al., 1995; Moscovitch,
We became particularly interested in the find1994b; O’'Reilly & McClelland, 1994), we pre-
ings from the Sentenee??? retrieval condition dicted that conceptual learning of new associa-
because performance under this condition reéive information, as measured by the Sen-
quires the binding of new associations at a retencetr??? retrieval cues, would be impaired in
atively more conceptual level than in the taskthe medial temporal lobe participant R.H.
such as perceptual identification and reading, For present purposes, the methodological de-
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tails and results of Experiment 1 are relevant. Thidowever, such learning appears to be slow anc
experiment included many sessions (8 for C.C., llaborious, depends on repeated trials, and is no
for R.H., and 5 for the three matched controbbserved in all amnesics. Two, these findings
participants). Each session was conducted frooonstitute initial but strong evidence from hu-
1-3 weeks apart and contained a study phasepen studies for the proposal that medial tem-
brief retention interval, and a test phase. In ajporal lobes may be specifically involved in the
sessions, participants studied novel and unfamilisgarning of new verbal associations. It should be
sentences at study (e.g., MEDICINE cured HICnoted, however, that Tulving et al's amnesic
CUP, STAFF shot HIJACKER). In sessions 1, 3patient K.C. had also sustained medial temporal
5,7, 9, and 11, two types of retrieval cues werkbbe damage but did exhibit semantic learning.
provided, SentenceFragment (MEDICINE Thus, we need more empirical information that
cured 1 _ C _ P) andSentencet??? (STAFF can provide us with further insights into the
shot ???). The Sentene@?? retrieval condition possible role of the medial temporal lobes in
provides a strong test of new associative learmediating new associative learning. We discuss
ing because participants have to develop linkihis issue further in the General Discussion sec-
between hitherto unassociated words and thesen.
links have to be strong enough for the partici- At the cognitive level, the absence of new
pants to generate the target word in the absenassociative learning as measured by the Sen
of any perceptual support for that word. Theaencet??? retrieval cues in our amnesic partic-
Sentence Fragment condition provided maxi-ipant R.H. (Rajaram & Coslett, in press) may be
mal cues and was expected to produce considttributable to two different sources. One, new
erable priming for the target words. Sessions 2earning may not occur because the amnesic
4,6, 8, 10, and 12 presented only the fragmenfmrticipant fails to develop the association be-
of alltargetwords (I_C _P, _1J_ K _R) tween different words in the sentence, or fails to
to assess the status of perceptual priming iind the information. Two, it is possible that
these two amnesic participants. some associative learning does occur with re-
We replicated Tulving et al.’s (1991) findingpeated trials, but this learning may be tenuous
of new learning under the Sentenrceragment and susceptible to rapid forgetting. In our ex-
as well as under the Sentenc®?? conditions, periment with R.H. (Rajaram & Coslett, in
but only in the performance of our basal forepress), the study-test sessions were held 1-
brain amnesic participant C.C. We failed to findveeks apart. This extended delay between ses
the evidence of new learning with the relativelysions may have led to forgetting between ses-
more conceptual cues of Senter@®?, even sions.
after 12 sessions of study and test, in our medial We tested this latter hypothesis in Experi-
temporal amnesic participant R.H. These datment 1 here. To do so, we performed an exper-
stand in sharp contrast with the findings ofment similar to the investigation described
Tulving et al. (1991). Notably, R.H. showedabove (Experiment 1, Rajaram and Coslett,
preserved perceptual priming with the Frag1991) but with one critical change. We reduced
ments Only cues (I J __ K_ R) for thesame the interval between sessions from 1-3 weeks tc
set of target words (HIJACKER) that he failed10 min—-17 h. We reasoned that if a relatively
to produce with the Sentent®?? cues accelerated presentation of sessions can cour
(STAFF shot ???). We further replicated thiseract the forgetting process, then amnesic par-
pattern of performance for C.C. and R.H. withticipant C.V. may exhibit some learning of new
an entirely new set of materials (Rajaram &associations in the Sentene@?? retrieval con-
Coslett, in press, Experiment 3). Together, thes#ition. This outcome will further delineate the
findings have two important implications. Onemechanisms (forgetting versus failure to ini-
learning of new verbal associations can occur déilly bind associations) that mediate implicit
a relatively conceptual level even when the opverbal associative learning. Thus, if such accel-
erations of explicit memory are minimized.eration were not sufficient to attenuate the for-
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getting process, then our findings would demnot used for any other purpose in this or the
onstrate that the binding of new associations aext experiment) arranged in a new random
a relatively conceptual level is severely limitecorder.
when explicit memory is suspended. The selection and assignment of materials to
different conditions as described, and all the
Method critical details of the design and procedure to be
Materials. Eighty three-word sentences use@escribed shortly, were identical to those used
by Tulving et al. (1991) and Rajaram and Cosin the Rajaram and Coslett (1991, Experiment
lett (1999, Experiment 1) were used as the critt) study. The only change in the procedure was
ical stimuli in this experiment. Each sentencgnhe reduction in the intersession interval from
consisted of three words that together madﬁ_s weeks (Rajaram & Cos'ett, in preSS’ Exper_
sense but also constituted a novel, hitherto ufment 1) to 10 min—17 h. These steps were taken
known, configuration. Of these 80 critical senyy ensure that the treatment of the present am
tences, 48 were presented for study, and 3gsic participant C.V. was identical in all re-
were used as nonstudied sentences 10 assg§gcts to that of amnesic participants C.C. and
priming. At test, 24 studied and 16 nonstud|egQ_H_, as well as to that of matched control
sentences were presented under the SeMencgy icinants tested in our prior study, except for

Fragment retrieval condition and the remaining{;ne intended manipulation of accelerated study
24 studied and 16 nonstudied sentences WELR | test cycles

E(r)isde'tr'](t)?]dlnungsqre tze iﬁntem?;_?e;eltgé\r/alth Design and procedureNine sessions were

fagmonts of all o stucied and nonstudied tagC2UCtEd Wi each session conisining a stuch
gets (the last word of each sentgnce) were prghasej Each !session IwasI con\:jué:ted from 1(
sented to assess perceptual priming. Across S%i-n_]_? h apart. In the study phase, C.V. was

sions (from 1-9), the specific sentences werEe%‘esented with one sentence at a time on &

nested within each condition such that a give : .
9 acintosh computer and was asked to decide

sentence always appeared under the same ¢ ther th ¢ d 10 him. C.\/ "
dition in all sessions. In the study list, in addi-" <" o' € Senience made sense 1o him. ©. V.1

tion to the 48 study sentences, 12 buffer seiSSPONSES m_cl_u_ded bOFh yes’ and_“no,” part_lc-
tences, 8 at the beginning of the study list and g{larly in the initial sessions. Following a 5-min
at the end of the study list, were included t®réak. the test phase was conducted. In the
eliminate primacy and recency effects. At tesdd-numbered sessions 1, 3, 5, 7, and 9, to be
in addition to the 80 critical sentences (of whictfi€Signated the Sentence Cues sessions, the r
48 were studied and 32 were nonstudied), §i€val cues consisted of Senterderagment
nonstudied buffer sentences (not used anywhefdEDICINE cured _ 1 _ C _ P) andSen-

in the experiment) were presented at the start ncet??? (STAFF shot ???). C.V. was in-
the test list under different retrieval conditionsStructed to provide the first solution or the first
The presentation of all critical sentences withifvord that came to mind. In sessions 2, 4, 6, and
each study and test list was randomly arrange?l to be designated Fragments Only Cues ses
with respect to conditions and with the restricsions, the fragmented versions of all the studied
tion that the order for C.V. was identical to theand nonstudied target words were presented
order used for C.C. and R.H. in Rajaram an@nd C.V. was asked to complete the fragments
Coslett’s (1999, Experiment 1) study. with the first solution that came to mind.

As in the Rajaram and Coslett (1991, Exper- One hour after the completion of nine study-
iment 1) study, a recognition memory task watest sessions, a recognition memory test was
administered at the end of the ninth session. Tragministered to C.V. All 48 studied and 48
recognition task in this experiment consisted afionstudied sentences were presented in a book
a booklet containing all 48 study sentences arldt, and C.V. was asked to check all the sen-
a new set of 48 nonstudied (buffer) sentencesnces that looked familiar to him.
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TABLE 1

Response Probabilities of Amnesic Participant C.V. in Experiment 1

Sentence ??? Sentence-fragment
(e.g., STAFF shot ??77?) (e.g., MEDICINE cued _|_C_P)
Sentence cues
sessions Studied Nonstudied Studied Nonstudied
1 0.04 0 0.67 0.38
3 0.04 0 0.88 0.50
5 0 0 0.88 0.69
7 0.08 0 0.92 0.63
9 0.13 0 0.88 0.63
Targets from sentene€??? Targets from sentenegragment
(e.g9., _N_KR) (e.g., _I_.C_P)
Fragments only cues
sessions Studied Nonstudied Studied Nonstudied
2 0.67 0.44 0.63 0.31
4 0.63 0.31 0.50 0.38
6 0.79 0.50 0.67 0.56
8 0.79 0.50 0.92 0.50
Results sions for the Sentence Cues conditions and Frag

New learning was measured by subtractin ent Only Cues conditions are displayed in Fig. 1

the proportion of correctly completed nonstud: the left and right papels, respectively. Note,
ied items from the proportion of correctly com-nowever, that the statistical analyses reported_ be
pleted studied items under all three retrievdP"’ Weré conducted on the more conservative,

conditions, SenteneeFragment, Senteng@??, Standard, priming scores. _

and Fragments Only. The mean completion per- The critical quespon in t_hls experiment was
formance under various conditions is presented Y§hether the amnesic participant C.V. would ex-
Table 1. The standard priming data were analyzé_Hb't Ieammg of new verbal associations when the
in the following way. Within each retrieval con- intersession intervals were shortened in duration.
dition, the total number of correct response&S Fig. 1 shows, despite this manipulation, C.V.
across sessions was computed for each studighibited little learning of new associations under
and nonstudied item. An independentest by the Sentence??? retrieval conditiont (38) =
item was conducted to determine the advantaded5.SE= 0.23. The highest level of performance
for studied over nonstudied items within eachinder this condition was found in Session 9,
retrieval condition. In addition, an adjusted primwhere C.V. produced 3 out of 24 correct re-
ing measure (Snodgrass, 1989) was also derivégonses. This performance is quite similar to
under each condition for each session. To deri/@.H.’s performance in Rajaram and Coslett's
this measure, the standard priming score (stuitudy (1999, Experiment 1), in which R.H.’s best
ied — nonstudied) was divided by ( nonstud- performance in the Sentene@?? condition con-
ied) in order to adjust for baseline differences thagisted of 2 out of 24 correct responses and was
often complicate the comparison of different condramatically different from C.C.’s, who produced
ditions in case studies. This measure is commonBi out of 24 correct responses. Thus, we failed to
used in priming studies and was also used Hind evidence of new associative learning in C.V.
Tulving et al. (1991) and Rajaram and Coslettlespite arranging relatively optimal conditions of
(1999). The adjusted priming scores across sdsarning.
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FIG. 1. The data from Experiment 1 for amnesic participant C.V. are displayed. The left panel
displays the adjusted priming scores for the sessions where the sentence cues were presented either with the
target word missing (Senten¢®?? retrieval cue condition, labeled as Bhere) or with the fragmented
version of the target word (SentencEragment retrieval cue condition, labeled asFShere). The right
panel displays perceptual priming scores with the adjusted priming measure for only the fragments of the
targets from both the Sentene@?? (S+? here) and the Sentenc€ragment (S-F here) retrieval cue
conditions.

Priming performance under the second corsignificant,t(38) = 1.92,SE= 0.47 p = .06,
dition of Sentence Fragment cues yielded sig-two-tailed)?
nificant priming,t(38) = 2.44,SE= 0.52, dem-  On the recognition memory task, C.V. recog-
onstrating the effectiveness of perceptualized 42 out of 48 studied sentences correctly
constraints in C.V.'s performance. Primingand did not false alarm to any of the 48 non-
scores were also analyzed for the Fragmestudied sentences. Thus, C.V. exhibited reason
Only cues (Sessions 2, 4, 6, and 8) for the targably good recognition memory for studied in-
words of sentences that belonged to thBrmation that was exposed to him nine times.
Sentence-Fragment and Sentent@?? condi- He also admitted to the recognition task being
tions. Perceptual priming scores for targets théless threatening” than the other tasks he had to
belonged to the sentences in the Sentei®®? do, although he could not quite describe the
conditions (e.g._ 1J K _ R)were found to other tasks he had been asked to do.
be significant,t(38) = 2.42, SE = 0.44. This
finding is notable in that these were the very z\ye aiso compared priming across the Sentence
targets that C.V. failed to produce in response teragment retrieval condition and the Fragments Only re-
the Sentence??? cues. In other words, thistrieval condition for the same set of items to determine

- L . vhether priming levels increased as a function of the sen-
finding diminishes the concern that possible p%\;nce cues. This comparison showed a trend for better

culiarities in the target word in the SeN-standard priming under the Senterd&agment condition
tencet??? items might have resulted in a lackompared to under the Fragments Only condition, as also
of learning. These data also mimic the patterfidicated by the adjusted priming scores displayed in Fig. 1,
reported for the medial temporal lobe amnesi%\‘jvt this did not meet significance(38) = 1.63,p = .11

. . o-tailed),SE= 0.33. This comparison should be viewed
R.H. who exhibited robust perceptual primingyith caution because the same items served under the
for targets that he failed to produce under theentence Fragment and Fragments Only conditions across

Sentence ??? condition (Rajaram & Coslett, insessions. It should also be noted that because our focus wa

. : . ~on the measure of associative learning under the relatively
!oress, Experiment 1). Finally, perceptual prlmmore conceptual, Sentene@?? condition, the comparison
ing for targets that belonged to theyresented here was not critical with respect to the question

Sentence Fragment condition was also almostve addressed in this series of experiments.
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Discussion simply be based on a vague sense of familiarity.
Three main findings of this experiment areBut this sense of familiarity, even though supe-

) . fior to that seen in the other amnesics describec
noteworthy. One, C.V. showed little evidence

. L above, was clearly not sufficient to support even
for the learning of new verbal associations whe

. [he implicit production of correct targets.
no perceptual cues for the targets were provide In Experiment 2, we examined the role of

to aid the target production. This pattern of

formance is similar to th ttern report d]terference in mediating implicit learning of
periormance IS simiiar {0 the pattern reporte@a,, erhal associations. In memory research,

;o.frfthe m;ad|a| t;zmporal lobe amngilc, IEHb b'%ue deleterious role of interference has long
ffterent from the pattern reported for the basgleq hoted both in studies of memory-intact

forebrain amnesic, C.C., and the head injuny;.in 1971; Postman, 1971; Runquist, 1975;
amnesic, K.C. (Rajaram & Coslett, in pressy,qonyo0d & Postman, 1973) and amnesic par-
Tulving et al., 1991). Two, in contrast to hiSyjinants (Cermak & Butters, 1972; Cermak et
poor performance under the Senteh@®@? con- al., 1974; Mayes et al., 1987: Warrington &

dition, CV showed significant priming WhenWeiskrantz, 1973, 1974: Winocur & Weisk-

the retrieval cues of Sentene€ragment pro- an; 1976). Some theories of amnesia postu:
vided maximal support to aid retrieval. This;zia that the mechanism by which medial tem-
finding, albeit with a different task, is similar to poral lobe structures facilitate the binding of

the reports of successful associative learning Ry rious elements in new stimuli is by suppress-
amnesics in perceptual identification and reaqﬁg interference from other stimuli (Shapiro &

ing tasks that also provide all of the perceptughjion, 1994). In a recent study, Hayman et al.
information at test (Gabrieli et al., 1995; G0S71992) and Hamann and Squire (1995) exam-
hen-Gottstein & Moscovitch, 1992; Moscovitchineq new verbal, associative learning under
et al,, 1986). Three, C.V. also showed signifisy,dy-test conditions that varied in the amount
cant perceptual priming when fragments of thgf interference they created. We reasoned that if
targets were presented in isolation (Fragmensy s failure to show poor new associative

Only cues). Perceptual priming for such fragtearning is attributable to possible interference
ments was obtained even for the set of targefsfects in Experiment 1, then under conditions
that C.V. failed to produce under the Senthat minimize interference (Hayman et al.,

tencet??? condition. Overall, C.V.’s perfor-1992) C.V. should exhibit better learning even

mance bears a striking similarity to R.H.'s perwhen retrieval cues are perceptually impover-
formance reported in our previous studyshed.

(Rajaram & Coslett, in press, Experiment 1).
It is important to note that C.V.'s (and EXPERIMENT 2

R.H.’s) performance cannot readily be attrib- The design and procedure of this experiment
uted to severity of amnesia alone. Both thesgere adopted from Hayman et al.’s (1992) and
amnesic participants did exhibit profound amHamann and Squire’s (1995) procedures but
nesia on both clinical and neuropsychologicakere modified to suit the particular hypotheses
assessment. However, C.V.’s recognition petested in this experiment. One possible reasor
formance was considerably better than that réer poor new learning in the absence of percep-
ported for either R.H. (16/48 correct) or C.Ctual cues may be that the test cue format (Sen-
(24/48 correct). Alternately, Tulving et al. re-tence+???) creates a high-interference situa-
ported that K.C. failed to recognize any of theion. That is, when the amnesic participant fails
studied sentences after multiple study-test set produce the correct (studied) target, some
sions, and yet unlike C.V., Tulving et al.’s am-other answer is produced to complete the sen-
nesic K.C. did show substantial learning undetence because of the implicit retrieval instruc-

the Sentence??? condition. Furthermore, intions given to the participant. This spontane-
the present experiment, C.V.'s feedback sugusly produced (incorrect) response may
gested that his recognition performance mainterfere with the learning of the correct (stud-
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ied) target, thereby resulting in little new learnSentence ??? condition in our study did not
ing. eliminate interference to the extent possible un-
In support of this argument, recently Haymarer the Study Only retrieval condition, it also
et al. (1992) reported that amnesic participardid not create levels of interference as high as
K.C. learned the correct target responses muthose that occur under the Test-Study condition.
faster under the Study Only condition compareBecause of the order of events under our Sen-
to the Study-Test condition. Specifically, undetencet-??? retrieval condition, this condition
the Study Only condition, the entire study itemwill henceforth be referred to as the Study-
(e.g., a talkative featherbrain-parakeet) was prémmediate Test condition.
sented repeatedly without any testing until the The present experiment was designed to ob-
last session. In their Study-Test condition, K.Ctain direct empirical evidence for these differ-
was presented with definition cues (e.g., a tallential levels of interference. Specifically, the
ative featherbrain-???) and was asked to genémplicit new learning of amnesic participant
ate the target word. Following his spontaneou§.V. was directly compared across three condi-
response, the correct target (parakeet) appeatsmhs—the Study Only, the Test-Study, and the
on the screen. (Note here that because of tt&tudy-Immediate Test conditions. The first two
order in which the events occurred under thisonditions were selected to adopt the procedure
retrieval condition, it is more appropriate toused by Hayman et al. (1992) for manipulating
label this condition as Test-Study, and therefintraexperimental” interference. Specifically,
fore, this condition will henceforth be referredintraexperimental interference arises from the
to as the Test-Study retrieval condition.) Theonditions of the experiment that generate in-
generation of a response prior to the presentgerference effects rather than from preexperi-
tion of the target within each session led to thenental associations known to participants. The
production of incorrect targets, thereby leadinthird, Study-Immediate Test, condition was in-
to high interference. Under our Senter@?? cluded to obtain a direct replication of the re-
retrieval condition in Experiment 1, amnesicsults of Experiment 1 with a new set of mate-
participant C.V. was asked to produce responseials. This comparison of three conditions was
in every session. Thus, one might argue that thexpected to demonstrate whether differential
failure of R.H. in the previous study (Rajaram &amounts of interference in the learning and test-
Coslett, in press) and that of C.V. in the presenhg situations lead to differential levels of new,
study to learn the appropriate target sentencasd relatively conceptual, associative learning.
may be attributable to the high-interferenc&Ve predicted little new learning under the Test-
learning condition used in our experiments. Study learning condition because this condition
It is important to note that the Sentere@?? has been shown to produce the highest level of
retrieval condition used in our experiments (Exinterference for other amnesics (Hayman et al.,
periment 1 in the present study, and Experimerit992; Hamann & Squire, 1995). With respect to
1 in Rajaram and Coslett's (1999) study) ighe Study-Immediate Test condition, we previ-
somewhat different from the Test-Study reously found minimal new learning (present Ex-
trieval condition just described. Under the Senperiment 1), and we expected to replicate those
tencet-??? retrieval condition, the correct andindings. The most interesting learning condi-
complete sentences were always presented fitgin in the present experiment was the Study
(at study) within a session. SubsequentlyQnly condition. Hayman et al. found that learn-
within the same session the Senteh@@? cues ing under this condition was greatly facilitated
were provided for implicit retrieval of the stud-in a severely amnesic participant K.C. Positive
ied targets. Thus, the amnesic participants in o@vidence of new learning under this condition
studies did not first generate a response aftby our amnesic participant C.V. would delin-
which the correct target was presented, as wasite at least one experimental condition under
the case under the Test-Study condition used byhich new verbal, associative learning can
Hayman et al. (1992). Therefore, although thebiquitously occur in cases of severe amnesia.
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Method ical stimuli.* The participants’ task was to com-

Materials. A new set of 174 sentences Wag)lete the sentence cues with the first word that

constructed for this study. These sentences werdme to mind. The second _basellne measure
similar to those used in Experiment 1 in tha{:onasted of fragmented versions of the target
gvords (presented in isolation) from the 72 crit-

(2, MACHINE refned COPPER, COUN €8 Seierces, e e prpans vere e
TRY exported PEPPERMINT). Of these, 12(} piete 9 : L
: ame to mind. In both baseline tasks, partici-
sentences were taken from the materials used Byi . )
: . nts were given a maximum of 15 s for each
Rajaram and Coslett (1999, Experiment 3). chpIetion
these 120 sentences, 72 served as critical stimu N gap of at least 1 day (6 days in the case of

in this expgn_ment._ These 72 sentences Weltnnesic participant C.V.) intervened between
randomly divided into three sets of 24 sen;

i he baseline measurement and the next, acqui
tences, each to appear under three condltlonsa{ion' phase of the experiment. The entire ac-

the experiment (Study Only, Test-Study, Studygisition phase was carried out within 1 day,
Immediate Test). We constructed three sucflii, 4 gap of 30 min to 3 h between sessions. A
lists to completely counterbalance the sets Qha) of six sessions was conducted during the
sentences across conditions for both MatCheéEquisition phase. Each session included the
and Young Control participants. three learning conditions described below. The

Of the remaining 102 sentences from th@resentation of conditions within each session
overall set of sentences, 6 were used to serve @gs blocked and was counterbalanced for ordet
primacy and recency buffers in the three studycross sessions with a Latin Square design
lists just described with one each appearing @cross sessions, each set of 24 sentences we
the beginning and end of each of the three listdiested within each condition such that the same
Of the remaining 96 sentences, 24 served &gt of 24 sentences was presented within a giver
fillers in the test (described shortly) for thecondition in all six sessions for amnesic partic-
Study-Immediate Test condition. The remainingpant C.V. For the Matched and Young Control
72 sentences served as fillers in a recognitiguarticipants, sentences were counterbalance
task that was conducted at the end to obtain oeross learning conditions but were nested
of several measures of explicit memory. In adwithin the condition in all six sessions for a
dition to these 174 sentence stimuli, 72 addigiven participant. Following Hamann and
tional words were selected to serve as foils in &quire’s (1995) encoding instructions, under all
forced-choice recognition task that served aree conditions, participants were asked to in-
one of several measures of explicit memory.

Design and procedureEach participant was * Note that according to Hayman et al.’s (1992) defini

tested over three davs in this experiment. P tions, this procedure may create an interference situation
Yy P ) aBecause participants are asked to produce spontaneous al

ticipants (amnesic participant C.V., fOUrswers that may be incorrect. However, Hamann and Squire
Matched Controls, and nine Young Controls}1995) used this procedure to obtain the baseline completion

were tested individually. The design and procemeasure and subsequently found sizeable learning under th

dure were adopted (and modified where necegl_inimal interference condition, i.e., Study Only, in their
P group of amnesic participants. Thus, precedence for this

sary) from Hayman et al.’s (1992) and Hamanfethod already exists in this literature. Because the baseline
and Squire’s (1995) studies. Day 1 consisted @fieasurement in our experiment required spontaneous pro
baseline measurements for target completighiction of responses only once, and was collected six days
for the 72 critical stimuli. The first baseline taslé)rior to the learning phase for C.V., the influence of inter-

. .. ference from the baseline procedure, if any, may have
consisted of Sentenee??? cues for the 72 crit- dissipated. The baseline intrusion rates for C.V. described in

footnote 5 confirm this prediction. Finally, our selection of
® Two Matched Control participants were tested on List this baseline measure was also guided by the fact that this
for reasons described in footnote 5. One Matched Controheasure has the obvious advantage of providing clean prim-
participant each was tested in Lists 2 and 3. ing measures in our smal-design.
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dicate on a scale from 1-5 how much sense eatihipants were asked to write down for each cue
sentence made to them on a 5-point scale of (1)e first response that came to mind.

very little, (2) a little, (3) some (average), (4) a —Explicit recall: This test was identical to
fair amount, (5) a lot. A maximum of 15 s wasthe implicit production test except that the stim-
allowed for each decision. Participants comuli were presented in a new random order and
pleted the task quickly and efficiently. different retrieval instructions were given. Par-
ticipants were asked to complete each Sen-

277 1 i
tained 24 of the 72 critical sentences. Eachencejr' n cg_e with the StUd".ad tgrget W(.)rq
) —Recognition test for studied itenmRartici-
sentence was presented one at a time for the

rating task. No intervening test was conducteﬁalntS were presented with all 72 studied sen-

. . ) ...__tences in a new random order and were asked t

on these materials until Day 3. This condition ; : .

S : . _circle YES for the items they believed to be

was assumed to create minimal intraexperimen- ~ . . L

) studied. This test was conducted to maximize
tal interference.

_Test-Studycondition: This condition in- the familiarity of the stimuli for the amnesic

cluded another set of 24 of the 72 critical Senpartlmpant. . . .
—Two-alternative forced-choice recogni-

tences. For each item, participants were first
. » P P Ylon: Each of the 72 sentences from the three
presented with the Sentenc@?? cue and were . . .
. tudied conditions was presented in the follow-
asked to guess the target. After the participanis ;
msq fashion. The sentence cue of the test was

provided the response, the intended target wq esented with the target as well as an unrelatec

. . pr
presented with the sentence cue for the ratn%il_ The two alternatives were arranged above

task. This condition was assumed to create max- .
. . . . and below, and to the right of, the sentence cue.
imal intraexperimental interference.

—Study-Immediate Testondition: The re- The position of .the 'target was randomly' se-
O " lected across stimuli. The foils were derived
maining set of 24 of the 72 critical sentence

was presented under this condition. This cond?—rom a different pool of items and were not used

tion is the same as the Senter@®?? condition anywhere else in this experiment or in Experi-

used in Experiment 1. Participants were rer_nent L. These foils were normed on a group of
P ' P Pr%0 college undergraduates to ensure that the

Pdrgets and foils were equally likely to be se-

task. After the presentation of three StUd)(ected as targets prior to study (selection of
blocks, the 24 sentences from this condition 9 P y

were once again presented in the SenterR®? targets versus foil4(9) = 1.14,SE= 1.67). In

. the forced-choice recognition task, C.V. and
format to measure new learning. These 24 stud- o .
. . . . . control participants were asked to pick the stud-
ied sentences were intermixed with 24 filler

. ) led target that matched with the sentence. This
nonstudied sentences (the same set in every.

. . . . st is similar to the recognition memory test
session) in order to simulate the mten‘erencl(j;Sed by Hamann and Squire (1995)
C.V. experienced in Experiment 1. y q ;

—Yes/No recognitionThe 72 studied sen-

After the acquisition phase, tests of implicittences were intermixed with a new set of 72
and explicit memory were conducted on thdiller, nonstudied sentences (not used anywhere
following day. The participants were tested on ®lse in the experiment), and participants were
measures presentéa the following order. asked to select the sentences they had studie
earlier.

—Study Onlycondition: This condition con-

—Implicit production: This test consisted of
72 studied items from all three learning condi- Explicit memory was tested in the four dif-
tions described above presented in a randofarent ways just described in order to explore
order. In addition, four buffer cues not used/arious aspects of C.V.’s performance. It was
anywhere else in the experiment were presenteapected that explicit recall would be the most
at the beginning of this list. These stimuli werdlifficult task for C.V. The recognition tasks,
presented in the Sentene@?? format and par- particularly the forced-choice recognition task,
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were considered to be easier than the other TABLE 2
explicit tasks (Freed & Corkin, 1988; Free(_j_et Mean Response Probabilities of Amnesic Participant
al., 1987), and the forced-choice recognitior.v. and Mean Response Probabilities of Young Controls

task was expected to show some memory for tH = 9) and Matched ControlsN( = 4) in the Word
newly learned stimuli. Fragment Completion Task in Experiment 2 (The Standard
Deviations Are Presented in Parentheses)

—Implicit word fragment completion test:
This test was conduate4 h after the preceding Young  Matched
series of tests were completed by C.V. as well controls _ controls  C.V.
as the control participants. The fragmented VeEi,dy only

sions of target words from the 72 studied sen- siydied 0.29 0.26 0.46

tences were intermixed with filler fragments, Nonstudied 0.07 0.10 0.08

and participants were asked to complete eaétudy-Immediate Test

fragment with the first solution that came to Studied 0.33 027 0.38
. . .~ Nonstudied 0.08 0.07 0.17

mind. No sentence cues were included in th‘?est-Study

test, and participants were given a maximum of sygied 0.24 0.28 0.50

15 s to complete each fragment. Nonstudied 0.05 0.07 0.13

Results and Discussion

In the implicit production task, the proportionto measure the extent of implicit new verbal,
of correct targets produced in the baseline phasssociative learning under three learning condi-
served as the nonstudied items and were sutiens that varied in the amount of intraexperi-
tracted from the proportion of studied targetsnental interference. The data from the amnesic
produced in the test phase on Day 3. Neither thgarticipant C.V., the Matched Controls, and
amnesic participant C.V. nor the Matched ConYoung Controls are displayed in the left panel
trols produced any of the correct responses dusf Fig. 2. Amnesic participant C.V. showed
ing the baseline period. Among the Young Conpoor learning under all three conditions, includ-
trols, only two participants produced 1 out of 72ng the Study Only condition that was presumed
correct completion each in the baseline mede create the lowest amount of interference. In
sure. Thus, the baseline completion rate for athct, C.V.’s production of correct targets was
participants taken together was close to zerequivalent under the Study Only (0.08) and
For the implicit word fragment completion test,Test-Study conditions (0.08). This pattern is
the baseline completion rate was assessed quite different from the advantage in priming
Day 1 for the targets that were subsequentlseported by Hayman et al. (1992) for their am-
studied in the sentence context (on Day 2) undeesic participant K.C. and by Hamann and
the three conditions just described. The baselirigquire (1995) for their group of nine amnesic
completion rate was subtracted from the propoparticipants. C.V.’s performance appeared to be
tions of fragments completed on Day 3 to obtaimumerically higher under the Study-Immediate
the measure of standard priming. Because tHeest condition (0.17) that is most comparable to
same set of items served as nonstudied atide new verbal learning condition of Experi-
studied items in this experiment, we did noment 1 and is presumed to be the condition of
adjust for baseline differences with adjustednoderate (not high) interference in the present
priming as in Experiment 1. Thus, we presenéxperiment. However, this level of performance
the data only for the more conservative, starwas still quite low such that standard priming
dard, priming measure in this experiment. Thecores (studied- nonstudied) across the three
mean fragment completion rates for C.V.Jearning conditions, Study Only, Study-Imme-
Matched Controls, and Young Controls acrosdiate Test, and Test-Study did not differ from
different conditions are displayed in Table 2. one anotherX® = 0.99. Predictably, amnesic

The implicit new learning test was designegarticipant C.V.’s implicit new learning was
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FIG. 2. The correct target production in Experiment 2 is displayed for amnesic participant C.V. and the two
control groups. The left panel presents the data for the implicit production task as proportions of priming
(studied—nonstudied) for the three learning conditions with varying amounts of interference. The right panel
presents the explicit recall data as the proportions of corrected recall (studied—nonstudied) for the three learning
conditions with varying amounts of interference. (Control-Y, Young Controls; Control-M, Matched Controls).

substantially lower than the learning exhibitedhe implicit production task, performance did
by the control participants, both Matched andhot differ for either the Young Controls (Study
Young, such that C.V.’s performance fell belonOnly = 0.48; Test-Study= 0.46) or the
the 95% confidence intervals for each of th&latched Controls (Study Only 0.54, Test-
control groups under all of the training condi-Study = 0.52) across the two conditionss< 1
tions in the implicit production task (see Fig. 2(for both groups collapsed).These data are
left panel).

As expected, the data from the explicit recall °The performance of one Matched Control participant

requires some explanation. This participant performed

test (Fig. 2, right panel) revealed grossly Im'poorly in the implicit production task, particularly under the

paired performance from amnesic participardydy only (0.13) and Test-Study (0.17) conditions. At first
C.V. under all three learning conditions, andjlance, these data are problematic. However, during the
they fell outside the range of the explicit recaldebriefing session, this participant explained the strategy
performance of Young Controls as well as tha?he used in the implicit production task. She explained that

. she liked some other completions better than the ones pro-
of Matched Controls. Also, it took C.V. nearlyvided in the learning sessions. At test, when she saw the

15 min to perform this explicit recall task sentence cue, both the studied response as well as he
whereas the control participants took an averageeferred response came to mind simultaneously. She ofter
of 9 min and 40 s (Young Controls averaged chose her preferred response over the studied response

min, 20 s; Matched Controls averagel0 min) Therefore, her proc'iuction of ;tudied responses was Ipwer
than expected. This explanation predicts a much higher

to complete this task. This difference is partlcI'evel of performance in the explicit recall task because in

ularly striking in light of the duration data for hjs test participants were asked to complete the sentencs
the previous, implicit production, task wherestems with the studied responses. Results confirmed this
C.V. took 7 min and 30 s to complete the taslerediction as this Matched Control participant performed
and control participants took an average of gear ceiling in the explicit recall task (Study Onity 0.88,

. . Study-Immediate Test 0.96, and Test-Study 0.83). It
min and 38 s (Young Controls average8 min should be noted that none of the results reported for the

and 26 s; Matched Controls average8 min  control participants, either averaged across all controls par-
50 S). ticipants or averaged only for the Matched Control partici-
The data from the control participants for thevants, change when the data from this participant are re-
Study Only and Test-Study conditions WerénOVEd from the analyses. Therefore, we took the more
. conservative approach of including this participant’'s data in
compared to determine whether these two cogj;, analyses
ditions led to differential performance in the an additional concern pertaining to this Matched Control

implicit production and explicit recall tasks. Inparticipant's performance may be that amnesic participant
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similar to those reported by Hayman et alpect to obtain an advantage for the Test-Study
(1992) for their four control participants whoitems over Study Only items. Consistent with
also exhibited equivalent performance in théhis prediction, in the Explicit Recall task, the
implicit production of correct targets under thecontrol participants exhibited significantly bet-
Study Only and Test-Study conditions (0.85 anter recall for targets learned under the Test-
0.83, respectively). In contrast, Hamann an&tudy training condition than under the Study
Squire (1995) reported that their control particOnly training condition,t(12) = 2.53, SE =
ipants produced more targets under the Tedd-03. This pattern is similar to the findings of
Study condition compared to the Study OnhHamann and Squire (1995) and suggests that th
condition (0.77 and 0.61, respectively, derive@dvantage for the Test-Study training procedure
from their graph). Hamann and Squire’s (1995 memory-intact participants may be more eas-
results showing an advantage for Test-Studiy obtained in explicit memory tasks than in
condition in memory-intact participants repli-implicit tasks.

cate prior findings with memory-intact partici- One possible reason that the advantage fol
pants (e.g., Carrier & Pashler, 1992; Darley &he Study Only procedure is seen in many cases
Murdock, 1971; Runquist, 1986; Wenger et al.9f amnesia (though not ours) but not under the
1980). The apparent discrepancy between oimplicit retrieval condition for memory-intact
findings and Tulving et al.’s findings, on oneparticipants may partially be attributable to the
hand, and those of Hamann and Squire’s, on thse of explicit memory access used by memory-
other, can be resolved by considering the réntact participants even in the implicit tasks.
trieval instructions given to all participants. InSpecifically, with multiple training sessions,
Hayman et al.’s study and our present expermemory-intact participants may more easily in-
ment, participants were asked to produce théoke explicit access to study materials than may
first word that came to mind, whereas in théhe amnesic participants. Although this explicit
Hamann and Squire study, participants weraccess may only be partial and not as willful as
asked to “produce the target words they haﬁ]] the explicit recall task, it may be sufficient to
studied on previous sessions” (p 1032) Toeliminate the StUdy OnIy advantage observed in
gether, two implications can be derived fronRmnesic participants by other researchers (Ha:
this overall pattern of findings. One, superiofMmann and Squire, 1995; Hayman et al., 1992).
memory in memory_intact participants undepur own results with control participants in the
the Test-Study condition in previous reports igmplicit production task may be susceptible to
attributable to the explicit retrieval instructionsthis possibility, but we do note that such explicit
given to participants, and it does not generalizCCess in our implicit production task was not
to implicit production in memory-intact partic- Complete because the overall level of memory
ipants. Two, this pattern predicts that in ouP€rformance improved significantly for the con-

subsequent explicit recall task, we should exlrol participants across the implicit production
and explicit recall taskst(12) = 3.38, SE =
0.07.

C.V. also had preferred responses that blocked his produc- On the three recognition memory tasks that
tion of correct responses in the implicit production taskfollowed, C.V.’s performance was expected to

This concern is allayed by the examination of amnESiFn"IpI’OVG because of the familiarity component
participant C.V.'s intrusion rates from the baseline measure.

C.V. produced 14% baseline intrusions in the implicit pro-Of recognition. The data from the three recog-

duction task (Study Only= 17%, Study-Immediate Test ~ Nition tasks are displayed in Fig. 3. In the first
8%, Test-Study= 17%), and 19% baseline intrusions in therecognition task, where all 72 studied sentences
explicit recall task (Study Only= 25%, Study-Immediate were presented to provide maximum familiarity
Test= 21%, Test-Study= 12%). Thus, there were large for performance (the left-most of the bars in

proportions of items in the implicit production task (86%) . . 0 .
and the explicit recall task (81%) in which new IearningFlg‘ 3), C.V. recognized 69% studied sentences

could have taken place without the interference of intrusion8Orrectly. Although C.V.’s performance was
from preexperimental associations. reasonably good, it still fell outside the range of
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constructed logical sentence completions such
as “the rabbi and the turkey” (studied sentence
presented to C.V., “Rabbi requested turkey”).
On the third recognition memory task of
yes/no recognition (the right-most set of bars in
Fig. 3), amnesic participant C.V. correctly rec-
ognized 70 out of 72 sentences, and he pro-
5 duced 7 out of 72 false alarms, yieldingda
Recognition Memory Tasks value of 3.16 and & of 1.47, and demonstrat-

o _ing good recognition memory. Control partici-
FIG. 3. The recognition memory performance of amnest‘pants showed nearly perfect recognition mem-
participant C.V. and two control groups across three diffe .
ent measures of recognition memory in Experiment 2 97y (Young Controls, hits= 100%, false
displayed. The left-most panel presents the correct recogrdlarms= 1%; Matched Controls, hits- 100%,
tion of the 72 studied sentences. The middle panel preserftslse alarms= 0). The time taken to complete
the correct recognition of the sentences where participanifis task showed the same pattern as the earlie

had to choose between the corrgct target and a foil pla(:edgaskS such that C.V. took 8 min and 50 s to
front of the sentence cue. The right-most panel presents t

e
hits—false alarm data collapsed across the three learni

Correct Responses
Hits - False Alarms

g@mplete the tasks whereas the control partici-
conditions from the yes/no recognition task. (Control-ypants took an average of 5 min 41 s (Young
Young Controls; Control-M, Matched Controls). Controls= 5 min 53 s; Matched Controls 5
min 30 s).
recognition performance of Young Controls The status of perceptual priming was mea-
(97% correct) and Matched Controls (99% corsured with a word fragment completion task by
rect), who performed at ceiling. Furthermore, ibbtaining the standard priming scores (studied-
is interesting to note that it took C.V. over 7 minnonstudied). Collapsed across three study con
to complete this task, whereas the control paditions, amnesic participant C.V. produced sub-
ticipants took an average of 3 min and 26 stantial priming for the studied targets
(Young Controls average= 3 min 33 s; (studied= 32, nonstudied= 9). C.V.’s perfor-
Matched Controls average 3 min 20 s) for mance either was within the range of the control
completion. participants or even exceeded that of control
On the second recognition task of two-alterparticipants across different conditions (see Fig.
native forced-choice recognition (the middle sed). It is also relevant to note that C.V. exhibited
of bars in Fig. 3), C.V. showed remarkably googerceptual priming for learned targets even
recognition memory (91% correct), supportingvhen he failed to produce them in response to
the extant data that amnesic participants show
improved performance on forced choice recog- Word Fragment Completion
nition memory tasks (Freed & Corkin, 1988; Pereepimal PrAming ) Contral-v
Freed et al., 1987). But C.V.’s performance was 09 St
somewhat below that of controls, who obtained
perfect scores on this task. Once again, the time
taken to complete the task reflected poorer per-
formance on C.V.’s part (18 min) compared to o
control participants, who took an average of 4 0 Gty Only Sy LTt Tewestady | Average
min (Young Controls average: 3 min, 40 s; Traiming Condigons
Matched Controls averages 4 min, 20 S).  FIG. 4. The perceptual priming data in the form of
C.V.’s report following this test was also reveal-adjusted priming scores from the word fragment completion
ing regarding his level of conscious awareneégsk in Experiment 2 are displayed for the amnesic partic-
. inant C.V. and the two control groups. The fourth set of bars
of the study mate”_als' C.V. re_marked atthe en esent the average adjusted priming scores across all stim
of the forced-choice recognition test that heji from all three learning conditions. (Control-Y, Young
found this task easy becaus$e had earlier controls; Control-M, Matched Controls).

Studied - Nonstudicd

=
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sentence cues in the implicit production tasExperiments 1 and 3) and quite different from
and explicit recall tasks. the substantial priming produced by the basal
Taken together, C.V.’s performance did noforebrain amnesic participant C.C. (Rajaram &
improve under the Study Only learning condi-Coslett, in press) and the amnesic participant
tion compared to under the Test-Study condK.C. (Tulving et al., 1991) with the Sen-
tion even though the former condition wadencet??? retrieval cues. C.V.’s poor perfor-
shown to be more beneficial for learning inmance under the Senterne@?? retrieval condi-
another densely amnesic participant (Hayman &bn is particularly remarkable because the
al., 1992) and a group of amnesic participantStudy-Test sessions in the present Experiment !
(Hamann and Squire, 1995). Predictably, C.V.'svere presented in quick succession, unlike in
explicit recall was also found to be grosslhthe previous studies described here.
impaired. C.V.'s recognition memory perfor- In Experiment 2, the role of interference in
mance was found to be reasonably good ahkew conceptual associative learning was testec
though it took C.V. much longer to perform thisby manipulating the levels of intraexperimental
task compared to control participants. C.V.'snterference across three learning conditions,
contrasting pattern of performance across thetudy Only, Study-Immediate test, and Test-
implicit production and explicit recall tasks, onStudy. Unlike previous studies, in the present
one hand, and the recognition tasks, on thexperiment we failed to find improved learning
other, is similar to the pattern of performanceén C.V.’s performance even under the condition
recently reported by Isaac and Mayes (1999#)at presumably created the least amount of
1999b) in a group of amnesics for the forgettingntraexperimental interference, i.e., the Study
rates in free recall and cued recall tasks, on or@nly learning condition.
hand, and the recognition task, on the other. An obvious and reasonable interpretation of
Finally, C.V. exhibited normal levels of percep-the present data pertains to the role of severity
tual priming for the studied targets. of amnesia in mediating learning of new verbal
associations. Previous studies on priming of
GENERAL DISCUSSION new associations with unrelated word-pairs
Two experiments were conducted to examingGraf & Schacter, 1985) showed that new asso-
the role of different retrieval cues and types o€iation priming could be obtained in mildly and
interference in new conceptual associativenoderately amnesic participants but not in se-
learning in a severely amnesic participant, C.Werely amnesic participants (Schacter & Graf,
Experiment 1 revealed substantial priming fod986). One possibility may be that gross im-
repeated, novel sentences when the retrievghirments in priming with the Sentenc@??
cues either provided perceptual informatiometrieval cues for the amnesic participants R.H.
only for the targets (perceptual priming) or pro{Rajaram & Coslett, in press) and C.V. (the
vided the sentence frames as well as perceptyaesent experiments) may be attributable to
information for the targets (Sentente their severe amnesia. Similarly, C.V.’s inability
Fragment cues). These findings are similar tm benefit from the Study Only learning method
the priming data obtained from the performancenay also be attributable to his severe amnesia
of a basal forebrain amnesic participant, C.C. Undoubtedly, new verbal learning, particu-
and a medial temporal lobe amnesic participantarly at the conceptual and semantic level,
R.H. (Rajaram & Coslett, in press), as well asvould be impaired more in severe amnesia than
from a densely amnesic participant, K.C. (Tulvin moderate amnesia. However, several aspect
ing et al., 1991). Critically, C.V.’s performanceof the data from these and other studies strongly
under the Sentenge??? retrieval cue condition suggest that differences in severity of amnesia
was grossly impaired. This pattern of impaircan not solely account for the patterns of per-
ment is similar to the impaired performancdormance exhibited by amnesic participants. For
observed for the medial temporal lobe amnesiastance, the first evidence of positive learning
participant R.H. (Rajaram & Coslett, in pressunder the Sentenee??? retrieval condition was
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reported for a severely amnesic participant991). Two, in a recent study, Vargha-Khadem
K.C., who failed to recognize any of the studiecet al. (1997) reported three case studies where
sentences after several trials of learning (Tulvthe participants exhibited amnesia resulting
ing et al., 1991). Similarly, basal forebrain am{rom bilateral hippocampal pathology sustained
nesic participant C.C. showed substantial learma early childhood. In all three cases, the amne-
ing under the Sentenee??? retrieval condition sic participants displayed debilitating episodic
even though her recognition memory for thenemory deficits but had acquired speech and
same sentences was poor and comparable to thatguage skills, literacy, and factual knowledge
of the medial temporal lobe amnesic participanwithin the low-average to average range. These
R.H., who failed to show such learning (Rafindings suggest that semantic memories can be
jaram & Coslett, in press). Finally, in Experi-acquired despite hippocampal damage. How-
ment 2 in the present series, C.V. exhibited poaver, it is also relevant to note that in laboratory
learning in response to Senterc®?? retrieval tests of multitrial (10 trials in each task) recog-
cues, but his recognition memory was reasomition tasks of novel associations (faces with
ably good for the same set of stimuli. In sumyoices, objects with places), these amnesic par:
although severity of amnesia may account iticipants performed poorly relative to controls.
large part for the failure of new verbal, associaThus, the learning achieved in the real world
tive learning, as measured by the Senterig@? may be attributable to multiple sources of rich
retrieval cues, this explanation does not accoushcoding that may have far exceeded the num-
for all of the data in the literature. ber of repetitions typically tested in the labora-
An alternate interpretation may be that theory settings. Three, in Experiment 2 reported
medial temporal lobes including the hippocamhere, we found that C.V. failed to acquire novel
pal system may be heavily involved in mediatverbal associations even under the minimal in-
ing new verbal, associative learning where peterference condition. This finding is problematic
ceptual support at test is limited. The failure ot least for the strong version of the claim that
medial temporal lobe amnesic participant R.Hthe hippocampus and the related structures en
supports this interpretation. Because C.V.’s anable learning of hovel associations by suppress:-
nesia also appears to be a result of presumedy interfering stimuli.
hippocampal damage, the results from the A possible resolution of these findings may
present study also support this interpretatioremerge with a more precise consideration in
Similarly, medial temporal lobe amnesic partichuman participants of different substructures
ipant H.M.’s failure to produce the correct tar-within the medial temporal lobes that may sub-
gets under the Sentene@?? conditions also serve different cognitive components that un-
favors this notion (in Squire & Knowlton, derlie new learning (see also Mishkin et al.,
1995). Recently, Isaac and Mayes (19994,998). At the cognitive level, the streamlining
1999b) and Aggelton and Brown (1999) havecross laboratories of acquisition and retention
also proposed that damage to the extended hifasks, and the putative processes tapped b
pocampal system disrupts the consolidation dhese tasks, will greatly facilitate such analysis
complex associations. and provide a better assessment of the struc
However, three lines of evidence complicatéure—function mappings of implicit learning of
the interpretation that the medial temporal lobaovel verbal information in the human cogni-
regions play a large role in the formation of newtive system.
verbal associations. One, densely amnesic par- = | .
ticipant, K.C., who did show successful semarimPplications for Normal Cogpnition
tic learning under conditions very similar to The results from the present series of exper-
those tested here, reportedly sustained extensiveents provide a window into the contributions
brain injury that also included some of the meef the implicit memory processes in mediating
dial temporal lobe regions bilaterally (Haymamew verbal associative learning in a memory-
et al., 1992; Kohler et al., 1997; Tulving et al.,intact cognitive system. As demonstrated by the
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extant data, new associative learning at a coeven though they did exhibit the predicted Test-
ceptual or semantic level (as required by th8tudy advantage in the explicit recall task. Pre-
Sentence ??? retrieval cues) requires multitrialsumably, the advantage amnesics show for the
training. Multiple trials in memory-intact par- Study Only condition dissipates in memory-
ticipants present the danger of explicit access intact participants because of explicit access in
the learned material. Such contamination conmultitrial learning situations. Together, these
plicates our understanding of the exact role dindings underscore the contribution of the am-
implicit memory in supporting new learning,nesic data toward understanding the normal
and the exact conditions under which sucBognitive functions.
learning may occur. These problems may be Our findings reported in this manuscript also
circumvented by assessing the effects of indelineate the differences between implicit learn-
plicit learning in cases of severe amnesia.  ing of new associations at a perceptual level and
The findings with dense amnesics from othes conceptual level. Amnesic participant C.V. (as
studies (Hamann & Squire, 1995; Hayman efell as another severely amnesic participant,
al., 1992; Rajaram & Coslett, 1991; Tulving efR.H., we reported earlier, Rajaram & Coslett, in
al., 1991; see also Van der Linden et al., 1994ress) failed to show any learning with retrieval
Verfaellie, et al., 1995) and our findings hereuyes that provided only partial perceptual sup-
demonstrate that new verbal associative learfiort and required access to learned information
ing is slow and laborious in amnesia. Interestat the conceptual or semantic level. In contrast,
ingly, this pattern in the amnesic performancenese participants exhibited substantial percep:
for verbal learning bears a strong resemblanggal priming for single words as well as for
to the pattern observed in the memory-intaGiovel associative stimuli when perceptual sup-
population in studies of implicit learning for port for the to-be-retrieved item was available.
rule-governed sequences of stimuli such as afhese results suggest a dissociation betweet
tificial grammar learning and probability learn-perceptual and conceptual binding of verbal as-
ing (Reber, 1989), the serial reaction time tasgociations. Because perceptual binding does no
(Stadler, 1989), and the choice reaction timgeem to guarantee conceptual binding as well
task (Lewicki et al., 1987). In these studies withyy ynderstanding of implicit acquisition of new
the memory-intact population, learning is foungnformation in normal cognition will require a
to occur without any conscious awareness of thg/stematic analysis of these separable cognitive

rules and typically requires several (Sometimeéomponents and mechanisms.

hundreds) of trials. In studies of new verbal
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