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Abstract--Although another person's experience of recollection cannot be observed directly, we have found that the
underlying operations can be monitored
using noninvasive electrophysiological
techniques. Results from two experiments showed that brain potentials elicited 500 to 900 ms after the onset of
visually presented words vary systematically in amplitude with manipulations
that influence the extent to which subjects engage in recollective processing.
These brain potentials can thus be construed as correlates of the subjective experience of recollection.
In The Rediscovery of the Mind
(1992), philosopher John Searle accused
cognitive scientists of skirting the very
issue that ought to be at the core of investigation-consciousness. However,
this criticism is at odds with a growing
research trend aimed at rediscovering
the mind in the neurophysiological operations of the brain. Here we report on
experimental results that exemplify this
trend in the field of memory research by
empirically isolating an electrophysiological index of conscious recollection.
Noteworthy refinements in conceptualizing recollection have recently been
derived from studies of patients with organic amnesia. These patients have impairments in conscious retrieval of recently learned facts or recently experienced events. But when memory is
tested without reference to prior learning
episodes, amnesic patients can show
normal performance that belies their apparent inability to remember (Graf,
Squire, & Mandler, 1984; Schacter,
1987; Shimamura, 1986; Warrington &
Weiskrantz, 1968). In these so-called implicit memory tests, patients typically
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make faster and more accurate decisions
about recently encountered stimuli than
about other stimuli, an outcome termed
priming. Dissociations between these
different types of memory performance
have been used to argue for multiple anatomically distinct memory systems in
the brain (Squire, 1987; Tulving &
Schacter, 1990). Yet there is still much to
learn about the processes that converge
to allow people to say, "I remember."
For instance, there is an urgent need to
be able to distinguish circumstances
wherein recollection occurs from those
wherein recollection does not occur. In
this report, we demonstrate how measures of brain electrical activity called
event-related potentials (ERPs) can be
used to monitor recollection during an
implicit memory test.
Systematic variation in recollection
was achieved by intermingling two study
tasks that differ in the extent to which
word meaning must be accessed and that
are known to produce a memory dissociation by leading to different levels of
recollection but to similar levels of priming (Craik & Lockhart, 1972; Jacoby &
Dallas, 1981). This dissociation was verified by obtaining measures of recognition memory as well as measures of
priming in a lexical decision test, in
which the response latency to discriminate words from nonwords is faster for
studied words than for unstudied words.
Although the lexical decision test is an
i mplicit memory test, the presentation of
a studied word in this test can provoke
subjects to engage in recollection. Our
experimental strategy rests on the assumption that such "incidental recollection" occurs and that it can be monitored
electrophysiologically. ERPs were evaluated by comparing conditions that differed in terms of incidental recollection
while other factors were held constant.
Thus, the key analyses involved comparisons between ERPs elicited by words as
they were presented during the lexical
decision test, with separate ERPs com-

puted for each study condition. Furthermore, these comparisons were made in
two experiments that differed in the extent to which the response requirements
in the test phase encouraged incidental
recollection.
METHOD
Subjects were right-handed, nativeEnglish-speaking men and women, aged
19 to 25 years, who gave informed consent. There were 12 subjects in each experiment. Each subject was fitted with
an elastic cap with embedded electrodes.
Recordings were made from 13 scalp locations. In addition, two channels were
used for monitoring horizontal and vertical eye movements; trials contaminated
by electroocular artifacts were excluded
from the analyses. The reference was the
average response from the left and right
mastoid, the bandpass was 0.01 to 100
Hz, the sampling rate was 250 Hz, and
waveforms were low-pass filtered at 25
Hz for presentation purposes.
Each experiment included eight
blocks, and a unique set of 30 words was
presented in each block, first in a study
phase and then in a test phase. Each
word was presented within a rectangular
frame. Subjects were given detailed instructions prior to the first block, and visual cues were shown to simplify the response requirements. Each decision was
registered via a button-press.
The design of the study phase (Fig.
la) was the same in the two experiments.
For the image task (the semantic study
condition), subjects formed an image of
each word's referent and indicated
whether it was smaller or larger than the
video monitor on which the words were
displayed. For the syllable task (the nonsemantic study condition), subjects indicated whether the word comprised only
one or more than one syllable.
In the test phase of Experiment 1,
subjects viewed a series of letter strings
and indicated as quickly as possible
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Fig. 1. Stimulation procedures. In the
study phase for Experiments 1 and 2 (a),
the display included cues above and below the rectangle to indicate which hand
was to make which response (left hand
for "only 1" or right hand for "2 or
more" in the syllable task; left hand for
"small" or right hand for "large" in the
image task). Cues and words for one task
were presented in green, whereas cues
and words for the other task were presented in red. The time line shows the
timing of stimulus presentation, with
black bars corresponding to words
(flashed for 300 ms) and white bars corresponding to cues (brightened for 300
ms). Tasks alternated word by word
such that 15 words were presented in
each task. In the test phase for Experiment 1 (b), a letter string was flashed for
300 ms every 1.5 s, as shown in the time
line. Cues above the rectangle indicated
that nonwords required a left-hand response and words required a right-hand
response. The test phase included 30
words from the prior study phase, 15
new words, and 15 nonwords. In the test
phase for Experiment 2 (c), cues for the
lexical decision test were shown during
the first part of each trial and replaced by
cues for the recognition test (left hand
for "new" or right hand for "old") during the second part of each trial, as indicated above the time line. As in Experiment 1, the test phase included 30 words
from the prior study phase, 15 new
words, and 15 nonwords, each flashed
for 300 ms.
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Fig. 2. Behavioral results from the lexical decision test (left) and the recognition test
(right). The priming effect in lexical decision times was not affected by study task,
whereas recognition performance was better for words from the image task than for
words from the syllable task. Error bars indicate standard errors of the mean within
condition.

whether each one was or was not an English word (Fig. lb). Test items included
equal proportions of (a) nonword letter
strings that were orthographically and
phonologically wordlike (e.g., glone,
drice), (b) words from the image task, (c)
words from the syllable task, and (d)
words that had not appeared in the study
phase. The specific words used in each
of the latter three conditions were counterbalanced across subjects.
Response requirements during the
test phase differed in Experiment 2.
Whereas only lexical decisions were
made in Experiment 1, both lexical decisions and recognition judgments were
made in Experiment 2 (Fig. 1c). The
added response requirement was intended to increase the likelihood that
recollection would occur while subjects
were performing the implicit memory
test.
At the conclusion of each experiment,
recognition was tested. Subjects were
given a list of all 240 words from the two
study tasks intermixed with 240 new
words and asked to circle the words they
remembered having studied.
RESULTS
Performance measures showed that
recognition was influenced by study task

whereas priming of lexical decisions was
not. This memory dissociation was observed in both experiments, as shown in
Figure 2.
In Experiment 1, recognition scores
were clearly better for words from the
image task than for words from the syllable task (t[9] = 8.8, MSe = 33, p <
.0001, data available for 10 subjects
only). Lexical decisions were 33 ms
faster for the studied words than for
words not shown in the study phase
(t[11] = 7.7, MSe = 115, p < .0001).
However, lexical decision times did not
differ for words from the image task versus words from the syllable task (t [11] =
1.5, MSe = 57).
In Experiment 2, recognition scores
were also better for words from the
image task than for words from the
syllable task (t[11] = 8.8, MSe = 26,
p < .0001, data from test phase). Lexical
decisions were 87 ms faster for studied
than for unstudied words (t[11] = 6.1,
MSe = 1,195, p < .0001), but did not
differ as a function of study task (t[11] =
0.04, MSe = 282). As performance requirements in the test phase were considerably more demanding in Experiment 2 than in Experiment 1, overall
lexical decision times were longer (t[11]
= 7.4, MSe = 15,318, p < .0001), and
the magnitude of the priming effect was
VOL. 6, NO. 2, MARCH 1995
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larger (t[11] = 3.5, MSe = 1,287, p <
.005).1
The behavioral results thus showed
that memory tested explicitly via measures of recognition accuracy was influenced by the study-task manipulation,
whereas memory tested implicitly via
lexical decision times was not. Furthermore, a novel perspective on the nature
and time course of these memory processes was provided by an examination
of ERPs recorded during the test phase.
As can be seen in the upper portion of
Figure 3, ERPs were more positive for
studied than for unstudied words, starting approximately 300 ms after word onset. This effect of word repetition was
clear in both experiments (see Table 1)
and accords well with the literature (Kutas, 1988; Paller, 1993; Rugg, 1995). Unlike the previous experiments, which did
not allow the separate contribution of
recollective processes to be determined,
in these studies we took advantage of the
dissociative influence of the study-task
manipulation to isolate an ERP effect
specific to recollection. As shown in the
lower portion of Figure 3, ERP amplitudes from 500 to 900 ms after word onset were larger for words from the image
task than for words from the syllable
task, although this difference was statistically significant only in Experiment 2
(see Table 1). Whereas we emphasize results from the Cz electrode, analogous
results were apparent in recordings from
other scalp locations (Palter, Kutas, &
McIsaac, 1994).
DISCUSSION
The key electrophysiological finding
was that words from the two study
tasks-which yielded equivalent priming
1. The finding that lexical decision times
were prolonged in Experiment 2 relative to
Experiment t has implications for other experiments in which dual response requirements have been used (e.g., Johnston, Dark,
& Jacoby, 1985). Specifically, the manner in
which subjects perform an implicit memory
test can be dramatically changed by introducing the additional requirement of making a
recognition decision on each trial. Additional
performance requirements can alter the demand characteristics of memory tests, and
measures of memory must be interpreted with
this in mind.
VOL. 6, NO. 2, MARCH 1995

Fig. 3. Event-related potentials (ERPs) recorded during the test phase. Recordings
shown are from the Cz electrode, located at the vertex of the scalp. The top two rows
show that ERPs to studied words were more positive than ERPs to unstudied words,
beginning at about 300 ms after word onset. The bottom two rows show that ERPs to
words from the image task were more positive than ERPs to words from the syllable
task. This difference was significant in Experiment 2 between 500 and 900 ms after
word onset.
as assessed by lexical decision timeselicited different ERPs during the lexical
decision test. This ERP effect mirrored
the study-task effect on recognition, and
can thus be interpreted as an index of
recollection, even though recollection
was incidental (i.e., not necessary for
performing the implicit memory test).
This pattern of electrophysiological
results replicates that found previously
using a different implicit memory test, a
word identification test in which subjects
attempted to identify words presented
under tachistoscopic masking that made
many of the words unidentifiable (Palter
& Kutas, 1992). A priming effect was observed, in that words that had also been
shown in the study phase were identified
more often then were unstudied words.
Further, words from a semantic study
task and words from a nonsemantic

study task led to similar levels of priming. In contrast, study task had a large
effect on recollection as measured by
free recall and recognition performance.
Electrophysiological results showed that
study task had a strong influence on
ERPs elicited by words presented during
the word identification test. Similarities
between the study-task effect on testphase ERPs found by Paller and Kutas
(1992) and in the present experiment attest to the robustness and generalizability of the results and imply that the recollection effect is not contingent on the
type of implicit memory test used.
An alternative procedure for recording ERPs during recollection was used
by Smith (1993), who applied a modified
recognition paradigm developed by
Tulving (1985). In addition to making
recognition judgments, subjects were
109
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Table 1. Measurements of differences in event-related potentials (ERPs)

Note. Values show mean amplitude measurements from the Cz electrode (in uV)
computed as differences between conditions (study effect = ERP to studied words ERP to unstudied words; task effect = ERP to words from the image task - ERP to
words from the syllable task). Significant t values are shown in parentheses.
*p < .05 **p < .01 ***p < .005.

asked to decide for each recognized item
whether they experienced recollection or
merely a sense of familiarity devoid of
the contextual retrieval that is the hallmark of recollection. Electrophysiological findings corresponding to these two
judgments did not appear to isolate qualitatively different ERP effects, and thus
some doubt remains concerning the adequacy of this procedure for isolating an
ERP correlate of recollection.
A subsequent study, however, was
more successful at revealing an ERP effect that may be specific to recollection
(Smith & Guster, 1993). Subjects discriminated memorized words from other
words in either a "subspan" condition in
which there was only I memorized word
or a "supraspan" condition in which
there were 10 memorized words. Smith
and Guster (1993) argued that only the
supraspan condition required retrieval
from secondary memory and that an increased positivity from 500 to 650 ms in
the supraspan versus subspan condition
was thus associated with recollection, an
interpretation that is consistent with our
findings.
Another method that was recently
used to associate an ERP effect with recollection was to require subjects to make
source judgments (Wilding & Rugg,
1994). Each word presented in the study
phase was heard in either a mate or a
female voice. In the test phase, subjects
made a recognition judgment (old vs.
new) for each word as well as a source
judgment for words judged old (male vs.
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female voice in study phase). ERPs to
new words differed from ERPs to old
words only for the old words that were
both recognized and attributed to the
correct study condition. Demonstrated
knowledge of the study context is arguably a good indication that the recognition judgment was made on the basis of
recollection rather than merely on the
basis of a feeling of familiarity.
In conclusion, the present results imply that ERPs reliably and systematically
fluctuate with the likelihood that sub
jects experience recollection. The studytask manipulation showed that more
meaningful encoding led to better recognition performance and to larger ERP
amplitudes at retrieval. Similarly, the
test-phase manipulation showed that
conditions maximizing the probability of
recollection during the implicit memory
test led to larger ERP differences. ERP
measures can thus provide real-time evidence about recollective processing.'
The available evidence suggests that this
association is not limited to incidental
2. One way in which the present approach
may be especially useful is in conjunction
with neuroimaging techniques that have lower
temporal resolution but higher spatial resolution. For example, studies of memory functions using positron emission tomography
have associated blood flow changes in frontal
lobe regions with recollection, but measures
were obtained by averaging over periods of 40
s or more (Buckner et al., 1995; Grasby et al.,
1993; Squire et al., 1992; Tulving et al., 1994).

recollection but can also hold for recollection as it occurs during a recognition
test. Despite the fact that subjects' reports based on their introspections are
notoriously unreliable, our results show
that subjective experience can be
brought into the realm of empirical investigation by monitoring electrical activity that is coincident with the experience of recollection.
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