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Abstract

This study was addressed to the question of whether the medial temporal lobe (MTL) plays a critical role in implicit memory for new
associations. Priming for new associations was examined in two different tasks in 18 patients with focal lesions all involving the MTL. In
Experiment 1, following a study phase for pairs of unrelated words, subjects performed a perceptual identification task on old, recombined
and new pairs of words presented at brief exposure durations. In contrast to control subjects, and despite a normal level of item priming
the patients failed to show superior identification of the old pairs relative to the recombined pairs, the measure of associative priming.
In Experiment 2, subjects engaged in speeded naming of the print color for previously studied words presented in the original color or
in a different old color, and for unstudied words. Again, in contrast to control subjects and despite a normal level of item facilitation
on color naming reaction time (RT), the patients failed to show priming for recently experienced new associations between words anc
colors. Explicit recognition memory by the patients was abnormal in both experiments. This study records an absence of priming for new
associations, in two different tasks in which the nature of the stimuli was considerably different, in a large group of patients with lesions
in the MTL. Although some previous research has reported significant associative priming in other tasks for patients with MTL lesions,
the present results suggest that this region is critical for forming new associations of the types assessed here.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction ponents, by processing the co-occurrence and/or relation be-
tween them. In the test session, memory for one part of the
Priming is an important technique for assessing implicit new association can facilitate the retrieval of other parts of
memory that does not require conscious retrieval processesthe association. For example, in the stem completion test, af-
There are two major types of priming effects: item priming, ter learning some unrelated word pairs (&mdow—reason,
and priming for new associations, also called associative apple—kite), subjects are asked to complete the stem of the
priming. Item priming is hypothesized to reflect the opera- second word of old pairsajndow—rea_), recombined pairs
tion of perceptual representation systems that are describedapple-rea_) and new pairskiottle—pic_) with the first words
as functionally independent of the episodic or declarative that come to mind. If the proportion of completions for the
memory systeni36,41] Associative priming should reflect  old pairs is higher than that for the recombined ones, this is
the formation of a new association, which has no prior exis- regarded as an effect of priming for new associations. Su-
tence in the memory system and is encountered for the firstperior performance for word completion within recombined
time during a study episodé,18,41] To form new associ-  pairs relative to new pairs is regarded as a single word, or
ations, subjects must integrate the individual items or com- item priming, effect. The commonly used paradigms for test-
ing priming for new associations include stem completion
"+ Corresponding author. Tek:86-10-64854476; '(e.g.[18.,2.3,24,32)], speeded naming (e.@5—2.9,31},'lex.-
fax: +86-10-64872070. ical decision (e.g[15-17,23) and perceptual identification
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It has been suggested that item priming relies not on ciative priming is mediated by the medial temporal lobe—
the medial temporal lobe (MTL)—diencephalic system, but diencephalic system, because these are the principal brain
rather on neocortical regions, such as occipital or frontal regions impaired in, and generally accepted to be responsible
cortex [4,36,40,41] The finding of a double dissociation for, the amnesic syndrome. Two theoretical viewpoints seem
between item repetition priming and recognition memory to exist. In both accounts, the patients’ impaired explicit
strongly supports this suggesti@tD,11,21] Research with  memory is attributed to medial temporal lobe—diencephalic
positron emission tomography (PET) also seems to fit with damage. According to one hypothesis, which would be
this idea. For example, blood flow reduction in right poste- supported by normal associative priming in amnesia, item
rior cortex during the stem completion task contrasts with priming and associative priming arise from the same cor-
increased regional cerebral blood flow in regions related tical processing mechanism(s) which must be intact in
to recognition, including right prefrontal cortex and the amnesic patients. According to the other hypothesis, which
right hippocampal regiof?,35,39] Some recent functional  would fit with demonstrations of absent or severely reduced
magnetic resonance imaging (fMRI) studies have also re- associative priming in amnesia, only item priming is sup-
vealed priming-related reduction of activity in occipital and ported by the intact cortical region(s). On this latter view,

infero-temporal corteX3,4,20] for a review, sed5], al- the formation of new associations between previously unre-
though the results of Henson et al.’s study suggest that thislated events or representations, even if assessed by implicit
effect may be modulated by stimulus familiar[0]. techniques, requires the medial temporal lobe—diencephalic

The mnemonic processes and neuroanatomical basis okystem in the same way that explicit memory does.
associative priming are less clear. One issue, on which the Note that the neuroanatomical expression of these hy-
available data are mixed or even in conflict, is the status of potheses could, and should, be made even more specific, as it
priming for new associations in amnesic patients. For exam- seems unlikely that the MTL and the diencephalon perform
ple, using word stem completion, Graf and Schaft8r19] identical functions or share equal responsibility for various
demonstrated that priming for new associations was seenaspects of memory. Unfortunately, because most of the stud-
only in mild to moderate amnesia, but not in dense amnesia,ies germane to these questions have tested patients of mixed
which suggested different neural bases for item priming and etiologies and without very precise lesion specification, it
associative priming. Shimamura and Squi@€], and Mayes would be difficult to draw firm conclusions from existing
and Goodind22] reported a significant correlation between data about the neuroanatomical underpinnings of associative
associative priming and the General Memory Index of the priming even if the behavioral data were unambiguous.
Wechsler Memory Scale (WMS). Furthermore, Chun and  There is a fair amount of evidence consistent with the hy-
Phelpg6] explored the neural correlates of priming for new pothesis that MTL regions, including the hippocampus and
associations with an implicit contextual learning paradigm. adjacent cortical structures, are essential for the formation
The experimental task was to locate a visual target stimulus of associations or connections between previously unrelated
(the rotated letter ‘T") among a background of many rotated stimuli or featureq38,40,42] In this study, therefore, in-

‘L’ distractors. The amnesic patients were no faster to de- stead of making amnesia the criterion for inclusion, we se-
tect the old displays than the new ones, but their perceptuallected exclusively cases with focal MTL lesions as subjects,
learning was intact6]. This result suggests that the medial with the goal of directly investigating the role of the MTL
temporal lobe system is engaged in contextual learning, notin associative priming. To better characterize the relation-
because of its role in conscious retrieval processes, but be-ship between associative priming and explicit memory, we
cause of its critical function in forming associations between measured the severity of each patient's memory deficits be-
items or stimuli[9]. In contrast, other studies have con- fore the priming experiments, and the patients were divided
cluded that normal associative priming can be demonstratedinto mild and severe memory deficit subgroups based on
in amnesia. For instance, Moscovitch et @5] reported this measure. We employed word identification and speeded
that amnesic patients, as well as those with Alzheimer’s dis- naming tasks to index associative priming, because it has
ease, read old pairs of words faster than both recombinedbeen suggested (e[d.7,25)) that associative effects in these
and new pairs. Similarly, Gabrieli et dL2] demonstrated  tasks are less open to explicit contamination than in the stem
equivalent priming for new associations in amnesic casescompletion task. To further reduce the potential of explicit
and normal controls, although the patients’ explicit memory contamination, we used an awareness questionnaire, simi-
was of course impaired. More recently, Goshen-Gottstein lar to the one in McKone and Slg23], to exclude control

et al.[17] also showed that, when tested in an implicit lex- participants who consciously retrieved the stimuli in the test
ical decision task and an explicit speeded-recognition task, session. We also conducted two separate experiments, with
amnesic patients responded more quickly and accurately todifferent types of stimuli, because the MTL may be dif-
the old pairs than to the recombined ones, whereas their ex-ferentially important in associations between two separate
plicit performance was impaired. items with an abstract relation between them versus associ-

In short, the status of associative priming in amnesia ations between two features of a single stimulus, where the
remains controversial. And this controversy about the be- relationship between the features may be more perceptually
havioral data corresponds to a debate about whether assobased6,33].
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In Experiment 1, the test phase consisted of a perceptualastrocytic gliomas, four had meningiomas, four had malig-
identification task, in which subjects were asked to iden- nant gliomas, two had metastatic tumor, and one had oligo-
tify briefly presented and masked pairs of words. With ref- dendroglioma. The patients had various neurological signs
erence to word pairs from the study phase, word pairs atand symptoms to varying degrees, such as headache (16 pa-
test were old (original pairings), recombined (studied words tients), dizziness (16), difficulty in recalling recent events
but in different combinations), or new. In Experiment 2, the (14), epileptic phenomena (12), vomiting (10), and olfactory
subjects studied a series of colored words, and then werehallucination (1).
asked to name the color in which test words appeared; test All of the patients’ lesions were localized to medial tem-
items could be old words in their original colors, old words poral lobe regions with CT and/or MRI scanning. The le-
in old but different colors, or new words in old colors. In  sions, 12 on the left and 6 on the right, were mainly limited
both experiments, we also measured recognition memory forto the hippocampus (including the dentate gyrus and subicu-
the same test stimuli so as to compare associative priminglum), amygdala and parahippocampal region (including en-
with explicit memory. The order of the two experiments was torhinal and perirhinal cortex38,42} but some extended
counterbalanced across subjects, but explicit memory teststo adjacent neocortical regions such as lateral temporal cor-
always followed the corresponding implicit memory tests. tex. We categorized the lesioned ranges into three degrees
The two experiments were performed on the same day, with (small, medium and large), according to the lesion’s size and
an interval of about half an hour between them. whether it extended beyond the medial temporal lobe. In-

formation on the location, extent and pathology of damage

2. Subjects

fined to the MTL were all recruited from neurosurgical or
neurological departments of hospitals in Beijing, China. The MQ = 80 as cutoff criterion. The mean MQ’s of the mildly

impaired (8 subjects) and severely impaired (10 subjects)
sub-groups were 9@0+ 10.28 and 6300+ 12.01, respec-

mean age of the patients was. BB+ 13.74 years, and their
mean level of education was 50+ 2.75 years. None of the

for each patient is listed imable 1

The mean memory quotient (MQ) of the patients was
77.28 + 18.89, as measured by the Chinese version of the
Eighteen patients (12 male, 6 female) with lesions con- WMS [14]. For purposes of comparison with other related

papers, we divided the patients into two sub-groups with

patients had aphasia, anomia, apraxia or agnosia, and nonévely. Mean standard scores from individual subtests of the
had difficulty in following task instructions. Patients with WMS for the patient and control groups are presented in
severe paralysis were also excluded. All cases had normal orfFig. 1
corrected-to-normal vision, and none had achromatopsia. No  Subjects in the control group were matched to the pa-
patient had a relevant family history or a previous personal tients in terms of age, gender, education and profession. Ini-
history of neurological illness. Based on pathological stud- tially, 25 control subjects participated in the experiments,

ies of the lesioned tissue, all patients except one were diag-but seven were discarded from the data analysis with refer-
nosed as having brain tumors. Among these, six patients hacence to the criteria of McKone and SIES8], because these

Table 1
Basic information for MTL lesioned patients
Patient Gender Age (years) Education (years) Pathology Lesioned location Extent of the lesions MQ
2 Male 36 12 Astrocytic gliomas Left H, fornix Small 51
12 Female 24 16 Malignant gliomas Left H, TL Large 51
13 Male 50 9 Malignant gliomas Left H, PH, TL Large 51
14 Male 43 19 Malignant gliomas Left PH, H, A, TL Large 51
10 Male 39 9 Astrocytic gliomas Right H, PH, TL Large 65
3 Male 43 9 Meningiomas Right H, PH Medium 66
1 Female 47 9 Astrocytic gliomas Left H, PH, A, TL Medium 71
8 Male 59 16 Metastatic tumor Left H Medium 76
18 Female 43 12 Astrocytic gliomas Right H, A, TL Large 77
15 Male 21 12 Unknown Left H Small 80
7 Female 17 9 Oligodendroglioma Left H, A, TL Medium 84
11 Male 19 9 Meningiomas Left H, A, TL Medium 84
16 Male 58 9 Metastatic tumor Right H, A, TL Large 85
4 Male 21 12 Meningiomas Left H, thalamus Medium 90
9 Female 37 16 Astrocytic gliomas Left H, A, TL Large 95
5 Male 19 12 Meningiomas Right PH, TL Medium 97
17 Male 24 12 Astrocytic gliomas Right PH, H, TL Large 106
6 Female 43 12 Malignant gliomas Left A, H Small 111

Abbreviation: H, hippocampus; PH, parahippocampus; A, amygdala; TL, temporal lobe.
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Subtests of the Chinese version of the WMS

Fig. 1. Mean standard scores for each subtest of the Chinese version of the WMS. With the exception of scores on the recognition and digit span tests,
all others yielded a significant difference between the MTL patients and control subjeet,05.

participants’ responses on an awareness questionnaire sugéentification test. Of the remaining 10 pairs, 5 were used for
gested conscious retrieval of primed information in either practice and 5 as fillers. The arrangement of these materials
experiment (see below). For tié = 18 control subjects in-  was counterbalanced such that each set appeared equally
cluded in the analysis, mean age was8%4+ 11.58 years, often in the different experimental conditions.
mean level of education was P + 3.14 years, and mean A five-item awareness questionnaire, based on the ques-
MQ was 10761+ 11.22. tionnaire in McKone and Slef3], was used in the con-
trol group to exclude those who consciously retrieved the
word pairs in the perceptual identification test. Compared to

3. Experiment 1 Bowers and Schactét], the assessment prepared by McK-
one and Sled23] has two additional questions designed

3.1. Methods to determine whether subjects had noted, during perceptual
identification, the presence of some word pairs encountered

3.1.1. Materials during the study phase, and if so, whether their strategy had

A total of 210 two-character Chinese words were se- changed as a result. For any subject meeting criteria for con-
lected to form 105 unrelated word pairs, for example, scious awareness plus strategy change on this questionnaire,
W —idk (rose—magnetyiit —%st (key—walnut), 8 —2% the experimental data were excluded from the subsequent
(intuition—honor). No obvious semantic, orthographic or analysis.
phonological relationship existed between the two words
in each pair. All the context and target words had medium 3.1.2. Procedure
frequencies of occurrence (372 160 per million) and
medium numbers of strokes (1D & 3.24). Since all Chi- 3.1.2.1. Determination of the exposure duration yielding
nese characters correspond to one spoken syllable, eac®0-30% accuracy for each subject. Sixty pairs of words
word (two characters) had two syllables. No target word or were divided into six groups, 10 pairs per group. The initial
its component characters occurred more than once in theexposure duration was 200 ms for the patients and 100 ms
study session. for the control subjects. The instructions for the perceptual

Out of 105 word pairs, 65 word pairs, including five pairs identification task were the following: “This task is to test
for pretraining, were used to determine the exposure durationyour reaction time. You will see some word pairs on the
for each subject. Thirty word pairs were used as study and screen which are presented very rapidly. Please say aloud
test material. These target pairs were divided into three setswhat you saw as quickly as possible.” Subjects were seated
of 10 each to be used as old, recombined and new pairs,approximately 60 cm from the screen and looked directly at
respectively. Two sets were presented in the study sessionthe center of the screen in preparation for the brief appear-
while the third set was used as the baseline in the perceptuaRnce of the pair. The characters of each word were arranged
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horizontally like “# —#i%: * (rose—magnet). Preceding the Table 2

presentation of each word pair, a fixation charactet was Proportior_1 correct in_ the perceptu_al identificati(_)_n test (meaBD.) for

displayed at the center of the screen, and an auditory signa€2c" Sublect group in each experimental condition

was also presented to alert the subject to the imminent ar-Group N Old pairs  Recombined New pairs

rival of the stimulus pair. Following fixation, 500 ms later, pairs

a word pair was presented for the appropriate duration and 2" 18 0.66+0.12 048+ 014 023+0.11
MTL patients 18 0.49: 0.14 0.52+ 0.16 0.23+ 0.06

then _masked_immediately by an _irregular and meaninglessM”dly impaired MQ 8 059+ 008 055& 0.14 0.244+ 0.05
drawing consisting of character-like strokes. Then subjects severely impaired MQ 10 0.42 0.13 0.49+ 0.18 0.22+ 0.06
were asked to say aloud what they had seen as quickly as
possible. The experimenter recorded the responses, which
were considered correct if the subject reported both words task, the level of performance on old pairs relative to recom-
in the correct order. Measurements began after the subjecbined ones was regarded as an index of associative priming,
had seen the five practice pairs two times each. If the per-While performance on recombined pairs relative to new
centage of correct report was higher than 30%, the exposureones was treated as the measure of item repetition priming.
duration of the next 10 pairs was reduced by 16.7 ms. On the
other hand, if the percentage correct was lower than 20%,3.2. Results
the duration of the next 10 pairs was increased by 16.7 ms.
If subjects identified none or all of the 10 pairs, the duration  Table 2 presents the proportions of correct perceptual
was changed by 33.4 ms. Using this procedure over the sixidentification of word pairs by each subject group for each
sets of word pairs, the exposure duration for each subjectof the three pair types. Normal subjects identified more old
was gradually set to yield a percentage of correct identifica- pairs than recombined ones and more recombined pairs than
tion of word pairs in the range of 20-30%. new ones; but MTL patients, in both mild and severe mem-
ory deficit sub-groups, were only more successful on old and
3.1.2.2. Sudy session. Five minutes after the duration- recombined pairs than new ones, with no advantage for old
setting phase, subjects were asked to generate a meaningfuklative to recombined words. A two-way repeated measures
sentence for each of 20 word pairs and say the sentencesnalysis of variance (ANOVA) revealed a significant main
aloud. Pairs were presented at the center of the screen. At theffect of pair type,F(2, 34) = 21199, P < 0.01, and a re-
beginning of the session, subjects practiced with five word liable interaction between group and pair typ&}l, 34) =
pairs to make sure that they understood the instructions and11.41, P < 0.01. The main effect of group failed to achieve
were familiar with the procedure. Each pair was presented significance F(1, 34) = 2.03, P = 0.16. The difference be-
for 5s and then replaced with+" on the screen until the  tween recombined and new pairs in both groups reached sig-
subject produced a sentence and then pressed “ENTER” tonificance,t(17) = 6.64, P < 0.001 ands(17) = 8.64, P <
continue. 0.001, respectively, which indicated reliable item repetition
priming in patients as well as controls. But the difference be-
3.1.2.3. Test session.  After the study phase, subjects per- tween old and recombined pairs was significant only in the
formed mental arithmetic (serial subtraction of 7 starting control groups(17) = 5.17, P < 0.001, indicating a failure
from 100) continuously for 3 min. Then subjects were asked of priming for new associations in MTL damaged subjects.
to finish the perceptual identification task. Thirty test pairs, Supporting this conclusion, there was a statistically signifi-
which included old, recombined and new pairs, were pre- cant difference between groups in the proportion of correctly
sented in random order with the predetermined exposure du-identified old pairs, 0.66 for the controls versus 0.49 for the
ration. Then subjects performed an explicit recognition test patientsy(34) = 3.79, P < 0.001. The subgroup of patients
on word pairs, presented for 5s each, in either the same orwith the milder memory deficit identified numerically more
different combinations as those in the study session. Sub-old pairs than recombined ones (0.59 versus 0.55), but the
jects were asked to respond “same” or “different” as quickly difference was not statistically significant, indicating a lack
and accurately as possible. Note that both old and recom-of notable associative priming even in these milder memory
bined pairs were identically constituted for the perceptual deficit patients.
identification and recognition tests. At the end of the exper-  In a correlational analysis for patient data only, the cor-
iment, normal subjects were asked to fill in the awarenessrelation between associative priming and MQ was moderate

guestionnaire. and significant (Pearsonis= 0.63, P < 0.05, two-tailed).
In the mild memory deficit subgroup, however, this correla-
3.1.3. Satigtical analysis tion was not significant; = 0.25, P = 0.55. Pearson’s cor-

The experimental manipulations included group as a relation between item priming and MQ was also not reliable,
between-subjects factor (MTL lesioned versus control » = 0.17, P = 0.31, and there was no significant correlation
group), and both type of word pair (old, recombined, new between associative priming and the extent of brain lesion.
pairs) and task (perceptual identification versus recognition)  To assess explicit recognition memory, for each subject we
as within-subject factors. In the perceptual identification calculated the proportion of old pairs correctly recognized



J. Yang et al./Neuropsychologia 41 (2003) 818-829 823

Table 3 because both their associative priming and recognition were
Explicit recognition scores (meah S.D.) in Experiment 1: hit rate, significantly impaired.) Moreover, correlation measures be-
false-alarm rate and tween associative priming and explicit recognition memory
Group Hit rate False-alarm  d were insignificant in both MTL patients as a whole and the
rate milder memory deficit subgroup. For these reasons and oth-
Control 0874012 034+ 0.18  2.88+ 1.30 ers, we treat the significant advantage for identification of
MTL patients 0.79+ 0.15 0.46+ 0.26  1.30+ 1.32 : o )
Mildly impaired MQ ~ 0.854 0.13  0.34+ 028  1.90+ 151 old > recombined pairs in the control group as an associa-
Severely impaired MQ ~ 0.74 0.15  0.56+ 0.21  0.81+ 0.96 tive priming effect that does not depend crucially on explicit
memory for studied pairs. We do, however, acknowledge
the possibility of some contribution from episodic memory
to the associative priming effect documented in the normal

) ) ) o subjects, and we will return to this important issue in the
(hit rate), the proportion of recombined pairs incorrectly general discussion.

Note: d’ scores are means of the individual-subjéctalues, notd’ scores
based on the mean hit and false-alarm rates.

attributed to the study list (false-alarm rate), adfd(see Two kinds of relations can be the basis of associative

Table 3. Discrimination between old and recombined pairs priming: an association between two separate stimuli, or an
in the MTL lesioned group (mea’ = 1.30) was signifi-  5550ciation between two features of a single stimulus. Some
cantly lower than that of the normal group (me#n= 2.88), previous results indicate that forming associations between

1(34) = 3.62, P < 0.01, which confirms the patients’ im-  nrelated word pairs depends on semantic encddifig 9]
paired explicit memory. No significant correlation was ob- \yhile the present results suggest that the MTL is required

tained between associative priming addeither in MTL  for forming this kind of association, it remains to be deter-
patients as a whole group & 0.40, P = 0.08) orinthe  yined whether MTL lesioned patients would be more likely
milder memory deficit subgroup & 0.42, P = 0.21). to display priming for an association between two features
of a single stimulus, which might depend more on percep-
3.3. Discussion tual processing. We addressed this question in Experiment

2 by use of colored words as stim{&i8], in which the rela-
This experiment revealed three noteworthy results regard-tionship that constitutes the basis for the new association is
ing the patients with MTL lesions. (1) Item repetition prim- between two features or components of the same perceptual
ing was observed in both the patient and control groups, asobject.
measured by a significant advantage for perceptual identifi-
cation of recombined word pairs relative to completely new
pairs; this benefit was of virtually identical magnitude across 4. Experiment 2
normal and impaired subject groups. (2) Associative prim-
ing was observed for the control subjects but not the MTL 4.1. Methods
patients; unlike controls, the patients showed no advantage
in identifying briefly presented words in old pairs relative 4.1.1. Materials
to recombined pairs. (3) The patient group as a whole, and Forty-five Chinese two-character words were selected,
especially the more severe subgroup, showed impaired ex-such as % " (honor). Each word was printed in blue, green,
plicit recognition memory as measured by discrimination yellow or purple. The stimulus characteristics were the same
between true old and recombined word pairs. as for the words in Experiment 1, except that all words in
The results of this experiment are consistent with the hy- Experiment 2 had abstract meanings so as to avoid any rela-
pothesis that the MTL mediates learning of and priming for tionship (congruent or incongruent) between the words and
new associations. Since all words in old and recombined colors. Of 45 words, four were used as practice items and
pairs were seen in the study session, the only difference be-five as filler items. The remaining 36 words were used as
tween them was the presence or absence of an experimentaformal study and test material, with nine words printed in
episodic association between particular word combinations. each of the four colors. They were divided into three sets
The fact that the patients displayed not only abnormal recog- of 12 words each to be used as old, recombined and new
nition memory for, but also an absence of priming from, old words, respectively. Two sets were presented in the study
pairs suggests that the MTL is vital in the formation of new session, the third only in the subsequent color naming test
associations, whether the task is explicit or implicit. session. The new words appeared in the same four colors as
Data from control subjects whose answers on the aware-the old and recombined words in the test session. The ma-
ness questionnaire suggested deliberate reference to explicitterials were counterbalanced so that each set would appear
episodic memory for studied pairs during performance of equally often in the three different experimental conditions.
the perceptual identification test were excluded from the
analysis. (Although we did not test the MTL patients with 4.1.2. Procedure
the awareness questionnaire, it seems unlikely that their In the study session, we encouraged subjects to unitize
performance was affected much if at all by explicit memory, the word and the color of the word together, by asking them
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to attend to both features jointly. The subjects were asked different subject groups. Normal subjects named the col-
say aloud the word’s color, and then rate how much they ors of words presented in their original colors more quickly
liked the word in that color on a three-point scale. During than the recombined words, and those of recombined items
the study session, each word was presented for 4 s and themore quickly than the colors of new words. By contrast,
disappeared, being replaced with™ at the center of the = MTL patients as a whole group, and also in both mild and
screen. Two seconds later, another word appeared automatsevere memory deficit subgroups, only named the colors
ically. At the beginning of the study session, each subject of studied words (both old and recombined) more quickly
practiced with four colored words to become familiar with than the colors of new words, with no advantage for orig-
the procedure. After naming the word colors and rating each inal word—color pairings over recombinations. A two-way
of the 24 colored words, subjects subtracted 7 from 100 repeated measures ANOVA on color naming RTs revealed
continuously for 3 min. Then subjects were asked to com- a main effect of word typeF(1, 34) = 41.27, P < 0.01,
plete another color naming task. The instruction was the but neither a main effect of group (despite the fact that the
following: “This task is to test your reaction time. You will  patients had slower RTs overall than the control group) nor
see some colored words on the screen. Please say aloud than interaction between group and word type (bftk 1).
name of the color in which each word appears as quickly as Both groups showed a significant RT advantage for nam-
possible.” All three sets of words (total = 36) were pre- ing the colors of recombined relative to new words, con-
sented; the computer recorded the reaction time (RT) from atrol: #(17) = 5.83, P < 0.001, and patients(17) = 2.61,
voice key, and the experimenter recorded any errors in color P < 0.05, which indicated reliable item priming in both
naming. Afterward, subjects performed an explicit recogni- groups. There was also a significant difference between the
tion memory test with the following instructions: “This task recombined and old words in both groups, but in opposite
is a memory test. You will see some colored words on the directions: normal subjects named word color more quickly
screen. All of the words were seen in the study session. How-in old than in recombined words, as expectgtly) = 3.07,
ever, some of them are in the same color as in the study ses < 0.001; but the MTL patients showed the reverse pattern,
sion (old words), some are in different colors (recombined #(17) = 5.31, P < 0.001. It should be noted that, in addition
words). Please press 'y’ for the old words, and press ‘n’ for to the RT advantage for recombined relative to new words
the recombined words as quickly as possible.” Finally, nor- already reported, the MTL patients also named the colors of

mal subjects filled in the awareness questionnaire. old words more quickly than the new wordg¢17) = 5.20,
P < 0.0001.
4.1.3. Satistics Mean accuracy for word color naming in the control group

The experimental manipulations included group as a was about 0.95 in all three test conditions; in MTL patients,
between-subjects factor (MTL lesioned versus control average accuracy was 0.93, 0.91 and 0.91 for old, recom-
group), and both word type (old, recombined, new words) bined and new words, respectively. Although there was no
and the type of task (color naming versus recognition) significant difference in accuracy of word color naming for
as within-subject factors. If subjects named the colors of the different word types in either group as a whole, those
words presented in their original (study session) colors sig- patients whose mean RT to recombined words was less than
nificantly more quickly than the colors of the recombined that to old words did show higher accuracy for old than re-
words, this was treated as an index of positive associativecombined words. The patients were divided into two sub-
priming. If subjects named the colors of the recombined groups according to whether the response times to recom-
words more rapidly than the colors of the new words, this bined words were quicker or slower than those to old words.

was taken to reflect item repetition priming. Percentages of correct responses for old and recombined
words in each subgroup were tested, respectively. Subjects in
4.2. Results the “negative” priming subgroup (i.e. where the mean RT to

recombined words was less than that to old words) showed
higher accuracy for old than recombined words that virtu-
ally reached conventional levels of significance (0.92 versus
0.87,1(9) = 2.20, P = 0.055). In the other subgroup, the
mean accuracies for the old and recombined colored words

Table 4presents the mean reaction time for naming the
colors of old, recombined and new colored words in the

Table 4 .

Mean reaction time (ms) in color naming task (me&a®.D.) for each We_re 0.95 a_md_ 0.94, respectivelyy) = 0.94, P = O.'38'. .

subject group in each experimental condition This result indicates that the apparent negative priming is

, related to the accuracy of the color naming task.

Group N  Old words Recombined New words . . . -
words The correlation in the patient data between associative

Control 18 807+ 142 840+ 147 862+ 147 priming and MQ was mo.derate and S|gn|f|cant (Pear;qn S

Mildly impaired MQ 8 897+ 211 883+ 199 959+ 211 subgroup, however, this correlation was not significant,

Severely 10 12044+ 307 1155+ 300 1242+ 300 0.38, P = 0.33. Pearson'’s correlation between item priming

impaired MQ and MQ was also not reliable= 0.34, P = 0.17, and there
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Table 5 and the results reported here suggest that priming for re-

Explicit recognition scores (meahS.D.) in Experiment 2: hit rate, false cently encountered new associations of two features of one

alarm rate andf stimulus depends on an intact MTL system.

Group Hit rate False alarm o Unexpectedly, the MTL patients named word color more
rate slowly in old than in recombined words. This result could

Control 073+ 014 052+ 019 083+ 0.44 suggest a meaningful impact of associative priming in a
MTL patients 061+ 0.14 0.58+ 0.18  0.40+ 0.45 e direction. but der this unlikelv. Note that
Mildly impaired MQ ~ 0.62+ 0.14  0.54+ 0.22  0.57+ 0.60 negative direction, but we consider this uniikely. Note that,
Severely impaired MQ 0.6 0.15  0.63+ 0.15  0.27+ 0.22 although it was a reliable difference, the RT advantage for

color naming in recombined over old words was numeri-
cally smaller than the advantage for old words relative to
new words in the MTL patients as a whole group and also
o ) o _ . in the mild subgroup. Furthermore, this apparent negative
was no significant correlation between associative priming priming effect may be partly explained in terms of a small
and the extent of damage. - speed-accuracy trade-off, since accuracy of color haming
As for explicit recognition of old pairings of words and  \yas higher for old words than for recombined words. Al-
colors, the patient group had a lower hit rate and a higher though this effect was not significant when analyzed with
false-alarm rate than the controls, yielding a significant dif- e \whole group, analysis with only those patients whose re-
H /
ference ind’ (0.83 and 0.40, for control and MTL group,  gponse times to recombined words were quicker than those
respectively)/(34) = 2.88, P < 0.01 (seeTable J. Note, 15 o|d words did show higher accuracy (with borderline sig-
however, that discrimination between original and recom- pjficance) for old than recombined words. In other words,
bined pairngs of words and colors in this experiment, as the apparent negative priming is related to accuracy of the
measured byl, was very low in both groups. No significant  naming task. We are reluctant to give too much weight or
correlation obtained between associative priming @i interpretation to this small effect, but suggest that it will be

either MTL patients as wholer (= 0.12, P = 0.9) or the  \yorthwhile to be vigilant for a similar phenomenon in future
milder memory deficit subgroup & 0.15, P = 0.72). studies of this kind.

Note: d’ scores are means of the individual-subjéctalues, notd’ scores
based on the mean hit and false-alarm rates.

4.3. Discussion
5. General discussion

In Experiment 2, patients with MTL lesions failed to show
any RT advantage in naming the colors of words presented The present study employed a task of perceptual identifi-
in their originally studied colors, although item repetition cation of briefly presented word pairs in Experiment 1, and a
priming (old or recombined versus new words) did have the task of speeded single word color naming in Experiment 2,
expected significant benefit on speed of word color naming. to explore the role of the medial temporal lobe in the learn-
Predictably, the patients’ explicit memory for the word—color ing of new associations. Patients with MTL lesions, relative
associations was also poorer than that of normal control sub-to matched controls, were characterized by (a) impaired ex-
jects. This experiment not only corroborated and strength- plicit memory for, and (b) an absence of priming by, recently
ened the results of Experiment 1, but also demonstratedencountered new associations between the words of a pair
that establishing a new implicit association depends on thein Experiment 1 and between words and the colors in which
MTL even when the items to be associated are two com- they were printed in Experiment 2. By contrast, the patients’
ponents or aspects of one stimulus rather than two separatg@erformance was facilitated to a completely normal degree
stimuli. by item repetition priming in both experiments.

In this experiment, the words were selected to have ab- The functional architecture of human memory is revealed
stract meanings to ensure that there were no preexisting reby dissociation among memory capacities in brain damaged
lations between the word and any color. Subjects were en-patients, many from the study of amnesic patients. However,
couraged to attend to both the word and the color, and to these findings do not necessarily elucidate the nature of the
store them together as a ulfi28,29] The only difference neural circuits on which various aspects of memory depend,
between the old and the recombined colored words was thatunless the researchers are able to provide crucial information
the former stimuli were exactly what subjects had studied, about lesion location. This was one of our aims in selecting
whereas in the latter, the combination between color and exclusively cases with MTL lesions. Furthermore, terms like
word changed. A similar result was obtained in some pre- mild, moderate and severe amnesia are only rather imprecise
vious studies of auditory priming, in which subjects were descriptions of memory impairment and are likely to be
asked to identify low-pass filtered words when the speaker’s used differently by various researchggd]. In this study,
voice was the same or different at study and {&s84]. we used the WMS to provide a systematic pre-experimental
Unlike control subjects, the amnesic patients showed no assessment of the patients’ degree of memory deficit, which
word-identification advantage in the same-voice condition could then be related to various aspects of the experimental
relative to the different-voice condition. Both their results outcomes.
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Studies of human amnesia plus animal models for this here werdntended to produce facilitation as a result of im-
disorder have led to the view that the MTL is crucial in order plicit, automatic priming; but of course normal participants
to bind together previously unrelated events or representa-also have recourse to explicit retrieval of episodic memories
tions [38,40,42] Such binding is believed to be one of the for previous stimulus presentations. Such explicit retrieval
mechanisms underlying explicit memory, and it is widely is presumably not available, or at least much less so, for
agreed that damage to the medial temporal lobe disrupts thethe MTL patients. For control subjects, despite our use of
creation of new explicit episodic memories that link such tasks (masked perceptual identification and speeded naming)
events or representations. Whether implicit memory for as- that are thought to be less prone to explicit ‘contamination’
sociated events also depends on this mechanism is debated17,23,30] and despite our exclusion of results from con-
but the results in the present study offer a positive answer trol subjects who admitted deliberate retrieval of studied in-
to this question. In our study, instead of using amnesia asformation; we acknowledge that a contribution of episodic
the criterion for selecting subjects, we chose patients with memory still cannot be completely ruled out.
focal MTL lesions. The outcome for the patients relative to  Explicit contamination is a problem faced by all stud-
matched controls was considerably reduced or even absentes of this type, not just the present one. This problem was
associative priming, even for the subgroup of patients with insightfully reviewed by Goshen-Gottstein et Hl7], who
a mild memory deficit, in two different tasks with different proposed three key criteria for a valid demonstration of in-
types of stimuli. This outcome is most consistent with the tact implicit memory in amnesia. In one sense, because our
hypothesis that any significant damage to the MTL compro- experiments did not yield significant associative priming in
mises learning of new associations, whether the associationthe amnesic group, these criteria might seem irrelevant here;
concerns two separate items or two aspects of a single stim-but we would like to argue that one of the criteria is germane
ulus and whether the test is explicit or implicit. to our claim that significant associative priming in -

The distinction between implicit and explicit memory has trol group is not primarily attributable to explicit memory.
been intensively studied, with a combination of experimen- According to Goshen-Gottstein et al., to interpret a prim-
tal psychology, neuropsychology, and recently of functional ing effect in patients as deriving from implicit memory, “the
neuroimaging techniques. Converging evidence from all same patients must show impaired performance on an ex-
three approaches suggests that the source of implicit per-plicit test, in which identical retrieval cues are provided to
ceptual priming is activation of perceptual representations, those presented in the implicit test” (p. 571). Both of our ex-
but that explicit memory depends on episodic and/or seman-periments did provide identical retrieval cues in the explicit
tic memory systems. Neuroanatomically speaking, implicit and implicit tests; and we therefore consider it noteworthy
perceptual priming is thought to rely mainly on posterior that the control participants were substantially below ceiling
neocortex, while explicit memory is mediated by the me- in their explicit recognition of old as opposed to recombined
dial temporal lobe—diencephalic system. Most studies thatword pairs in Experiment 1 (mea#i = 2.88), and even
support the dissociation of implicit memory and explicit more noteworthy that they were frankly ‘impaired’ in their
memory, however, have used single items as experimentalexplicit recognition of original word—color pairs in Exper-
materials, with only a few extending the investigation to the iment 2 (mean?’ = 0.83). Relatively poor performance in
relation between items. The distinction between implicit explicit memory by controls has also been reported in other
memory and explicit memory revealed by previous studies studies. For example, in Chun and Phel@k thed' score
thus need not apply to all kinds of implicit memory tasks. of the control subjects was about 0.80, which is very similar
If, as suggested by this and at least some other studies (e.gto our results of experiment 2. Of course, this middling to
[6,18,22,37], amnesic patients can show normal item prim- poor explicit memory by control participants does not prove
ing but reduced or absent associative priming, this would a complete absence of any contribution from explicit mem-
imply different brain mechanisms underlying these two ory to their significant associative priming, but it does seem
kinds of priming effects. The present study further demon- to reduce its likely importance.
strated an association between abnormal associative priming There is another point. As stated above at the beginning
and impaired explicit memory in patients with MTL lesions. of our discussion of this issue, the paradigms applied here
In general, our results support the hypothesis of Schacterwere of course designed to permit implicit priming for the
et al. [34] that there are two forms of implicit memory. amnesic patients. It is essential to emphasize that they fully
The form supported by the perceptual representation sys-succeeded in this regard wheatem priming is concerned.
tems in posterior cortex is preserved in amnesic patients.In Experiment 1, the measure of item priming—benefit in
The form resulting from an interaction between perceptual perceptual identification of recombined pairs relative to new
representations and episodic memory systems in the me-pairs—was of precisely the same magnitude for the control
dial temporal lobe—diencephalic system is not preserved ingroup and for the patients, even the severely impaired sub-
amnesic patients, at least not those with focal MTL lesions. group. And in Experiment 2, the RT benefit for naming the

It is important to deal with a potential problem in inter- colors of recombined words relative to new words was ac-
preting the absence of associative priming for the patientstually larger for the patients (82 ms, or a 7.3% priming ef-
as a failure of implicit priming. The techniques employed fect relative to the new word baseline) than for the controls
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(a 22 ms advantage, which is a 2.5% priming effect). Given was instead explicable in terms of a “gradual skill-learning
that the size of priming effects tends to rise with longer mechanism.”
baseline RTs, we would not want to make too much of the  The other possibility is that there may be two kinds of
fact that the item priming RT effect was larger in the pa- associative priming, one of which is dependent on MTL re-
tients who were also slower overall than controls; but it was gions while the other is not. These two might be viewed as
certainly not smaller. In other words, single item priming qualitatively different or (in our view, more likely) as form-
effects were just as large for MTL patients as for controls ing a continuum. The type of associative priming encour-
in both experiments. Therefore, unless one were preparedaged in a particular experiment would depend on the stimuli
to argue either (a) that the patients could use explicit re- and experimental procedures. We suggest that, if the associ-
trieval for single words but not for pairs, or (b) that control ation to be formed is more configurational, MTL structures
subjects did use explicit retrieval for pairs but not for sin- are more likely to play a critical role and therefore amnesic
gle words, the most plausible conclusion is that both nor- patients with MTL lesions will be less likely to demon-
mal and MTL subjects demonstrated implicit priming for strate significant associative priming. For example, Chun
items but only normal subjects showed implicit associative and Phelpg6] showed impaired implicit contextual learn-
priming. ing in hippocampal patients in a spatial configuration task.
Additional evidence against a significant contribution of They argued that this may “indicate that our patients were
explicit memory to implicit memory comes from the absence impaired at learning novel spatial configurations (which in-
of a significant correlation between recognition memory and volves binding several relational associations between ob-
associative priming in both experiments. Although this result jects), rather than novel simple associations between global
still cannot conclusively eliminate the possibility of explicit context and target locations.” (p. 846). Goshen-Gottstein
contamination, it is more compatible with the hypothesis that et al. [17] reported a positive associative priming effect in
the associative priming documented in the control subjects amnesic patients in a verbal association task. Thus, “whereas
was not significantly affected by explicit retrieval. a word form system may be designed to form new entities by
Our results are of course consistent with previous re- combining elements (as the case of Goshen-Gottstein et al.),
search documenting reduced or absent associative primingother systems may require the hippocampal complex to do
in amnesia, either with a similar paradigm (¢30]) or with so. For example, systems implicated in representing spatial
different tasks (e.g. stem completi¢iB,22,37] contextual configurations may require the hippocampal complex for the
learning[6]). But our results are also discrepant from reports formation of new associations. (as the case of Chun and
of preserved priming for new associations between word Phelps)” (Goshen-Gottstein et §.7], p. 576). Our results
pairs (e.g[12,17,25), and we need to try to understand these were similar to Chun and Phelfg] in that the explicit per-
discrepant outcomes. One possible account is the methodformance of our normal subjects was not very high (espe-
ological differences. For example, Gabrieli et[a2], hav- cially in Experiment 2), and our amnesic patients failed to
ing observed intact associative priming in global amnesia, show associative priming effects. Our results not only repli-
attributed its absence in the results from Paller and Mayescate but extend those of Chun and Phelps in that the lesions
[30] to sequential presentation of the two words in each pair. of our patients were all limited to unilateral MTL, and even
They argued that new associations underlying visual priming the mild memory deficit patients had impaired associative
“must be formed in a single percept of simultaneously pre- priming.
sented words, and cannot be accessed across two sequential There is another regard in which the outcome of our study
percepts” (p. 329). Goshen-Gottstein and Moscovjids] may extend the conclusions of both Chun and Ph@pand
directly compared simultaneous and sequential presentationGoshen-Gottstein et glL7], in particular, and contribute to
and also highlighted the importance of simultaneous presen-this issue in general: the demonstration of impaired asso-
tation for priming for new associations. The present study, ciative priming in amnesic patients in verbal tasks involving
however, makes it clear that simultaneous presentation of thethe Chinese writing system. Chinese characters are morpho-
items (or features) to be associated is not sufficient to guar-graphic linguistic elements, not pictures or ideograms; but
antee positive associative priming. Two methodological dif- they almost certainly invoke more spatial, configural pro-
ferences between Gabrieli et al. and our Experiment 1 seemcessing than words written in alphabetic characters. For ex-
worth noting too, even though we are not confident that either ample, letters of an alphabetic word are always arranged in a
or even both can account for the different outcomes. First, in strictly left-to-right (or, in Arabic and Hebrew, right-to-left)
the study session, target pairs were presented twice each byrder, whereas the spatial organization of the semantic and
Gabirieli et al. but only once in our experiment. Second, the phonetic radicals of Chinese characters can be left/right,
task performed at test was the same as that at study (readingop/bottom, or even outside/inside. Moreover, in contrast
word pairs aloud) in Gabrieli et al. but different in our exper- to the letters of the Roman alphabet, Chinese characters
iment (sentence formation at study, perceptual identification vary greatly in their number of strokes/visual complexity.
at test). Goshen-Gottstein et fl7] suggested that both of  Although this hypothesis is only tentative and needs experi-
these characteristics might have contributed to an apparentmental confirmation, these factors may mean that new asso-
associative priming effect in the study by Gabrieli et al. that ciations involving written words are more likely to depend
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on spatial processing (and hence the MTL system) in Chi- [9] Eichenbaum H. Conscious awareness, memory and the hippocampus.
nese than in alphabetic writing. Nature Neuroscience 1999;2:775-6.

The suggestion from the present study that the medial [10] Fleischman DA, Gabrieli JDE, Rinaldi JA. Word-stem completion

. . . . . priming for perceptually and conceptually encoded words in patients

temporal lobe ?y_Stem is implicated in associative priming with Alzheimer’s disease. Neuropsychologia 1997;35:25-35.
as well as explicit memory does not mean, of course, that [11] Fleischman DA, Vaidya CJ, Lange KL, Gabrieli JDE. A dissociation
there are no differences between these two phenomena, between perceptual explicit and implicit memory processes. Brain
either functionally or neuroanatomically. Some researchers  and Cognition 1997;35:42-57.
have recently attempted to differentiate the functions of [12] Gabrieli JDE, Keane MM, Zarella MM, Poldrack RA. Preservation

. . . of implicit memory for new associations in global amnesia.
the hippocampal and parahippocampal regi@$3], sug- Psychological Science 1997:8:326-9,

QeSting Fhat .the parahippo.campal '_'egion can bind diﬁer?m [13] Gabrieli JDE, Brewer JB, Desmond JE, Glover GH. Separate neural
information into a semantic association, whereas the hip- bases of two fundamental memory processes in the human medial
pocampus can add contextually rich episodic or spatial temporal lobe. Science 1997;276:264-6.

information to the representation. Further study is needed[14] Gong. Y. Handbook of Wechsler memory scale—revised. Hunan:

to explore the cognitive functions of, and brain regions
involved in, priming for new associations and the corre-
sponding explicit memory.
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