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On the relationship between categorical
frequency estimation and cued recall
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In a categorical frequency-estimation task, subjects have to indicate the number of exemplars
from particular categories that have been shown on a list. In three experiments, the relationship
between this task and the recall of exemplars with category names as cues was investigated.
Three variables (generation, blocking of category exemplars, and provision of extralist cues) were
shown to have identical effects on the two tasks. These results support a model of categorical
frequency estimation in which subjects use a category name to retrieve exemplars and then base
their frequency estimate on a count of the exemplars that have been retrieved.

In experiments testing categorical frequency estimation,
subjects are shown a list composed of exemplars from
several taxonomic categories. Typically, each exemplar
is presented once. At the time of the test, the subjects are
shown category names and asked to indicate how many
exemplars of each category have been shown. Subjects
do this task with considerable accuracy (e.g., Alba,
Chromiak, Hasher, & Attig, 1980; Barsalou & Ross,
1986; Brooks, 1985; Hanson & Hirst, 1988; Williams &
Durso, 1986). The experiments reported here test two ac-
counts of how people do such a task.

Category-Counter Account

Alba et al. (1980) and Brooks (1985) have proposed
that categorical frequency estimation is based solely upon
information stored at the superordinate level. This account
assumes that, when an exemplar is presented on a list,
a representation of its categorical superordinate is acti-
vated. This activation leads to the incrementing of a fre-
quency counter associated with that subordinate. When
subjects are later asked to estimate how many exemplars
have been presented from a particular category, they base
their response on the value of the category frequency
counter. Traces of individual exemplars are not retrieved.
Alba et al. and Brooks also assume that the incrementing
of the category counter is an automatic process unaffected
by intentionality or strategy.

Exemplar-Retrieval Account

Williams and Durso (1986) have presented a very differ-
ent account. They have suggested that each presentation
of an exemplar forms an independent trace in memory.
When subjects are given a categorical frequency test, they
use each category name as a cue to retrieve the traces of
the exemplars that were presented. Then, the subjects
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count the number of retrieved traces and base their
response on this count. Information stored at the superor-
dinate level is not consulted. This account is related
to the multiple-trace theory of item repetition effects
(Hintzman, 1976), the availability heuristic of probabilistic
reasoning (Tversky & Kahneman, 1973), and exemplar
theories of category representation (e.g., Hintzman, 1986;
Medin & Schaffer, 1978).

The exemplar-retrieval account sees categorical fre-
quency estimation as being akin to cued recall (using
category names as retrieval cues). The only difference oc-
curs at the output stage. In cued recall, subjects output
the exemplars that have been retrieved. In categorical fre-
quency estimation, subjects count the retrieved exemplars
and give a number as a response. This number need not
be identical to the number of exemplars retrieved. Since
subjects may know the range of frequencies on the list,
subjects may transform these counts to have their re-
sponses cover the complete range. They may also inflate
their responses to adjust for exemplars that they suspect
they have failed to retrieve. However, there should be
a monotonic relationship between the number of retrieved
traces and output response. Therefore, any variable that
facilitates cued recall should lead to higher categorical fre-
quency estimates.

Preview of the Experiments

In this study, three variables (item generation, exemplar
spacing, and extralist cuing) are manipulated. Since all
three variables have been shown to influence cued recall,
the exemplar-retrieval account makes the prediction that
categorical frequency estimation should also be affected
by them. In contrast, as will be explained below, the
category-counter approach predicts that none of these vari-
ables should influence categorical frequency estimation.

EXPERIMENT 1

There is an advantage of memory for material that is
self-generated (Slamecka & Graf, 1978). This generation
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effect is found in many memory tasks, including cued
recall (e.g., Begg & Snider, 1987; Slamecka & Graf,
1978). Increasingly, generation is being seen as having
its effects by inducing subjects to devote greater rehear-
sal (Slamecka & Katsaiti, 1987) or mental processing
(Begg & Snider, 1987; McFarland, Frey, & Rhodes,
1980) to generated material than to copied material.

The exemplar-retrieval account predicts that the effects
of generation in categorical frequency estimation should
resemble those found in cued recall: frequency estimates
should be higher for categories with generated exemplars
than for categories with copied exemplars. In contrast,
to the extent that the effects of generation are mediated
by rehearsal or mental effort, the category-counter ap-
proach would predict that categorical frequency estima-
tion should be unaffected by generation. This prediction
stems from Alba et al.’s (1980) and Brooks’s (1985) as-
sumption that the incrementing of a category frequency
counter occurs automatically and should therefore be un-
influenced by rehearsal or effort.

Method

Subjects. The participants were 48 introductory psychology stu-
dents at Case Western Reserve University fulfilling a course re-
quirement. All were tested individually.

Materials. The stimuli came from 32 taxonomic categories,
selected from the Battig and Montague (1969) and Hunt and Hodge
(1971) norms. The first four exemplars from each category were
used, except in cases of ambiguity (e.g., ORANGE could be either
a fruit or a color), in which case a lower exemplar was selected.

Eight lists were constructed. Each list consisted of 1 to 4 exem-
plars from each of the 32 categories. Exemplars from a single
category were separated by 5 to 10 exemplars from other categories.
Five primacy and 5 recency buffers from other categories were
added, so that each list consisted of 90 items.

All list items were printed on sheets of paper. The items from
half of the categories were printed in uppercase letters. These items
were used in the copy condition. The first two letters of each item
from the other categories were printed in lowercase and in reverse
order. These items were used in the generation condition. Across
the eight lists, all the categories were used at each frequency in
both the copy and the generation conditions.

Procedure. At the beginning of the experiment, the subjects were
told that they would be shown a list of words and given an unspeci-
fied memory test. Then they received 90 blank index cards. The
list items were presented individually on sheets of paper at a 5-sec
rate. If a word was printed normally, the subjects had to copy it
on a card and then turn the card face down. If a word had its first
two letters backwards in lowercase, the subjects had to reverse the
first two letters mentally and then write the word. This task has
been used in other generation studies (Greene, 1988; Nairne, Pusen,
& Widner, 1985; Nairne & Widner, 1987).

After the list had been shown, the subjects were given a sheet
of paper with the names of the 32 taxonomic categories. Half of
the subjects were given cued-recall instructions; they were told to
write down the items from each of these categories that had been
shown earlier. The other subjects were given categorical frequency-
estimation instructions; they were told to print a number from one
to four to indicate how many exemplars had been shown from
that category.

Results and Discussion
In all significance tests, a significance level of .05 was
used unless otherwise noted. The number of items recalled

Table 1
Mean Performance per Category in Experiment 1

Category Frequency

Test 1 2 3 4
Cued recall
Copied 0.62 0.95 1.75 2.05
Generated 0.67 1.25 2.14 2.68
Frequency estimates
Copied 1.25 1.63 2.29 2.68
Generated 1.30 1.80 2.51 321

per category and the magnitude of frequency estimates
per category are shown in Table 1. The recall data,
however, should be interpreted with caution. The num-
ber of items recalled per category increases with category
frequency, because there were more items to recall at
higher frequencies. The recall data are presented in terms
of number recalled rather than proportions, in order to
facilitate comparison with the frequency estimates.

The exemplar-retrieval account predicts that the results
from the frequency task should parallel those found in
recall. The data support this prediction, with frequency
and generation having equivalent effects on the two tasks.
An analysis of variance was made, with type of test (re-
call or frequency), category frequency, and condition
(copy or generation) as independent variables. The effect
of test was significant [F(1,46) = 26.66, MS. = 18.83],
reflecting the fact that estimates were higher than num-
bers of items recalled. This is not surprising, since the
subjects knew that the range of responses was from one
to four on the frequency task, and they could distribute
their responses accordingly even if they could not remem-
ber all of the exemplars. There were significant effects
of frequency [£(3,138) = 234.87, MS. = 3.76] and gen-
eration [F(1,46) = 30.85, MS. = 3.90]. There was a
significant interaction between generation and frequency
[F(3,138) = 6.76, MS. = 3.16). This reflected the fact
that generation had little effect at the lowest frequency
(see Greene, 1988, for a similar finding with respect to
item frequency estimation). Type of test did not interact
with any other variable. The interactions between test and
generation [F(1,46) = 1.60, MS. = 3.90], between test
and frequency [F(3,138) = 0.63, MS. = 0.63], and
among test, generation, and frequency {F(3,138) = 0.03,
MS. = 3.16] were nonsignificant. These null interactions
imply that generation and frequency affected the two tests
similarly.

Analyses were also conducted separately on the two
measures. The analysis of the cued-recall data exhibited
significant effects of frequency [F(3,69) = 199.51, MS. =
2.35] and generation [F(1,23) = 21.79, MS. = 2.61], as
well as a significant interaction between generation and
frequency [F(3,69) = 4.75, MS. = 2.19]. The analysis
of the magnitude of frequency estimates exhibited signifi-
cant effects of frequency [F(3,69) = 80.51, MS. = 5.16]
and generation [F(1,23) = 6.91, MS, = 5.20], and a sig-
nificant interaction between frequency and generation
[F(3,69) = 2.98, MS. = 3.94]. These analyses support
the conclusion that cued recall and categorical frequency



estimation are affected similarly by frequency and
generation.

The above analyses on the frequency task were per-
formed on the magnitude of the estimates. The exemplar-
retrieval account makes its most direct predictions regard-
ing the magnitude of estimates. However, this account
also suggests that the accuracy of estimates should be af-
fected by variables that influence cued recall. The more
exemplars that can be retrieved, the more accurate fre-
quency estimation should become. If all items could be
retrieved, estimation would be perfect; if no items could
be retrieved, performance would be at chance. The pro-
portion of categories given exactly the correct estimate
was higher for generated categories (.47) than for copied
(.37) categories [F(1,23) = 6.91, MS. = 2.11]. Similarly,
the mean unsigned deviation between true and estimated
frequency was lower for generated (.73) than for copied
(1.01) categories [F(1,23) = 20.32, MS. = 11.74]. Gen-
eration affects the accuracy as well as the magnitude of
category frequency estimates, extending earlier results in
item frequency estimation (Greene, 1988). The results of
Experiment 1 are consistent with the predictions of an
exemplar-retrieval account, but they conflict with the
category-counter approach.

EXPERIMENT 2

One variable that typically affects cued recall is the spac-
ing between exemplars: cued recall of exemplars is higher
if they are presented in massed fashion than if they are
spaced apart on a list (see Puff, 1974, for a review). This
is a reversal of the normal, positive spacing effect found
in studies of item repetition. Massed exemplars improve
recall by facilitating the use of organizational strategies
(Murphy & Puff, 1982). Since automatic processes should
not be affected by such organizational strategies, and since
Alba et al. (1980) and Brooks (1985) assume that the in-
crementing of a category frequency counter is automatic,
the category-counter approach predicts that spacing should
not affect categorical frequency estimation. In contrast,
the exemplar-retrieval account predicts that exemplar spac-
ing and all other variables that influence cued recall should
affect categorical frequency estimation.

Two previous studies examined this question. Alba et al.
(1980, Experiment 2) found that exemplar spacing did not
affect the magnitude or accuracy of frequency estimates.
However, when Barsalou and Ross (1986, Experiment 3)
presented items blocked either by category or by property,
they found that both categorical frequency estimates and
cued recall were higher when items were blocked by cate-
gory (the accuracy of frequency estimates was not re-
ported). In light of this inconsistency, Experiment 2 was
designed to shed additional light on this question.

Method
Subjects. The participants were 32 Case Western Reserve Univer-
sity introductory psychology students fulfilling a course requirement.
Materials. The items from Experiment 1 were used. All the items
were printed in uppercase letters on cards. Half of the categories

CATEGORICAL FREQUENCY ESTIMATION 237

on each list were presented in massed fashion (i.e., consecutively).
The other half of the catgories had from 5 to 10 exemplars from
other categories intervening between the closest members of single
categories. Across subjects, categories occurred equally often in
each condition at each frequency.

Procedure. The subjects were told to attend to the list and to
expect an unspecified memory test. The items were shown at a 5-sec
rate, no copying or generating was required. After the items had
been shown, the subjects were given either a cued-recall test or a
categorical frequency-estimation test.

Results and Discussion

The mean numbers of exemplars recalled and of fre-
quency estimates are shown in Table 2. Since spacing was
the crucial variable, analyses were performed on the data
from the categories with a frequency of two or greater.
As in Experiment 1, type of test had a significant effect
[F(1,30) = 63.87, MS. = 27.81], reflecting the fact that
estimates were higher than the number actually recalled.
There were significant effects of frequency [F(2,60) =
272.54, MS. = 4.51] and spacing [F(1,30) = 24.81,
MS. = 3.37]. There were no significant interactions. The
fact that type of test did not interact with the other varia-
bles supports the exemplar-retrieval account’s prediction
that these two tests shouid be affected similary.

An analysis of cued recall found significant effects of
frequency [F(2,30) = 191.02, MS. = 2.74] and spacing
[F(1,15) = 24.28, MS. = 5.48]. The analysis of fre-
quency estimates likewise found effects of frequency
[F(2,30) = 113.63, MS. = 6.28] and spacing [F(2,30) =
8.33, MS. = 15.97]. Neither analysis yielded a signifi-
cant interaction between frequency and spacing.

Analyses were also performed on the accuracy of fre-
quency estimates. More categories were given the cor-
rect estimate for massed (.45) than for spaced (.36) cate-
gories [F(1,15) = 12.42, MS. = 2.00], and deviations
between true and estimated frequency were lower for
massed (.79) than for spaced (.98) categories [F(1,15) =
18.22, MS. = 9.89].

Exemplar spacing affected cued recall and both the mag-
nitude and accuracy of frequency estimates. These results
agree with the predictions made by an exemplar-retrieval
account and with the findings of Barsalou and Ross (1986),
but they conflict with those of Alba et al. (1980, Experi-
ment 2). Alba et al. did not include a cued-recall condi-
tion, and it is possible that their manipulation of exemplar
spacing would not have influenced cued recall either. Their
experiment differed from the present one in a number of
ways (e.g., the number of categories, and the number
of exemplars per category), so that additional research
will be needed to determine the causes of this discrepancy.

Table 2
Mean Performance per Category in Experiment 2

Category Frequency

Massed Spaced
Test 1 2 3 4 2 3 4
Cued recall 046 1.25 191 224 098 1.53 2.00

Frequency estimates 1.10 1.87 2.65 3.17 1.72 2.30 2.77
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For present purposes, the most important conclusion is
that the two experiments that included both categorical
frequency estimation and cued recall (Experiment 2 here
and Experiment 3 in Barsalou and Ross, 1986) found
parallel effects of exemplar spacing on both tasks.

EXPERIMENT 3

The first two experiments reported results consistent
with the exemplar-retrieval account but inconsistent with
the category-counter approach of Alba et al. (1980) and
Brooks (1985). However, those experiments conflict with
only one assumption of the category-counter account,
namely, the assumption that incrementing of the category
counter occurs automatically. This assumption of automa-
ticity is not a necessary aspect of category-counter models.
One could assume that a frequency counter is not always
incremented whenever an exemplar occurs, but that it is
more likely to be incremented if the subject follows a par-
ticular strategy (e.g., a strategy emphasizing semantic
processing). This revised approach could explain the
results of Experiments 1 and 2, as well as earlier reports
of instructional effects on categorical frequency estima-
tion (Barsalou & Ross, 1986; Hanson & Hirst, 1988;
Williams & Durso, 1986).

The question of whether categorical frequency estima-
tion is based on exemplar or on superordinate informa-
tion was examined more directly in Experiment 3, in
which the effect of extralist cues at the time of testing was
studied. The provision of category exemplars that were
not on the list as retrieval cues has been shown to impair
cued recall of exemplars presented on a list (Mueller &
Watkins, 1977; Watkins, 1975). Therefore, the exemplar-
retrieval account predicts that categorical frequency esti-
mates should be reduced in magnitude and accuracy by
the supplying of extralist cues. However, the category-
counter approach would predict no effect of extralist
cuing. Since extralist cues are supplied only at the time
of testing, they could not influence the encoding strate-
gies followed by subjects. More generally, negative cuing
effects reflect difficulty in retrieving items, not superor-
dinates (Nickerson, 1984). Since the category names are
always supplied to the subject at the time of the test, ac-
cess to the superordinate level is presumably trivial.
Therefore, any theory that attributes categorical frequency
estimation solely to superordinate information would
predict that the presence of extralist cues should have
no effect.

Method

Subjects. The participants were 48 Case Western Reserve Univer-
sity introductory psychology students fulfilling a course requirement.

Materials. The four lists resembled those from Experiment 2,
with the exception that all the categories were spaced (5-10 items
between the closest exemplars of a category). All the categories
occurred equally often at each frequency across the lists.

Procedure. The lists were presented in the same fashion as in
Experiment 2. At the time of the test, the subjects were handed
an answer sheet that listed all of the categories used. Under 16
categories were listed four exemplars that had not occurred on the

Table 3
Mean Performance per Category in Experiment 3
Category Frequency

Test 1 2 3 4

Cued recall
With extralist cues
Without extralist cues
Frequency estimates
With extralist cues 1.26 1.46
Without extralist cues 1.32 1.72

0.50 1.01 1.36 1.85
0.60 1.09 1.66 2.19

2.94
3.17

2.05
2.40

list. The other 16 categories were uncued. The subjects were asked
for either cued recall or categorical frequency estimation and were
told that they could use the extralist exemplars as cues. Across sub-
jects, the categories occurred equally often in the cued and uncued
conditions at each frequency.

Results and Discussion

The results are shown in Table 3. Extralist exemplars
reduced both the number of exemplars recalled and the
magnitude of frequency estimates. There were signifi-
cant effects of test [F(1,46) = 38.65, MS. = 22.98], fre-
quency [F(3,138) = 78.07, MS. = 9.68], and cuing
[F(1,46) = 18.31, MS. = 3.46]. No interactions ap-
proached significance.

A separate analysis on cued recall yielded significant
effects of frequency [F(3,69) = 119.72, MS. = 2.55] and
cuing [F(1,23) = 7.73, MSe = 3.30}. The analysis of fre-
quency estimates showed a similar pattern, finding sig-
nificant effects of frequency [F(3,69) = 65.35, MS, =
7.14] and cuing [F(1,23) = 10.65, MS. = 3.62]. The
interaction between frequency and cuing was not signifi-
cant in either analysis.

As in the earlier experiments, analyses were also done
on two measures of accuracy for the frequency estimates.
There were fewer categories given the correct estimate
for cued (.31) than for noncued (.35) categories, but this
difference fell just short of statistical significance
[F(1,23) = 2.70, MS. = 0.75, p < .10]. There was a
significant difference in unsigned deviations between cued
(1.03) and noncued (.92) categories [F(1,23) = 5.09,
MS. = 4.45).

GENERAL DISCUSSION

The effects of generation, exemplar spacing, and extra-
list cuing on cued recall and categorical frequency esti-
mates were studied in these experiments. These variables
affected the magnitude and accuracy of frequency esti-
mates, as well as the number of exemplars recalled. The
results are consistent with an exemplar-retrieval account.

Alba et al. (1980) and Brooks (1985) argued that cate-
gorical frequency estimation is based upon a category fre-
quency counter that is incremented automatically when-
ever an exemplar is encountered. The assumption of
automatic incrementing is challenged by the results of Ex-
periments 1 and 2, in which estimates were shown to be
affected by variables influencing rehearsal and organiza-
tional processes. Even more fundamentally, the results



of Experiment 3 present difficulties for any theory that
would attribute estimates solely to the use of information
stored at the superordinate level. Extralist cues lowered
the frequency and magnitude of estimates, even though
they could hardly have disrupted access to the superor-
dinate level since category names were supplied at time
of test. It is possible that a category counter could have
mistakenly been incremented when extralist exemplars
were accounted on the test. However, this should have
led to an increase in frequency estimates for the cued
categories, not the decrease that was found. These results
suggest that the retrieval of exemplars plays an important
role in the process of estimating categorical frequency.

Future research will be needed to determine how gener-
ally applicable these conclusions are. The strategy that
subjects follow in categorical frequency estimation may
depend upon factors such as the number of exemplars per
list and the instructions given by the experimenter. Under
the conditions used here, the exemplar-retrieval approach
seems 1o be an accurate description of the processes under-
lying categorical frequency estimation.

These results converge with conclusions reached from
experiments in which individual items are repeated ex-
actly. A multiple-trace approach (Hintzman, 1976), in
which each occurrence of a repeated item leaves an in-
dependent trace, has long been thought a viable account
of repetition effects. Experiments involving item fre-
quency estimation have offered support for the multiple-
trace approach (e.g., Begg, Maxwell, Mitterer, & Harris,
1986; Greene, 1984, 1986, 1988; Hintzman, Grandy, &
Gold, 1981; Hintzman, Nozawa, & Irmscher, 1982;
Hintzman & Stern, 1978). The experiments reported here
suggest that a similar approach, one emphasizing the for-
mation and retrieval of individual traces, best accounts
for categorical frequency estimation.
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