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Abstract

B The ability to detect novelty is a characteristic of all
mammalian nervous systems (Sokolov, 1963), and it plays a
critical role in memory in the sense that items that are
novel, or distinctive, are remembered better than those that
are less distinct (von Restorff, 1933). Although several brain
areas are sensitive to stimulus novelty, it is not yet known
which regions play a role in producing novelty-related
effects on memory. In the current study, we investigated
novelty effects on recognition memory in amnesic patients
and healthy control subjects. The control subjects demon-

INTRODUCTION

The effects of novelty have been examined using a
variety of different behavioral paradigms (e.g., Gabrieli,
Brewer, Desmond, & Glover, 1997; Stern et al., 1996;
Tulving, Markowitsch, Craik, Habib, & Houle, 1996;
Tulving & Kroll, 1995; von Restorff, 1933), but, the most
extensively studied method for examining the effects of
novelty on subsequent memory was developed by von
Restorff (Kishiyama & Yonelinas, 2003; Parker, Wilding,
& Ackerman, 1998; Hunt, 1995; Kinsbourne & George,
1974; Wallace, 1965; Saltz & Newman, 1959; von RestorfT,
1933). In this paradigm, subjects study a list of items that
include a small number of items that have a relatively
novel characteristic in the context of the list. For exam-
ple, in a list of yellow objects, one object may be
presented in red. In subsequent tests of memory, sub-
jects are found to exhibit a memory advantage for the
novel compared with the non-novel items. This effect is
quite robust and has been observed when items are
made novel on the basis of a number of different
stimulus dimensions such as color, size, brightness,
and semantic category (e.g., Hunt, 1995; Cimbalo,
1978; Wallace, 1965). Moreover, it is observed in both
recall and recognition memory tests (e.g., Parker et al.,
1998; Fabiani & Donchin, 1995; Hunt, 1995; Cimbalo,
1978; Wallace, 1965; von Restorff, 1933).
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strated better recognition for items that were novel (i.e.,
presented in an infrequent color), and this effect was found
for both recollection and familiarity-based responses. How-
ever, the novelty advantage was effectively eliminated in
patients with extensive medial temporal lobe damage, mild
hypoxic patients expected to have relatively selective
hippocampal damage, and in a patient with thalamic lesions.
The results indicate that the human medial temporal lobes
play a critical role in producing normal novelty effects
in memory. Wl

A variety of brain regions are sensitive to novelty, but
the regions involved in producing memory-related nov-
elty effects are currently debated (e.g., Parker et al.,
1998; Knight, 1996; Tulving, Markowitsch, Kapur, Habib,
& Houle, 1994). For example, human brain imaging
studies have shown that visually distinctive items and
items that are presented for the first time compared
with repeated items elicit greater activation in the
hippocampus, in the parahippocampal, fusiform and
lingual gyri, as well as in the thalamus and prefrontal
cortex (e.g., Kirchhoff, Wagner, Maril, & Stern, 2000;
Menon, White, Eliez, Glover, & Reiss, 2000; Martin, 1999;
Gabrieli et al., 1997; Stern et al., 1996; Tulving et al.,
1996). Novelty responses have also been observed in the
human medial temporal lobes using intracerebral re-
cordings (Fried, MacDonald, & Wilson, 1997; Halgren
et al., 1980, 1995). Furthermore, the P3a event-related
scalp potential that is associated with novelty is signifi-
cantly reduced in human patients with medial temporal
(Knight, 1996) or frontal lobe damage (Daftner et al.,
2000; Knight & Scabini, 1998; Knight, 1984). Moreover,
single-unit recording studies in rats and nonhuman
primates have identified novelty-sensitive neurons in
the hippocampus (Rolls, Cahusac, Feigenbaum, & Miya-
shita, 1993), in the perirhinal cortex (Fahy, Riches, &
Brown, 1993; Riches, Wilson, & Brown, 1991; Brown,
Wilson, & Riches, 1987), and in the thalamus (Aggleton
& Brown, 1999; Fahy et al., 1993).

These studies, however, do not indicate which
structures are critical in producing novelty-related
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enhancements in memory because subsequent memory
was not measured. Moreover, the activation studies only
indicate which regions are sensitive to novelty; they do
not show which regions play a necessary role in pro-
ducing the novelty advantage in memory. Studies of
patients with damage to these regions should prove
useful in addressing this issue. One recent lesion study
that examined von Restorff effects in nonhuman pri-
mates suggested that the perirhinal, frontal, and thalam-
ic regions, but not the hippocampus, were necessary for
producing a novelty effect on memory (Parker et al.,
1998). They found that lesions designed to isolate the
hippocampus (i.e., bilateral amygdala and fornix lesions)
did not disrupt the novelty effects, whereas lesions
disconnecting the perirhinal and either the frontal lobes
or medial dorsal thalamus eliminated the novelty effects.
These results are consistent with the earlier studies in
indicating that the perirhinal cortex, the thalamus, and
the frontal lobes are involved in novelty, but they are in
conflict in showing that the hippocampus does not play
a necessary role in producing the novelty advantage in
memory. However, whether comparable effects will be
observed in human subjects is unknown.

The purpose of the current study was to determine if
regions damaged in amnesia were necessary for the
novelty-related memory enhancements seen in the von
Restorff paradigm. Although amnesics are expected to
have lower levels of recognition memory than controls,
whether or not they still exhibit a normal memory
advantage for novel compared with non-novel items
remains unknown.

To determine which regions were most critical for
novelty encoding, we contrasted the memory perfor-
mance of amnesic patients with different types of
lesions. In particular, we compared patients with exten-
sive temporal lobe damage (the H+ group) to patients

with damage expected to be relatively restricted to the
hippocampus (the H group). The H+ group included
posterior cerebral infarct patients and anterior temporal
lobectomy patients with damage to the hippocampus
and the surrounding temporal lobe cortex (Figure 1A
and B). The H group consisted of a group of cardiac
arrest patients who suffered from mild hypoxia (i.e.,
brief loss of oxygen). The hypoxic patients had defib-
rillators, thus they could not be scanned in order to
conduct volumetric analysis. However, because they
suffered only very mild hypoxic events (i.e., less than
10 min), and their impairments were mild and limited
to memory (see Methods), their damage is expected to
be limited to the hippocampus. In severe hypoxia,
other brain regions such as the watershed regions in
the cerebral cortex and cerebellum can also be influ-
enced (Markowitsch, Weber-Luxemburger, Ewald, Kess-
ler, & Heiss, 1997; Schmidt-Kastner & Freund, 1991).
However, in cases in which the hypoxic event is brief
and the cognitive deficits are restricted primarily to
memory, volumetric neuroimaging (Vargha-Khadem
et al., 1997; Kartsounis, Rudge, & Stevens, 1995), and
postmortem neuropathological analyses (Rempel-
Clower, Zola, Squire, & Amaral, 1996; Cummings, Tomiya-
su, Read, & Benson, 1984) indicate that the hippocampus
is the primary region influenced by hypoxia and is the
most likely cause of the memory impairments.

Besides the H and H+ groups, we also had the
opportunity to examine the performance of an amnesic
infarct patient with bilateral thalamic lesions (Figure 1C).
Although it is difficult to draw strong conclusions on the
basis of a single subject, the results from this patient
provided a preliminary test of the prediction derived
from neuroimaging studies (e.g., Tulving et al., 1996)
that the thalamus is critical for normal novelty-related
memory enhancements.

Figure 1. Lesion reconstructions for temporal lobectomy (A) and posterior cerebral artery infact patients (B). MR scan of a patient with bilateral

thalamic infarcts (C).
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Figure 2. Example of the isolation-by-color technique used in the von
Restorff paradigm. Black objects represent objects presented in red
and gray objects represent objects presented in yellow.

The influence of stimulus novelty on recognition mem-
ory was investigated using a von Restorff paradigm in
which items were made novel on the basis of color (see
Figure 2). Recognition memory performance was tested
using the remember/know (R/K) procedure (Tulving,
1985) in which subjects were required to indicate wheth-
er each recognition judgment was based on conscious
recollection of the previous study event or whether it was
based on a sense of familiarity in the absence of recollec-
tion. Previous experiments have indicated that in normal
subjects both recollection and familiarity-based recogni-
tion judgments increased for novel compared with non-
novel items (Kishiyama & Yonelinas, 2003). Thus, the
current study allowed us to determine whether amnesia
influenced the novelty effects on either or both of these
memory processes. Our expectation was that the extent
to which the novelty effects were disrupted would de-
pend on the type of amnesic patient examined. Previous
studies of rats and nonhuman primates (Aggleton &
Brown, 1999; Eichenbaum, Otto, & Cohen, 1994) and
human amnesic patients (Yonelinas, 2002; Yonelinas
et al.,, 2002) have indicated that the hippocampus is
critical for recollection, whereas the surrounding para-
hippocampal gyrus is critical for familiarity. Thus, we
expected patients with relatively selective hippocampal
damage (the H group) to exhibit reduced novelty effects
only on recollection, whereas patients with damage in-
cluding the hippocampus and the parahippocampus (the
H+ group) would show reduced novelty effects in both
recollection and familiarity.

RESULTS
Recognition Accuracy

Table 1 presents the average recognition responses for
old and new items for the amnesic and control groups,
and Figure 3 presents d’ measures of overall recognition
accuracy. Recognition accuracy was measured using d’

(see MacMillan & Creelman, 1991) such that a hit was
defined as the proportion of old items receiving a
remember or know response, and the false alarm rate
was defined as the proportion of new items receiving a
remember or know response. Separate analyses of the
remember and know responses are described below.
Note that other indices of accuracy such as hits-minus-
false alarms and A’ were examined but led to similar
conclusions. Planned ¢ tests were one-tailed.

Overall recognition accuracy was greater for novel
than non-novel items, F(1, 18) = 5.29, p < .05, MSE =
.05, and was lower for the amnesics than the controls,
F(1, 18) = 14.33, p < .01, MSE = .16. Most importantly,
there was a significant Group x Item type interaction,
F(1,18) = 832, p < .05, MSE = .05, indicating that the
novelty effects were significantly reduced in the amne-
sics compared with the controls. This was consistent
with direct contrasts that indicated that there was a
significant novelty effect observed in the control group
[t(9) = 3.11, p < .05], but not in the amnesic group
[t(9) = 0.53, p = .31].

Because the amnesics performed more poorly than
controls it is possible that their reduced novelty effects
were due in part to lower levels of performance. To
address this issue, a median split was conducted in
which the control subjects were divided into the sub-
jects with the ‘“highest” overall recognition and the
subjects with the ‘“lowest” recognition. Because the
lowest performing control group (n = 5) performed at
comparable levels to the amnesic group (see Figure 4),
this group served as a performance-matched control
group. Note that the d’ measurements reported in
Figure 4 were derived in the same way as those reported
in Figure 3. Importantly, significant novelty effects were
observed in overall recognition accuracy in this control
group [t(4) = 2.33, p < .05], indicating that novelty
effects were observed even in control subjects who
performed at levels comparable to the amnesics.

Table 1. The Average Probabilities of Remember (R) and
Know (K) Responses for Amnesics and Controls.

Old Items New Items
R K R K

Amnesics

Novel 32 (.19) 31 (.25) .09 (.07) .28 (.18)
Non-novel 41 (.119) 37 (.23) 15 (.10) 36 (.23)
Controls

Novel .55 (.18) .20 (.11) .07 ((11) .16 (.09)
Non-novel 54 (.18) 24 (.14) .13 (.10) .26 (.12)

Standard deviations are presented in parentheses.
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Figure 3. Overall recognition performance for the control and
amnesic groups.

In a subsequent analysis, performance was examined
separately for the H and H+ groups, and the thalamic
patient (Figure 4). As just mentioned, the performance-
matched control group exhibited a significant novelty
effect. In contrast, there was no evidence of a novelty
effect in the H [¢£(2) = 0.45, p = .35] or H+ [¢(5) = 0.23,
p = .41] groups, or in the thalamic patient, indicating
that novelty effects were disrupted in all the amnesic
subgroups.

Recollection and Familiarity

Estimates of recollection and familiarity based on R/K
responses (Yonelinas & Jacoby, 1995) are presented in
Figure 5. Note that all estimates in this figure were
significantly above chance (p < .01), indicating that
both recollection and familiarity supported recognition
in each experimental condition. The estimates in Figure
5 were reported in d’ values, and these estimates were
derived from the proportions of hit and false alarm rates

1.2 %% ENovel
0.4 1 / %

Figure 4. Overall recognition performance for the lowest performing
control group, the thalamic patient (Th), the H+ patients, and the
H patients.
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for remember and know responses. Because subjects
were instructed to respond remember whenever an item
was recollected, the probability of a remember response
was used as an estimate of recollection (i.e., R =
“remember””). To incorporate false alarm rates, accuracy
was measured using d’, such that the proportion of
correct and incorrect remember responses were used as
hits and false alarms. Because subjects were instructed
to respond “know’” when an item was familiar in the
absence of recollection [i.e., “know” = F(1 — R)],
familiarity was estimated as the probability of a know
response given the item was not recollected [i.e., F =
“know”/(1 — R)]. As with the recollection estimates,
the estimates of familiarity for old and new items were
used as hits and false alarms in order to derive d’
estimates of familiarity accuracy. Note that using other
indices of accuracy, such as hits minus false alarms, led
to similar conclusions.

There was a significant Item (novel vs. non-novel) x
Group (amnesic vs. control) interaction, F(1,36) = 5.40,
p < .05, SEM = .096, reflecting the finding that the
novelty effects were significantly reduced in the amne-
sics compared with the controls. The Group X Item x
Process (recollection vs. familiarity) interaction did not
approach significance (F < 1), indicating that the same
pattern of results was observed for both recollection and
familiarity. Moreover, the Item x Process interaction did
not approach significance (F < 1), indicating that nov-
elty had similar effects on recollection and familiarity.
Planned comparisons indicated for the control subjects
that novelty led to a significant increase in recollection
[£(9) = 3.98, p < .01], and a similar although only
marginally significant effect on familiarity [£(9) = 1.61,
p = .07]. In contrast, for the amnesic patients, novelty
did not influence estimates of recollection [£(9) = 0.04,
p = .48] or familiarity [¢(9) = 0.53, p = .30].

Separate analyses of recollection and familiarity esti-
mates in the H and H+ subgroups did not reveal any
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Figure 5. Recollection and familiarity performance for the control and
amnesic groups.
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significant effects of novelty on recollection or familiarity
(all #s < 1), and there was no evidence of novelty effects
on either process in the thalamic infarct patient. Thus,
novelty did not influence estimates of either recollection
or familiarity in any of the amnesic groups.

DISCUSSION

Healthy control subjects exhibited better recognition
memory for novel compared with non-novel items in
the von Restorff paradigm. Consistent with prior work,
comparable novelty effects were observed on recollec-
tion and familiarity-based recognition responses (Kish-
iyama & Yonelinas, 2003). The novelty advantage,
however, was significantly reduced, and no longer
significant, in the amnesic patients. Moreover, no evi-
dence of a novelty effect appeared in either the
patients with extensive medial temporal lobe damage,
in hypoxic patients expected to have more selective
hippocampal damage, or in a patient with thalamic
damage. These results indicate that the human hippo-
campal system plays a critical role in producing novelty-
related memory effects. The fact that the novelty effects
were eliminated in the hypoxic patients and in the
thalamic patient indicates that the human hippocam-
pus and the thalamus play critical roles in novelty
processing. The novelty effects, however, were elimi-
nated in both recollection and familiarity in all the
amnesic groups. This disconfirms our expectation that
the extent to which the novelty effects were disrupted
would depend on the type of amnesic patient.

The results from the current experiment are consis-
tent with previous studies suggesting that the hippo-
campus and thalamus are sensitive to stimulus novelty.
In particular, evidence from neuroimaging (Kirchoff,
Wagner, Maril, & Stern, 2000; Gabrieli et al., 1997; Stern
et al.,, 1996; Tulving et al., 1996) and electrophysiolog-
ical studies (Knight, 1996; Halgren et al., 1995) as well
as animal studies using single-unit recordings and le-
sions (e.g., Aggleton & Brown, 1999; Fahy et al., 1993;
Riches et al., 1991) suggests that the hippocampus and
thalamus are involved in novelty-related responses.
However, subsequent memory performance for novel
events was not measured in those studies. To our
knowledge, the current study is the first to examine
subsequent memory for novel items in amnesic pa-
tients, and it thus provides the first evidence that the
human hippocampus and thalamus are necessary for
normal novelty effects on memory.

The results are partially consistent with the conclu-
sions drawn in a recent nonhuman primate lesion
study (Parker et al., 1998). Parker et al. concluded that
interactions between perirhinal and frontal as well as
between perirhinal and thalamic regions were critical in
leading to normal von Restorff effects. This is in
agreement with the finding that damage to the thala-
mus eliminated the novelty effects in the current study.

It is also consistent with the finding that the H+ group
in the current study, which included patients with
damage to the perirhinal cortex, also exhibited novelty
deficits. Although it is important to note that on the
basis of the current results alone it is not clear if the
novelty deficit in the H+ group was due to hippocam-
pal damage or to the additional damage of the sur-
rounding perirhinal regions.

The most critical discrepancy between the two stud-
ies, however, relates to the fact that Parker et al. found
that novelty effects were unaffected by lesions designed
to disrupt the hippocampus (i.e., bilateral lesions of
the amygdala and fornix). Their results suggest that the
hippocampus does not play a necessary role in the von
Restorff effects, whereas the current results indicate
that this region did play a critical role. Based on the
existing results, we cannot be sure why this discrepancy
arose. One possibility is that there may be inherent
differences in how human and nonhuman primates
respond to novelty in the von Restorff paradigm. An-
other possibility is that procedural differences led to
the different results. For example, the study list in the
current experiment was quite long, whereas in the
Parker et al. (1998) experiment a repeated study-test
procedure was used in which the length of the study list
varied for each animal depending on their performance,
and list lengths could be as short as two items.
Although the hippocampus appears to be involved in
von Restorff effects in tests of long-term memory, it may
be less critical when the lists are very short. Another
possible explanation for the discrepancy is that the type
of lesions differed in the two studies. The hippocampal
group in the current study consisted of hypoxic patients
who are known to suffer damage to the hippocampus,
whereas the group in the Parker et al. study underwent
amygdala and fornix resections. Although the fornix
represents one major output of the hippocampus, the
hippocampus in those lesioned animals may still have
been able to support novelty detection and encoding
through interactions with other temporal lobe struc-
tures. For example, the hippocampus has reciprocal
connections with the entorhinal, perirhinal, and para-
hippocampal cortices (Suzuki 1996; Suzuki & Amaral,
1994), and the perirhinal cortex, in particular, has been
implicated as a region critical for novelty detection
(Aggleton & Brown, 1999).

Recollection and Familiarity

In control subjects, novelty was found to increase
recollection and familiarity-based memory as measured
using the R/K procedure (for similar results, see Kish-
iyvama & Yonelinas, 2003). Given that no novelty effects
were observed in the amnesics’ overall recognition
performance, it is perhaps not surprising that neither
recollection nor familiarity was influenced by novelty in
the amnesic patients. However, it is important to
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realize that amnesia need not have eliminated the
novelty effects on both processes. In fact, we had
expected that hippocampal damage would have selec-
tively disrupted the novelty effects on recollection, but
left those on familiarity unaffected. This was based on
previous studies indicating that both the hippocampus
and the parahippocampal gyrus are sensitive to novelty
(e.g., Kirchhoff et al., 2000), and on studies indicating
that the hippocampus is critical for recollection but not
for familiarity (Yonelinas, 2002; Aggleton & Brown,
1999; Eichenbaum et al., 1994). In fact, consistent with
these previous findings, in the current study, planned
¢t tests indicated that the hypoxic group exhibited
significant deficits in recollection (p < .05), but not
familiarity (z < 1). The failure to find differences in the
extent to which the novelty effects were reduced
between the patient groups may be related to the fact
that the H+ patients in the current study suffered
unilateral lesions compared with the hypoxic patients
who likely suffered bilateral damage.

The fact that hippocampal damage disrupted sensitiv-
ity of the familiarity process to stimulus novelty suggests
that the hippocampus and the surrounding cortex must
interact in producing novelty effects on memory. One
possibility is that inferior temporal lobe regions, includ-
ing the parahippocampal gyrus, are involved in identify-
ing the abstract identity of each object independent of
its specific perceptual characteristics (e.g., see Rolls,
2000). As such, when acting alone, this region would
not be sensitive to the novelty manipulation used in the
present study. However, the detection of novel items in
the hippocampus may trigger additional processing in
the surrounding temporal lobe regions that are involved
in identifying that object and supporting familiarity-
based recognition which could then lead to novelty
effects on familiarity.

Several potential limitations of the current study must
be kept in mind when interpreting these results. First, in
the current experiment, the study list was quite long and
it is possible that the reduced novelty effects in the
amnesics arose in part because they found the task to be
particularly demanding. However, the amnesics’ overall
memory performance was not much worse than the
controls—the lower half of the control group performed
at levels that were comparable to the amnesics. More-
over, if the amnesics had difficulty remaining oriented to
the encoding task, then one might expect to see lower
performance overall, rather than reasonable perfor-
mance coupled with no novelty advantage, as was the
case in the current study. Second, even though there
was no evidence for a novelty effect in any of the
amnesic groups, it is possible that with larger sample
sizes a small benefit for novel items over non-novel
items might be observed. The critical finding in the
current experiment, however, was that the novelty
effects were significantly reduced by amnesia. Given
the small group sizes, this indicates that the novelty
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deficits in amnesia were quite robust. Third, only one
form of novelty was examined in the current study (i.e.,
perceptual novelty using the von Restorff paradigm). It
therefore remains unknown if the current results gen-
eralize to different manipulations of novelty. However,
results from other studies using different novelty para-
digms are in agreement in showing that the hippocam-
pus plays an important role in novelty processing,
suggesting that the current results may be quite general.
For example, orienting responses to novel items are
reduced in patients with hippocampal damage (Knight,
1996), and the hippocampus does respond preferential-
ly to a variety of different novelty manipulations (e.g.,
Kirchhoff et al., 2000; Stern et al., 1996).

Conclusions

Our findings show that the human hippocampal system,
including the hippocampus and the thalamus, plays a
critical role in novelty-related memory enhancements.
The results join a growing body of research indicating
that these regions are sensitive to stimulus novelty, but
extend those results in showing that they play a neces-
sary role in producing novelty-related enhancements in
recognition memory. These results indicate that the
memory impairments seen in amnesia are due in part
to the failure to process and retrieve memory for novel
items in the environment.

METHODS
Subjects and Materials

Ten amnesic patients were recruited from the Univer-
sity of California, Davis Medical Center (UCDMC) and
the Veteran’s Administration Northern California Health
Care System (VANCHCS) in Martinez, CA. The age
range of the patients was 26-62 years (M = 44.6 years,
SD = 11.9 years), and the mean education level was
14.4 years (SD = 3.3). A total of 10 age-matched
controls were tested. The age range of the controls
was 25-61 years (M = 45.3 years, SD = 11.6 years), and
the mean education level was 15.1 years (SD = 1.7).
Overall, amnesics and controls did not differ in age
[(t(9) = 0.17, p = .43] or education [£(9) = 0.84,
p = .21]. The control subjects were recruited from
the Sacramento and Davis communities. All amnesic
patients and control subjects were tested for color-
blindness (Ishihara, 1998). No patient or control sub-
ject was found to be colorblind.

The H+ group consisted of amnesic patients with
damage to the hippocampus and the surrounding
temporal cortex that was verified on the basis of
magnetic resonance (MR) imaging. Three patients had
temporal lobectomies (two left hemisphere and one
right hemisphere patient). These patients had the
anterior 4.5 cm of the temporal lobe, including the
hippocampus and rhinal sulcus, surgically removed for
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the treatment of epilepsy. Also included in the H+
group were three patients (one left hemisphere and
two right hemisphere patients) with unilateral infarc-
tion of the posterior cerebral artery resulting in lesions
to the posterior hippocampus, fornix, posterior portion
of the parahippocampal gyrus extending up to the
posterior surface of the amygdala, and the surrounding
fusiform and lingual gyri.

The H group consisted of three hypoxic patients who
experienced a mild hypoxic episode due to sudden
cardiac arrest. Because the patients had defibrillators,
MR imaging could not be conducted, but as discussed
earlier, previous studies indicate that this type of patient
typically has bilateral damage that is limited primarily to
the hippocampus.

There was one additional patient included in the
amnesic group who had bilateral thalamic lesions (see
Figure 1C). An examination of MR scans revealed that
the left thalamic lesion was more anterior and lateral,
undercutting the anterior thalamic radiation and en-
croaching on the mammilothalamic tract (MTT), ante-
rior nuclei (AN), and internal medullary lamina (IML).
The right thalamic lesion was anterior and medial
including all of the AN, the MTT, and the anterior pole
of the mediodorsal nucleus. This patient is described in
more detail in Kishiyama et al. (in press).

The H group performed normally on tests of intelli-
gence (M = 107) and on the attention subscales of the
WMSr (M = 93), but was impaired on the delayed
memory subscales (M = 74). The H+ group was
normal on tests of intelligence (M = 101) and attention
(M = 93). The right hemisphere patients in this group
performed well on the delayed memory subscales
(M = 101), whereas the left hemisphere patients per-
formed poorly (M = 81). Note that full WMSr test scores
were not available on two of the H+ patients so
delayed memory was estimated on the basis of the
delayed logical memory, delayed visual reproduction,
and delayed verbal paired associates subtests and atten-
tion was estimated on the basis of the forward and
backward digit span tests. The thalamic patient was in
the low normal range on intelligence (85), normal on
attention tests (94), but well below normal on the
delayed memory measures (66).

A total of 660 thumbnail object images (see Figure 2)
from MasterClips Premium Image Collection (Master-
Clips, 1998) were used as study and test items (Kishiya-
ma & Yonelinas, 2003). The objects were presented in
red against a white background or in yellow against a
black background.

Design and Procedure

Subjects were told that a long series of objects would be
presented on the computer monitor at a rapid rate, and
that they were to try to remember them for a later
memory test. They were told that some of the objects

would appear in red and some would appear in yellow,
but that color was not important and that they were to
try to remember all the objects. During the study phase,
subjects were presented with 600 items at a rate of
850 msec per item. Within the study list there were
60 critical study items, 30 were novel and 30 were non-
novel items appearing in red and yellow. There were 540
filler items appearing in the same color as the non-novel
study items. Items were thus made novel in the sense
that they appeared in a less frequent color than the
majority of items in the study list. Items were presented
in a pseudorandom order such that novel objects were
separated by a minimum of 10 intervening non-novel
objects. Novel and non-novel items were counterbal-
anced across subjects.

At test, subjects were presented with 120 items one at
a time, 30 “old” novel items presented in the original
color, as well as 30 “new” items presented in the same
color as the novel items, mixed with 30 “old”’ non-novel
items presented in their original color, as well as 30
“new’” items presented in the same color as the non-
novel items. For each item, subjects were required to
make a “remember,” “‘know,” or “new’’ judgment, and
the experimenter recorded the responses. The R/K
instructions were adapted from Gardiner (1988). Sub-
jects were told that they were to respond ‘‘remember’” if
they could recollect some qualitative information about
the study event. Moreover, they were instructed that
they should only respond “remember” if they could, if
asked, tell the experimenter what they recollected about
that study event. Subjects were told to respond “know”
if they thought the item was studied, but they could not
recollect any details about the study event. That is, they
should respond “know” if the item was familiar but not
recollected. They were told to respond “new’ if they
thought the item was not in the study list. To ensure
that subjects understood the test instructions, they were
asked to describe the R/K distinction back to the exper-
imenter, and the instructions were repeated if the
subject appeared to misunderstand the distinction.
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