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Demonstrations of long-term implicit memory are numerous, but to date they have been reported in what
might be thought of as perceptually driven tasks. In the present experiment, a low-frequency U.S. state name
was presented verbally to participants within the context of a memory-course lecture, and the influence of that
experience was measured indirectly 4 to 8 weeks later using a state-name-generation task. Participants were
significantly more likely to generate the critical state name when it had been presented in an earlier lecture than
when it had not been presented in an earlier lecture, a novel demonstration of long-term, conceptually driven

priming after a single stimulus exposure.

This article presents the results of a classroom demon-
stration that was carried out over the course of 10 years
and that has reliably produced memory effects that hold
over long delays. We describe this effect here because it
appears to hold a unique place in the memory literature;
that is, it constitutes a unique demonstration of long-term,
implicit, conceptually driven memory.

The prominence in the memory literature of the distinc-
tion between implicit and explicit memory stems from a
host of well-known dissociations involving tasks that ei-
ther do or do not require conscious access to a particular
encoding experience (see, e.g., Jacoby & Dallas, 1981;
Tulving, Schacter, & Stark, 1982). For example, Tulving
et al. tested participants in both recognition and fragment-
completion tasks following retention intervals of 1 h or
7 days. Performance in the explicit recognition memory
task was much worse for the longer retention interval
than for the shorter retention interval, whereas priming
effects in the presumably implicit fragment-completion
task were unaffected by retention interval. Such a result
might therefore be argued to demonstrate that separate
memory systems underlie performance on implicit- and
explicit-memory tasks.

Whereas some researchers have cited such task disso-
ciations as support for separate memory systems (for a
review, see Squire, 2004), others have noted that implicit
and explicit tasks often differ in the type of processing
that they require (Blaxton, 1989; Roediger, 1990; Roedi-
ger & McDermott, 1995). To appreciate this alternative-
processing perspective, consider that the recognition
memory task could be considered both explicit and con-

ceptually driven, in the sense that recognizing often in-
volves the recapitulation of meaning-based encoding pro-
cesses that occurred during the study phase. In contrast,
the fragment-completion task can be argued to be both
implicit and perceptually driven, in that perceptual pro-
cessing during the test phase leads to some of the same
perceptual operations that are performed during encoding
of items in the study phase. From a processing perspec-
tive, it is this recapitulation of perceptual operations, at
least in part, that enhances performance for old items rela-
tive to new items. In line with this alternative processing
perspective, Blaxton reported a study demonstrating that
it may be the perceptual-versus-conceptual processing
requirements of a task, rather than the implicit-versus-
explicit status of a task, that predicts task dissociations.
Although the interpretation of task dissociations remains
controversial, a consequence of this theoretical debate is
that tasks are now commonly classified both in terms of
their explicit or implicit requirement to remember and in
terms of the perceptual or conceptual nature of the cues
that are driving the critical retrieval processes. Within this
broad task-classification scheme, there are many examples
of long-term, implicit, perceptually driven memory effects
(Cave, 1997; Kolers, 1976; Mitchell, 2006; Tulving et al.,
1982), whereas long-term, implicit, conceptually driven
memory effects are conspicuously absent from the litera-
ture. Although Zeelenberg and Pecher (2003) reported a
conceptual cross-language priming effect in which there
were an average of 65 intervening items between study
and test for a particular target item, the time delay be-
tween study and test (not reported) appears to have been
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on the order of minutes. To our knowledge, a longer term
effect—on the order of days, weeks, or more—has never
been reported, which could easily lead one to conclude
that long-term implicit memory effects are a consequence
of perceptual learning exclusively.

The present study measured conceptually driven prim-
ing effects using a procedure in which participants were
presented with target items (U.S. state names) in the
context of a verbal lecture, and the likelihood of their
generating these target items was tested indirectly 4 to
8 weeks later. A demonstration of long-term, implicit,
conceptually driven memory in this context would be
noteworthy, since it would undermine the view that long-
term implicit memory effects are entirely the product of
perceptual learning.

METHOD

Participants

All participants were undergraduates at McMaster University
who were enrolled in a 3rd-year memory course between 1996 and
2007 (N = 245). The students took part in the experiment as part of
a yearly in-class demonstration.

Materials

The critical state names that were used in this experiment were
five U.S. state names that were selected for their particularly low
probability of generation by Canadian students: West Virginia, Wis-
consin, Wyoming, Delaware, and Rhode Island.

Procedure

Each year from 1996 to 2007, students who were enrolled in a 3rd-
year course on human memory attended a lecture on retrieval strate-
gies. At some point in the lecture, the critical U.S. state name was
presented in the context of a discussion of the distinction between
the state name being unavailable versus inaccessible, as a result of
the absence of an appropriate retrieval strategy. The demonstration
typically proceeded as follows: “When trying to recall all 50 U.S.
states, you might employ an alphabetic retrieval strategy to boost
your performance, so that when, for instance, you come to the let-
ter ‘D,” you’ll have some chance of remembering Delaware.” This
part of the lecture, in which the critical state name was embedded,
constituted the study session of the experiment. Encoding can be de-
scribed as incidental, in that students were unaware that they would
later be asked to generate state names. For the first experimental
session, Wyoming was chosen arbitrarily as the critical state name.
When these data were collected, the least frequently reported state
for that year was used as the critical state name the following year.
This strategy yielded five critical state names across five years. Each
state name was used once more, resulting in 10 experimental ses-
sions in total, although an experimenter error in 2005 (ironically, a
memory error as to which critical state name was actually presented
at study) resulted in the exclusion of those data and the running of
an additional session in 2007.

The test phase of the experiment occurred in a subsequent lecture
each year, 4 to 8 weeks after the initial study session. Participants
were asked to write on a sheet of paper as many of the 50 states as
they could remember in 10 min.

RESULTS

For each experimental session, the state names were
rank-ordered from most to least frequently generated. The
critical state name that was mentioned during the study
phase was labeled biased; the four critical state names that
were not mentioned in a study phase were labeled unbi-
ased. Across the 10 experimental sessions, therefore, two
biased rank orders and eight unbiased rank orders were
obtained for each critical state name. These rank orders
are presented in Table 1. Collapsing the ranks across the
2 critical years and the 8 additional years yielded a sin-
gle mean biased rank and a single mean unbiased rank
for each of the five critical states, which are displayed in
Figure 1.

The mean difference in rank from unbiased to biased
for the five critical state names was 16.3; 95% confidence
intervals that were obtained via nonparametric bootstrap
analysis, per Efron and Tibshirani (1993), were 21.50 <
u < 31.62 and 40.65 < u < 44.84 for the biased and un-
biased ranks, respectively. We thus concluded that the
mean biased and mean unbiased ranks came from differ-
ent distributions.

Awareness of the source of this bias effect was measured
informally each year. Participants were presented with the
rank-ordered data that had been obtained at the time of
test, and they were asked first to speculate on whether
there were any state names that were ranked higher than
they might expect. Participants gave a host of answers to
this question, which included only rarely the biased state
name. The instructor then pointed out that he found the bi-
ased state name to be ranked unusually high, and he asked
the class whether they could think of any reasons why that
state was ranked as high as it was. In some of the test
sessions, a single student mentioned that the biased state
name had been mentioned in a prior lecture; in others, no
students did so. In cases in which the biased state name
was mentioned by a student, the suggestion appeared to be
made with relatively low confidence, more as a question
to the instructor than as a statement. In these cases, the in-
structor then asked the class whether they remembered the
biased state name having been presented. In many cases,
no other students reported remembering the initial study
encounter, and in the remaining cases, no more than 1 or 2
additional students gave an indication that they remem-

Table 1
Mean Rank Order of Critical State Names As a Function of Year

State 1996 1997 1998 1999 2000 2002 2003 2004 2006 2007
Wyoming 11 43 49.5 46.5 46 21 50 47.5 40.5 30.5
West Virginia 50 32 435 46.5 46 46 21 44.5 47 50
Wisconsin 48.5 495 17.5 345 39.5 25 40 41.5 44 36
Delaware 485 475 50 40.5 48.5 46 40 24.5 47 475
Rhode Island 44 40 36 34.5 27 35 47 28 35 26

Note—Values in bold represent rank orders for state names that were biased.
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Figure 1. The mean biased and unbiased rank (1 = most frequently reported,
50 = least frequently reported) for each of the five target state names is shown,
collapsed across all experimental sessions.

bered the initial study encounter. Only with a great deal of
additional contextual support (e.g., other details of the lec-
ture) were students slowly convinced that the target state
name had been mentioned in a prior lecture. Although this
method of inquiry is somewhat informal, the behavior of
the class gave a very clear impression that deliberate re-
cruitment of prior learning episodes was highly unlikely
to have been the source of the large bias effect in rank for
the critical state names.

DISCUSSION

The results of the present study demonstrate that gen-
eration of low-frequency category exemplars can be in-
fluenced by a single mention of one of those exemplars
many weeks earlier; moreover, this effect appears to occur
alongside an absence of explicit recollection of the initial
encoding episode. To our knowledge, this long-term, im-
plicit, conceptually driven memory effect is unique in the
literature.

We believe that the classroom demonstration is suffi-
ciently compelling to stand on its own, yet our evidence
concerning the awareness status of participants hinged
on participants’ self-report, and our claim that the result
constituted a unique form of implicit memory requires
some form of defense of those methods. To that end, we
note that the implicit—explicit distinction relates to states
of subjective experience, and self-report therefore seems
a reasonable and straightforward method of measuring
those subjective states. Although such methods might
well have been considered unscientific several decades
ago, an increasing number of researchers are making use
of subjective report to study conscious experience (e.g.,
Mitchell, 2006, whose use of self-report in a study of
long-term priming was similar to ours). Indeed, Merikle,
Smilek, and Eastwood (2001) have argued that self-report
of what an individual has perceived is often just as reli-

able as more objective measures of perception. An addi-
tional concern is that the informality of the method that
was used to measure self-reported awareness may have
resulted in something less than an exhaustive measure of
participants’ awareness. There is no way to be sure that we
exhaustively tapped participants’ awareness of the origi-
nal encoding episode, but the compelling nature of the
demonstration stems in large part from the obvious ef-
fort by the experimenter/lecturer to encourage students to
offer reasonable hypotheses for the relatively high rank of
the biased state name. We made this attempt to elicit con-
scious report of the original encoding episode as salient
an aspect of the method as possible in order to ensure that
in later debriefing the participants would appreciate that
we had indeed attempted to provide as exhaustive a mea-
sure of conscious experience as possible. Across 10 years
of the study, many former students have remarked that
the demonstration was compelling, and we presume that
our overstated attempts to elicit conscious report of the
original encoding experience, to little effect, contributed
to this impression.

We thus propose that this long-term conceptually driven
memory effect indeed occurs in the absence of awareness,
and that it therefore holds a unique place in the memory
literature. It is worth noting, however, that one other recent
study has addressed at least some of the issues that were
raised by our study. Hunt and Lamb (2006) presented par-
ticipants with sentences that contained a category followed
by a low-frequency exemplar of that category (category—
exemplar) or with sentences that contained a low-frequency
exemplar followed by its category (exemplar—category).
Participants were presented with category labels at test and
were asked to report the first eight instances of each cate-
gory that came to mind. The category—exemplar items pro-
duced greater priming under conditions of divided attention
than did the exemplar—category items. The authors claimed
that the key to observing reliable priming of low-frequency
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items under divided attention with a single stimulus expo-
sure is to present the category in a way that biases com-
prehension toward low-frequency instances. It is unlikely
that a general biasing toward low-frequency instances oc-
curred in our experiment, since the observed result did not
generalize across all low-frequency state names in a given
session but instead was limited to the particular state name
that was mentioned at study. Nonetheless, the results of the
Hunt and Lamb study do demonstrate robust biasing of
low-frequency category exemplars with a single presenta-
tion, and the study did employ a category-production task
that was similar to ours. As these authors noted, the ab-
sence of any perceptual features of category exemplars in
the task instructions at the time of test, together with the
requirement to generate category exemplars rather than to
remember previously presented category exemplars, made
theirs an implicit (or indirect) conceptually driven memory
test. Our memory test had these same properties and there-
fore very likely tapped into similar processes. Additionally,
the effect that we report here survived a lag between study
and test of at least 1 month, which constitutes its unique
contribution relative to the study of Hunt and Lamb.

We noted at the start of this article that long-term, im-
plicit, conceptually driven memory effects are conspicu-
ous in their absence from the literature, particularly given
the attention that researchers have paid to the implicit—
explicit distinction over the past 25 or so years. We want to
make clear again that the presence of such an effect in this
study does not tip the balance in favor of either separate-
systems or more processing-oriented interpretations of
dissociations between implicit- and explicit-memory test
performance. We believe that the present results do con-
strain the interpretation of at least some of the dissocia-
tions that have shaped this debate, however, in particular
those involving retention-interval effects.

For example, processing-oriented accounts of the Tul-
ving et al. (1982) study that are described above might
offer that retention interval has its effect primarily on con-
ceptually related processes. According to this view, the
dissociation in the Tulving et al. study owes to different
effects of retention interval on the products of conceptual
and perceptual encoding processes, rather than to differ-
ent effects of retention interval on implicit- and explicit-
memory systems. Our point is that the conspicuous ab-
sence of any long-term, implicit, conceptually driven
memory effect in the literature might be seen as support
for this particular processing interpretation. The present
results highlight that the products of conceptually related
encoding processes can endure a substantial retention-
interval manipulation, so it is much less clear that one can,
a priori, identify the processes that are affected by reten-
tion interval as being conceptual rather than perceptual
and therefore explain away a dissociation by reference to
the selective effect of retention interval on conceptual pro-
cesses. On the other hand, a multiple-systems interpreta-
tion of dissociations might well appear to be strengthened
by the idea that different learning systems have different
learning constraints, and learning within modular percep-
tion systems ought to be more robust to manipulations of
retention interval than is higher order learning that imparts

meaning to perceptual learning that is done elsewhere. Yet
the presence of long-term, implicit, conceptually driven
memory effects undermines the idea that dissociations in-
volving retention interval necessarily reflect the different
constraints on learning within separate systems. In sum-
mary, although we do not pretend that the data that are re-
ported here favor either a separate-systems or processing
interpretation of implicit- or explicit-memory task disso-
ciations, we do think that the long-term, implicit, concep-
tually driven memory effect that we report here constrains
how proponents of both theoretical camps incorporate
some well-known dissociations involving manipulations
of retention interval.

Finally, we note that there may well be opportunities
for proponents of processing-oriented frameworks, such
as transfer-appropriate processing (Morris, Bransford,
& Franks, 1977), to extend the present research in some
interesting directions. In particular, in the absence of per-
ceptual overlap between study and test in the present ex-
periment, the key to understanding why the effect persists
over a retention interval of 1 month or more may lie in
identifying potential sources of conceptual-processing
overlap between study and test. One possible source of
conceptual-processing overlap relates to the fact that par-
ticipants were exposed to the critical state name in the
context of the use of an alphabetic strategy to recall state
names. Informal reports from participants at the time of
debriefing suggest that many of them did rely on an alpha-
betic strategy to perform the recall task. Another possible
source of conceptual-processing overlap is suggested by
research showing that individuals can be primed to form
specific goals when perceiving and encoding information
during a study period and that when those goals are ac-
tivated at test, information that was previously linked to
these goals will be better remembered (Bargh, Gollwitzer,
Lee-Chai, Barndollar, & Trotschel, 2001; Chartrand &
Bargh, 1996).

Clearly, additional research is required to determine
whether the aforementioned sources of conceptual over-
lap at encoding and retrieval are critical to the observed
effect, but future studies are also needed to determine the
generality of the effect that we report here. We have de-
scribed our research as if it represents a larger category
of methods in which biasing of low-frequency category
exemplars is tested using a category-cued production
task, yet it remains possible that the generation of U.S.
state names by Canadians has some idiosyncratic proper-
ties that would make replication outside this literal task
context challenging. We hope that the report of this class-
room demonstration invites others to extend the research
to other tasks, and that the challenge ultimately proves to
be a modest one.
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