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Novelty assessment in the brain
and long-term memory encoding
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Recent positron emission tomography (PET) studies have identified neuronal components of wide-
spread novelty-assessment networks in the brain. We propose that the efficacy of encoding on-line in-
formation into long-term memory depends on the novelty of the information as determined by these
networks, and report a test of this “novelty/encoding” hypothesis. Subjects studied a list of words. Half
of the words were “familiar” by virtue of their repeated presentation to the subjects before the study
of the critical list; the other half were novel, in that they had not previously been encountered in the
experiment. The results conformed to the prediction of the novelty/encoding hypothesis: accuracy of
explicit {episodic) recognition was higher for novel than for familiar words.

Previous research using the technique of positron emis-
sion tomography (PET) has indicated that the human brain
contains widely distributed novelty-detection networks.
Cortical and subcortical regions in the expanded limbic
system as well as in the temporal lobes respond more ac-
tively to novel stimuli than to otherwise comparable fa-
miliar stimuli (Tulving, Markowitsch, Kapur, Habib, &
Houle, 1994). These findings with humans are consistent
with the results of single-unit recording studies that have
revealed the existence of neurons in the homologous re-
gions of monkey brains that respond more vigorously to
novel than to familiar or recently seen stimuli (Fahy, Riches,
& Brown, 1993: Li, Miller, & Desimone, 1993; Riches,
Wilson, & Brown, 1991; Wilson & Rolls, 1993).

The discovery of specific neuronal networks in the brain
that are differentially involved in the processing of novel
rather than familiar perceptual inputs makes excellent sense
in light of massive behavioral evidence showing that all
animals routinely respond differentially to novel versus
familiar stimuli. These networks also make good evolu-
tionary sense. Distinguishing between what is novel and
what is already known, and distinguishing between de-
grees and kinds of novelty, is one of the elemental re-
quirements for reacting adaptively to the happenings in
one’s proximate environment.
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One function served by the neuronal novelty-assessment
networks is to determine the necessity of encoding the in-
formation for long-term storage. We conjecture that the en-
coding of incoming information for long-term storage de-
pends on the novelty of the on-line information. A stronger
form of this conjecture is that novelty is a necessary, al-
though not a sufficient, condition for the long-term storage
of information.

We will refer to this conjecture as the “novelty/encoding
hypothesis.” This hypothesis is rooted in an earlier sug-
gestion that left-frontal cortical regions are involved in the
encoding of novel information for episodic memory stor-
age (Tulving, Kapur, Craik, Moscovitch, & Houle, 1994).
Here we add the suggestion that novelty of information is
determined by neuronal networks whose output provides
the necessary information for the frontal encoding networks.

Thus, the novelty/encoding hypothesis holds that the
novelty-assessment mechanism is a component of encoding
processes. The neuronal novelty-assessment circuits serve
the function of identifying on-line information whose encod-
ing for long-term storage is of adaptive significance, and
transmit it for further processing. Similar ideas have been
proposed by Fabiani and Donchin (1995), Kohonen, Oja,
and Lehti (1989), Metcalfe (1993), Siddle, Packer, Don-
chin, and Fabiani (1991), and Sokolov (1963), among others.

According to the novelty/encoding hypothesis, then, en-
coding processes, as traditionally conceptualized (Craik &
Lockhart, 1972; Tulving, 1983), consist of two sets of con-
catenated subprocesses: (1) novelty assessment, subserved
by subcortical and cortical neuronal networks in the lim-
bic system and temporal lobes, and (2) higher level (con-
textually determined) encoding operations, subserved by
cortical regions that include left frontal lobes. The end prod-
uct of the concatenation is the engram or memory trace.
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On-line information, including that provided by the sen-
sory systems, is transmitted for higher level encoding on
the basis of its novelty: novel information receives prefer-
ential treatment over familiar information. Completely re-
dundant information is screened out from further process-
ing and is not stored.

We report a simple experiment that was designed as a
direct test of the novelty/encoding hypothesis. Normal adult
subjects were given an explicit recognition test for words
varying only with respect to their novelty and familiarity.
All other variables were held constant. The prediction
made from the novelty/encoding hypothesis was straight-
forward: Explicit recognition of studied words—that is,
identification of words as having been presented in a par-
ticular study episode—is inversely related to the words’
prestudy familiarity.

METHOD

Design

The design was a 2 * 2 within-subjects factorial, as shown in
Table 1: two levels of prestudy familiarity (novel or familiar) were
combined with two kinds of test words in the yes/no recognition test
{old and new). Four different subsets of materials were rotated through
the four experimental conditions. Thus, 4 subjects provided for one
full instantiation of the experiment free from material-specific con-
foundings. We tested 4 university-educated subjects, 2 women and
2 men.

Materials

A total of 160 English nouns of two syllables constituted the basic
pool of experimental words. This pool was divided into four subsets:
A, B, C, and D, each of 40 words. For any given subject, two of these
sets (e.g., A and B} were used in prefamiliarized trials of the pre-
sentation of two subsets of words,

Procedure

Familiarization. Two sets of items (80 total) were first presented
four times. The 320 tokens appeared on the screen of a computer
monitor, one at a time and at a subject-determined rate, which was
typically approximately 1.5 sec per word, The subjects were asked
to make living/nonliving decisions about the words, At the'end of the
presentation, the subjects were given a yes'no recognition test of the
B0 words without any distractors. Subjects’ recognition performance
revealed very few “no” responscs. This test was followed by one
more trial of living/monliving judgments on the 80 “familiarized”
words, The order of words was individually randomized for each
subject and each trial, using a computerized randomization program.
The subjects saw familiarized words a total of six times.

Interpolated task. Following the familiarization phase, the sub-
jects were asked to spend 5 min typing the names of as many cities
of the world as they could on the computer keyboard,

Critical study, The subjects were shown 80 words, Half had ap-
peared in the familiarization phase, and half were novel. The sub-

Table 1
~_ Design of the Experiment
Words Studied Monstudied
Mowel Hey FAy
Familiar Hg FAg

Maote—H and FA represent hit rates and false-alarm rates, respectively;
subseripts M and F indicate the experimentally defined novelty/familiarity
status of the test words. The prediction based on the novelry/encoding hy-
pothesis is that Hy, —FA,, = Hp—FAg

jects were told that this was the “critical” list and that their memory
for the words in this list would be tested. They were also told that
they had already seen some of the critical study words before, but
had not encountered others in the experiment. During the presenta-
tion of the words for study, they were again asked to make the liv-
ing/nonliving judgments. Finally, they were told that they should do
their best to impress each and every one of the shown words on their
minds, so that they could later remember the words in this “critical
study™ list. As before, the subjects controlled the rate of presenta-
tion, which on average was about 2-3 sec per word.

Interpolated task. The study of the critical list was followed by
the subjects’ typing of the names of celebrities and famous people
for 5 min.

Test. The subjects were shown all 160 words from the pool, one
at a time at a self-paced rate, and asked to indicate for each word
(1) whether or not it had been on the critical study list (“yes™/“no™)
and (2} their confidence in these judgments: 3—very confident, 2—
more or less sure, and 1—guessing.

Logic of the Study and Treatment of the Data

We manipulated the preencoding novelty/familiarity of common
words. The novel words had been seen and heard by the subjects out-
gide the laboratory a large number of times, but they had not been
seen or heard in the laboratory before their appearance in the criti-
cal study list, The familiar words had also been encountered outside
the laboratory a large number of times but, in addition, had also been
encountered in the laboratory before their appearance in the eritical
study list. A similar study was reported by Kinsbourne and George
(1974).

The data of interest consist of the number (or proportion) of items
identified by the subjects as the critical study-list words in each of
the four conditions of the experiment (Table 1) and means of the
confidence ratings.

RESULTS AND DISCUSSION

The results are summarized in Table 2. They confirmed
the prediction of the novelty/encoding hypothesis: Recog-
nition accuracy was greater for novel preencoding words
than for familiar preencoding words. When recognition of
study-list words was assessed in terms of the differences
between hit and false-alarm rates for the critical study list,
recognition accuracy was .20 for familiar words and .56
for novel words. Analysis of variance of these proportions
yielded a significant interaction between the novelty/
familiarity status of test words and their appearance or non-
appearance in the critical study list [F(1,3) = 280.3, MS, =
069, p < .01]. The data also showed that subjects were
more confident in their correct identifications of novel-word
appearance or nonappearance in the critical list (mean dif-
ference of 2.81 on the 6-point scale) than they were in their
judgments of familiar words [mean difference of 0.68; the
interaction F(1,3) = 42.6, M5, = 317, p < .01].

The conclusion that discrimination of test items as hav-
ing or not having occurred in the critical study list was
higher for novel than for familiar words follows directly
from the experimental design and the observed results. Be-
cause all other variables, including the higher level (se-
mantic) encoding operations at study, were held constant
in the experiment, the initial source of the observed dif-
ference in discrimination must lie in the novelty/familiarity
status of the critical study-list words. The outcome is ro-
bust. Using lists only half as long as those used here, only



Table 2
Proportion of Test Words Judged to be Critical Study-List
Mitis With Menn, Comlduncy Ratings t Rarcatht o)

Studied Monstudied
Movel a7 (154 21 {(—-1.27)
Familiar AT (0.70) A7 ( 0.02)

three continuous familiarization trials, and only a 2-min
interpolated activity between the critical study list and the
recognition test, we have done a simpler version of the ex-
periment, and obtained a pattern of data very similar to
that reported here.

The findings of our experiment could have been read-
ily predicted on the basis of available evidence. A long
string of experiments have shown that words less frequently
encountered in language are better recognized in episodic-
memory experiments than are more frequently occurring
words (e.g., Balota & Neely, 1980; Glanzer & Bowles,
1976; Gregg, 1976). It is also known that experimental pre-
exposure of targets and lures reduces the recognition of
subsequently studied words (Kinsbourne & George, 1974),
and that repeated presentation of subsets of words from a
larger experimental set on successive learning trials re-
duces subjects’ ability to explicitly recognize words from
the most recent trial (Anderson & Bower, 1972). In light
of available evidence, the data we present are not exactly
newsworthy.

What may be somewhat more novel is the suggestion
that our findings reflect the operations of the novelty as-
sessment mechanisms of the brain: Explanations of psycho-
logical findings in terms of brain function have not been
terribly popular in cognitive psychology. We propose that
familiar items are less well recognized than novel items
because the novelty-assessment system screens out familiar
items from further processing for subsequent recognition
at an early stage of encoding. The same screening mech-
anism may also provide a simple explanation, either partly
or in full, for several other phenomena of recognition mem-
ory, including the following: (1) Novelty effects studied
with event-related potentials (Knight, 1984, in press; Nel-
son & Colling, 1991); (2) habituation—novelty effects and
novelty preferences by infants (Fagan, 1990; MacKay-
Soroka, Trehub, Bull, & Corter, 1982; Rose & Slater, 1983);
(3) correlation between distinctiveness and memorability
of faces (Sommer, Heinz, Leuthold, Matt, & Schwein-
berger, 1993); (4) distinctiveness effects in explicit recog-
nition tests { Jacoby, Craik, & Begg, 1979); () the isolation
effect {Hunt, 1995); (6) flashbulb memories (Conway etal.,
1994; Winograd & Neisser, 1993); (7) semantic satiation
{Esposito & Pelton, 1971; Smith & Klein, 1990); (8) the
generation effect (Slamecka & Graf, 1978); and (9) mne-
monic benefits of perceptual interference (Hirshman, Trem-
bath, & Mulligan, 1994).

Caveats

We have defined “novelty” and “familiarity™ purely op-
erationally, in terms of frequency and recency of prior oc-
currence. Neither term refers to a unitary entity or a single
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process. Novelty and familiarity assume a large number of
different forms. Both are only general labels for sets of
complex processes whose components remain to be iden-
tified. Schmidt’s (1991) four classes of distinctiveness may
provide a good starting point for such an undertaking. The
question of novelty, or familiarity, of “exactly what?” must
also be considered. Every “frame” in the stream of con-
sciousness contains both novel and familiar features and
aspects. The most common situation is the one in which
objects familiar from the past appear in contexts that are
novel in the present.

Although the present experiment was a typical episodic
memory one, we have referred generally to “long-term”
memory and not tried to distinguish between episodic and
semantic memory. The basic idea of novelty/encoding
may well apply to the uptake and storage of both episodic-
and semantic-memory information. It is too early to tell.

We believe that novelty/encoding applies to long-term
memory only. The operations of the novelty-assessment
system probably do not affect attentional or working-
memory processing of on-line information. It is perfectly
possible to pay attention to, and to hold in primary mem-
ory, any incoming information regardless of its familiarity.

Finally, the pattern of data we have reported from our
experiment holds for recognition, whether free choice or
forced choice. It need not hold for free recall. We have
some preliminary data showing that familiar items may be
more readily recallable than novel items. We are currently
exploring the matter as an extension of earlier related work
by others (Anderson & Bower, 1972; Mandler, Goodman,
& Wilkes-Gibbs, 1982).

Conclusion

When all other conditions are held constant, experimen-
tally novel words from a studied list show higher accuracy
of explicit recognition than do familiar words. We propose
that these, as well as related data reported by others, re-
flect the natural consequences of the operation of novelty-
assessment networks in the brain.
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