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The ability to detect novelty is a fundamental charac-
teristic 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 (e.g., Hunt, 1995;
Kinsbourne & George, 1974; Parker, Wilding, & Acker-
man, 1998; Saltz & Newman, 1959; Tulving & Kroll,
1995; von Restorff, 1933; see Wallace, 1965, for a review).
For example, in a paradigm developed by von Restorff,
subjects are exposed to a list of items that includes a sub-
set of items that are made novel or distinctive from the
majority. Subsequently, subjects are found to exhibit en-
hanced recall for novel, as compared with non-novel,
items (Hunt, 1995; Saltz & Newman, 1959; von Restorff,
1933; Wallace, 1965). This effect is extremely robust and
has been observed when items are made novel on a vari-
ety of stimulus dimensions, such as color, size, bright-
ness, and semantic category (e.g., Cimbalo, 1978; Hunt,
1995; Wallace, 1965).

Although the effects of novelty on free recall have
been studied quite extensively, relatively little is known
about how novelty influences the processes supporting
recognition memory. Results from behavioral, neuro-
imaging, and patient studies, as well as from studies of
rats and nonhuman primates, have indicated that recog-
nition memory judgments can be supported by recollec-
tion of qualitative information about previous study
events or by assessments of stimulus familiarity (for re-
views, see Aggleton & Brown, 1999; Yonelinas, 2002).

Although novelty has been found to influence overall
recognition memory performance (e.g., Fabiani & Don-
chin, 1995; Parker et al., 1998; von Restorff, 1933), we
currently do not know whether novelty influences recol-
lection or familiarity-based recognition judgments.

Determining how novelty influences recollection and
familiarity promises to provide an important way of dif-
ferentiating between these two processes. For example,
Rajaram (1996, 1998) has suggested that the analysis of
salient or distinctiveaspects of items leads to recognition
memory responses accompanied by the subjective expe-
rience of remembering, whereas variations in the pro-
cessing fluency of items gives rise to feelings of famil-
iarity in the absence of recollection. Although Rajaram
(1996, 1998) did not make any claims about recollection
and familiarity processes per se but, rather, focused ex-
clusively on the subjective experiences of remembering
and knowing, it is possible that this distinctionalso holds
for the processes of recollection and familiarity that give
rise to these subjective experiences. We will refer to this
as the recollection/distinctiveness hypothesis.

Support for the recollection/distinctiveness hypothe-
sis comes from two sources. First, because robust novelty
effects have been observed in free recall (e.g., Hunt,
1995; Saltz & Newman, 1959; von Restorff, 1933; Wal-
lace, 1965) and recollection is expected to be function-
ally similar to the search process involved in free recall
(Mandler, 1980), it follows that recollection should be
sensitive to noveltyeffects. Second, Rajaram (1998) found
that perceptually distinctive words were found to facil-
itate recollection-based recognition judgments but not
familiarity-based recognition responses. In that experi-
ment, subjects studied a list containing orthographically
distinct words (e.g., subpoena) and orthographicallycom-
mon words (e.g., sailboat). Recognitionmemory was then
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Recognition memory is better for novel or distinctive items than for non-novel items. However, it is
not known whether these effects reflect changes in recollection or in familiarity-based recognition
judgments. Some previous results have indicated that recollection should be more sensitive to novelty
than to familiarity, whereas other resultshave suggested the opposite. We used a von Restorff paradigm
in which a small proportion of studied items were made novel by presenting them in a color different
from that of the majority of the study items. Memory was tested using a remember–know procedure.
Across two experiments, stimulus novelty was found to benefit both recollection and familiarity. The
effects on familiarity were observed under intentional and incidental encoding conditions, whereas
the effects on recollection were significantly reduced, and no longer significant, under incidental as
compared with intentional encoding conditions. Thus, both processes benefit from stimulus novelty,
but the extent to which recollection benefits from novelty depends on the encoding condition.
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tested using the remember–know procedure (Gardiner,
1988; Gardiner & Java, 1991; Gardiner & Parkin, 1990;
Tulving, 1985), in which subjects indicated whether they
recollected some qualitative information about the study
event (i.e., a remember response), recognized the word
on the basis that it was familiar in the absence of recol-
lection (i.e., a know response), or thought the word was
new. The results indicated that orthographically distinc-
tive words led to an increase in reports of remembering,
as compared with common words, but did not influence
the level of know responses, suggesting that recollection
is more sensitive to stimulus novelty than is familiarity.

There is, however, reason to question the recollection/
distinctiveness hypothesis and to suspect that it is famil-
iarity, rather than recollection, that is particularly sensitive
to novelty. We will refer to this as the familiarity/novelty
hypothesis. The motivation for this hypothesis is that
novelty and familiarity might reflect two extremes of a
continuum. That is, it seems quite parsimonious to as-
sume that the same mechanism that causes an item to ap-
pear novel might also be used as a basis for familiarity-
based recognition judgments (e.g., “if it appears to be
novel and I don’t remember studying the item, then it
probably was not studied”).

The familiarity/novelty hypothesis is supported by
Parker et al.’s (1998) study, in which novelty was examined
using the von Restorff paradigm. In their study, human
and nonhuman primates exhibited better recognition
memory for novel items (i.e., visual shapes presented in
a novel color, as compared with shapes presented in a
color that was more common in the experiment). The
study did not include separate measures of recollection
and familiarity. However, lesions in the nonhuman pri-
mates designed to isolate the hippocampal formation
were not found to disrupt the novelty effects, whereas le-
sions that included the surrounding parahippocampal
gyrus eliminated the novelty effects. In light of previous
studies that have indicated that the hippocampus sup-
ports recollection, whereas the surrounding parahippo-
campal gyrus is involved in supporting familiarity-based
recognition responses (e.g., Aggleton & Brown, 1999;
Eichenbaum, Otto, & Cohen, 1994; Yonelinas, 2002;
Yonelinas et al., 2002), these results indicate that stimu-
lus novelty influences familiarity-based recognition but
not recollection-based recognition.

To test the recollection/distinctivenessand familiarity/
novelty hypotheses, the present study included two ex-
periments in which the effects of novelty on recollection
and familiarity-based recognition were examined. A von
Restorff procedure was used in which a study list was
presented that contained a majority of non-novel items
(e.g., black thumbnail object images) mixed with a small
number of novel items (e.g., colored thumbnail object
images). The color manipulation was used because pre-
vious studies of the von Restorff effect have indicated
that it is one of the most effective techniques for pro-
ducing novelty effects (Cimbalo, Capria, Neider, &
Wilkins, 1977). Subjects were then presented with a list

of studied and new items and were required to make
recognition judgments. For each test item, the subjects
were required to make a remember response if they could
recollect some qualitative information about the study
event in which that item had earlier been presented, a
know response if the item was familiar but they could not
recollect anything specific about the study event, or a new
response if they thought the item had not been studied
(Gardiner, 1988;Tulving,1985). The remember and know
responseswere used to assess recollectionand familiarity-
based recognition.

In Experiment 1, we examined recognition memory
after intentional encoding conditions (as have most pre-
vious studies of the von Restorff effect). Because the re-
sults of the first experiment were unexpected—novelty
led to increases in both recollection and familiarity-
based recognition—Experiment 2 was conducted to test
the replicability of the initial findings and to assess the
generalizability of those results across different encod-
ing conditions (i.e., intentionaland incidental encoding).

EXPERIMENT 1

Method
Subjects and Materials . Sixty undergraduates at the University

of California, Davis received course credit for their participation. A
total of 660 thumbnail object images (e.g., animals, tools, symbols,
etc.) from MasterClips Premium Image Collection (MasterClips,
1998) served as study and test items.

Procedure. The 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 color and that
others would appear in black (all the objects were displayed against
a white background). They were told that color was not important
and that they were to try to remember all the objects.

During the study phase, the subjects were presented with 600
items at a rate of 500 msec per item. A long list was used in order
to maximize the number of novel items while maintaining a low
ratio of novel to non-novel items (i.e., one novel for every 20 items;
Fabiani & Donchin, 1995), and the fast presentation rate was used
to avoid ceiling effects. Within the study list, there were 60 critical
study items; 30 were novel in the sense that they were presented in
a color (i.e., an equal number were presented in red, green, blue,
yellow, cyan, and purple), and 30 were non-novel (i.e., they were
presented in black). There were also 540 filler items (black objects).
The items were presented in a pseudorandom order in such a way
that novel objects were separated by a minimum of 10 intervening
black objects. Novel and non-novel items were counterbalanced
across subjects in the study list.

At test, the subjects were presented with 120 items, one at a time:
30 old and 30 new novel items (i.e., colored items), mixed with 30
old and 30 new non-novel items (i.e., black items). Both old and
new novel and non-novel items were counterbalanced across sub-
jects in the test list. The test items appeared in the same color as that
in the study phase, because Fabiani and Donchin (1995) had found
that it was necessary to reinstate the novel feature at test to obtain
robust von Restorff effects in recognition memory.

For each item, the subjects were required to make a remember, a
know, or a new judgment by pressing designated keys on a com-
puter keyboard. The remember–know instructions were adapted
from Gardiner (1988). The subjects were told that they were to re-
spond remember if they could recollect some qualitative informa-
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tion about the study event. Moreover, they were instructed that they
should respond remember only if they could, if asked, tell the ex-
perimenter what they recollected about that study event. The sub-
jects were told to respond know if they thought the item had been
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 the subjects understood
the test instructions, they were asked to describe the remember–know
distinction back to the experimenter, and the instructions were re-
peated if the subject appeared to misunderstand the distinction.

Results and Discussion
Table 1 presents the mean proportion of remember

and know responses for novel and non-novel items. The
remember and know responses were used to derive esti-
mates of recollection and familiarity. Because the sub-
jects were instructed to respond remember whenever an
item was recollected, the probability of a remember re-
sponse was used as an estimate of recollection (i.e., R =
remember). To incorporate false alarm rates, accuracy
was measured using d ¢ , so that the proportions of correct
and incorrect remember responses were used as hits and
false alarms (MacMillan & Creelman, 1991). Because
the subjects were instructed to respond know when an
item was familiar in the absence of recollection [i.e.,
know = F(1 2 R)], familiarity was estimated as the prob-
ability of a know response given that an item was not rec-
ollected [i.e., F = know/(1 2 R); Yonelinas & Jacoby,
1995]. The estimates of familiarity for old and new items
were used as hits and false alarms to derive d ¢ estimates
of familiarity accuracy. Note that previous studies have
indicated that recollection is most appropriately mea-
sured using probabilities (e.g., hits minus false alarms),
whereas familiarity is most appropriately measured
using the d ¢ index from signal detection theory (Yoneli-
nas, 2001). To facilitate direct comparisons of recollec-
tion and familiarity, we measured both processes by
using the d ¢ index. However, analyses of recollection and
familiarity estimates, using probabilities as accuracy
measures, led to the same pattern of results.

Figure 1 shows the estimates of recollection and fa-
miliarity based on the remember and know responses.
Recollection was greater for novel than for non-novel
items [t(59) = 2.89, p < .01]. Moreover, familiarity esti-
mates were also found to be higher for novel than for
non-novel items [t(59) = 5.36, p < .01]. Thus, the results
indicate that both recollection and familiarity increased
with stimulus novelty.

EXPERIMENT 2

The results of Experiment 1 do not provide particularly
strong support for either the recollection/distinctiveness
or the familiarity/novelty hypothesis. The recollection/
distinctiveness hypothesis leads to the expectation that
only recollection should be sensitive to novelty. This
clearly was not the case. In fact, a direct comparison of
the novelty effects in Experiment 1 indicated that the ef-
fects on familiarity were significantly greater than those
seen on recollection [t(59) = 2.39, p < .05]. The finding
that familiarity seemed to be more sensitive to novelty
than was recollection is in partial agreement with the
familiarity/novelty hypothesis; however, the expectation
based on Parker et al.’s (1998) study was that recollection
should be unaffected by the novelty manipulation, and
this was not the case.

Given the apparent inconsistency of the initial results
with previous studies, we decided to conduct a second
experiment to determine whether the results were replic-
able. To further test the generalizability of the findings,
we examined performance under two different encoding
conditions: intentional and incidental encoding. Previ-
ous studies of free recall have shown that the von
Restorff effect is reduced under conditions of incidental
encoding (Gleitman & Gillett, 1957; Postman & Phillips,
1954; Saltzman & Carterette, 1959) but not of inten-
tional encoding (Koyanagi, 1957). Thus, one aim of Ex-
periment 2 was to determine whether the results seen in
free recall would generalize to recognition in such a way
that novelty effects would be reduced under incidental,

Table 1
The Probabilities of Remember (R) and Know (K) Responses

in Experiments 1 and 2 (With Standard Deviations)

Old Items New Items

R K R K

Condition M SD M SD M SD M SD

Experiment 1
Novel .38 .19 .26 .16 .07 .08 .16 .13
Non-novel .36 .18 .25 .13 .10 .11 .24 .18

Experiment 2
Intentional

Novel .38 .15 .29 .16 .02 .03 .09 .07
Non-novel .33 .19 .34 .15 .06 .10 .23 .17

Incidental
Novel .42 .14 .21 .09 .10 .06 .19 .16
Non-novel .42 .14 .19 .14 .11 .07 .24 .14
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relative to intentional, encoding conditions. If recollec-
tion involves a retrieval process that is similar to that in-
volved in recall (e.g., Mandler, 1980), one would expect
the effects of novelty on recollection to be reduced.
Whether the effects of novelty on familiarity would also
be influenced was not clear.

Method
Subjects and Materials . Forty undergraduates at the University

of California, Davis received course credit for their participation.
Half of the subjects were randomly assigned to the intentional encod-
ing group, and half were assigned to the incidental encoding group.
The materials were the same as those in Experiment 1, except that
all the objects appeared in one of two different colors (e.g., red stim-
uli with a white background or yellow stimuli with a black back-
ground), rather than in color and black. The stimuli and colors were
counterbalanced across subjects.

Procedure. The procedure was similar to that used in Experi-
ment 1, with the following exceptions. The subjects in the intentional
group were told to try to remember the study items for a later mem-
ory test (as in Experiment 1). In contrast, the subjects in the inciden-
tal group were not told that their memory would be tested; rather,
they were instructed to count the number of symmetrical objects
they saw in the list. A symmetrical object was described to the sub-
jects as an object that would have an identical form on either side if
it were to be split down its vertical axis. To allow for sufficient time
to complete the symmetry judgments, the presentation duration
during the study phase was increased from 500 to 850 msec per
item for both conditions. The symmetry task was selected because
it led to performance levels that were roughly comparable to those
in the intentional condition. A test for colorblindness was adminis-
tered after the test phase for all the subjects (Ishihara, 1998) and in-
dicated that none of the subjects was colorblind.

Results and Discussion
Table 1 presents the mean proportions of remember

and know responses for novel and non-novel items, and
Figure 2 presents the estimates of recollection and fa-
miliarity. These estimates were derived from remember
and know responses, using the same procedures as those
described in Experiment 1.

Recollection was greater for novel than for non-novel
items [F(1,38) = 6.83, MSe = 0.114, p < .05], indicating
that novelty improved recollection. There was no overall
difference in recollection levels between the intentional
and the incidental groups [F(1,38) = 0.75, MSe = 0.360,
p = .39], but there was a significant item 3 group inter-
action [F(1,38) = 4.74, MSe = 0.114, p < .05], which re-
flected the fact that the novelty effect on recollection was
significantly larger under intentional than under inci-
dental encoding conditions.Moreover, direct comparisons
indicated that recollection estimates for the intentional
group were greater for novel than for non-novel items
[t(19) = 2.94, p < .01], whereas there was no significant
difference between novel and non-novel items in the in-
cidental condition [t(19) = 0.38, p = .70].

Familiarity estimates were greater for novel than for
non-novel items [F(1,38) = 15.02, MSe = 0.215, p < .01],
indicating that novelty increased the familiarity esti-
mates. Moreover, familiarity was greater for the inten-
tional than for the incidental group [F(1,38) = 13.76,
MSe = 0.532, p < .01], but the item 3 group interaction
was not significant [F(1,38) = 0.21, MSe = 0.215,p = .65],
indicating that comparable novelty effects on familiarity
were observed in the intentional and the incidental con-
ditions. The novelty effects on familiarity were signifi-
cant for the incidental [t(19) = 2.10, p < .05] and the in-
tentional [t(19) = 3.73, p < .01] encoding conditions.

In sum, the results of the experiment replicate those in
Experiment 1, showing that under intentional encoding
conditions, both recollection and familiarity increased
with stimulus novelty. They extend those findings, how-
ever, by showing that the novelty effects seen on recol-
lection were significantly reduced under incidental, as
compared with intentional,encoding conditions,whereas
the effects on familiarity were not modulated by the type
of encoding.

The type of encoding did not have a large effect on the
overall level of recollection, but it did influence famil-

¢

Figure 1. Experiment 1: Estimates of recollection and familiarity for novel
and non-novel items.
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iarity. Although no a priori predictions were made about
this main effect, the results suggest that the intention to
encode, at least with the present materials and encoding
instructions, benefits familiarity but does not benefit
recollection. Note, however, that Lampinen, Copeland,
and Neuschatz (2001) also examined the effects of in-
tention on remember and know responses. When those
responses are used to estimate recollection and familiar-
ity, the intention to retrieve is found to increase both rec-
ollection and familiarity.

GENERAL DISCUSSION

The influenceof stimulus novelty on recognitionmem-
ory was examined using a von Restorff (1933) paradigm
in which items were made novel by presenting them in a
distinctive color. The results are consonant with a grow-
ing body of literature in which it is indicated that novel or
distinctive items lead to better recognition memory per-
formance than do non-novel items (Fabiani & Donchin,
1995; Kinsbourne & George, 1974; Parker et al., 1998;
Tulving & Kroll, 1995). The present results, however, ex-
tend those findings by showing that both recollection and
familiarity-based recognition responses can be influ-
enced by novelty. Moreover, in agreement with results
from tests of free recall (e.g., Gleitman & Gillett, 1957;
Postman & Phillips, 1954; Saltzman & Carterette, 1959),
the novelty effects on recollectionwere reduced under in-
cidental, as compared with intentional, encoding condi-
tions. In contrast, the novelty effects on familiarity were
not influenced by the encoding manipulation. To the ex-
tent that the novelty effects on recollection, but not on fa-
miliarity, were sensitive to the type of encoding, the re-
sults suggest that there are a least two partially separable
effects of novelty on recognition memory.

The von Restorff effects in the present study are gen-
erally consistent with a previous study (Rajaram, 1998)

in which the effects of orthographic distinctiveness were
examined. In that study, orthographically distinctive
words were found to lead to more remember responses
(.61) than did common words (.49), which is consistent
with the present results, whereas both types of words led
to the same proportion of know responses (.29). The fact
that know responses did not change might suggest that
familiarity was not influenced by distinctiveness, which
is not consistent with the present findings. However,
know responses do not provide an index of familiarity,
because they are mathematically constrained by recol-
lection. That is, subjects are not instructed to respond
know whenever an item is familiar; rather, they are in-
structed to respond know whenever it is familiar and not
recollected. If one examines the probability of a know
response given that the subjects had the opportunity to
make a know response (i.e., it was not recollected), the re-
sults show that familiarity was influencedby orthographic
distinctiveness. That is, when familiarity is estimated as
the probability of a know response given that the item
was not recollected [i.e., F = K/(1 2 R)], estimates of fa-
miliarity are found to increase from .57 to .73 for the dis-
tinct items in that experiment. Thus, as with the von
Restorff effects in the present experiments, orthographic
distinctiveness was found to increase both recollection
and familiarity. Note that false alarms differed for the
distinct and the nondistinct items in Rajaram’s (1998)
experiment, but even when false alarms are subtracted
from hits, the pattern of results is unchanged.

The present results are only partially consistent with
the results from the previous study of von Restorff ef-
fects in nonhuman primates (Parker et al., 1998). That
study indicated that lesions that included the parahippo-
campal gyrus, which has been implicated in familiarity-
based recognition, eliminated the novelty effect. These
results are thus consistent with the present findings in
suggesting that the familiarity process plays a critical

¢

Figure 2. Experiment 2: Estimates of recollection and familiarity for the intentional and
the incidental encoding conditions.
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role in the von Restorff effect. However, that study also
indicated that lesions designed to disrupt the function of
the hippocampus, a region implicated in recollection-
based recognition, did not influence the novelty effect,
suggesting that recollection was not involved in the nov-
elty effect. These results conflict with the present find-
ings, in which recollection was found to be sensitive to
novelty. The reason for this discrepancy is not known.
Whether it reflects a difference in how human and non-
human primates complete recognition tests or whether it
has to do with the particular experimental procedures
used in the two studies is not clear. For example, given
that we found that the effects of novelty on recollection
depended on the manner in which items were encoded,
differences in encoding strategies across species may
have played a critical role. Moreover, the study list in the
present experiments was quite long, whereas in Parker
et al.’s experiment a repeated study–test procedure was
used in which the length of the study list varied for each
animal, depending on its performance, and list lengths
could be as short as two items. Further studies directly
contrasting novelty effects in human and nonhuman pri-
mates will be necessary to fully address this issue.

The Functional Nature of
Recollection and Familiarity

Previous studies have indicated that recollection and
familiarity differ in a number of ways, including retrieval
speed and sensitivity to elaborative encoding (for a re-
view, see Yonelinas, 2002). One additional difference
that was entertained in the present study was that the two
processes might differ in the sense that one process is
more sensitive than the other to stimulus novelty. The
present results show that both processes are sensitive to
novelty, and thus the results indicate that sensitivity to
novelty does not provide a simple way of differentiating
these two types of recognition memory.

Thepresent results clearlydo not support the recollection/
distinctiveness hypothesis, in which recollection is ex-
pected to be particularly sensitive to stimulus novelty
(e.g., Rajaram, 1998). In fact, unlike for recollection,
pronounced effects of novelty on familiarity were found
under both intentional and incidental encoding condi-
tions. Nonetheless, could the subjective experience of fa-
miliarity in the absence of recollection (i.e., knowing) be
roughly comparable for novel and non-novel items? In
Rajaram’s (1998) study, the probability of responding
know to an old item did not change for orthographically
distinct, as compared with orthographically common,
words. Moreover, even when the accuracy of knowing
was measured by subtracting false alarms from hits, per-
formance was not influenced by orthographic distinc-
tiveness. The results of the present experiments indicate
that the proportions of know responses to the old items
were similar for novel and non-novel items (averaged
across experiments, the proportions of know responses
for the novel and the non-novel items were .25 and .26,
respectively). However, the proportion of corrected
know responses (hits minus false alarms) was greater for

the novel than for the non-novel items. The average pro-
portions of corrected know responses were .11 and .02
for novel and non-novel items, respectively, and this pat-
tern was observed in each of the experiments. These re-
sults suggest that reports of knowing, like reports of re-
membering, can be influenced by stimulus novelty.

The present results are also inconsistent with a strong
version of the familiarity/novelty hypothesis. Although
familiarity was sensitive to novelty, recollection also in-
creased for novel items, at least under intentional encod-
ing conditions. One of the motivations behind the ex-
pectation that familiarity and novelty should be related
was the speculation that the same process as that in-
volved in detecting novelty might also be involved in
familiarity-based recognition judgments. The present re-
sults indicate that the von Restorff effect cannot be ex-
plained solely as a familiarity-driven phenomenon.
However, to the extent that familiarity was sensitive to
novelty, the present results do leave open the possibility
that there is some relation between the novelty response
and familiarity-based recognition.

The present results indicate that the effects of novelty
on recollection and familiarity were functionally dis-
tinct, suggesting that the mechanisms that produce nov-
elty effects on these two processes may be different. Ex-
actly what those mechanisms are is not yet clear.
However, one speculation is that the effects of novelty
on recollection may reflect enhanced encoding of novel
items, whereas the effects on familiarity may reflect re-
duced interference at the time of retrieval (for discus-
sions of encoding and retrieval accounts of the von
Restorff effect, see Fabiani & Donchin, 1995; Hunt &
Lamb, 2001; Karis, Fabiani, & Donchin, 1984; Schmidt,
1991). Evidence that the effects of novelty on recollec-
tion were encoding related comes from the observation
that the effect was modulated by the encoding instruc-
tions. Evidence that the effects of novelty on familiarity
were retrieval related is provided by the finding that the
encoding instructions did not influence the effect. More-
over, an examination of the proportion of know re-
sponses (see Table 1) indicates that novelty had a large
effect on know responses to new items. That is, the new
test items that were in the same color as the novel items
were associated with lower false know rates than were
the new items that were in the non-novel color. Given
that the new items were not studied, it would seem that
the novelty effect might be due, at least in part, to re-
trieval effects.

Another possible account of the difference in the ef-
fects of novelty on recollection and familiarity is that
there may be both automatic and controlled responses to
novel items during encoding and these two responses to
novelty may differentially influence recollection and fa-
miliarity. That is, novel items may lead to an automatic
orienting response (Knight, 1996; Knight & Nakada,
1998; Schmidt, 1991) that may preferentially enhance
subsequent familiarity-based recognition. In addition,
novel items may also lead to further elaborative or con-
trolled processing (e.g., Karis et al., 1984;Schmidt, 1991),
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and this elaborative processing may preferentially bene-
fit recollection.Consistent with this possibility is the ob-
servation that novelty effects on recollection, but not on
familiarity, were reduced by incidental encoding, a fac-
tor known to have differential effects on automatic and
controlledprocesses (e.g., Hasher & Zacks, 1979;Schnei-
der & Shiffrin, 1977).

To our knowledge, the present study is the f irst to
demonstrate that both recollection and familiarity can be
influenced by stimulus novelty. Although recollection
and familiarity have been found to differ in a number of
ways, the present results suggest that sensitivity to nov-
elty does not provide a particularly simple way of differ-
entiating between the two processes. Nonetheless, the
conditionsunder which these processes were sensitive to
novelty did differ; familiarity exhibited novelty effects
under intentional and incidental encoding conditions,
whereas recollection exhibited novelty effects only
under intentional encoding conditions. These results
suggest that there are two partially distinct responses to
novelty, as measured in recognition memory.

REFERENCES

Aggleton, J. P., & Brown, M. B. (1999). Episodic memory, amnesia
and the hippocampal-anterior thalamic axis. Behavioral& Brain Sci-
ences, 22, 425-489.

Cimbalo, R. S. (1978). Making something stand out: The isolation ef-
fect in memory performance. In M. M. Grunneberg, P. E. Morris, &
R. N. Sykes (Eds.), Practical aspects of memory (pp. 101-110). New
York: Academic Press.

Cimbalo,R. S., Capria, R. A., Neider,L. L., & Wilkins, M. C. (1977).
Isolation effect: Overall list facilitation in short-term memory. Acta
Psychologica, 41, 419-432.

Eichenbaum, H., Otto, T., & Cohen, N. J. (1994). Two functional
components of the hippocampal memory system. Behavioral &
Brain Sciences, 17, 449-518.

Fabiani, M., & Donchin, E. (1995). Encoding processes and memory
organization: A model of the von Restorff effect. Journal of Experi-
mental Psychology: Learning, Memory, & Cognition, 21, 224-240.

Gardiner, J. M. (1988). Functional aspects of recollective experience.
Memory &Cognition, 16, 309-313.

Gardiner, J. M., & Java, R. I. (1991). Forgetting in recognition mem-
ory with and without recollective experience. Memory & Cognition,
19, 617-623.

Gardiner,J. M., & Parkin,A. J. (1990). Attention and recollective ex-
perience in recognition memory. Memory & Cognition, 18, 579-583.

Gleitman, H., & Gillett, E. (1957). The effect of intention upon
learning. Journal of General Psychology, 57, 137-149.

Hasher, L., & Zacks, R. T. (1979). Automatic and effortful processes
in memory. Journal of Experimental Psychology: General, 108, 356-
388.

Hunt, R. R. (1995). The subtlety of distinctiveness: What von Restorff
really did. Psychonomic Bulletin & Review, 2, 105-112.

Hunt, R. R., & Lamb, C. A. (2001). What causes the isolation effect?
Journalof Experimental Psychology: Learning,Memory, & Cognition,
27, 1359-1366.

Ishihara, S. (1998). The series of plates designed as a test for colour
deficiency. Tokyo: Kanehara & Co.

Karis, D., Fabiani, M., & Donchin, E. (1984). “P300” and memory:
Individual differences in the von Restorff effect. Cognitive Psychol-
ogy, 16, 177-216.

Kinsbourne, M., & George, J. (1974). The mechanism of the word-
frequency effect on recognition memory. Journal of Verbal Learning
& Verbal Behavior, 13, 63-69.

Knight, R. T. (1996). Contribution of the human hippocampal region
to novelty detection. Nature, 383, 256-259.

Knight, R. T., & Nakada, T. (1998). Cortico-limbic circuits and nov-
elty: A review of EEG and blood flow data. Reviews in the Neuro-
sciences, 9, 57-70.

Koyanagi,K. (1957). Studies in incidental learning: II. Interserial inter-
ference. Tohoku Psychologica Folia, 15, 1-12.

Lampinen, J. M., Copeland, S. M., & Neuschatz, J. S. (2001). Rec-
ollections of things schematic: Room schemas revisited. Journal of
Experimental Psychology: Learning, Memory, & Cognition, 27,
1211-1222.

MacMillan, N. A., & Creelman, C. D. (1991). Detection theory: A
user’s guide. New York: Cambridge University Press.

Mandler, G. (1980). Recognizing: The judgment of previous occur-
rence. Psychological Review, 87, 252-271.

MasterClips [Computer software] (1998). San Rafael, CA: IMSI.
Parker, A., Wilding, E., & Ackerman, C. (1998). The von Restorff

effect in visual object recognition memory in humans and monkeys:
The role of frontal/perirhinal interaction. Journal of Cognitive Neuro-
science, 10, 691-703.

Postman, L., & Phillips, L. W. (1954). Studies in incidental learning:
I. The effect of crowding and isolation. Journal of Experimental Psy-
chology, 48, 48-56.

Rajaram, S. (1996). Perceptual effects on remembering: Recollective
processes in picture recognition memory. Journal of Experimental
Psychology: Learning, Memory, & Cognition, 22, 365-377.

Rajaram, S. (1998). The effects of conceptual salience and perceptual
distinctiveness on conscious recollection. Psychonomic Bulletin &
Review, 5, 71-78.

Saltz, E., & Newman, S. E. (1959). The von Restorff isolation effect:
Test of the intralist association assumption. Journal of Experimental
Psychology, 58, 445-451.

Saltzman, I. J., & Carterette, T. (1959). Incidental and intentional
learning of isolated and crowded items. American Journal of Psy-
chology, 72, 230-235.

Schmidt, S. R. (1991). Can we have a distinctive theory of memory?
Memory & Cognition, 19, 523-542.

Schneider, W., & Shiffrin, R. M. (1977). Controlled and automatic
human information processing: I. Detection, search, and attention.
Psychological Review, 84, 1-66.

Sokolov,E. N. (1963). Higher nervous functions: The orienting reflex.
Annual Review of Physiology, 25, 545-580.

Tulving, E. (1985). Memory and consciousness. Canadian Psycholo-
gist, 26, 1-12.

Tulving, E., & Kroll, N. (1995). Novelty assessment in the brain and
long-term memory encoding. Psychonomic Bulletin & Review, 2,
387-390.

von Restorff, H. (1933). Über die Wirkung von Bereichsbildungen im
Spurenfeld. Psychologische Forschung, 18, 299-342.

Wallace, W. P. (1965). Review of the historical, empirical, and theo-
retical status of the von Restorff phenomenon. Psychological Bul-
letin, 63, 410-424.

Yonelinas, A. P. (2001). Consciousness, control, and confidence: The
3 Cs of recognition memory. Journal of Experimental Psychology:
General, 130, 361-379.

Yonelinas, A. P. (2002). The nature of recollection and familiarity: A
review of 30 years of research. Journal of Memory & Language, 46,
441-517.

Yonelinas, A. P., & Jacoby, L. L. (1995). The relation between re-
membering and knowingas bases for recognition:Effects of size con-
gruency. Journal of Memory & Language, 34, 622-643.

Yonelinas, A. P., Kroll, N. E. A., Quamme, J. R., Lazzara, M. M.,

Sauve, M. J., Widaman, K. F., & Knight, R. T. (2002). Effects of
extensive temporal lobe damage or mild hypoxia on recollection and
familiarity. Nature Neuroscience, 5, 1236-1241.

(Manuscript received October 29, 2002;
revision accepted for publication June 9, 2003.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


