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Abstract

Prior research indicates that enumeration-based frequency estimation strategies become increasingly common as
memory for relevant event instances improves and that moderate levels of context memory are associated with moder-
ate rates of enumeration [Brown, N. R. (1995). Estimation strategies and the judgment of event frequency. Journal of

Experimental Psychology: Learning, Memory, and Cognition, 21, 1539–1553; Brown, N. R. (1997). Context memory and
the selection of frequency estimation strategies. Journal of Experimental Psychology: Learning, Memory, and Cognition,

23, 898–914]. Two experiments, one an RT study, the second a protocol study, were conducted to determine what hap-
pens to when context memory is very good. Both compared an exemplar-generation condition to a non-generation con-
dition. As expected, generation improved context memory and reduced estimation bias. Importantly, Experiment-1
RTs increased with frequency at the same rate in both conditions, which implied that generation had no effect on enu-
meration. Experiment-2 protocols provided converging evidence for this conclusion as enumeration rates were equal
across conditions. These findings are consistent with a metastrategic account of strategy selection; on this view, people
mix enumerated and non-enumerated responses in a way that optimizes performance at the task level rather than the
trial level.
� 2007 Elsevier Inc. All rights reserved.
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Introduction

Judgments of event frequency are solicited by two
types of researchers: those interested in understanding
how repeated experiences affect memory and perfor-
mance (Dougherty, Gettys, & Ogden, 1999; Greene,

1989; Hasher & Zacks, 1984; Hintzman, 1988; Howell,
1973; Johnson, Hashtroudi, & Lindsay, 1993; Logan,
1988; Sedlmeier & Betsch, 2002; Watkins & LeCompte,
1991; Williams & Durso, 1986; Zacks & Hasher, 2002)
and those who hope to obtain accurate information
about the frequency of potentially important, but
undocumented, behaviors, and feelings (Blair & Burton,
1987; Bogart et al., in press; Brown & Sinclair, 1999;
Brown, Williams, Barker, & Galambos, 2007; Burton
& Blair, 1991; Conrad, Brown, & Cashman, 1998;
Edwards, Thomsen, & Toroitich-Ruto, 2005; Garry,
Sharman, Feldman, Marlatt, & Loftus, 2002; Means &
Loftus, 1991; Menon, 1993; Menon, Raghubir, &
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Schwarz, 1995; Robinson & Clore, 2002). Over the past
decade, these two very different lines of research have
converged on an understanding of frequency processing
that has been labeled the Multiple Strategies Perspective

(Brown, 2002a). The main tenets of this approach are:
(a) People represent frequency information in a number
of different ways; (b) they use a variety of estimation
strategies to generate frequency judgments; (c) event
properties and encoding factors are systemically related
to the way that frequency information is represented; (d)
representation and strategy selection are also related;
and (e) strategy selection can affect both effort and
accuracy.

Although there is good support for these claims, a
number of important and interesting issues remain. This
article focuses on one of these, strategy selection. It is
obvious that strategy selection is restricted by the task-
relevant contents of memory. For example, rate-based
responses, which are produced by multiplying rate-of-
occurrence facts retrieved directly from memory, are
ruled out when such facts unavailable (Conrad et al.,
1998; Menon, 1993). Likewise, familiarity-based strate-
gies are useless when a probe fails to access a coherent
memory representation (Barsalou & Ross, 1986; Con-
rad, Brown, & Dashen, 2003; Freund & Hasher, 1989;
Pandelaere & Hoorens, 2006). What is less obvious is
how (and why) people select a strategy when they have
access to multiple sources of potentially relevant infor-
mation. This is a central issue in the strategy-differences
literature (LeMaire, 2005; Payne, Bettman, & Johnson,
1993; Rieskamp & Otto, 2006; Siegler & Shipley, 1995)
and is of particular concern to psychologists who study
frequency processing (Betsch & Sedlmeier, 2002; Brown,
2002a).

This concern is driven in large part by the fact that
people often enumerate when they estimate event fre-
quencies (Blair & Burton, 1987; Brown, 1995, 1997;
Brown & Sinclair, 1999; Bruce & Van Pelt, 1989; Burton
& Blair, 1991; Conrad et al., 1998; Conrad et al., 2003;
Marx, 1985; Means & Loftus, 1991; Menon, 1993;
Menon et al., 1995; Pandelaere & Hoorens, 2006). In
other words, they retrieve and count relevant instances
and respond with a number that is equal to (simple enu-

meration) or greater than (enumeration and extrapola-

tion) the derived count. What is interesting here is that
enumeration is slow and often produces biased esti-
mates. Yet when people use enumeration-based strate-
gies, they often use them in preference to other
strategies that are considerably easier to execute and
about as accurate (Brown, 1995, 1997). On the face of
it, this tendency appears suboptimal, if not willfully per-
verse. After all, why would a person use a difficult strat-
egy when he or she could use an easy one?

In this article, I consider three possible answers to
this question, answers that correspond to three different
approaches to strategy selection. The first, termed the

research-limits account, assumes that people are strongly
biased to enumerate and that they will use enumeration-
based strategies whenever they can. The second account,
termed the cost-benefits account, also assumes that peo-
ple have a preference for enumeration, though this pref-
erence is tempered by the recognition that enumeration
can be demanding and by a willingness to use less effort-
ful strategies when enumeration is deemed impractical.
Both these accounts treat strategy selection as a trial
level phenomenon—on both views, the decision to enu-
merate is made on a case by case basis and is condi-
tioned by the availability of task-relevant memory
traces (see below). The third account shifts the focus
from the trial level to the task level; this metastrategy

approach holds that there is a metastrategic aspect to
strategy selection which, under some conditions, enables
people to mix difficult-to-execute strategies (e.g., enu-
meration) with easy-to-execute strategies, in a way that
optimizes performance over trials.

In the next section, I describe these three
approaches in greater detail, explain how each accounts
for established findings in the frequency literature, and
argue that it should be possible to select between them
by observing enumeration rates when context memory
is very good. The two experiments reported below were
conducted to enable this selection. Both used an exem-

plar-generation task to achieve the required level of
memory performance, and both provided evidence indi-
cating that metastrategic considerations play an impor-
tant role in the selection of frequency estimation
strategies.

Approaches to strategy selection and their relation to

enumeration-based frequency judgments

The resource-limits approach

The resource-limits approach to strategy selection,
which is the simplest of the three considered here, is
applied when there is a single preferred strategy. The
preferred strategy may be optimal in the sense that it
is both more accurate and less effortful than its compar-
ators, but it needed not be. It is enough that people exe-
cute this strategy whenever they can. When there is a
preferred strategy, strategic variability is introduced
when requisite declarative or procedural knowledge is
lacking or when mnemonic or attentional resources are
inadequate.

Many strategy-related phenomena examined in the
developmental, aging, expertise, and memory literatures
have been linked to resource limitations of one form or
another (e.g., Chi, Feltovich, & Glaser, 1981; Dunlosky
& Hertzog, 1998; Ericsson & Lehmann, 1996; Siegler,
1987; Siegler & Lemaire, 1997). The development of
basic math skills is perhaps the best studied example
of resource-limited strategy selection. For one-digit
addition problems, the direct retrieval of the answer
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from memory is the preferred (and optimal) strategy. To
use this strategy effectively, the child needs access to a set
of strong associations that link the addends and the
operand to the solutions. When these associations are
weak or absent, children rely on ‘‘back-up’’ strategies
(e.g., the ‘‘Min’’ strategy, which involves counting up
from the larger addend the number of times indicated
by the smaller addend) to generate their responses. Once
the requisite associations are in place, these back-up
strategies drop from the child’s repertoire and he or
she comes to rely on direct retrieval exclusively (Siegler
& Jenkins, 1989).

One way to think about enumeration is to assume
that people are strongly biased to enumerate (at least
in the absence of a prestored tally or rate) and that
they will do so whenever they have access to readily
retrievable task-relevant event instances. This bias
may arise from the belief that enumeration produces
more accurate estimates than the alternatives, or it
may reflect a strong preference to ground frequency
estimates with concrete information. Regardless of its
origins, a bias of this sort fits well with a resource-lim-
its account. On this view, enumeration is identified as
the preferred strategy and the availability of readily
retrievable event traces is the limiting factor. It follows
that the use of enumeration should increase when con-
ditions foster retention and recall of these traces. Con-
sistent with this prediction, a study examining
taxonomic frequency estimates (Brown, 1997) pro-
duced a monotonic relationship between context mem-
ory (i.e., memory for the words paired with the target
items during study) and response time (RT, an index
of enumeration). In this study, the RT data indicated
that enumeration was rare when context memory was
very poor, and that it became increasingly common as
memory for event instances improved.1

The cost-benefit approach

When there is no preferred strategy (or when the pre-
requisites for executing the preferred strategy are not
met), selection requires a choice between procedures that
may differ along at least two relevant dimensions: (per-
ceived) processing difficulty and (perceived) response
quality. A cost-benefit approach is applicable to strategy
selection when accuracy and effort are (believed to be)
positively correlated across the set of candidate strategies,
i.e., when more effortful strategies (are thought to) pro-
duce more accurate outcomes than less effortful ones.
When these conditions are met, it seems likely that the
strategy selection involves a decision which takes both
costs (effort) and benefits (accuracy) into consideration.

Cost-benefit research has been carried out mainly in
the judgment and decision-making area, with the multi-
ple-attribute choice task providing the primary test-bed
(e.g., Chu & Spires, 2003; Payne et al., 1993; Russo &
Dosher, 1983; Swait & Adamowicz, 2001). This research
has demonstrated that stimulus factors (e.g., number of
attributes, number of options) and task demands (e.g.,
accuracy pay-offs, time pressure) jointly and sensibly
affect strategy selection. For example, people tend to
use simple one-reason decision strategies (e.g., Take

the Best, Gigerenzer & Goldstein, 1996) when they are
under time pressure (Rieskamp & Hoffrage, 1999) or
when information acquisition is costly (Bröder, 2000).
In contrast, people often consider multiple cues when
they are not pressed for time or when they have ready
access to task-relevant information (Newell & Shanks,
2003; Newell, Weston, & Shanks, 2003).

Like the resource-limit position, a cost-benefit treat-
ment of strategy selection for frequency estimation
assumes that people prefer enumerated estimates. How-
ever, it is also assumed that this preference is not abso-
lute. Instead, on this view, people choose to enumerate
when they believe they can retrieve and count and a rep-
resentative set of task-relevant instances in a reasonable
amount of time, and they select an alternative strategy
when they decide that the generation of an accurate enu-
merated estimate may require time or effort.

It seems likely that people are aware that the effort
required for a response increases with the number of
instances that need to be retrieved and counted. If so,
the cost-benefit approach predicts that the relation
between event memory and enumeration rate should
be \-shaped. In other words, the tendency to enumerate
should increase as event memory improves across condi-
tions, but only up to a point, after which it should
decline (Keller & Staelin, 1987). In addition, when actual
frequency is manipulated, but event memory is very
good, enumerated estimates may be less common for
high-frequency items than low-frequency ones. Both
predictions assume that people will shy away from enu-
meration when they are confronted with too many
potentially recoverable traces.

1 In the standard taxonomic frequency paradigm (Brown,
1995, 1997; Bruce, Hockley, & Craik, 1991; Conrad et al., 2003;
Greene, 1989; Watkins & LeCompte, 1991; Williams & Durso,
1986), participants study word pairs consisting of a target word
(a category label, e.g., METAL) and a context word (a category
exemplar, e.g., gold). Although target words are presented
multiple times across the list, each context word is presented
only once. Because each word pair is unique, the recall of a
particular context word at test is taken is evidence that the
studied word pair has been remembered. Throughout this
article, I use the term context memory in a paradigm-specific
manner—it refers to memory for the category instances that
were paired with the category labels during study. However, it is
also assumed that people treat the unique word pairs of this sort
in much the same way as they treat distinctive event instances
they experience outside of the lab.
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The metastrategic approach

The resource-limits and cost-benefit approaches
focus on strategy selection at the trial level. In contrast,
the metastrategic approach contends that task-level fac-
tors can also affect strategy selection. This is because dif-
ficult-to-execute strategies can sometimes confer benefits
that extend beyond a single trial and because between-
trial contingencies often exist which can make easy-to-
execute strategies more accurate than they would be if
performed in isolation. These considerations raise the
possibility that there may be an optimal mix of strategies
and that people prefer this mix when conditions allow.

In the present context, this position suggests that par-
ticipants may mix enumeration-based responses with
non-enumerated ones, even when context memory is
good enough to support enumeration on every trial. A
strategies-mix metastrategy of this sort might work well
here because the common estimation strategies have
complementary strengths and weaknesses. On the one
hand, enumeration-based strategies produce estimates
that are based on credible numerical information, and
they provide a non-arbitrary basis for defining and par-
titioning the response range. But, they also require a
good deal of time and effort to execute. In contrast,
non-enumeration strategies are easy to execute, but they
do not deliver concrete information. Instead, these strat-
egies depend on non-numerical information (i.e.,
retrieved vague quantifiers, a sense of familiarity, simi-
larity-based echo strength, etc; Brown, 2002a) and
require an uncertain mapping between this information
and the response range. On this view, participants take
the time to enumerate, in part, because it helps them
ground their range assumptions, in part, because they
prefer concrete information to vague intuitions, and in
part, because enumeration mitigates the problems asso-
ciated with an exclusive reliance on non-enumeration
strategies (e.g., a lack of concreteness, response range
uncertainty).

When a strategies-mix approach is taken, people
should be able to map an ordinal judgment on to a
response scale that has already been defined by and cal-
ibrated to a set of enumerated estimates. Also, they may
sometimes ‘‘reuse’’ prior enumeration-based responses
when available non-numerical information indicates
the current target item occurred about as often as a pre-
vious one. More concretely, consider a participant who
has recently provided an enumeration-based estimate
for a frequently presented target word and who has just
been presented with another target that he or she
believes to have also been presented ‘‘many times.’’ In
this case, it might make sense to state this prior response
rather than to attempt to enumerate all available context
words. Alternatively, this individual may use a standard
memory assessment strategy (Brown, 2002a) and select a
value from the appropriate portion of the enumerative-
ly-grounded response range. Either way, these non-enu-

meration strategies are fast and easy to execute, and
when used along with enumeration, produce responses
that are ordinally consistent with and comparable in
magnitude to enumeration-based estimates. Thus,
although it is true that enumeration increases with con-
text recall (Brown, 1997), it might also be true that this
relation holds only up to a point. Beyond this point,
participants may continue to mix enumeration and
non-enumeration strategies in a way produces a well-
grounded, credible set of frequency estimates in an
efficient manner.

Experiment 1

Prior research indicates enumeration is very uncom-
mon when context memory is poor, and that moderate
levels of context memory (e.g., 40%, Brown, 1997;
Experiment 1) are associated with moderate rates of
enumeration (e.g., 57%, Brown, 1995; Experiment 1).
These findings leave open the question of how enumera-
tion rates might be affected if context memory were very
good. For reasons stated above, the resource-limits
approach predicts that enumeration rates will increase;
the cost-benefits approach predicts that they will
decrease; and the metastrategic approach predicts that
improved context memory will have little if any effect
on enumeration rate.

The challenge in assessing these competing predic-
tions was to find a manipulation that produced a
marked increase in context memory relative to an estab-
lished baseline condition and that left the timed fre-
quency judgment paradigm intact (Brown, 1995, 1997;
Conrad et al., 2003). The exemplar-generation task pro-
vided a way of meeting this challenge. Both this experi-
ment and the next included an exemplar-generation

condition and a non-generation condition. During the
study phase, participants in the generation group were
required to produce unique category exemplars (e.g.,
Yellowknife, Moose Jaw, Red Deer. . .) in response to
repeatedly presented category labels (e.g., CITY). Par-
ticipants in the non-generation group saw the same set
of multiply presented category labels. However, as in
prior studies (Brown, 1995, 1997), each label was paired
with an experimenter-provided category exemplar (e.g.,
New York, Paris, London. . .). Following the study
phase, all participants were presented with each category
label and were timed as they estimated how often it had
appeared during the study phase; then during a final
phase, participants attempted to recall all context words
presented with or generated for each target word.

There is an extensive literature documenting the exis-
tence of the generation effect, which refers to the ten-
dency for people to have a better memory for self-
generated material than for experimenter-selected mate-
rial (Mulligan & Lozito, 2004; Slamecka & Graf, 1978).

6 N.R. Brown / Journal of Memory and Language 58 (2008) 3–18
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It follows that memory for context words should be bet-
ter in the generation condition than in the non-genera-
tion condition. If this prediction is correct, then RT
and frequency estimates can be compared across condi-
tions to determine the possible effects of improved con-
text memory on strategy selection and estimation
performance.

In this experiment, both study-phase generation and
study-phase verbalization were manipulated between
groups. During the study phase, half of the non-genera-
tion participants read each of the word pairs aloud, and
half studied the word pairs in silence. Similarly, half of
the participants in the exemplar-generation condition
read each target word out loud and then stated an
appropriate category instance; the other half generated
their responses silently. Study-phase verbalization was
introduced for three reasons. First, it made it possible
to determine whether participants in the generation con-
dition were able to perform the task assigned to them.
Second, a record of the generated words was necessary
to assess the accuracy of responses in the cued recall test.
Third, the verbalization manipulation made it possible
to determine whether this requirement influenced fre-
quency judgments and performance on the cued-recall
test.

The non-generation conditions were included in this
experiment to provide baseline data. It was expected
that these data would replicate those reported in prior
studies that made use of different-context lists like the
one used here (Brown, 1995, 1997; Conrad et al.,
2003). These studies have consistently demonstrated that
such lists produce: (a) moderate memory for the context
words, (b) a RT function that increases steeply with
actual event frequencies, and (c) a strong tendency to
underestimate event frequencies. The latter two findings
reflect to use enumeration-based estimation strategies.
In this paradigm, RT increases with presentation fre-
quency because enumeration is a serial process. Assum-
ing that the time to retrieve an instance is constant (or
increases with each additional instance, Bousfield &
Sedgewick, 1944; Indow & Togano, 1970) and that par-
ticipants retrieve more instances when responding to
high-frequency items than to low-frequency items, it
follows that RT should increase with presentation fre-
quency. Enumeration is associated with underestimation
because instances are sometimes permanently forgotten,
because output interferences renders others temporally
inaccessible, and because participants may choose to
terminate their memory search before all relevant
instances have been retrieved.

The three strategy-selection approaches outlined
above make unique predictions regarding possible
between-group differences in RTs. These predictions
assume: that context memory will be considerably better
in the generation condition than the non-generation
condition; that the non-generation groups will produce

the usual pattern of performance; and that the steepness
of the RT function provides a valid index of the enumer-
ation rate (Brown, 1997). Given these assumptions, the
resource-limits approach predicts that the RT function
should be steeper (and mean RT higher) in the genera-
tion condition than in the non-generation condition; this
would indicate that enumeration-based strategies were
used more often when context memory was very good
than when it was not. The cost-benefit approach makes
the opposite prediction—the RT function should be
shallower (and mean RT lower) in the generation condi-
tion, indicating a decreased reliance on enumeration.
Finally, it could be that the RT functions (and RT
means) are the same in the two conditions; this would
indicate that the enumeration rate was unaffected by
the increase in context memory—a result consistent with
the metastrategic account.

The three strategy-selection approaches do not make
unique predictions concerning the estimation biases.
However, it did seem likely that participants in the
generation group would produce larger, less biased
estimates than those produced by participants in the
non-generation group. This would indicate that the
memory advantage conferred by study-phase generation
enabled participants in the generation condition to
retrieve and count a larger percentage of relevant event
instances when they enumerate. A mitigation of the
underestimation bias would be expected regardless of
how increased context memory affects enumeration
rates, provided generation participants enumerated
some of the time. This is because enumeration-based
estimates play an important role in defining the response
range, even when enumeration is not used on every trial
(Brown, 1995; Menon et al., 1995).

Methods

Materials

In the non-generation condition, each participant
was presented with a list of 260 word pairs. Each pair
consisted of a target word that identified a taxonomic
category and a context word that identified a member
of that category. Published category norms were used
to create the stimulus pairs (Battig & Montague, 1969;
McEvoy & Nelson, 1982). Categories selected from these
norms met two criteria: First, each category could be
described by a single noun (e.g., WOMAN, COUN-
TRY, METAL); second, each category had a reasonable
number of frequently listed category members. These
one-word category names served as target items, and fre-
quently listed one- and two-syllable category members
as context items. Each category was assigned to a single
level of presentation frequency depending on the avail-
ability of suitable context items.

The first four pairs and the last four pairs on the
study list served as filler items. Words used in the filler
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pairs were presented only once and the target words
were not included in the frequency and cued-recall tests.
Target words that appeared in the body of the list were
presented 2, 4, 8, 12, or 16 times. Six target words were
assigned to each level of presentation frequency. Because
each target word was paired with a different context
word on each presentation, participants were exposed
to 252 unique word pairs in the body of the study list.

A unique study list was created for each participant
in the non-generation condition. These lists were con-
structed so that repeated presentations of a given target
word were evenly distributed across the list, and so that
target items repeated at a given level of presentation fre-
quency were not over- or under-represented in any por-
tion of the list. Each study list also had the target items
arranged in a unique random order, and each used a dif-
ferent random ordering of the context items (for details,
see Brown, 1995).

Both the frequency judgment test and the cued-recall
test contained 36 items. Thirty of these were the multiply
presented target items, and six were category labels that
did not appear in the study list. The latter served as zero-
frequency catch trials. A different test frequency judg-
ment list was constructed for each non-generation
participant. To do this, the list was first divided into
six blocks, with one target item from each frequency
level (0, 2, 4, 8, 12, 16) randomly assigned to each block.
Then, the target words were randomly ordered within
blocks. The same scheme was used to create the test
booklets for the cued-recall test. Each participant in
the non-generation condition was yoked to one in the
generation condition. The order used to present the tar-
get words during study and at test was the same for both
participants in each yoked pair.

Procedure

Prior to the presentation of the study list, all partic-
ipants were informed that they would see a list consist-
ing of 260 items and that they should study these items
for a later memory test. In addition, participants in the
generation groups were told that each of the presented
items would be a category label, that most labels
would appear more than once, and that they were
required to think of a different example of the category
each time a given label appeared on the list. This
requirement was emphasized several times in the
instructions. In addition, participants assigned to the
verbalized generation condition were instructed to read
the category label out loud and then state their exam-
ple; those in the verbalized non-generation condition
were instructed to read the word pairs aloud as they
were presented.

During the study phase, the target-context pairs
(non-generation condition) or the target words were dis-
played one at a time, for 5.5 s on a computer-controlled
video monitor. Regardless of condition, the target item

always appeared in the center of the screen in upper-case
letters, and in the non-generation condition, the context
item always appeared two lines beneath in lower-case
letters. After the 5.5 s study interval, the screen was
erased and remained blank (except for markers indicat-
ing the screen positions of the target and context word,
and a trial counter) for 0.5 s.

The frequency task followed the study phase. Partic-
ipants were informed that they would be presented with
36 target words, one at a time and that they would have
to estimate as accurately as possible the number of times
each had appeared in the previous list. They were also
informed that decision times would be collected, and
they were warned that some test items did not appear
during the study phase. This set the lower bound of
the response range to zero; the upper bound of the range
was unspecified.

Participants pressed the ENTER key on the computer
keyboard to initiate each trial. This caused a target word
to appear at the center of the computer display. After
the word appeared, the participant decided how many
times it had occurred during the study list. Participants
were instructed to press the keyboard’s SPACE BAR as
soon they had ‘‘a single numerical response in mind.’’
Pressing the SPACE BAR caused a response field to appear.
Participants then entered their estimates on the key-
board, and pressed the ENTER key to indicate that they
had completed the trial. Pressing the ENTER key caused
the test word, frequency estimate, and response field to
be erased and to be replaced by a message prompting
the participant to initiate the next trial.

Each trial yielded a decision time, an initiation time,
and an entry time. The decision time interval began
with the presentation of the test word and ended when
the participant pressed the SPACE BAR. This interval was
particularly important because it indicated the time
required to formulate an estimate. The initiation inter-
val began as soon as the SPACE BAR was pressed and
ended as soon as the first digit was typed, and the entry
interval began when with the termination of the initia-
tion interval and ended when the ENTER key was
pressed. In combination, initiation and entry time indi-
cated the time required to enter an estimate once it had
been formulated.

The first six trials were treated as practice. During
these trials, the experimenter sat with the participant
and made sure he or she understood the task and the test
procedure.

A cued-recall test followed the frequency test. Each
participant was given a booklet that listed the 36 target
words, 12 to a page. Participants were reminded that
most of the target words had been paired with multiple
context words during the study phase, and they were
instructed to recall as many of these context words as
they could. Specifically, participants were asked to work
through the booklet one target word at a time at their
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own pace, and to respond by listing all the context words
that were paired with it during the study phase.

Participants

One-hundred twenty undergraduates, recruited from
the University of Alberta subject pool, took part in this
experiment. Thirty of these were randomly assigned to
each group. Participants were tested individually in ses-
sions lasting about 45 min, and received course credit for
their cooperation. Data from one participant in the ver-
balized generation group were discarded because his
cued-recall test included 73 intrusion errors; this was
taken as an indication that this individual did not under-
stand the task requirements.

Results

A set of preliminary analyses indicated that the
verbalization manipulation had no effect on cued recall
performance, estimated frequency, or RT. Thus, unless
otherwise noted, the analyses reported below were
collapsed over verbalization and treated generation as
the only between-group variable.

Exemplar-generation

Before turning to the effects of the generation on fre-
quency judgments and cued recall, it is necessary to
determine whether participants in the generation groups
were able to produce unique category instances during
the study phase. The study-phase protocols obtained
from the generation participants in the verbalization
condition provide data relevant to this issue. On aver-
age, these people produced 214.6 responses to the 252
target words, a success rate of 85%. On occasion, a par-
ticipant produced the same context word more than
once. As a result, the average number of unique words
(202.2) was slightly lower than the total number of
words produced. Thus, participants in the verbalized
generation condition produced a unique response for
80% of the target words.

Cued-recall

Responses recorded during the cued-recall test were
used to compute a mean total recall measure for each
participant and each level of presentation frequency.
In the non-generation condition, the counts that went
into this measure included both correctly recalled
instances and intrusion errors; in the generation condi-
tion, all items listed on the cued-recall test were
included. It was necessary to rely on total recall because
it was not possible to determine whether the items
recalled by silent-generation participants were the ones
that they produced during the study phase. Intrusion
errors, however, were flagged in the other three condi-
tions and proved to be uncommon: Only 1.7% of the
words recalled by participants in the verbalized genera-
tion group were intrusions. Comparable figures for the
verbalized non-generation group and the silent non-gen-
eration were 1.5% and 1.2%, respectively.

The total recall means were submitted to a Group (gen-
eration vs non-generation) · Frequency (0, 2, 4, 8, 12, 16)
ANOVA. This analysis yielded main effects of group,
(F(1,117) = 106.69, MSE = 4.28, p < .0001, and fre-
quency, F(5,585) = 1133.57, MSE = 0.86, p < .0001),
and a reliable Group · Frequency interaction F(5,
585) = 63.98, p < .0001. The group means are presented
in Table 1 and the interaction in Fig. 1 (left panel). It is
clear from these data that participants in the generation
condition recalled more items (mean = 167.47 words)
than those in the non-generation condition (mean =
109.78 words). In other words, in this experiment, partic-
ipants recalled 83% of the unique instances they gener-
ated, but only 52% of the instances they read—this
difference represents the predicted exemplar-generation
effect.

Response times

The cued-recall data indicated that participants who
generated their own category exemplars recalled over
50% more context words than those who studied exper-
imenter-selected exemplars. Having obtained this exem-

Table 1
Mean number of words recalled, estimated frequencies, absolute errors, slopes, correlations, and RTs (in seconds) for Experiments 1
and 2

Encoding task Words recalled Estimated frequency Absolute error Slopea Correlationb RT

Experiment 1
Generation 167.48 (3.41) 8.01 (0.47) 3.24 (0.37) 1.08 (0.08) 0.93 (0.01) 5.84 (0.56)
Non-generation 109.78 (4.40) 4.85 (0.20) 2.86 (0.11) 0.62 (0.03) 0.92 (0.01) 5.90 (0.49)

Experiment 2
Generation 171.05 (5.50) 6.56 (0.31) 1.90 (0.15) 0.88 (0.06) 0.95 (0.01) —
Non-generation 101.10 (8.36) 5.00 (0.58) 3.44 (0.22) 0.66 (0.11) 0.83 (0.01) —

The standard errors for these means are presented in parenthesis.
a Estimated against actual frequency.
b Rank-order correlations between estimated and actual frequency.
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plar-generation effect, it is possible to test the prediction
that very good context memory and enumeration are
related. Again, the resource-limits account predicts that
the generation condition should yield a steeper RT func-
tion than the non-generation condition, the cost-benefits
account predicts the RT function should be shallower,
and the metastrategic position predicts no difference.

To address these predictions, six means, one for each
level of presentation frequency, were computed for each
participant. Because the first six trials were treated as a
practice block, each mean represented the average of
five, rather than six, responses. Although each response
was composed of several measurable durations, only the
decision time analysis is reported. However, it is worth
noting that ANOVAs performed on the decision time
measure and on the total time measure yielded a similar
pattern of means and produced identical patterns of sta-
tistical effects.

RT is presented as a function of presentation fre-
quency and generation condition in Fig. 2. As expected,
RT increased steeply with presentation frequency. This
is consistent with prior results and indicates that partic-
ipants in both groups made use of enumeration-based
estimation strategies. Consistent with the metastrategic
account, RT was unaffected by study-phase generation;
mean decision time was same for both groups (see Table
1), and this was true regardless of the level of presenta-
tion frequency. These observations were confirmed by
the ANOVA, which indicated that only the frequency
effect was reliable; F(5,585) = 78.35, MSE = 13.47,
p < .0001; Fs < 1.0 for the main effect of group and the
Group · Frequency interaction.

Frequency estimates

Several dependent variables were used to assess esti-
mation performance and compare it between groups.
These included: (a) estimated frequency, (b) absolute
error (i.e., Œestimated frequency � actual frequencyŒ),
(c) the slope obtained by regressing estimated frequency
against actual frequency, and (d) the rank-order correla-
tion between estimated and actual frequency. The esti-

mate means and the regression slope reflect estimation
bias; the rank-order correlation indicates how well-par-
ticipants discriminate between the frequency levels;
and absolute error provides a general index of estima-
tion accuracy (Brown, 1995; Flexser & Bower, 1974;
Naveh-Benjamin & Jonides, 1986).

Because the first six trials were treated as a practice
block, these estimates were discarded. Two sets of six
means were computed for each participant from the
remaining 30 responses. One set consisted of the esti-
mated frequency means, which were derived by averag-
ing over the estimates provided for the five targets at
each level of presentation frequency; the other set was
composed of the corresponding absolute error means.
These data were submitted to separate Group · Fre-
quency ANOVAs. A separate regression slope was
obtained for each participant. This was done by fitting
estimates elicited by the 30 target items to their true fre-
quencies. Slopes less than 1.0 indicate a tendency to
underestimate event frequencies, and those greater than
1.0 indicate a tendency to overestimate them. Individual
rank-order correlations were also computed from each
participant’s 30 frequency judgments.

In Fig. 3 (left panel), mean estimated frequency is
plotted against presentation frequency as function of
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Fig. 1. Mean number of words recalled as a function of
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best linear fit for each group’s means and the dashed diagonal
lines represent the actual frequencies.
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generation condition. It is clear from this figure and
from the means listed in Table 1 that estimated fre-
quency was affected by the nature of the study phase.
As in several prior experiments, participants in the
non-generation condition tended to underestimate event
frequencies, and this tendency increased with presenta-
tion frequency. In contrast, in the generation condition,
estimated frequencies were slightly greater than the cor-
responding presentation frequencies. Consistent with
these claims, the regression slopes obtained from partic-
ipants in the generation group were significantly steeper
than those obtained from participants in the non-gener-
ation group; F(1,117) = 30.74, p < .0001; MSE = .20. In
addition, separate follow-up t-tests indicated that the
non-generation slopes differed significantly from 1.0,
t(59) = �11,65, p < .0001, but that the generation slopes
did not, t(58) = 1.04; p > .1. The ANOVA performed on
the estimate means makes the same point; the
Group · Frequency interaction was highly significant,
F(5,585) = 22.66, p < .0001, MSE = 10.82, as were the
main effects of group, F(1,117) = 38.25, p < .0001,
MSE = 46.71, and frequency, F(5,585) = 304.70, p <
.0001, MSE = 10.82.

Although the estimates produced by non-generation
participants were, on average, more biased those pro-
duced by generation participants, both groups were
equally good at assigning larger numbers to more fre-
quently presented target words; the mean rank-order
correlation between estimated and actual frequency
was .93 for the generation condition and .92 for the
non-generation condition; F(1,117) = 1.00, p > .1,
MSE = .003. Moreover, the nature of the generation
task did not affect absolute error (see Table 1);
F(1,117) < 1.0 for the main effect of group;
F(5,585) = 1.10, p > .1, MSE = 6.56 for the Group ·
Frequency interaction. However, absolute error did
increase with presentation frequency, F(5,585) =
153.19, p < .0001, MSE = 6.56. Collapsing over genera-
tion condition, the absolute error means for frequency
levels 0, 2, 4, 8, 12, and 16 were.02,.56, 1.36, 3.65,
5.36, and 7.33, respectively.

Discussion

In this experiment, the non-generation condition rep-
licated prior findings (Brown, 1995, 1997). As in the
past, participants in this condition demonstrated moder-
ate memory for the category instances; they produced a
RT function that increased sharply with presentation
frequency; and they tended to underestimate event fre-
quencies. Also, as predicted, generation participants
were much better at recalling context words than were
non-generation participants, and they produced less
biased estimates. RTs also increased with presentation
frequency in this condition, but there was no difference
between the RT function obtained from the generation

group and the one obtained from the non-generation
group.2

The increasing RT functions indicate that partici-
pants in both groups often relied on enumeration,
and the equivalence of the functions, which was pre-
dicted by the metastrategic position, implies enumera-
tion rates were unaffected by the large difference in
context memory brought about by the generation
task. If this interpretation is correct, it indicates that
the between-group difference in estimated frequency
must be related to strategy execution rather than to
the particular mix of strategies settled on by partici-
pants in the two groups. Experiment 2, a protocol
study, was designed to address this issue and also
to provide converging evidence for the claim that
enumeration rates are comparable in the two
conditions.

Experiment 2

In this experiment, as in Experiment 1, participants
in one group generated unique category instances dur-
ing the study phase, and those in a second group read
word pairs composed of multiply presented category
labels and unique category instances. In addition, par-
ticipants in both groups provided verbal protocols at
test as well as at study. This method made it possible
to obtain direct evidence concerning the relationship
between study-phase generation and strategy selection
and to examine possible between-group differences in
strategy execution. If strategy selection is unaffected
by the study-phase generation, as the RT data
reported in Experiment 1 implied, then the protocols
should indicate that enumeration rates are similar in
the two conditions. In addition, prior research has
demonstrated that simple enumeration becomes less
common as presentation frequency increases, and esti-
mates involving enumeration and extrapolation
become more common (Brown, 1995). This trade-off
should be present for both the non-generation condi-
tion (where it has been observed before) and the gen-
eration condition.

2 This pattern of increasing RTs and relatively unbiased
estimates observed in the generation condition has been
reproduced twice in my laboratory. In one unpublished study,
the generation condition (n = 30) yielded RTs that increased
from 2.88 s to 8.33 s as presentation frequency increases from 2
to 16; in this case, the mean estimation slope was 1.02. In a
second unpublished study, generation condition (n = 30) RT
increased from 3.12 s to 11.35 s across the same range of
presentation frequencies, and the estimation slope averaged
1.10.
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It was also expected that a protocol analysis would
isolate between-group differences in the strategy execu-
tion and that these differences would account for the
between-group difference in estimated frequencies. If
enumeration rates are similar in the two conditions
and the estimates are not, it follows that strategies are
executed differently by participants in the two groups.
One possibility is that generation participants retrieve
more items when they enumerate than non-generation
participants. A second possibility is that extrapolation
is more aggressive in the generation condition than the
non-generation condition; and a third is that partici-
pants in the generation condition produce larger esti-
mates when they make use of non-enumeration
strategies than do their counterparts in the non-genera-
tion condition. Finally, it could be that there are several
between-group differences and that these differences are
explicably related to one another. For example, suppose
more instances are retrieved during enumeration in the
generation condition than in the non-generation condi-
tion. This might lead generation participants to believe
that the response range is relatively wide and those in
the non-generation condition to believe that it is rela-
tively narrow. If so, these range differences should affect
the size of the non-enumerated estimates (Brown, 1995,
Experiment 3) and could also influence what people do
when they extrapolate.

At the outset of this experiment, there were no
grounds for selecting between these possibilities. How-
ever, when protocols are collected at study and test,
one can determine how many items are recalled when
people enumerate, how far they extrapolate when they
produce estimates that differ from their enumerated
counts, and what values are produced when enumera-
tion-based strategies are not used. Thus, in addition
to providing information about the strategies people
use when they generate frequency judgments, the pro-
tocols make it possible to locate between-group differ-
ences in strategy execution and to link these
differences to between-group differences in estimation
performance.

Finally, it should be acknowledged that Experiment 1
data alone do not provide unambiguous support for the
metastrategic position nor do they conclusively refute
the cost-benefit account. Again, RTs reported above
imply that enumeration rates were equivalent across
the two conditions, and this conclusion, in conjunction
with the between-group differences in estimated fre-
quency, implies the existence of between-group differ-
ences in strategy execution. This line of reasoning
depends critically on the assumption that RTs index
enumeration in the same way in both conditions.
Although this assumption is a parsimonious one, it need
not be correct. Suppose, for example, that participants
in the generation condition enumerated less often than
their counterparts in the non-generation group, but

spent more time on task when they did enumerate
(reflecting their better memory for enumerable context
words). In combination, these two between-group differ-
ences, one a difference in strategy selection consistent
with the cost-benefit position, and the other a difference
in strategy execution, could have produced the observed
pattern of RT means and estimation differences. If this
alternative account is correct, verbal protocols collected
in this experiment should yield a between-group differ-
ence in enumeration rate as well as information about
differences in the way the selected strategies are
executed.

Methods

Materials and procedure

Materials used in this experiment were the same as
those used in Experiment 1, and participants in this exper-
iment followed the study-phase procedures that were used
in the verbalization conditions in Experiment 1.

The procedure followed during the test phase was
identical to the procedure used in Experiment 1, except
that participants in both groups were instructed to think
aloud as they generated their estimates. They were also
warned that they would be prompted to say something
if they fell silent for more than a few seconds. All verbal
responses were tape recorded, though only the last 30
were analyzed as the first six served as a practice block.
During the practice trials, the experimenter actively
encouraged participants to speak and frequently
prompted them if they did not. The cued-recall test used
in this experiment was identical to one used in Experi-
ment 1.

Participants

Forty undergraduates were recruited from the Uni-
versity of Alberta subject pool and randomly assigned
in equal numbers to the generation and non-generation
conditions. Participants were tested individually in the
presence of a researcher and received course credit for
sessions lasting about 45 min.

Results

Recall performance and frequency judgments

The frequency and recall data reported in this section
were averaged and analyzed the same way as they were
in Experiment 1; the relevant means are presented in
Table 1 and Figs. 1 and 3. It is clear from these exhibits
that the protocol procedure produced little if any reac-
tivity (Russo, Johnson, & Stephens, 1989). Across the
measures indicating generation success, cued recall per-
formance, and estimation accuracy and bias, perfor-
mance in the generation condition looked much the
same in this experiment as in Experiment 1. Likewise,
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performance was comparable in the two non-generation
conditions.3

Given these similarities, it is not surprising that this
experiment produced the same pattern of between-group
differences as Experiment 1. As before, participants in
the generation condition (M = 171.05 words) recalled
more words on the cued-recall task than did participants
in the non-generation condition (M = 101.1; F(1,38) =
49.44, p < .0001, MSE = 4.58), and the between-group
difference in recall success increased with presentation
frequency (for the Group · Frequency interaction,
F(5,190) = 42.58, p < .0001, MSE = 0.85). In addition,
estimated frequencies were higher in the generation
condition (M = 6.56) than in the non-generation condi-
tion (M = 5.01; F(1,38) = 5.63, p < .05, MSE = 25.88),
and these estimates were also less biased and more
accurate in both an absolute and relative sense. Specifi-
cally, the slope of the estimation function was closer to
1.0 in the generation condition (M = 0.88) than in the
non-generation (M = 0.66, t(38) = 1.76, .10 > p > .05;
MSE = 0.12); absolute error was smaller in the genera-
tion condition (M = 1.89; for the non-generation condi-
tion, M = 3.44; F(1,38) = 33.05, p < .0001; MSE =
4.31); and the rank-order correlation between estimated
and actual frequency was larger (for the generation con-
dition, M = 0.95; for the non-generation condition,
M = 0.89; t(38) = 4.08, p < .001; MSE = 0.02).4

Strategy usage

The primary goal of this experiment was to determine
whether study-phase generation affected strategy selec-
tion, strategy execution, or both. As a first step, it was
necessary to code the verbal protocols collected during
the estimation task. To do this, each response was

assigned to one of three mutually exclusive categories:
Simple enumeration, enumeration and extrapolation,
and other (non-enumeration). A response was considered
to involve enumeration when the participant mentioned
at least one category instance prior to stating his or her
frequency estimate. Enumerated responses were coded
as ‘‘simple’’ when the number of items mentioned was
equal to the magnitude of the estimated frequency; they
were coded as ‘‘extrapolated’’ when the latter was larger
than the former. Responses that did not involve enumer-
ation were assigned to the ‘‘other’’ category.

Except for the six responses collected during the
practice block, all protocols were scored by two teams
of coders; the few disagreements that did occur were
resolved through discussion. Next, for each participant
and each level of presentation frequency, these codes
were used to determine the percentage of all responses
that were based on simple enumeration and the percent-
age that involved extrapolation. These percentages were
submitted to an Enumeration Type (simple vs extrapo-
lated) · Group (generation vs non-Generation) · Fre-
quency (2, 4, 8, 12, 16) ANOVA.

Fig. 4 plots the strategy use percentages for simple
enumeration, enumeration and extrapolation and total
enumeration (the sum of simple enumeration and enu-
meration and extrapolation) as a function of presenta-
tion frequency and generation condition. Consistent
with prior research (Brown, 1995; Experiment 1), these
data indicate: (a) Enumeration-based estimates were
very common, occurring on 59% of all trials. (b) Enu-
meration was common at all levels of presentation fre-
quency; collapsing over condition, total enumeration
percentages for the frequency levels 2, 4, 8, 12, and 16
were 55%, 57%, 62%, 61%, and 62%, respectively,
(F(4,152) = 1.29, p > .10, MSE = 170.37, for the main
effect of presentation frequency). (c) Simple enumeration
traded-off with enumeration and extrapolation across3 Data presented in Fig. 3 seem to suggest that estimates

collected in Experiment 1 might differ from those collected in
Experiment 2. However, an Experiment (Experiment 1 vs
Experiment 2) · Group (generation vs non-generation) ANO-
VA performed on the slopes indicated that neither the main
effect of experiment (F(1, 155) < 1.0) nor the Experi-
ment · Group interaction (F(1, 155) = 2.28, p > 0.10,
MSE = 0.19) was reliable.

4 As in Experiment 1, the 2-way ANOVAs performed on cued
recall, estimated frequency, and absolute error means indicated
that these measures reliably increased with presentation fre-
quency (for recall, F(5,190) = 385.88, p < .0001, MSE = 0.85;
for estimated frequency, F(5, 190) = 114.57, p < .0001,
MSE = 7.87; for absolute error, F(5,190) = 127.80, p < .0001,
MSE = 2.38) and that the rate of increase was affected by the
study-phase processing (for recall, F(5,190) = 42.58, p < .0001,
MSE = 0.85; for estimated frequency, F(5,190) = 2.35, p < .05,
MSE = 7.87; for absolute error, F(5,190) = 8.59, p < .0001,
MSE = 2.38). Absolute error means for the six levels of
presentation frequency were 0.00, 0.24, 0.65, 1.85, 3.51, and
5.12 in the generation condition, and.01, 0.70, 1.41, 3.47, 6.17,
and 8.86 in the non-generation condition.
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the five levels of presentation frequency. Collapsing over
condition, the percentage of simple enumeration
responses for the five levels of presentation frequency
were 45%, 34%, 18%, 17%, 13%; comparable values
computed for enumeration and extrapolation were
10%, 23%, 44%, 44%, and 48%. (F(4,152) = 26.78,
p < .0001, MSE = 689.89, for the Enumeration
Type · Presentation Frequency interaction).

Importantly, enumeration was no more common in
the generation condition (57%) than in the non-genera-
tion condition (61%; F < 1.0, for the main effect of
group). Moreover, study-phase generation had no effect
on the type of enumeration strategy used; simple enu-
meration was used on 24% of trials in the generation
condition and on 27% of the trials in the non-generation
condition; the usage figures for enumeration and extrap-
olation were 34% and 33% for the generation and non-
generation conditions, respectively, (F(1,38) = 2.37,
p > .10; MSE = 2833.59, for the main effect of Enumer-
ation Type; F < 1.0 for the Group X Enumeration Type
interaction). Likewise, generation had no reliable effect
on the Enumeration Type trade-off (F < 1.0, for the
Enumeration Type · Group · Frequency interaction).

Strategy execution

Given that enumeration-based estimates were as
common in the non-generation condition as in the gen-
eration condition, it follows that the observed differences
in judged frequency must be related to differences in
strategy execution. The data presented in Fig. 5, which
presents estimate means computed as a function of strat-
egy type for both conditions, support this implication
and indicate where the differences lie. As this figure illus-

trates, participants in the two groups produced compa-
rable estimates only when they used simple
enumeration (for generation, M = 4.14, for non-genera-
tion, M = 3.68; Wilcoxon 2-sample Test Z = .70,
p > .10). Otherwise, participants in the generation group
produced larger frequency estimates. When enumeration
and extrapolation was used, estimates averaged 9.58 and
6.53 in the generation and non-generation conditions,
respectively, (Wilcoxon 2-sample Test Z = 7.83,
p < .0001); comparable values for non-enumerated esti-
mates were 8.60 and 7.16 (Wilcoxon 2-sample Test
Z = 4.02, p < .0001).

In addition, each enumeration-and-extrapolation
response was decomposed into an enumerated portion
and an extrapolated portion—the value of the enumer-
ated portion was determined by counting number of
items recalled during the estimation process; the value
of the extrapolation portion was determined by taking
the difference between the final estimate and the enumer-
ated portion. As is apparent in Fig. 5, participants in the
generation condition recalled more words (5.79 vs 3.25;
Wilcoxon 2-sample Test Z = 8.57 p < .0001) and extrap-
olated more aggressively (3.78 vs 3.28; Wilcoxon 2-sam-
ple Test Z = 3.05, p < .01) than did participants in the
non-generation group.

These between-group differences were not con-
founded with differences in underlying presentation fre-
quency. There were no between-group differences in the
mean presentation frequency of the items that elicited
simple enumeration responses (M = 5.69 and 6.56 for
the generation and non-generation conditions, respec-
tively, Wilcoxon 2-sample Test Z = 1.30, p > .10), enu-
meration-and-extrapolation responses (M = 10.44 and
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10.50 for the generation and non-generation conditions,
respectively, Wilcoxon 2-sample Test Z = 0.17, p > .10),
or non-enumerative responses (M = 8.28 and 7.89 for
the generation and non-generation conditions, respec-
tively, Wilcoxon 2-sample Test Z = 0.73, p > .10).

Discussion

This experiment replicated the effects of study-phase
generation on cued recall and estimation performance.
As before, recall was much better in the generation con-
dition than non-generation condition, and frequency
judgments were less biased. Also, consistent with the
RT data collected in Experiment 1, the verbal reports
indicated that participants in both conditions made fre-
quent use of enumeration and that study-phase genera-
tion had no effect on strategy selection. In addition,
these protocols indicated that the trade-off between sim-
ple enumeration and enumeration and extrapolation
took the same form in both cases. These data provide
converging support for the metastrategic account and
suggest that participants sometime select non-enumera-
tion strategies even when enumeration is possible.

Study-phase generation had no effect on strategy
selection, but participants in the generation condition
produced larger frequency estimates than those in the
non-generation condition. The contents of the estima-
tion reports were used to locate the origins of this global
difference in the magnitude of the frequency judgments.
These data indicated: (a) When people failed to enumer-
ate, frequency estimates were larger in the generation
condition than the non-generation condition. (b) When
people made use of the enumeration-and-extrapolation
strategy, estimates were larger in the generation condi-
tion than in the non-generation condition. In addition,
when people used this strategy, (c) participants in the
generation condition recalled more instances and extrap-
olated more aggressively than participants in the non-
generation condition. In contrast, (d) when participants
used a simple enumeration strategy, study-phase genera-
tion had no effect on estimate size, and, in both condi-
tions, the enumerated estimates tended to be relatively
small.

Given the robustness of the exemplar-generation
effect, it easy to see how these strategy execution differ-
ences may have been conditioned by between-group dif-
ferences in context memory. It appears that when
presentation frequency was low (2 or 4), participants
in both conditions often recalled (or believed that they
had recalled) all relevant instances before terminating
the retrieval process. In contrast, at higher frequencies
(8 and above), enumerative retrieval was often termi-
nated (see Fig. 4). However, because self-generated con-
text items were more memorable than the ones provided
by the experimenter, participants in the generation con-
dition were able to recall and count more items before

the retrieval process timed out.5 It addition, extrapola-
tion was somewhat more aggressive in the generation
condition than in the non-generation condition, perhaps
because unrecalled self-generated items carry more trace
strength than unrecalled experimenter-selected items.

These two tendencies combined to produce enumera-
tion-and-extrapolation-based estimates that were 47%
larger in the generation condition than in the non-gener-
ation condition. In turn, this difference was probably
responsible for the fact that estimates produced by
non-enumeration strategies were larger in the generation
condition. Certainly, this latter difference is consistent
with prior research which has demonstrated that partic-
ipants use the values of large enumeration-based esti-
mates to induce the upper bound for the response
range and that these range assumptions play a particu-
larly important role when people use non-enumeration
strategies to generate their estimates (Brown, 1995).

One final point. The protocols collected in this exper-
iment provided converging evidence that enumeration
rates are unaffected by study-phase generation and in
so doing bolster the claim that metastrategic consider-
ations play a role in the selection of frequency estima-
tion strategies. On this view, enumeration-based
strategies are used in part because they produce credible
well-grounded estimates, and, in part, because they
make a contribution to accuracy at the task level. There
is evidence that enumerated responses are used to estab-
lish and partition the response range (Brown, 1995;

5 Three additional assumptions are required here. The first is
that the retrieval process terminates when the effort or time
required to retrieve a context word accedes some threshold; the
second is that retrieval difficulty increases as the number of
retrieved items increases; and the third is that self-generated
items are recalled faster than experimenter-selected items. The
first two assumptions are consistent with Bousfield’s classic
work on category retrieval and output inference (Bousfield &
Sedgewick, 1944; Indow & Togano, 1970). There are two
reasons for accepting the third assumption. First, generation
participants might use a systematic strategy to generate
instances during the study phase (e.g., generate the names of
relatives and close friends in response to the prompt WOMAN;
generate the names of major Canadian cities in response to the
prompt CITY). Second, regardless of the strategy they used,
generation participants are likely to have retrieved readily
accessible, highly familiar instances during the study phase. In
contrast, participants in the non-generation condition are
presented with an arbitrary set of familiar and less familiar
category instances (e.g., Paris, Tampa). Thus, during the
estimation task (and the cued-recall task) generation partici-
pants may be in the position to recall instances by reviving a
recently executed search strategy and/or to restrict their search
to familiar, personally relevant, instances. Both factors should
facilitate the retrieval of recently generated instances in the
generation condition, and the absence of these features should
make instance retrieval relatively difficult in the non-generation
condition.
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Menon et al., 1995). In addition, it seems possible that
enumeration might also be used to ensure that estimates
remain well-calibrated and consistent over the course of
a lengthy testing period.

If range setting is the enumeration’s only task-level
function then there should be a clear order effect; enu-
meration should be much more common during the first
half of the test list than the second. This is because the
generation of a consistent set of estimates requires that
participants work with a stable set of range assumptions
through the test phase. A Half (first half vs second
half) · Group (generation vs non-generation) ANOVA6

was performed in order to determine whether enumera-
tion was more common during the first half of the test
than during the second. This analysis indicated the enu-
meration rate were virtually the same across list halves
(58% for the first half and 59% for the second half)
and unrelated to study-phase generation (F < 1.0 for
both main effects and the interaction). Thus, it seems
unlikely range setting is enumeration’s only task-level
function. However, the exact nature of these additional
functions remains an issue for future research.

General discussion

In summary, the relation between event memory and
strategy selection was examined in two experiments. In
Experiment 1, cued recall, RTs, and frequency judg-
ments were obtained from participants who performed
the exemplar-generation task and from ones who stud-
ied unique experimenter-generated word pairs. As pre-
dicted, memory was far better in the generation
condition than in the non-generation condition, and fre-
quency judgments were less biased. Also as predicted,
RT increased with presentation frequency in both condi-
tions. However, there was no between-group difference
in the steepness of the RT functions. In Experiment 2,
generation and non-generation participants thought
aloud during the frequency judgment task. An analysis
of these protocols indicated that enumeration-based esti-
mates were equally common in both conditions. How-
ever, when participants in the generation group used
the enumeration-and-exploration strategy they tended
to recall more instances and extrapolate more aggres-
sively than did participants in the non-generation group,
and they tended to produce larger responses when they
made use of non-enumeration strategies.

These data, in conjunction with those presented in
prior studies (Brown, 1995, 1997; Conrad et al., 2003;
Marx, 1985), support the conclusions that (a) enumera-

tion increases with event memory, but only up to a
point, and that (b) after that point, increased access to
task-relevant event memories has no effect on the mix
of enumeration-based and non-enumeration strategies.
Consistent with the metastrategic account, this latter
conclusion suggests that participants may have been bal-
ancing accuracy and effort at the task level, rather than
at the trial level.

Although this is a novel proposal, it seems unlikely
that this type of strategies-mix strategy is useful only
when people estimate event frequencies. Generalizing
from the present study, one can speculate that meta-
strategic considerations may play an important role
in strategy selection when the following conditions
are met: (a) The task must involve multiple trials; (b)
target items can be ordered or categorized with respect
to the criterion dimension; (c) there is an implicit or
explicit demand for ordinal consistency across the set
of items (i.e., the trials are not independent as the
response to one item has implications for responses
to other items); (d) there are at least two task-relevant
strategies; (e) the more demanding strategy is believed
to produce responses that are more precise and/or
credible than the less demanding strategy. Under these
conditions, participants should use the difficult strategy
on some trials so that they can ground their responses,
define a response range, and/or continually calibrate
and refine the mapping between qualitative assessments
and numerical responses. However, on other trials, par-
ticularly ones where there is a known (or readily
inferred) relation between the current target and a
prior target or between the current target and a previ-
ously considered category, relatively simple strategies
should be used to generate relatively accurate
responses.

Many real-world estimation tasks possess the proper-
ties outlined in the last paragraph (Brown, 2002b; A.
Friedman & Montello, 2006; W. J. Friedman, 1993; Her-
twig, Pachur, & Kurzenhauser, 2005; LaVoie, Bourne, &
Healy, 2002; Lee & Brown, 2004), as do some memory
and metamemory tasks (e.g., recency estimations, judg-
ments of learning, judgments of knowing, etc; Hintz-
man, 2001; Koriat, Bjork, Sheffer, & Bar, 2004; Koriat
& Levy-Sadot, 2001). For these tasks, the metastrategy
position makes two general predictions. First, people
will use a mixture of simple and complex strategies even
when the conditions make it possible to perform the
complex strategies accurately; second, people should
mix the two types of strategies even when accuracy is
emphasized. Of course, these predictions need to be
tested. However, the main point here is that an accurate
understanding of multiple-strategy situations will
require researchers to recognize not only that people
mix strategies over trials, but also that they can do this
in a way that reduces effort without sacrificing accuracy
or consistency.

6 Because the first six trials were excluded (see above), the half
way point in the test list fell between test word 21 and test word
22.
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