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Four experiments examined people’s ability to estimate frequency for two kinds of nonpresented
information automatically activated by presented items. In Experiment I, people were sensitive to
how many presented items belonged to the same superordinate category (superordinate frequency),
although people were not sensitive to how many items shared the same context-independent property
{property frequency). Experiment 2, using an incidental learning task, showed that sensitivity to su-
perordinate frequency does not result from strategically preparing for free recall. Experiment 3 dem-
onstrated, first, that conflicting strategic processing reduces but does not eliminate sensitivity to su-
perordinate frequency, and second, that appropriate strategic processing enables sensitivity to property
frequency. Experiment 4 demonstrated that experimental training can make strategic processing un-
necessary for sensitivity to property frequency and suggested that automatic processing only results
in frequency sensitivity for nonpresented information whose well-established representations are of
a certain type. Taken together these experiments show that strategic processing is not necessary for
sensitivity to the frequency of nonpresented information—activating a certain kind of well-established
representation can automatically result in sensitivity. However, strategic processing can affect sensitivity
in two ways: Sensitivity is reduced when strategic processing conflicts with well-established represen-
tations; and sensitivity becomes possible in the absence of well-established representations when ap-
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propriate strategic processing is used.

Across a wide range of conditions, people show sensitivity to
how often various kinds of events occur. People are sensitive to
the frequency of English words (Shapiro, 1969), single letters

(Attneave, 1953), pairs of letters (Underwood, 1971), and diseases -

and accidents (Lichtenstein, Slovic, Fischhoff, Layman, & Combs,
1978). In more controlled laboratory settings, numerous studies
have shown that subjects are sensitive to how often words are
repeated in a list, even though subjects do not know they will be
tested on frequency until after the list has been presented (e.g.,
Flexser & Bower, 1975; Hasher & Chromziak, 1977; Hintzman,
1969; Hintzman & Block, 1971). Reviews of this literature can
be found in Hintzman (1976) and Hasher and Zacks (1979).
These studies all address people’s sensitivity for how often a
given item—for example, a word, letter, or disease—occurs. Fur-
ther work, however, has shown that estimates of item frequency
increase when thematic associates of presented items are pre-
sented. More specifically, people’s estimates of how often a target

We are grateful to Gordon Bower for suggestions regarding Experiment
| and to James Neely for directing us to relevant data. We also appreciate
the assistance of Jeff Kothe with Experiment 3, the assistance of Daniel
Sewell with Experiments 2 and 4, and the comments of lan Begg, Robert
Greene, Douglas Medin, Marilyn Chapnik Smith, and an anonymous
reviewer on earlier versions of this article,

Experiments 2 and 3 were presented at the 1984 meeting of the Mid-
western Psychological Association in Chicago.

Correspondence concerning this article should be addressed to either
Lawrence W. Barsalou, Department of Psychology, Emory University,
Atlanta, Georgia 30322 or Brian H. Ross, Department of Psychology,
University of Illinois, 603 E. Daniel, Champaign, [linois 61820.

116

item occurs increase 1o the extent that they encode thematic
associates highly related to the target. For example, Leicht (1968)
and Shaughnessy and Underwood (1973) presented subjects with
a list containing pairs of highly related associates (e.g., king and
gqueen). Holding the frequency of one item constant {e.g., king)
and varying the frequency of the other between subjects (e.g.,
queen), they found that subjects’ frequency estimates for the first
item increased with the presentation frequency of the second.
These investigators suggest that subjects’ implicit responses 10
list items underlie this effect. As subjects encode each item, its
thematic associates become implicitly active, and the estimated
frequency of these associates increases. Encoding gueen, for ex-
ample, increases the frequency of king because gueen implicitly
activates king. Further evidence that implicit generations affect
frequency estimates comes from Johnson, Taylor, and Raye
(1977) and Raye, Johnson, and Taylor (1980). They showed that
how often people internally generate an item influences their
estimates of how often the same item was externally presented
{and vice versa).

More recently, Alba, Chromiak, Hasher, and Attig (1980}
demonstrated that subjects are sensitive to frequency for another
kind of nonpresented information, namely, for superordinates
of list items. Alba et al. presented subjects with either three, six,
or nine exemplars from each of several common taxenomic cat-
egories (e.g., robin, eagle, and bluejay from the category of birds).
After subjects had been presented with the exemplars at a 3-8
rate, they were given the superordinate names {e.g., birds) and
were asked to estimate how many exeraplars had instantiated
each (i.e., superordinate frequency). Regardless of whether the
words were or were not blocked by superordinates at presentation,
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regardless of whether subjects were expecting a free recall or
superordinate frequency test, and regardless of whether the su-
perordinate names were presented during the final test at a 2-
or 10-s rate, subjects were sensitive to superordinate frequency
and were sensitive to the same extent. Alba et al. suggest that
subjects are sensitive to superordinate frequency because each
exemplar of the same category implicitly activates the same su-
perordinate concept such that subjects become sensitive to its
frequency.

Sensitivity to the frequency of thematic associates and super-
ordinate concepts indicates that people’s ability to estimate fre-
quency is much more dynamic than was originally believed. Not
only are people sensitive to the frequency of presented items,
they are also sensitive to the frequency of nonpresented infor-
mation related to presented items,

To better understand this important ability, we focus on the
following two issues for the remainder of this article, First, we
consider two possible hypotheses about how people become sen-
sitive to the frequency of nonpresented information: Is such sen-
sitivity the resuit of the strategies people use when processing
presented information, or is such sensitivity the result of auto-
matic processing (independent of strategies) performed on pre-
sented information? Second, we explore whether people exhibit
sensitivity to the frequency of another kind of nonpresented in-
formation, namely, the frequency with which properties occur
for presented stimuli. We address cach of these issues in turn.

The Strategy and Automaticity Hypotheses

As a means of viewing people’s ability to estimate frequency
for nonpresented information, we will adopt the well-known dis-
tinction between strategic processing and automatic processing
(Hasher & Zacks, 1979; Posner & Snyder, 1975; Schneider &
Shiffrin, 1977; Shiffrin & Schneider, 1977). Strategic processing
typically requires substantial attentional resources and involves
intentionally carrying out strategies to achieve a goal. In contrast,
automatic processing typically appears to lie outside of cognitive
control, to require much less and possibly no attentional re-
sources, and to be initiated by well-established memeory structures
that through practice come to produce obligatory actions when
relevant stimuli are encoded. '

The general distinction between strategic and automatic pro-
cessing suggests two explanations for why people exhibit sensi-
tivity to the frequency of nonpresented information, One expla-
nation, what we will refer to as the strategy hypothesis, is that
people become sensitive to the frequency of nonpresented in-
formation through the intentional use of strategies when pro-
cessing presented information. Numerous studies have shown
that subjects’ expectations about how they will be tested affect
their learning strategies and later test performance (e.g., Eagle
& Leiter, 1964; B. Tversky, 1973). When presented with material
to learn, pecople use strategies such as intentionally relating pre-
sented items to thematic associates and superordinate concepts
because doing so dramatically improves recal! (¢.g., Bousfield &
Cohen, 1953; Cofer, 1967; Jenkins, Mink, & Russell, 1958; Jen-
kins & Russell, 1952). Most importantly, intentionally using a
strategy that integrates presented items with nonpresented in-
formation may be necessary for later being able to estimate how
often nonpresented information was related to presented items.

The other explanation, what we will refer to as the gutomaticity

hypothesis, is that people become sensitive to the frequency of
nonpresented information through automatic processing of pre-
sented items by well-established memory structures. According
to this account, the frequent co-occurence of items with their
thematic associates and superordinate concepts in previous sit-
uations establishes memory structures capable of automatically
activating this information. Evidence sugpesting that thematic
associates are automatically activated by presented items has
been provided by numerous studies (e.g., Fischler, 1981; Foss,
1982; Mever & Schvaneveldt, 1971). Evidence suggesting that
exemplars automatically activate their superordinates has been
provided by Fisk and Schneider (1983, 1984), Neely, Fisk, and
Ross (1983), and Barsalou {1982, Experiment 2; 1983, Experi-
ment 4}, Most importantly, the activation of nonpresented in-
formation through automatic processing may be sufficient for
later being able to estimate how often nonpresented information
was related to presented items.

Both the strategy and automaticity hypotheses assume that
presented items become related to nonpresented information
during learning and that such relations are later responsible for
sensitivity to the frequency of the nonpresented information.
These accounts differ as follows: The strategy hypothesis assumes
that the ability to estimate frequency for nonpresented infor-
mation requires having strategically processed presented items
with respect to nonpresented information at encoding. In con-
trast, the automatic organization hypothesis assumes that strategic
processing is not necessary for sensitivity to the frequency of
nonpresented information. Instead such sensitivity can simply
result from presented items’ automatically activating nonpre-
sented information, even in the absence of the intention to do
so or in the context of intentionally using a conflicting strategy.!

It should be pointed out that this article does not address what
particular aspects of strategic and automatic processing might
underlie people’s sensitivity to the frequency of nonpresented
information. For example, strategic processing might result in
sensitivity because of the organization it imposes on presented
items, because of the amount of attention focused on presented
items, or because of some other mechanism. Analogously, au-
tomatic processing might result in sensitivity because the strength
of nonpresented information increases after being repeatedly ac-
tivated by presented items, because such processing causes ep-
isodic traces of presented items to be stored together with non-
presented information (Hyde & Jenkins, 1969), or because of
some other mechanism. Although understanding the specific
mechanisms underlying frequency estimates is an important is-
sue, the experiments to follow were not designed to address it.
Instead they address the more general issue of whether strategic
processing is necessary for sensitivity to the frequency of non-
presented information, or whether automatic processing in the
absence of strategic processing is sufficient. Consequently our
use of the terms strategic processing and automatic processing
is not meant to entail any specific representation and processing

" We by no means intend to suggest at this or at any other point that
presented items literally cause frequencies to be stored with nonpresented
information. Instead we assume that information of some sort is acquired
during learning that is later incorporated into the process of making
frequency estimates.
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assumptions. Interested readers can find discussion of more spe-
cific frequency mechanisms in Hintzman (1976) and Estes
{1976}, In addition, we will not address the issue of whether the

- ability to estimate frequency hasa genetic basis (Hasher & Zacks,
1979).

Sensitivity to Property Frequency

Given that sensitivity to frequency goes beyond the items pre-
sented, it 1s important to determine just how far such sensitivity
goes. What other kinds of nonpresented information do people
exhibit frequency sensitivity for besides thematic associates and
superordinate categories? For example, are people sensitive to
how often properties occur for presented items? If people encode
several nouns that refer to the property of kot (e.g., fire, sauna),
several that refer to the property of red (e.g., tomalo, blood, stop
sign), and several that refer to the property of sweet (e.8., Sugar,
pineapple, honey, pie), will people later show sensitivity to the
relative number of hot, red, and sweet things presented?

Exploring pecple’s sensitivity to property frequency is of in-
terest for the following two reasons. First, it is of interest to de-
termine whether people are sensitive to the frequency of all non-
presented information that is automatically activated by pre-
sented items. To the extent that people are sensitive to the
frequency of properties, as well as to the frequency of superor-
dinates and thematic associates, it becomes more likely that they
are sensitive to the frequency of all nonpresented information
automatically activated by presented items. Second, many ac-
counts of concepts assume that some measure of praperty “‘de-
finingness” or salience is important in the processing of concep-
tual information (e.g., Smith, Shoben, & Rips, 1974; A. Tversky,
1977). How defining or salient a property is in a concept may
partially reflect how frequently it occurs for exemplars instan-
tiating that concept. In addition, theorists have argued that prop-
erty frequency underlies concept acquisition (e.g., Bourne, Ek-
strand, Lovallo, Kellogg, & Hiew, 1976; Kellogg, 1981). To the
extent that property frequency is central to conceptual structure
and use, it is important to discover how people acquire infor-
mation about it.

Observing sensitivity to property frequency also provides a
means of testing the strategy and automaticity hypotheses. If the
strategy hypothesis is correct, then people should only be sensitive
to property frequency when using a strategy that integrates pre-
sented items with nonpresented property information. When us-
ing other strategies or using none at all, people should not exhibit
sensilivity to property frequency. In contrast, if the automaticity
hypothesis is correct, then strategic processing should not be
necessary for sensitivity to property frequency. People should
show sensitivity to property frequency even when the strategic
processing they are using has nothing to do with properties.

Actually the automaticity hypothesis only predicts that people
should be sensitive to property frequency for properties that are
automatically activated by presented items, what we will refer
to as context-independent properties. The basis for this claim is
as follows. A number of investigators have recently argued that
the highly accessible properties of concepts arc automatically
activated when their respective words are encoded (e.g., Barsalou,
1982; Conrad, 1978; Gildea & Glucksberg, 1984; Greenspan,
1984: Whitney, McKay, & Kellas, 1985). For example, on each

irial of Barsalou’s (1982) Experiment 1, subjects read a sentence
foliowed by a property (e.g., The skunk was under a large willow,
has a smell). Subjects’ task was to verify whether the property
was true of the subject noun. For true properties, subjects were
much faster when a given property was highly related to the
subject of the preceding sentence (as in the example just men-
tioned) than when the property was only weakly related (e.g.,
The fire was visible through the trees. has a smell). Most im-
portantly, highly related properties were not made any more ac-
cessible by relevant predicates, whereas weakly related properties
were. For example, sentences with relevant predicates (e.g., The
bank was robbed by three bandits) did not make properties highly
related to the subject noun (e.g., can contain money) any more
accessible than did sentences with jrrelevant predicates (e.g., The
bank had been built 10 years ago). In contrast, sentences with
relevant predicates {e.g., The rogf creaked under the weight of
the repairman) made properties weakly associated to the subject
noun (e.g., can be walked upor) substantially more accessible
than did sentences with irrelevant predicates {e.g., The roof had
been renovated prior to the rainy season). When subject nouns
were encoded, their highly related properties appeared to be au-
tomatically activated to their maximal level independent of con-
text, whereas their weakly related nouns only became available
in relevant contexts. On the basis of these findings, Barsalou
(1982) referred to highly related properties as contexi-independent
and to weakly related properties as context-dependent. Barsalon
and Bower (1980) suggest that properties become context-inde-
pendent after being frequently processed simultaneously with
the nouns for their respective concepts such that automatized
relations develop.

Conrad (1978) and Whitney et al. (1983) provide further sup-
port for context-independent properties’ becoming automatically
activated when their subject nouns are encoded. In both exper-
iments, subjects encoded auditorally presented sentences followed
by visually presented property names in colored inks. The last
word in each sentence was always a noun that in some cases was
highly related to the subsequent property (e.g., The player picked
up the basketball. round). Both Conrad and Whitney et al. ob-
served substantial interference in naming the ink colors of these
highly related properties, indicating that they had been primed
by the previous noun. Giiven that Whitney et al. found such
priming when property names were presented immediately fol-
lowing the final nouns in sentences, they obtained strong evidence
that such properties are automatically activated (cf. Neely, 1977;
Swinney, 1979; Tanenhaus, Leiman, & Seidenberg, 1979). In
addition, Conrad (1978) and Whitney et al. (1985) both found
that highly related properties were not made any more accessible
by relevant than by irrelevant predicates, further indicating that
{he nouns were automatically activating highly related properties
1o their maximal level independent of context. Analogous findings
have also been found by Gildea and Glucksberg (1984) for the
activation of senses of ambiguous words and by Greenspan (1984)
for the effectiveness of properties as recall cues.

In summary, if the automaticity hypothesis is correct, then
subjects should be sensitive to the frequency of context-indepen-
dent properties just as they are to the frequency of superordinates
and thematic associates. Because all three kinds of nonpresented
information are automatically activated by presented items,
people should be sensitive to the frequency of cach (although the
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specific mechanisms underlying frequency sensitivity may vary
somewhat for the three kinds of information). In contrast, if the
strategy hypothesis is correct, then people should only be sensitive
to property frequency when they strategically process presented
items with respect to properties.

Preview

The following four experiments explored the roles of strategic
and automatic processing in people’s ability to estimate super-
ordinate and property frequency. Experiment | observed whether
people are sensitive 10 property frequency and attempted to rep-
licate Alba et al's (1980) finding that people are sensitive to
superordinate frequency; Experiment 2 explored whether stra-
tegic processing for recall is necessary for superordinate fre-
quency; and Experiment 3 further explored the role of strategic
processing in both superordinate and property frequency. Because
these three experiments demonstrated a substantial difference in
people’s ability to estimate superordinate and property frequency,
Experiment 4 attempted to isolate the source of this difference.

Experiment 1

This first experiment explored whether subjects exhibit sen-
sitivity for property frequency similar to the sensitivity they ex-
hibit for superordinate frequency. After intentionally Jearning a
list for free recall that contained some words sharing context-
independent properties and other words sharing superordinate
concepts, subjects received the names of the properties and su-
perordinates for an unexpected frequency test. After estimating
property and superordinate frequency, subjects were given the
names of the properties and superordinates for an unexpected
cued recall. Cued-recall data were collected in all four experi-
ments to constrain explanations of how subjects perform fre-
quency estimates.

Because subjects were told that they would be tested on free
recall, they might use the commeon strategy of attempting to
organize all items—including those that share properties—
around superordinate concepts. Consequently, if the strategy hy-

" pothesis is correct, subjects should only be sensitive to super-

ordinate frequency and not to property frequency because only
superordinates and not properties receive strategic processing.
In contrast, if strategic processing is not necessary for sensitivity,
and if automatic activation is sufficient, subjects should exhibit
sensitivity to both property and superordinate frequency because
both kinds of information are automatically activated.

Method

Design.  Subjects received a list of 42 nouns to learn for free recall.
Half the nouns were exemplars of superordinate categories (e.g., birds,
tools), and half were exemplars of what we will refer to as property cat-
egories {e.g., things that are red, things that float). A property category
is simply a set of concepts that share a context-independent property. A
given noun never belonged to both a superordinate and a property category
nor 10 more than one category of the type to which it was assigned. For
the superordinate categories, three contained one exemplar, three con-
tained two exermplars, and three contained four exemplars. The same
distribution of categories over frequencies was used for the property cat-
egories. Two versions of the list were constructed, as discussed in the
Materials section. All variables were orthogonally combined, with category

type and frequency as within-subjects variables and with list version as
a between-subjects variable. After presentation of the list, subjects received
the names of the superordinate and property categories mixed together
in a random order for an unexpected frequency test and then received
these names in a new random order for an unexpected cued-recall test.

Materials. Four exemplars for each of 13 superordinate categories
and 13 property categories were initially chosen for scaling. All these
exemplars appeared to be strongly associated to their respective super-
ordinate or property. To verify this, we had four judges rate superordinates
and properties for how strongly each of its exemplars brought it to mind.
Judges first read the name of a single exemplar on one side of a card.
After forming an impression of the exemplar, subjects flipped the card,
read the superordinate or property name, and rated (on a 7-point scale)
how strongly that information had come to mind when reading the ex-
emplar.

On the basis of these ratings, materials were chosen for the superordinate
and property categories that were matched in terms of accessibility, that
is, in how strongly the exemplars brought their respective information
to mind. More specifically, nine superordinate and nine property cate-
gories were chosen that were equally accessible on the average from their
selected exemplars. Regarding these selected exemplars, one exemplar
was chosen for each of three superordinate categories, two for each of
three superordinate categories, and four for each of three superordinate
categories. The nine property categories were instantiated in the same
manner. Three other superordinate and three other property category
names were selected for use in the zero frequency condition for which
no exemplars were presented. To reduce the chance of item effects, a
second list was constructed analogous to the first with the constraint that
no category be instantiated by the same number of exemplars in both
lists.

One randomly determined presentation order was constructed for each
list version with the constraint that the mean positions of the one, two,
and four frequency conditions were equated. The spacing between ex-
emplars from the same category in the two and four frequency conditions
was varied from 4 to 18 exemplars to avoid any noticeable pattern, but
the mean spacing for each was 11 exemplars. The materials for both list
versions are shown in Appendix A.

The words for the exemplars were typed in lowercase letters and copied
onto slides, one exemplar per slide. Eight additional exemplars from
three new superordinate categories and three new property categories
were chosen as buffer items. None of these exemplars belonged to any
of the other categories on the list. Four buffer exemplars appeared before
the 42 critical exemplars and four appeared after. Buffer exemplars from
the same category were not contigaous in the list.

Procedure.  Subijects were told they would be presented with a list of
words ta learn for free recall. Nothing was said about the categorized
structure of the list or about the frequency and cued-recall tests. Each
exemplar in the list was presented by a slide projector for 4 s.

Following the list, subjects received a booklet containing the names of
the 24 critical categories and the six buffer categories, three per page.
One page containing three buffer categories preceded the pages for the
critical categories, and one page containing the other three buffer categories
followed them. A blank page preceded the first set of buffer categories to
prevent subjects from thinking about the categories ahead of time. Within
each booklet, the 24 critical categories appeared in a different random

- order.

Subjects were told that the words in the list had belonged to various
groups. As an example, they were asked to imagine that words for various
kinds of occupations had been presented {(e.g., lawyer, doctor, and police-
man). Subjects were told that different numbers of items had occurred
in the list for the various groups and that their task would be to estimate
how many items had been presented for each of the various groups.
Subjects were also told that they would not be given enough time 10
remember the exemplars from each category and that what they should
do instead was simply estimate as quickly as possible how many exemplars
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had occurred for each category. When subjects were ready, the category
names were read at a 6-s rate, and subjects wrote their frequency estimates
next to the category names in the booklet.
 Following the frequency test, subjects received booklets identical to
those for the frequency test, except that the critical categories appeared
in a different random order. Subjects were given 6 min to recall as many
exemplars as they could for each category.
Subjects. Twenty-three Stantord University undergraduates partici-
pated to earn course credit. Ten were tested with one version of the list,
and 13 with the other. Subjects were tested in small groups of 2 to 4,

Results

Because there was no effect of list version, the data for these conditions
were combined. All reported differences are significant at or beyond the
.05 level.

Frequency judgments. Overall the frequency results are easy to sum-
marize: Subjects were sensitive to superordinate frequency but not 1o
property frequency (see Table 1). Combining the superordinate and
property conditions, presented frequency had an overall effect on judged
frequency, F(3, 66) = 33.91, MS, = 1.48, More importantly, however,
presented frequency interacted with category type, F(3, 66) = 27.77,
MS, = 1.18. Subjects’ frequency estimates increased with presented fre-
quency for superordinate categories, (3, 66) = 61.08, MS, = 1.36, but
did not increase for property categories, F(3, 66) = 1.48, MS, = 1.36.
The mean frequency judgments, 1.78 for superordinate categories and
1.66 for property categories, did not differ.?

Cued recall, Mean frequency of recall is shown in Table 2. On the
average, subjects recalled more exemplars from superordinate categories
than from property categories, 11.07 and 8.10, respectively, (1, 22) =
25.11, MS, = .46, The average number of exemplars recalled per category
increased with the number presented, F(2, 44) = 57.56, MS, = .96,
Although this effect occurred for both superordinate categories, F(2,
44) = 75.52, MS, = .86, and property categories, F(2, 44} = 12.89,
MS. = .52, a significant Category Type X Frequency interaction reflected
a steeper slope for the superordinate categories, F(2, 44) = 38.14,
MS, = 427

That frequency of recall increased with presented frequency for the
property categories suggests subjects did not retrieve exemplars to make
their frequency estimates. Because increasing numbers of property ex-
emplars were accessible during recall as presented frequency increased,
subjects could have shown sensitivity to frequency with this strategy. But
because subjects showed no sensitivity to property frequency, they prob-
ably were not attempting to estimate frequency in either the property or
superordinate conditions by retrieving exemplars. The rapid rate at which
category names were presented during frequency testing also makes this
an unlikely strategy. In addition, Alba et al’s (1980} finding that estimates
of superordinate frequency at a 2-s test rate were as accurate as at a i0-
s test rate suggests that subjects need not retrieve exemplars 1o estimate
frequency*

Discussion

Subjects’ sensitivity to superordinate frequency but not to
property frequency can be construed as providing initial support

Table 1
Experiment 1: Mean Freguency Judgments

Presented frequency

Category type 0 1 2 4
Superordinate 67 1.42 1.74 328
Property 1.43 1.61 1.80 1.78

Table 2
Experiment 1: Mean Cued-Recall Frequencies

Presented frequency

Category type 1 2 4
Superordinate 49 B8 2.32
Property 58 92 1.20

for the strategy hypothesis. Because subjects were learning the
lists for free recall, it is likely that they intentionally organized
the lists to facilitate later retention. More specifically, subjects
may have adopted the strategy of intentionally organizing the
entire list around superordinate concepts. Although strategically
processing items with respect to superordinate concepts could

2 This interaction between category type and frequency was also re-
flected in a related measure. Intraclass correlations were computed sep-
arately for subjects’ superordinate frequency estimates and for subjects’
property frequency estimates. This statistic estimates the average corre-
lation between all possible pairs of judges for a set of items and therefore
reflects subject agreement {Guilford & Fruchter, 1973). For the super-
ordinate categories, the average intraclass correlation was .46, whereas
for the property categories it was .03. Subjects’ agreement for the super-
ordinate categories indicates their sensitivity to superordinate frequency,
whereas their lack of agreement for the property calegories indicates that
they were simply guessing for property frequency.

3 We do not report recall proportions in this and the remaining ex-
periments because they do not bear directly on the focus of the project
and did not show a consistent trend. Proportions are of interest, however,
with respect to the issue of output interference. Subjects are said to suffer
from output interference when the proportion of items recalied from a
category decreases as the number of presented items increases {cf. Roediger
& Neely, 1982; Rundus, 1973; Slamecka, 1972). In some sense, the prob-
ability that a subject retrieves an itern decreases to the extent there are
more items that can interfere with retrieval. Across the four experiments
reported here, subjects exhibited output interference in every condition
but three: the superordinate condition in Experiment 1, and the super-
ordinate and property conditions in Experiment 4. These three conditions
share the following three properties: {a} Subjects had well-established
memory structures for the categories (subjects in Experiment 4 developed
well-established structures for property categories, as well as for super-
ordinate categories, through extensive practice with them). (b) Exemplars
were not blocked by categories but were randomly dispersed throughout
the list. {c¢) Subjects were learning the exemplars for intentional recall
and did not have to simultaneously perform an orienting task. Output
interference may not have occurred in these conditions because well-
established memory structures facilitated study-phase retrieval as subjects
organized nonadjacent exemplars of the same category for free recall (cf.
Tzeng & Cotton, 1980; Tzeng, Lee, & Wetzel, 1979). More specifically,
study-phase retrieval may have established relations between exemplars
that offset output interference. This account is post hoc, and its acceptance
depends on further investigation.

4 1t should be pointed out that differences in how the frequency and
cued-recall tests were administered could possibly underlie the different
pattern of results for frequency and cued recall (¢.g., the frequency lest
came first, whereas the cued-recall test came second). That is, differences
between the frequency and cued-recall results could have stemmed from
differences in procedure instead of from subjects’ retrieving items in the
cued-recall test but not in the frequency test. This aliernative explanation
also applies to the results of Experiments 2, 3, and 4.
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result in sensitivity to superordinate frequency, such processing

- could also result in a lack of sensitivity to property frequency.

By strategically relating each item from a property category to
its superordinate instead of to its property (e.g., relating tomato
to vegetable instead of to red), subjects would not strategically
process the property categories in the manner necessary for later
estimating property frequency. According to this account, subjects
should only show sensitivity to property frequency after having
strategically processed items with respect o properties (this pos-
sibility is explored in Experiment 3},

These results do not support the automaticity hypothesis. I
people become sensitive to the frequency of all information that
is automatically activated, then they should have become sensitive
to the frequency of both superordinates and properties because
both are automatically activated. Although these findings cast
doubt on the automaticity hypothesis, it is important to note
that we based its predictions on an assumption that will be shown
to be false in Experiment 4, namely, that superordinates and
properties are similarly represented in long-term memory. Be-
cause the representations of superordinates and properties are
shown to differ in Experiment 4, lack of sensitivity to property
frequency does not necessarily invalidate the automaticity hy-
pothesis. Automatic processing may still be sufficient for fre-
quency sensitivity, but only for representations of a certain type,
namely, for the type possessed by superordinates but not by
properties.

Experiment 2

Because the results of the last experiment provided preliminary
support for the strategy hypothesis, this next experiment explored
the role of strategic processing more directly. Previous studies
demonstrating sensitivity to the frequency of nonpresented in-
formation have generally instructed subjects to prepare for free
recall {e.g., Alba et al., 1980; Leicht, 1968; Shaughnessy & Un-
derwoed, 1973). In addition, instructing subjects to prepare for
free recall generally results in the same degree of sensitivity as
instructing subjects to prepare for a frequency test, both for non-
presented information (Alba et al., 1980} and for presented in-
formation (Flexser & Bower, 1975; Greene, 1984). Consequently
it appears that the strategies subjects adopt for free recall are
highly conducive to acquiring frequency sensitivity. In addition,
Greene (1984) has shown that frequency sensitivity for presented
items drops substantially when subjects do not adopt a strategy
for either free recall or frequency, but instead only perform a
very shallow incidental task on presented items. Taken together,
these results suggest that strategic processing for free recall may
underlie people’s sensitivity to superordinate frequency.’

All subjects in this next experiment received a list of randomly
ordered words that instantiated superordinate categories. Subjects
performed a semantic orienting task on each word as it was pre-
sented, which involved rating the centrality of a property to the
meaning of the presented item (e.g., How central is the property
of yellow to mustard?). Categories defined by context-indepen-
dent properties were not used in this experiment. Half the subjects
were asked to learn the list for a later free recall (intentional
learning for free recall), and the remaining subjects were led to
believe that performing the orienting task was the sole purpose
of the experiment (incidental learning).

The question of interest was whether subjects would be sensitive
to superordinate frequency in the incidental learning condition,
and if so, whether they would be as sensitive as subjects in the
intentional learning condition. If strategic processing for free
recall is necessary for sensitivity to superordinate frequency, then
subjects should only be sensitive in the intentional learning con-
dition. In contrast, if automatic processing is sufficient for sen-
sitivity to superordinate frequency, and if strategic processing is
not necessary, then subjects should be equally sensitive in the
intentional and incidental conditions,

One further variable was manipulated in this experiment. Half
the categories a subject received were instantiated with typical
exemplars, and half were instantiated with atypical exemplars.
Because typical exemplars are more central to categories and
are more similar to one another than atypical exemplars in com-
mon taxonomic categories (Rosch & Mervis, 1975), subjects in-
tentionally organizing the list for free recall might find it easier
to group the typical exemplars into categories. If so, then subjects
in the intentional learning condition should show greater fre-
quency sensitivity for categories instantiated by typical exemplars.

Method

Materials. Twenty-four superordinate categories were selected from
Battig and Montague (1969). Four pairs of exemplars were chosen for
each category, with a given exemplar not belonging to any other category
besides the one it had been chosen to instantiate. One exemplar in each
pair was more typical than the other in the sense that it had a higher
production frequency in the Battig and Montague norms. The median
ranking by preduction frequency was 3.75 for the typical exemplars and
18.20 for the atypical exemplars. In addition, the words in each pair were
matched for Kuéera and Francis (1967) word frequency such that the
absolute value of the difference between the two frequencies was in every
case less than or equal to 10% of the maximum of the two values. The
average frequency of the exemplars was 16.88.

Eight categories were randomly selected to have four exemplars pre-
sented in the list, eight were randomly chosen to have two exemplars,
and the remaining eight were assigned to have one exemplar. Within each
of these three groups, half were randomly selected to have only typical
exemplars presented, and the remaining half were assigned to have only
atypical exemplars presented. Consequently this particular list contained
four categories with four typical exemplars each, four categories with
four atypical exemplars each, four categories with two typical exemplars
each, four categories with two atypical exemplars each, four categories

* It should be pointed out that Rose and Rewe (1976) did not find
greater frequency sensitivity for intentional learning than for incidental
learning. As pointed out by Greene (1984), however, Rose and Rowe had
subjects perform a semantic orienting task in their incidental condition
but not in their intenticnal conditions. Consequently no difference between
incidental and intentional learning could have occurred because the se-
mantic orienting task in the incidental condition offset an advantage for
intentional learning. When these two factors were manipulated indepen-
dently in Greene's {1984) Experiment 2, frequency sensitivity increased
both in the presence of a semantic orienting task and in the presence of
intentional learning instructions. However, Fisk and Schneider (1984,
Experiment 1) found no difference in frequency sensitivity between in-
tentional frequency instructions coupled with an orienting task and an
orienting task alone. It is possible that their orienting task was so de-
manding {categorizing words presented at a 600-ms rate) that it interfered
with strategic processing for frequency.
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with one typical exemplar each, and four categories with one atypical
exemplar each. ’

To create the second list, each exemplar in the first list was replaced
with the other member of its pair. This switched the assignment of each
category on the typicality variable while controlling for categories and
overall frequency. This entire procedure was performed again 1o construct
two more lists that comprised a second version of the materials. The only
constraint was that a given category not be assigned to the same level on
the frequency variable in both versions. The materials used for this ex-
periment are shown in Appendix B.

The 56 exemplars in each of the four lists were randomly ordered with
the constraint that there be at least five intervening exemplars between
two examplars of the same category. As discussed shortly, all subjects
performed an incidental task, this task being to judge how central a prop-
erty was of its respective exemplar. A property was chosen for each ex-
emplar that was not highly characteristic of the category to which it
belonged (e.g., the property, shape, for the exemplar, mouth; strong for
bourbon; shelves for refrigerator). Noncharacteristic properties were used
10 avoid attracting subjects’ attention to the categorized nature of the
list.

Fifteen exemplars from 10 additional categories were selected as buffer
materials. Ten were placed at the start of each list, and 5 were placed at
the end. None belonged to any of the critical categories.

Procedure. On each trial a projector presented an underlined exemplar
on the left side of a screen with its respective property on the right. These
exemplar—property pairs were presented at a 5-s rate. Subjects in both
the incidenta! and intentional conditions were instructed to read each
pair and to decide how central the property was io the meaning of the
noun. They indicated their judgment by circling a value on a 9-point
centrality scale on a form before them. Subjects in the intentional con-
dition were also told that there would be a free recall of the “words on
the left”” after the list had been presented. Nothing was said about the
categorized nature of the list or about subsequent frequency and cued-
recall tests.

Following presentation, subjects were informed of the surprise frequency
test. The instructions were similar to those in Experiment 1. Subjects
then received a test form that began with the names of the 10 bufler
categories followed by the names of the 32 critical categories (8 categories
beyond the 24 categories instantiated in the list served as the zero fre-
quency materials). Half the subjects received the names of the critical
categories in one random order, and half received them in another random
order. The category names were typed on two sheets and were covered
by a blank page 5o subjects could not see the names before the test began.
Subjects were paced through the test such that they had only 5 s to
estimate the frequency of each category.

Following the frequency test, subjects received the version of the test
booklet they had not received for the frequency test and performed a
cued recall of the categories. Subjects were given as much time as they
needed to complete their recalls.

Design and subjects. Forty-eight Emory University undergraduates
participated for course credit. Half were assigned to the incidental con-
dition, and half were assigned to the intentional condition. Within each
of these two groups, 6 subjects were assigned to each of the four lists.
Within each of these eight groups, half the subjects received the two
versions of the test booklets in one order, and half the subjects received
them in the opposite order. Frequency and typicality were manipulated
within subjects. Subjects were run in groups of 1 to 6.

Results

All reported differences are significant at or beyond the .05

level of significance unless noted otherwise.
Fregquency judgments. The first analysis included data for all
four levels of the frequency variable (i.c., 0, 1, 2, and 4) but did

LAWRENCE W. BARSALOU AND BRIAN H. ROSS

Table 3
Experiment 2: Mean Frequency Judgments

Presented frequency

Condition 0 1 2 4
Incidental recall .64
Typical exemplars 1.37 1.84 217
Atypical exemplars 1.04 1.70 2.26
Intentional recall 46
Typical exemplars 1.12 1.82 220
Atypical exemplars .96 1.51 1.80

not test for typicality because typicality could not be manipulated
for the zero frequency condition, There was an overall effect of
frequency, F(3, 1280) = 157.20, MS. = 1.13, subjects’ frequency
estimates increasing as presented frequency increased (see Table
3). There was also a main effect of instructions; incidental subjects
had higher estimates (1.46) than intentional subjects (1.29), F(1,
1280) = 9.26, MS, = 1.13. Most importantly, there was no in-
teraction between frequency and instructions, {3, 1280) = .18,
MS, = 1.13, p> .25. Because the slopes of the frequency functions
were the same for incidental and intentional instructions, subjects
were equally sensitive to superordinate frequency in both learning
conditions.®

The second analysis excluded the zero frequency condition to
observe the role of typicality. Most importantly, typicality did
not interact with frequency, F(2, 960) = .20, MS, = 1.32,p>
25. Because the slopes of the frequency functions were the same
for the typical and atypical conditions, subjects were just as sen-
sitive to the frequency of atypical instances as they were 10 the
frequency of typical instances. In addition, typicality did not
interact with instructions, F(1, 960) = 1.45, MS. = 1.32, p>
.10, nor was there a triple interaction between typicality, instruc-
tions, and frequency, F(2, 960) = 1.95, MS. =132, p> .10
There was, however, a main effect of typicality, F(1, 960) = 9.60,
MS, = 1.32; subjects had higher estimates for typical exemplars
(1.76) than for atypical exemplars {1.55).

Cued recall. The data for average frequency of recall are
shown in Table 4. There was no effect of instructions, H1,960) =
49, MS, = .40, p > .25; incidental subjects (.96) recalled as
many items per category as intentional subjects (.94). Equal per-
formance for these two conditions is consistent with Hyde and
Jenkins's (1969) finding that use of a semantic orienting task
eliminates the advantage of intentional over incidental recall.
There was an overall effect of frequency, F(2, 960) = 179.34,
MS, = .40; subjects recalled increasing numbers of exemplars

§ We are assuming that differences in slope reflect differences in sen-
sitivity to frequency. When subjects have no sensitivity (as for property
frequency in Experiment 1), the slopes of their frequency functions should
not differ from zero. More specifically, subjects should be equally likely
to make any given frequency estimate for each level of presented frequency
such that the average estimated frequency should be the same for each
level of presented frequency. In contrast, when subjects are perfectly ac-
curate, their estimates of frequency should be perfectly correlated with
presented frequency, and the slopes of their frequency functions should
be one. Slopes increasing in value from zero to one represent increasing
sensitivity to frequency.

>
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Table 4
Experiment 2: Mean Cued-Recall Frequencies

Presented frequency

Condition 1 2 4
Incidental recali
Typical exemplars .76 1.19 .70
Atypical exemplars 39 .65 1,10
Intentional recall
Typical exemplars 57 1.12 1.72
Atypical exemplars 41 74 1.06

per category as the presented frequency of exemplars increased.
There was also an overall effect of typicality, F(1, 960) = 147.38,
MS, = .40; subjects recalled more typical exemplars on the av-
erage per category (1.18) than atypical exemplars (.73). This latter
effect probably resulted from typical exemplars’ being more cen-
tral to their categories and therefore being more accessible in
memory (see Barsalou, 1983, 1985; Mervis, Catlin, & Rosch,
1976).

The only significant interaction was between typicality and
frequency, F(2, 960) = 7.52, MS, = .40. Frequency of recall
increased more rapidly as a function of presented frequency for
typical exemplars than for atypical exemplars. The difference in
average cued-recall frequency between the one and four frequency
conditions was 1.04 for typical exemplars and was .68 for the
atypical exemplars. That typicality and frequency interacted for
cued recall but not for frequency estimates offers further evidence
that subjects do not estimate frequency by retrieving exemplars,
If subjects used this strategy, the rate at which their frequency
estimates increased should have been shallower for atypical ex-
emplars than for typical exemplars.

Discussion

In Experiment 1, subjects intentionally learning a list for recall
were sensitive to superordinate frequency but not to property
frequency. Our initial interpretation of this result was that subjects
strategically organized the list around superordinates and that
this strategic processing led to sensitivity for superordinate fre-
quency only. However, the results from Experiment 2 indicate
that strategically processing a list for free recall is not necessary
for sensitivity to superordinate frequency. Subjects who believed
the only task in the experiment was to rate property centrality
still exhibited sensitivity to superordinate frequency. Moreover,
subjects in this incidental learning condition were just as sensitive
to superordinate frequency as were subjects in the intentional
learning condition. .

In contrast, these results suggest that automatic processing
initiated by presented items is responsible for sensitivity to su-
perordinate frequency. Semantic processing of presented items
in an incidental learning situation appears to automatically ini-
tiate whatever processes underlie people’s ability to estimate the
frequency of superordinates.

This finding is also informative about people’s lack of sensi-
tivity Lo property frequency in Experiment 1. As suggested there,
this lack of sensitivity could have resulted either from a lack of
strategic processing with respect to properties or from superor-
dinates and properties’ being differently represented in memory.
Because strategic processing was not necessary for sensitivity to

superordinate frequency in Experiment 2, it appears that lack
of strategic processing was not responsible for insensitivity to
property frequency in Experiment 1. Instead this insensitivity
may have resulted from the manner in which properties are rep-
resented in memory. This possibility will be further explored in
Experiment 4.

The typicality results provide further evidence against the
strategy hypothesis. If strategic processing for recall was impor-
tant to estimating superordinate frequency, then subjects in the
intentional condition should have shown greater frequency sen-
sitivity to categories instantiated by typical than by atypical ex-
emplars. Because typical exemplars are more similar to one an-
other and should therefore be easier to organize, they should
result in higher frequency sensitivity than atypical exemplars.
The automaticity hypothesis explains no effect of typicality by
assurning that typical and atypical exemplars are equally likely
to automatically activate their superordinates. Although typical
exemplars have been shown to have stronger superordinate-to-
exemplar relations than atypical exemplars in category produc-
tion tasks (Barsalou, 1983, 1985; Mervis et al., 1976), equal sen-
sitivity for typical and atypical exemplars here suggests that they
do not differ in the strength of their exemplar-to-superordinate
relations.

Experiment 3

As the last experiment showed, strategic processing for recall
is not necessary for sensitivity to superordinate frequency, Sub-
jects were no more sensitive when they strategically processed
presented items for recall than when they did not. Because ma-
nipulating strategic processing had no effect, it appears that au-
tomatic processes may be responsible for sensitivity to superor-
dinate frequency. One goal of this next experiment, therefore,
was to provide a stronger test of the automaticity hypothesis:
Are subjects still sensitive to superordinate frequency after per-
forming strategic processing that conflicts with the superordinate
structure of the list?

A second goal of this experiment was to begin exploring the
conditions under which people become sensitive to property fre-
quency. As shown by Experiment 1, people are not sensitive to
property frequency after strategically processing a list for free
recall. But because Experiment 2 showed that frequency sensi-
tivity does not depend on strategic processing for recall, it appears
that insensitivity to property frequency in Experiment | may
have resulted from differences in how superordinates and prop-
erties are represented. Although properties may not have the
kind of representation whose automatic activation is sufficient
for sensitivity to property frequency, appropriate strategic pro-
cessing with respect to properties may result in such sensitivity.
When automatic activation of information does not resuit in
frequency sensitivity, appropriate strategic processing may. The
next experiment explores this possibility.

One group of subjects received exemplars blocked by super-
ordinate categories to learn for free recall. Each block of ex-
emplars was preceded by its superordinate name, and the number
of exemplars per category ranged from one to four. Exemplars
were chosen for this first list such that they could be reorganized
into a different set of categories, more specifically, into a set of
property categories. Consequently a second group of subjects
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received the same exemplars but blocked by property categories.
Each block was preceded by its property name, and the number
of exemplars per category ranged from one to four. In the su-
perordinate-blocked list, the words from a given property category
were distributed over different superordinate categories; in the
property-blocked list, the words from a given superordinate cat-
egory were distributed over different property categories. Subjects
were told how their list would be blocked (but not about the
alternative organization) and were asked to learn it for recall.
Category exemplars were presented one at a time, with each set
of exemplars preceded by the name of its respective category on
a separate slide. After studying the list, subjects were tested on
superordinate frequency, property frequency, and cued recall.

If the automaticity hypothesis is correct, then subjects should
be sensitive to superordinate frequency in the property-blocked
list. Although the exemplars of a given superordinate category
do not occur together and are strategically being organized into
property categories, they should nevertheless automatically ac-
tivate their superordinate concepts such that subjects later show
sensitivity to superordinate frequency. In addition, the auto-
maticity hypothesis predicts that sensitivity to superordinate fre-
quency should be just as good for both the property-blocked and
superordinate-blocked lists; that is, blocking the words by prop-
erty categories should not decrease sensitivity.

Alba et al. (1980) report a result relevant to this blocking
manipulation. They found that subjects were just as sensitive to
superordinate frequency when exemplars were blocked by su-
perordinates as when they were presented in a random order.
Because Alba et al. found that blocking does not increase sen-
sitivity above that for a random list, then any difference between
appropriate and conflicting strategic processing in the current
experiment must mean that conflicting strategic processing de-
creases sensitivity.’

Finally, the results from Experiment I suggest that subjects -

will not be sensitive to property frequency in this experiment
after receiving the superordinate-blocked list. If subjects were
not sensitive to property frequency when no organization was
imposed on a list, then they should not be sensitive when a con-
flicting organization is imposed. As suggested earlier, properties
may not possess the kind of representations in long-term memory
that automatically lead to frequency sensitivity. However, if ap-
propriate strategic processing can result in frequency sensitivity
when well-established representations do not, then property
blocking may result in sensitivity to property frequency.

Method

Materials. Forty-two nouns were selected that could be classified into
18 superordinate categories or 18 property categories. In each list, six
categories had one exemplar, six categories had two exemplars, and six
categories had four exemplars. In the superordinate-blocked list, words
from a given property category were distributed over different superor-
dinate categories; in the property-blocked list, the words from a given
superordinate category were distributed over different property categories.
The lists were blocked by category with each set of exemplars preceded
by its category name, The categories in each list were randomly ordered
as were the exemplars within each category. Two buffer categories of two
exemplars each started each list, and two analogous categories ended it.
Superordinate buffers were used for the superordinate list, and property
buffers were used for the property list. Each category label and each
exemplar was typed on a separate slide, with exemplars typed in lowercase

letters and category labels underlined and in uppercase letters. Each list,
therefore, contained a total of 72 slides: 18 category names and 42 ex-
emplar names for the test stimuli; 4 category names and 8 exemplar
names for the buffer stimuli. The materials for the superordinate and
property lists are shown in Appendix C.

Two kinds of test booklets were constructed, one for the superordinate
categories and one for the property categories. Each began with a blank
page followed by a page with the names of two buffer categories. The last
page contained the names of the two other buffer categories. The names
of the 18 categories from the list plus the names of six uninstantiated
categories (i.e., the zero leve! frequency condition) appeared between the
buffer categories, three per page. These critical pages occurred in a different
random order for each booklet. The same booklets were used for both
the frequency test and the cued recall.

Design and subjects. This experiment was initially run at Stanford
University with 25 undergraduates participating for course credit (12
subjects received the superordinate-blocked list, and 13 received the
property-blocked list). The experiment was later rerun at the University
of Illinois with 70 undergraduates participating for course credit (34 re-
ceived the superordinate-blocked list, and 36 received the property-blocked
list). The only difference between the two experiments was that the Stan-
ford study did not manipulate test order, namely, the superordinate cat-
egories were always tested before the property categories. Because the
results of both studies basically came out the same, we will focus on the
results of the Illinois study, although we will refer to the Stanford study
when it is relevant.

A given subject received either the superordinate-blocked list or the
property-blocked list to learn for recall. All subjects were subsequently
tested on frequency followed by cued recall. Each subject was tested twice
on frequency, once for the superordinate categories, and once for the
property categories. Each subject was also tested twice on cued recall,
once for the superordinate categories, and once for the property categories.
In the Illinois study, approximately half the subjects were tested on the
superordinate categories before the property categories for each test, and

" half the students were tested in the reverse order.

Procedure.  Subjects were told they would receive a categorized list
of nouns with the exemplars of each category blocked and preceded by
their category name. Nothing was said about an alternative organization
of the list. Subjects were also told there would be a subsequent recali in
which they would be given the presented category names as cues. Nothing
was said about the frequency tests. The slides for each list were presented
by a slide projector at a 4-5 rate. Subjects then received the instructions
and category names for the first frequency test, followed by the instructions
and category names for the second frequency test. The category names
were presented at a 5-s rate. Subjects then performed the two cued-recall
tests for 6 min each.

Resulis

The order in which superordinate and property categories were
tested had no effect on either the frequency estimates or the cued

" There is also a possibility that sensitivity 1o category frequency will
be less after superordinate blocking than after property blocking. Sensi-
tivity to the frequency of presented items has been found to increase as
the average spacing between repetitions of the same item increases (e.g.,
Rose & Rowe, 1976; Rowe, 1974). Because the average spacing between
superordinale exemplars is greater in the property-blocked list than in
the superordinate-blocked list, subjects may be less sensitive to category
frequency after superordinate blocking, If so, then organizing a list by
blocking its exemplars may have the effect of decreasing sensitivity to
frequency {although note that there was no such decrease for category
frequency in Alba et al., 1980, for superordinate blocking relative to
random presentation),
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Table 5
Experiment 3: Mean Frequency Judgments

Presented frequency

Condition 0 1 2 4
Blocked by superordinates
Superordinate frequency 44 1.25 1.99 3.00
Property frequency 1.66 243 311 2.50
Blocked by properties
Superordinate frequency 91 1.42 1.94 2.52
Property frequency .82 1.71 ©2.50 3110

recall, so the data were collapsed over this variable. Data for the
zero frequency condition were not included in the analyses be-
canse in half the tests (the superordinate tests for the superor-
dinate-blocked list and the property tests for the property-blocked
list) these category names were the only ones not seen in the
study list. Hence subjects could have responded accurately if
they realized they had not seen the name earlier. The means for
these conditions, however, are reported in Table 5. All reported
results are significant at or beyond the .05 level unless noted
otherwise.

Frequency jucdgments. Because initial analyses of variance
(ANOVAs) indicated that the frequency functions for the different
conditions had different slopes (i.e., the different conditions varied
in their sensitivity to frequency; sce Footnote 6), more sensitive
analyses of slopes were performed. To perform these analyses,
one contrast was computed for the slope across all the superor-
dinate categories for each subject, and another contrast was
computed across all the property categories for that subject. These
two contrasts were computed twice for each subject. One set of
contrasts was computed for a subject’s mean estimates across
the one, two, and four frequency levels, and the other set was
computed for a subject’s median estimates. One mean analysis
and one median analysis were performed assuming equal spacings
of the one, two, and four frequency levels (i.e., subjects’ data
were subjected to a log, transformation). The remaining two
analyses were performed assuming unequal spacings of the fre-
quency levels (i.e., the data were not transformed). These mea-
sures generally gave similar results, so only the results for unequal
spacing of the means will be reported. In cases where the measures
gave somewhat different results, results for the other measures
will also be given.

As can be seen from Table 5, subjects receiving the property-
blocked list were sensitive to both property and superordinate
frequency, the slopes for subjects’ estimates exceeding zero in
both cases, £35) = 4.26, SE = .14; #(35) = 6.36, SE = .08.
Subjects receiving the superordinate-blocked list, however, were
only sensitive to superordinate frequency, #(33) = 12.46, SE =
.06; they were not sensitive to property frequency, 1(33) = 24,
SE = .13, p > .50. Subjects were sensitive to superordinate fre-
quency regardless of whether the list was blocked by superor-
dinate categories or by property categories. In contrast, subjects
were only semsitive to property frequency when the list was
blocked by property categories.

Subjects were less sensitive to superordinate frequency when
they received the property-blocked list than when they received
the superordinate-blocked list, #68) = 2.62, SE = .10. This effect
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was slightly larger using medians and also occurred in the Stan-
ford study. Overall, subjects were most sensitive to superordinate
frequency after superordinate blocking, next most sensitive to
property frequency after property blocking, next most sensitive
1o superordinate frequency afier property blocking, and not sen-
sitive to property frequency after superordinate blocking. More
specifically, sensitivity was higher for superordinate frequency
after superordinate blocking than for property frequency after
property blocking, /(68) = 1.72, SE = .16, .10 > p > .05, for
means; {(68) = 2.14, SE = .12, for medians; significant in the
Stanford study. Sensitivity was higher for property frequency after
property blocking than for superordinate frequency after property
blocking, £35) = 6.42, SE = .18. And as discussed in the previous
paragraph, there was no sensitivity for property frequency after
superordinate blocking.

Cued recall. As shown in Table 6, subjects’ overall recall was
higher when recall cues matched the original organization of the
list. After transforming individual recall proportions with an
arcsin transformation {Winer, 1971), it was found that subjects
receiving the superordinate-blocked list recatled more exemplars
with superordinate cues than with property cues, {33) = 11.79,
SE = .07, and that subjects receiving the property-blocked list
recalled more exemplars with property cues than with super-
ordinate cues, #(33) = 1.79, SE = .06, .10 > p > .05; significant
in the Stanford study. However, subjects receiving superordinate
blocking and superordinate cues recalled more excmplars than
subjects receiving property blocking and property cues, 1H68) =
2.91, SE = 08. In addition, when subjects used superordinate
cues, they recalled more exemplars after superordinate blocking
than after property blocking, #(68) = 4.30, SE = ,08; and when
subjects used property cues, they recalled more exemplars after
property blocking than after superordinate blocking, #(68) = 7.55,
SE = .08.

To assess the effect of presented frequency on frequency of
recall, contrasts for slope were computed for individual subjects
as described for the frequency judgments, The average slopes of
all four groups were significantly greater than zero, in each case,
{>1.59, SEs between .03 and .05. However, the slopes for subjects
receiving superordinate cues after superordinate blocking were
greater than the siopes for subjects receiving both kinds of cues
after property blocking: (68) = 3.03. SE = .06, for property
cues; (68) = 4.12, SE = .06, for superordinate cues. The slopes
for subjects receiving property blocking did not vary as a function
of the type of cue they used, #35) = .99, SE = 05, p > .30,
However, the slopes for these two groups were greater than the

Table 6
Experiment 3. Mean Cued-Recall Frequencies

Presented frequency

Condition 1 2 4
Blocked by superordinates
Superordinate cues 78 1.45 2.34
Property cues 37 49 94
Blocked by propertics
Superordinate cues .65 1.04 1.64

Property cues 76 1.03 1.84
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slopes for subjects receiving property cues after superordinate
blocking, 1(68) = 3.78, SE = .06; #68) = 3.26, SE = 05.

These results for slope again suggest that subjects were not
estimating frequency by retrieving and counting exemplars, Al-
* though recall frequency increased with presented frequency for
subjects receiving property cues after superordinate blocking,
the slope of their frequency estimates was flat. And although the
recall slopes were equal for subjects receiving property cues and
superordinate cues after property blocking, the frequency slopes
for the property cues were greater than the frequency slopes for
the superordinate cues. If subjects had based their frequency
estimates on recall of exemplars, these discrepancies should not
have occurred.

Discussion

These results further support the automaticity hypothesis. Sub-
jects remained sensitive to superordinate frequency even when
they received a list organized by property categories. This finding
corroborates the results of Experiment 2, namely, subjects be-
come sensitive 1o superordinate frequency even when they do
not strategically process exemplars with respect to their super-
ordinate concepts.

These results show, however, that strategic processing affects
sensitivity to the frequency of nonpresented information. First,
conflicting strategic processing appears to decrease sensitivity to
superordinate frequency: Subjects were less sensitive after re-
ceiving a list blocked by properties than after receiving a list
blocked by superordinates. If automatic processing was totally
responsible for subjects’ sensitivity to superordinate frequency,
subjects should have been equally sensitive for both lists. Instead,
strategically processing presented items with a conflicting orga-
nization decreased sensitivity to superordinate frequency.

As discussed earlier, this difference in sensitivity to superor-
dinate frequency as a result of superordinate and property
blocking could be interpreted differently. Instead of meaning that
conflicting strategic processing decreases sensitivity, this differ-
ence could mean that appropriate strategic processing increases
sensitivity. But because Alba et al. (1980) found that superor-
dinate blocking did not increase sensitivity for superordinate
frequency relative to a randomized list, we interpret the difference
observed here as meaning that conflicting strategic processing
decreases sensitivity.

A second finding also demonstrated that strategic processing
affects sensitivity to the frequency of nonpresented information.
Although subjects were not sensitive to property frequency in
Experiment 1 when no property organtzation was provided, they
became sensitive to property frequency in the current experiment
when they received a property-blocked list. This indicates that
apparent insensitivity to a particular kind of frequency can be
overcome when appropriate strategic processing is performed on
presented items. What remains to be shown is why strategic
processing is necessary for property frequency but not for su-
perordinate frequency. The next experiment addresses this issue.

Experiment 4

According to our original automaticity hypothesis, subjects
should be sensitive to property frequency as well as to superor-
dinate frequency. Because automatic processes activate both

kinds of information when items are encoded, people should
become sensitive to the frequency of both. Yet the previous ex.
periments have shown that subjects are much more sensitive g
superordinate frequency than to property frequency. Subjects
were sensitive to superordinate frequency in Experiment | under
intentional recall instructions, in Experiment 2 under incidenty)
learning conditions, and in Experiment 3 under a conflicting
organization. In contrast, subjects were not sensitive to property
frequency in Experiment | under intentional recall instructions,
nor in Experiment 3 under a conflicting organization. Subjects
only became sensitive to property frequency in Experiment 3
when they received a list that was blocked by property categories,

If superordinate and property information are both made
available by automatic processes, then why is sensitivity to su-
perordinate frequency greater than sensitivity to property fre-
quency? One possibility is that the well-established representa-
tions of superordinates and properties differ in some respect that
is central to frequency sensitivity. To examine this, we presented
subjects with experimental training in order to change their rep-
resentations of superordinates and properties. If people become
equally sensitive 10 superordinate and property frequency after
such training, it would suggest that their preexperimental rep-
resentations of superordinates and properties differ in some re-
spect, that this difference can be eliminated by training, and
most importantly, that this difference is responsible for super-
ordinate frequency’s initially being greater than property fre-
quency.

Equal sensitivity to superordinate and property frequency as
a result of experimental training would also suggest the following
three things. First, it would indicate that there is not some fun-
damental characteristic of property information that makes it
impossible for automatic activation of properties to result in sen-
sitivity to property frequency. Second, equal sensitivity would
suggest that people can develop frequency sensitivity for many
kinds of information. To the extent people are able to acquire
the kind of representation whose automatic activation results in
frequency sensitivity, they may exhibit sensitivity for other
knowledge besides superordinates, properties, and thematic as-
sociates. Third, if sensitivity to superordinate frequency is no
higher after experimental training than before, it would suggest
that the representations developed by the training procedure are
similar to those that exist preexperimentally for superordinates.

Consequently this final experiment explored whether one par-
ticular kind of experimental training eliminates the difference
in frequency sensitivity between properties and superordinates.
During training, subjects received four exemplars from each of
the 12 property categories and four exemplars from each of the
12 superordinate categories used in Experiment 1. Over the
course of a week and a half, subjects memorized the four ex-
emplars for each of these 24 categories. At the end of the training
phase, subjects were given the same lists received by subjects in
the presentation phase of Experiment 1. As in the original ex-
periment, subjects were told to learn the list for free recall, but
were tested on superordinate and property frequency followed
by cued recall.

Method

Materials. A training form was constructed in which items were
blocked by category, each block being preceded by its category name.
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Table 7
Experiment 4: Mean Frequency Judgments

Presented frequency

Category type 0 1 2 4
Superordinate 27 1.08 1.65 2.75
Property 27 98 1.73 2,73

The categories were the 12 superordinate and 12 pioperty categories
from Experiment 1 plus the names of the six buffer categories. The four
exemplars for each category were the four initially chosen to be scaled
in Experiment 1. The categories were not blocked by category type but
were randomly mixed together. The exemplars for each category appeared
in a random order. As discussed shortly, subjects used the training form
to learn the categories.

The critical lists, buffer items, and test forms were exacily the same
as in Experiment 1 (see Appendix A).

Design. The design of the critical part of the experiment was the
same as Experiment 1. Category type (superordinate versus property)
and frequency (0, 1, 2, and 4) varied within subjects, and list version
varied between subjects. Following presentation, subjects performed un-
expected frequency and cued-recall tests. This experiment differed from
Experiment 1 only in that it included a training phase, described next.

Subjects and procedure. Subjects were 17 Emory University under-
graduates enrolled in a methodology course. They initially received the
training form and were asked to memorize the categories. Subjects were
told that learning the categories was the first part of a long-term study.
Nothing was mentioned about the form of the critical test, and subjects
later reported they never expected anything like a frequency test.

Subjects practiced with the categories for approximately 30 min during
each of three class periods distributed over the course of a week and a
half (a total study time of approximately 14 hr). Two kinds of practice
were used to learn the categories after subjects initially studied the training
form. First, subjects were given the category names in random orders
and were asked to generate the four exemplars for each category. Afier
trying to generate the exemplars for a given category, subjects were pre-
sented with the four exemplars o further assist learning. Second, subjects
were given the individual exemplars in random orders and were asked to
generate their respective category names. Subjects were also given the
correct answer after each of these trials. By the end of the third and final
practice session, subjects were close to 100% accuracy on both kinds of
test.

Two weeks after the first training session and 2 days after the last training
session, subjects performed the critical part of the experiment. They were
told they would be presented with some of the words they had been
studying for the last 2 weeks, They were asked to learn the list for free
recall, and nothing was said about the frequency and cued-recall tests.
Nine subjects received one version of the list in one session, and 8 subjects
received the second version of the list in another. The words were presented
by a projector at a 5-s rate, Following presentation, subjects received test
booklets and performed the frequency test (at a 5-s rate) followed by the
cued-recall test.

Results

Because there was no effect of list version, the data for these
conditions were combined. All reported differences are signiﬁcant
at or beyond the .05 level.

Frequency judgments. Overall the frequency results are easy
to summarize: Subjects were equally sensitive to superordinate

and property frequency (see Table 7). There was a main effect
of frequency, F(3, 48) = 87.29, MS. = 1.27, subjects’ frequency
estimates increasing as presented frequency increased. Most im-
portantly, frequency did not interact with category type, F(3,
48) = .23, MS. = .57. Subjects’ frequency estimates increased
at the same rate for superordinate and property categories. The
mean frequency estimates for the two category types, 1.44 for
superordinate categories and 1.43 for property categories, did
not differ, F(1, 16) = .02, MS, = 48.

Cued recall. Mean frequency of recall is shown in Table 8.
There was no difference in recall of superordinate exemplars
and recall of property exemplars. As in the previous studies, the
number of exemplars recalled for a category increased with the
number presented, F(2, 32) = 128.93, MS, = .79, Presentation
frequency did not interact with category type, F(2, 32) = .66,
MS, = .55,

Discussion

In Experiment I, subjects were sensitive to superordinate fre-
quency but not to property frequency. Yet after equal amounts
of experimental training with the superordinate and property
categories here, subjects performing the same critical experiment
were equally sensitive to superordinate and property frequency.
The superordinate data from Experiment | and from the current
experiment are quite similar. Most importantly, the slopes for
the superordinate frequency estimates as a function of presented
frequency were the same in both experiments. The functions
only differed slightly in their intercepts, a difference that most
likely reflects recent practice with the categories in Experiment
4. In contrast, the property data differed markedly between the
iwo experiments, Subjects showed no sensitivity to property fre-
quency in Experiment 1, yet were as sensitive to property fre-
quency as they were to superordinate frequency in the current
experiment.

These results further indicate that our original automaticity
hypothesis was wrong, namely, automatic processing is not suf-
ficient for sensitivity to the frequency of nonpresented infor-
mation. Instead automatic processing only results in frequency
sensitivity when nonpresented information is represented in a
particular way. Although both superordinates and properties are
automatically activated, only superordinates possess the kind of
representation whose activation results in frequency sensitivity.
Appropriate training, however, can alter the representations of
properties such that their activations by presented items also
result in frequency sensitivity. Acquiring this kind of represen-
tation for other kinds of nonpresented information may also
result in frequency sensitivity for them. Finally, because sensiti_w'ty

Table 8
Experiment 4: Mean Cued-Recall Frequencies

Presented frequency

Category type 1 2 4
Superordinate .67 1.18 2.61
Property .65 1.37 2.6t
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to superordinate frequency after training was very similar to
sensitivity before training, it appears that the training procedure
used here may result in representations similar to the preexper-
imental representations of superordinates.

Although these results show that training can overcome the
preexperimental difference in sensitivity to superordinate and
property frequency, they do not distinguish among various ac-
counts of how the preexperimental representations of superor-
dinates and properties differ. Nor do these results specify what
aspect of the representations developed through training is re-
sponsible for frequency sensitivity. However these results are
consistent with the following two accounts (and most likely with
others as well} of how the well-established representations of su-
perordinates and properties originally differ.

One possibility is that items sharing superordinates are each
related to the same superordinate in memory, but that items
sharing the “same” context-independent property are each related
to unique property information. The property of smells, for ex-
ample, has different senses for garlic, perfume, coffee, and skunk.
Even though these different senses may share the more abstract
property of detected by olfactory organs, they all appear to differ
in more specific aspects. Because items possessing the property
of smells each refer to a different sense, they may each be related
to unique property information for smells instead of being related
to shared information.® In contrast, belonging to a particular
superordinate category does not seem to vary in this way across
exemplars. Although exemplars vary in how typical they are of
a category, they seem to vary in how representative they are of
a single sense of the category {e.g., its prototype). Consequently
all exemplars may be related to the same superordinate infor-
mation but to differing degrees.

This difference in representation could underlie people’s sen-
sitivity to superordinate frequency under a wide range of con-
ditions and their insensitivity to property frequency except under
the most favorable conditions. If exemplars from a superordinate
category automatically activate a shared superordinate, then re-
peatedly activating the same information may enable sensitivity
to superordinate frequency. In contrast, if items sharing the
“same” property automatically activate different senses of the
property, then people would not become sensitive to how often
the property was possessed by list items. Because many different
senses of the same property instead of a single property become
activated, it may be difficult or impossible to make accurate fre-
quency estimates, However, simultaneocusly processing items with
respeci to the same property information, as in the property-
blocked list of Experiment 3, or as in the training phase of Ex-
periment 4, may cause these iterns to become related to shared
property information such that sensitivity to property frequency
occurs.

A second account of how the representations of superordinates
and properties may originally differ assumes that items instan-
tiating the same superordinate are frequently processed together
but that items sharing the same property are rarely if ever pro-
cessed together. Because itemns instantiating the same superor-
dinate are frequently processed together, relations may develop
among exemplars that later form the basis for sensitivity to su-
perordinate frequency. Because items sharing the same property
are rarely processed together, such relations may not develop.

However, simultaneously processing items that share a property,
as in the property-blocked list of Experiment 3, or as in the
training phase of Experiment 4, may cause these items to become
related to one another such that sensitivity to property frequency
occurs,

General Discussion

The results from these four experiments portray sensitivity to
the frequency of nonpresented information as a more complex
phenomenon than we had originally supposed. People appear tg
become sensitive to the frequency of nonpresented informatiop
in at least two ways. First, people can become sensitive to the
frequency of nonpresented information through automatic pro-
cessing. When representations of the appropriate form exist,
presented items automatically activate these representations such
that people become sensitive to frequency independent of the
strategic processing they happen to be performing. As shown by
the results from these experiments, people exhibit such sensitivity
under various conditions in which strategic processing is not
oriented towards frequency. Experiment 1 demonstrated that
people become sensitive to superordinate frequency when they
expect a recall test but do not expect a frequency test. Experiment
2 demonstrated that people become sensitive to superordinate
frequency under complete incidental learning conditions, that
is, when they do not expect either a recall or frequency test.
Experiment 3 demonstrated that people are still sensitive to su-
perordinate frequency even after performing conflicting strategic
processing, that is, after organizing presented items with respect
to properties. And Experiment 4 showed that appropriate training
can make people equally sensitive to property frequency and
superordinate frequency when no frequency test is expected, Al-
though people’s preexperimental representations of properties
do not enable automatic sensitivity to property frequency, ap-
propriate training can change these representations such that
sensitivity becomes possible. This suggests that automatic pro-
cessing of presented items may result in sensitivity to the fre-
quency of other kinds of nonpresented information as well, as-
suming that they possess or develop appropriate representations.

The second way people can become sensitive to the frequency
of nonpresented information is through appropriate strategic
processing. Given that subjects were insensitive to property fre-
quency in Experiment 1 after intentional recall instructions and
in Experiment 3 after superordinate blocking, it appears that
automatic activation of preexperimental property representa-
tions does not result in sensitivity to property frequency. But
when subjects performed strategic processing with respect 10
properties in Experiment 3 (i.c., in the property-blocked con-
dition), they became sensitive to property frequency. This indi-
cates that appropriate strategic processing can result in sensitivity

* In a similar vein, Rips and Turnbull (1980) showed that relative ad-
Jectives have different reference points (or senses) for different categories
(e.g., small has different senses for dogs and mountains). Although Rips
and Turnbull also argued that absolute adjectives (e.g., red) have only a
single sense, Halff, Ortony, and Anderson (1976) provide evidence that
even absolute adjectives have multiple senses.

e,
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10 the frequency of nonpresented information when the well-
established representations that automatically result in frequency
sensitivity do not exist. '

Strategic processing also affects frequency sensitivity when
well-established representations that automatically result in sen-
sitivity are present. As shown by all four experiments, automatic
activation of superordinate representations results in sensitivity
1o superordinate frequency. Yet in Experiment 3, subjects were
less sensitive to superordinate frequency when strategically pro-
cessing presented items with respect to properties than when
sirategically processing presented items with respect to super-
ordinates. As discussed earlier, this difference appears o indicate
that conflicting strategic processing decreases frequency Sensi-
tivity to nonpresented information (rather than indicating that
appropriate organization increases sensitivity).

Although automatic processing in these experiments appeared
{0 result in sensitivity to the frequency of nonpresented infor-
mation, Fisk and Schneider (1984, Experiment 2} report results
suggesting that automatic processing should have had no such
effect. They found that automatic classification produced very
little memory for presented items and only very slight frequency
sensitivity for presented items (they did not assess sensitivity for
superordinate frequency). However, Fisk and Sch neider observed
retention and frequency sensitivity after subjects had practiced
classifying eight exemplars from a single category approximately
3,000 times. Such extensive training with only a single category
may result in automatic processing that is very different from
the kind of automatic processing that occurs without such train-
ing and that has been observed by Hyde and Jenkins (1969),
Neely et al. {1983), and Barsalou (1982; 1983, Experiment 4).
Consequently the Fisk and Schneider findings are not necessarily
incompatible with the findings observed here, namely, that au-
tomatic processing can produce sensitivity to the frequency of
nonpresented information.

The original goal of this project was to better understand how
people become sensitive to the frequency of nonpresented in-
formation. These experiments demonstrate that sensitivity can
be acquired through both automatic and strategic processing.
However, many important and difficult issues remain. As dis-
cussed earlier, these experiments were not designed to address
specific mechanisms that might be responsible for how people
become sensitive to the frequency of nonpresented information.
Yet it certainly seems important to develop and verify more spe-
cific accounts of this ability. For example, what accurs during
automatic processing that results in frequency sensitivity? When
iterns automatically activate nonpresented information is some
kind of frequency code associated with the nonpresented infor-
mation updated? Do traces of presented items become stored
with the nonpresented information (see Hyde & Jenkins, 1969,
D. 4807 Are relations between presented items and nonpresented
items strengthened? Are relations between presented items
strengthened or tagged (perhaps by study-phase retrieval)? Any
or all of these could occur during automatic processing and could
be responsible for people’s sensitivity to the frequency of non-
presented information. Similar issues apply to strategic process-
ing. How do people become sensitive to frequency through stra-
tegic processing when they do not possess representations that
automatically result in frequency sensitivity? And how does con-

flicting strategic processing reduce the sensitivity that normally
results from automatic processing? Retrieval mechanisms, and
their use of well-established memory structures as retrieval aids,
may also play an important role in frequency sensitivity. Clearly,
much remains to be learned about the nature of the automatic
and strategic processing that results in sensitivity to the frequency
of nonpresented information.

These éxperiments also demonstrated that sensitivity to the
frequency of nonpresented information, besides being an inter-
esting object of study, can serve as a useful tool for exploring the
organization of memory. In the current experiments, observing
this kind of frequency sensitivity suggested that people’s pre-
experimental representations of superordinates and properties
differ in an important way. Although these experiments do not
discriminate among possible differences between superordinate
and property representations, two possibilities were suggested in
the discussion of Experiment 4. First, items belonging to the
same superordinate category may automatically activate the same
superordinate information, such that sensitivity to superordinate
frequency can be acquired. In contrast, items sharing the “same”
context-independent property may automatically activate differ-
ent property information, such that sensitivity to property fre-
quency can not be acquired. A second possibility is that items
belonging to the same superordinate category are processed to-
gether sufficiently often that strong relations develop between
exemplars and later enable sensitivity to superordinate frequency.
In contrast, items sharing the same property may not be processed
together, the result being that the interitern relations necessary
for frequency sensitivity never develop.

Although these studies do not show how superordinate and
property representations differ, they do suggest that people’s nor-
mal representations of superordinates and propertics differ in
some fundamental way. This has the following two implications
for theories of knowledge. First, it suggests that our theoretical
accounts of superordinates and properties should not be the same;
there should be significant differences in how we account for
these two kinds of knowledge. Second, people’s relative insen-
sitivity to property frequency creates an interesting puzzle for
theories of concepts (¢.g., Smith et al., 1974; A. Tversky, 1977)
and theories of concept acquisition (e.g., Bourne et al., 1976;
Kellogg, 1981). As discussed earlier, these theories and others
like them assume that property frequency is central to conceptual
structure and use. However, if the automatic activations of prop-
erty representations do not readily result in frequency sensitivity,
then what are the means by which people become sensitive to
property frequency? One possibility, suggested by M. D. Sofka
{personal communication, May 1, 1985), is that people may only
be sensitive to the frequency of a property in the context of a
specific category, instead of being sensitive to its frequency across
all categories. For example, people may be sensitive to how often
red occurs for birds, even though they may not be sensitive to
how often red occurs across all categories.

In general, observing sensitivity to the frequency of nonpre-
sented information may be a useful tool in discovering how people
represent a wide range of knowledge domains. Because frequency
sensitivity appears to be mediated by well-established represen-
tations, observing such sensitivity may aid in discovering prop-
erties of representations-—differences in frequency sensitivity for
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different domains may reflect differences in how they are rep-
resented. Interpreting such differences with any confidence,
however, will not be possible without a greater understanding of
the mechanisms that underlie this ability.
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Appendix A
Materials for Experiments 1 and 4
List 1 List 2
Superordinate categories Property categories® Superordinate categories Property categories®

Vegetables Smells Furniture Hot

Carrot Skunk Desk Furnace

Corn Perfume Chair Sauna

Peas Ammonia Table QOven

Broccolt Incense Sofa Stream
Musical instruments Red Tools Contains money

Saxophone Blood Saw Purse

Viplin Ketchup Hammer Wallet

Guitar Apple Pliers Bank

Trumpet : Stop sign Wrench A safe
Kitchen utensils Contains liquid Fish Looked through

Toaster Fountain Salmon Binoculars

Skillet Bucket Halibut Spectacles

Spoon Pond Trout Lens

Fork Canteen Minnow Window
Vehicles Hot Kitchen utensils Poisonous

Car Furnace Fork DDT

Motorcycle Sauna Skillet Carbon monoxide
Birds Sweet Beverages Floats

Owl Sugar Cider Life preserver

Sparrow Candy Cola - Buoy
Furniture Contains money Weapons Lives underground

Desk Asafe ’ Sword Gopher

Chair Wallet Gun Mole
Clothing Floats Vegelables Sweet

Shirt Buoy Peas Sugar
Tools Poisonous Birds Sour

Saw Carbon monoxide Sparrow Vinegar
Beverages Lives underground Trees Attacks

Cola Mole Oak Grizzly bear
Weapons Sour Vehicles Red
Trees Looked through Clothing Smells
Fish Attacks Musical instruments Liquids

* The property category names presented to subjects for the property frequency and cued-recall tests differed from those stated above, which are in
abbreviated form. The actual names for the property categories always began with things that, as in things that are red, things that float, and things

that can be looked through.
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Appendix B

Materials for Experiment 2

List | List 2
Version A Version B Version A Version B
Flowers Trees
Tulip Lilac Maple Cypress
Carnation Iris Pine Willow
Daisy Daffodil Elm Cedar
Orchid Camellia Birch Redwood
Furniture Diseases
Sofa Rocking chair Tuberculosis Hepatitis
Lamp Cabinet Measles Typhoid
Dresser Bookcase Polio Leprosy
Stool Cradle Mumps Diptheria
Clothes Fruit
Socks Gloves Plum Melon
Shirt Belt Peach Strawberry
Shoes Coat Banana Prune
Pants Vest Apple Lemon
Tools Precious stones
Hammer Axe Diamond Turquoise
Screwdriver Sander Ruby Onyx
Wrench Crowbar Emerald Gamet
Pliers Lathe Pearl Aquamarine
Kitchen utensils Sports
Toaster Spatula Hunting Golf
Refrigerator Pan Fishing Football
Plate Fork Skiing Basketball
Kettle Spoon Boxing Hockey
Birds Insects
Oriole Eagle Worm Ant
Owl Robin Caterpillar Mosquito
Woodpecker Sparrow Cricket Spider
Dove Crow Termite Beetle
_ Occupations Parts of the body
Manager Teacher Hair Arm
Clerk Engineer Heart Eye
Policeman Nurse Stomach Foot
Artist Professor Neck Mouth
Vehicles Vegetables
Wagon Truck Cauliflower Carrot
Jeep Airplane Cucumber Pea
Van Bus Cabbage Bean
Helicopter Motorcycle Celery Tomato
Precicus stones Colors
Ruby Onyx Blue Brown
Diamond Turquoise Yellow Gray
Alcoholic beverages Musical instruments
Vodka Vermouth Flute Accordion
Bourbon Sherry Trumpet Viola
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Appendix B (continued)

133

List 1 List 2
Version A VYersion B Version A Version B
Fruit Tools
Banana Prune Hammer Axe
Peach Strawberry Screwdriver Sander
Parts of the body Fish
Arm Hair Shark Sardine
Mouth Neck Herring Mackerel
Trees Spices
Willow Pine Oregano Cinnamon
Cedar Elm Ginger Cloves
Weapons Birds
Torpedo Sword Owi Robin
Bayonet Cannon Woodpecker Sparrow
Mammals Kitchen utensils
Sheep Cat Refrigerator Pan
Fox Lion Kettle Spoon
Diseases Crimes
Typhoid Measles Treason Robbery
Leprosy Polio Speeding Burglary
Spices Weapons
Cinnamon Oregano Sword Torpedo
Musical instruments Alcholic beverages
Trumpet Viola Vodka Vermouth
Fish Flowers
Shark Sardine Tulip Lilac
Sports Furniture
Football Fishing Sofa Rocking chair
Crimes Clothes
Treason Robbery Belt Shirt
Vegetables Vehicles
Cauliflower Carrot Jeep Airplane
Insects ) Mammals
Termite Beetle Sheep Cat
Colors Qccupations
Gray Yellow Clerk Engineer
Months
Relatives
Dwellings
Fuels

Chemical elements
Kinds of money
Sciences

Rehgions

Note. For each level of frequency (i.e., 4, 2, and 1), the first four cate
have atypical exemplars. The first four categories in both Version Bs have atypical exemplars, and the last

gories in both Version As have typical exemplars, and the last four categories
four categories have typical exempiars.
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Materials for Experiment 3

Superordinate categories

Property categories®

Vegetables Tools Green Small
Corn Pliers Broccoli Minnow
Pea Nail Jade Mouse
Broccoli Weapons Lime Black
Onion Gun Grasshopper Crow

Spices Sword Yellow Pepper
Salt Precious stones Corn Hard
Pepper Jade Mustard Diamond
Mustard Diamond Dandehion Helmet
Cinnamon Flowers Canary Big

Fruit Dandelion White Ostrich
Grape Lily Milk Tuba
Lime Vehicles Salt Smells
Peach Airplane Swan Onion
Pineapple Firetruck Lily Skunk

Four-footed animals Insects Round Red
Zebra Grasshopper Pea Firetruck
Porcupine Fish Grape Brown
Skunk Minnow Drum Cinnamon
Mouse Furniture Skillet Fuzzy

Birds Chair Metal Peach
Canary Beverages Trumpet Smooth
Crow Milk Toaster Silk
Swan Cloth Pliers Striped
Ostrich Silk Gun Zebra

Musical instruments Hats Pointed Noisy
Violin Helmet Sword Aimplane
Trumpet Reading materials Nail Slimy
Drum Buildings Porcupine Wet
Tuba Fuels Pineapple Cold

Kitchen utensils Clothing Wood Blue
Toaster Trees Violin Shiny
Skillet Snakes Chair Greasy

® The property category names presented to subjects during acquisition and for the property frequency and cued-recall tests differed from those stated
above, which are in abbreviated form. The actual names for the property categories always began with things that, as in things that are round and
things that are made of wood.
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