
Memory & Cognition
2001, 29 (8), 1185-1195

Does searching for one item in memory exclude the pos-
sibility of searching for another item? Or can several mem-
ory searches be conducted simultaneously? Historically,
this fundamental issue has received little theoretical dis-
cussion, but has recently been directly addressed (Pashler,
1998; Rohrer, Pashler, & Etchegaray, 1998). In this paper,
we describe a new way of investigating the dynamics of
memory retrieval that allows us to test whether memory
search is exclusive both for semantic memory (Experi-
ment 1) and for long-term episodic (autobiographical)
memory (Experiment 2).

As discussed recently by Logan and Schulkind (2000),
the possibility of parallel memory retrieval is important in
several current theories of memory and categorization. In
their own empirical work, Logan and Schulkind were able
to demonstrate that information can be retrieved about one
presented stimulus (such as whether it is a letter or a digit)
at the same time that another stimulus is being processed
(see also Logan & Delheimer, 2001). However, this finding
of parallelism in the processing of stimulus properties still
leaves open the retrieval issue of whether or not the mem-

bership of one category can be searched at the same time
as that of a different category.

Rohrer et al. (1998) investigated whether two memories
can be retrieved concurrently by first requiring participants
to study exemplars from two categories (e.g., beverage:
juice, milk, tea, wine; vehicle: bus, car, jeep, truck). After
a brief distractor task, participants in their first experiment
were required to recall the studied exemplars in one of two
ways (dual and mono conditions). If both categories were
presented at recall (beverage, vehicle), participants were
required to recall all the items in an alternating fashion
( juice, car, milk, bus, tea, etc.), whereas if only one cate-
gory was presented at recall (beverage), participants were
required to recall only half of the items ( juice, milk, tea,
wine). The authors argued that if two items from different
categories can be retrieved in parallel, retrieval of the next
item can begin before the current response is complete.
Thus the car–milk interresponse time (IRT) in the dual
condition should be shorter than the juice–milk IRT in the
mono condition, the bus–tea IRT (dual) should be shorter
than the milk–tea IRT (mono), and so on. In contrast, if two
items from different categories must be retrieved serially,
the above dual IRTs should be either the same as the mono
IRTs or greater than the mono IRTs if there is any cost in
shifting task sets before each response. The data from
both this and a subsequent experiment were consistent with
the serial rather than the parallel hypothesis.

In Rohrer et al.’s (1998) experiments, each trial se-
quence of studying the two categories, performing the dis-
tractor task, and recalling the items lasted no longer than
2 min. Thus, although the authors described their study as
an investigation of retrieval from “long-term memory”
(p. 731), the retention interval was relatively brief. In the
present study, we investigated memories with much longer
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We examined whether retrieval from semantic memory (Experiment 1) and autobiographical memory
(Experiment 2) is exclusive, or whether people can search for two things at once. In Experiment 1, par-
ticipants retrieved items as quickly as possible over 4 min from single categories (e.g., foods, countries)
and from disjunctive categories (e.g., foods or countries). In Experiment 2, participants retrieved au-
tobiographical episodes associated with single cue words (e.g., flower, ticket) or with disjunctive cue
words (e.g., flower or ticket). In both experiments, retrieval of items from the disjunctive category did
not exceed predictions based on optimal sequencing of retrieval from the corresponding two single cat-
egories. That is, exclusivity was observed to occur in retrieval from among multiple nonoverlapping
categories in both semantic and autobiographical memory.
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periods of retention, focusing on retrieval from semantic
memory and from autobiographical memory (cf. Maylor,
Chater, & Brown, 2001).

The present paradigm may be illustrated with the case
of retrieval from semantic memory. We asked people to
freely generate as many items as possible that belong either
to a single category (e.g., foods, countries) or to a disjunc-
tive category (e.g., foods or countries). In the latter case, it
would be advantageous for people to conduct two mem-
ory searches simultaneously, if they are able to do so. How
does the rate of successful retrieval of targets from two
categories relate to the rates of retrieval for the relevant
single categories? In generation tasks from single cate-
gories, it is generally found that the rate at which items are
produced decreases monotonically and with negative ac-
celeration and can be modeled as exponential or power
function decay (Wixted & Rohrer, 1994). It is shown here
that nonuniformity in the rate of production from single
categories can be accommodated within a relatively
straightforward analysis of multiple-categories retrieval
(see test of exclusivity in the Discussion section of Exper-
iment 1A) while finessing the question of the precise form
of the decay function.

We propose that it is useful to distinguish three different
theoretical possibilities in relating the rate of retrieval from
two categories to the rates for the relevant single categories;
we term these exclusivity, additivity, and superadditivity.
For exclusivity, retrieval occurs from only one or the other
category at a time, and, thus, the rate of accumulation of
items cannot exceed that for the faster of the single cat-
egories. For additivity, retrieval occurs separately from both
categories, and, thus, the rate of accumulation of targets
cannot exceed that for both single categories combined.
For superadditivity, retrieval occurs interactively from
the two categories, and, thus, the rate of accumulation of
items can exceed the arithmetic sum of the single rates.

An analogous range of possibilities has previously
been explored in the case of multiple routes to the recall
of a single item (e.g., Jacoby, Toth, Yonelinas, & Debner,
1994; Jones, 1987). For example, Rubin and Wallace
(1989) demonstrated the occurrence of superadditivity
in the recalling of red if a person is provided with the cue
“name of a color and rhymes with bed,” as opposed to ei-
ther “name of a color” or “rhymes with bed.” The occur-
rence of superadditivity may be regarded as a consequence
of inference-making rather than of memory retrieval. To
focus on the latter, the categories examined in the present
study were selected to have nonoverlapping domains.
But for generality, the major theoretical alternatives dis-
tinguished here will be identified not as exclusivity and
additivity, but as exclusivity and nonexclusivity (where the
latter, in principle, includes both additivity and superaddi-
tivity). Let us now consider the predictions of exclusive
versus nonexclusive memory search models.

If memory search is exclusive, people will only be able
to search for items from one category at a time. This means
that the rate of retrieval of items from a disjunctive cate-
gory will be comparable to the rate of retrieval from the in-

dividual categories. More strictly, the upper bound on
performance would be achieved if people were able to
“hop” from searching one category to the other, depend-
ing on which search has the higher instantaneous rate of
retrieval. So, after one starts by searching Category 1, for
which the retrieval rate is initially higher, the rate of re-
trieval for Category 1 will decline. When the Category 1
retrieval rate becomes less than the initial retrieval rate
for Category 2, the participant should switch to searching
for Category 2 items until the rate of retrieving Cate-
gory 2 items dips below the rate of retrieving Category 1
items, and so on. This upper bound might not be attained,
of course, either because people are not able to follow this
optimal strategy, or because there are other factors that slow
retrieval that have not been taken into account. Specifi-
cally, there might be a “switch cost” incurred in switching
from one memory search to another. In summary, the ex-
clusive model predicts that the rate of retrieval for a dis-
junctive category will be comparable to the rates of re-
trieval for single categories and will not exceed the rate of
retrieval obtained by using the optimal strategy sketched
above.

If, by contrast, memory search is nonexclusive, we
might expect that rates of retrieval for disjunctive cate-
gories might substantially exceed rates of retrieval for sin-
gle categories. Here, the upper bound on performance
would be obtained in the purest case of nonexclusivity,
where the memory search for items from Category 1 might
be conducted in parallel with, and without interference
from, search for items from Category 2. In this case, the
rate of retrieval for the disjunctive category would be ap-
proximately the sum of the rates of retrieval for when
each of the component categories was searched alone.
Of course, even in this pure case, perfect additivity of
rates would not be expected, because of inevitable inter-
ference in the production of the items. This would be ex-
pected especially in the first few seconds of our tasks,
where production is plausibly limited by output speed
(particularly in the case of written responses), but would
be less of a factor later in the task, where the rate at which
items are produced is quite low. Although rate-additivity
provides an upper bound on performance, nonexclusive
processing does not necessarily predict that performance
will be close to additive. There might be a degree of inter-
ference between the two searches, or they might draw upon
a common resource, for example. Nonetheless, if mem-
ory search is nonexclusive, we should expect that dis-
junctive search rate should exceed the rate of search for
individual categories. Strong evidence for nonexclusive
search would be obtained if the rate of search for disjunc-
tive categories were to exceed the optimal search rate for
exclusive search.

EXPERIMENT 1

In Experiment 1A, the participants retrieved items from
a range of categories in semantic memory under both sin-
gle and disjunctive conditions. Four of the categories were
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defined on the basis of meaning (e.g., foods, countries),
and two were defined on the basis of the lexical form of
their members (words beginning with s, words beginning
with p). In Experiment 1B, the participants retrieved items
from single categories only; this was conducted to test a
number of alternative explanations for the apparent ex-
clusivity observed in Experiment 1A. Written responses
were required in all conditions of Experiment 1.

Experiment 1A
Method

Participants. Thirty undergraduate students aged 18–24 years
were randomly assigned to one of three groups (n = 10). Group 1
retrieved items from the following categories: words beginning
with either s or p, musical instruments, foods or countries, and oc-
cupations. Group 2 retrieved items from words beginning with p,
foods, musical instruments or occupations, and countries. Group 3
retrieved items from words beginning with s. There were 7, 9, and
7 females in Groups 1, 2, and 3, respectively. All participants were
native English speakers.

Apparatus and Stimuli. For each category, there was an iden-
tical response sheet divided into eight numbered sections. The
names of categories were presented on separate slips of paper. A
stopwatch was used to time the experiment.

The categories were selected as follows. The letters s and p are the
most frequent and second most frequent initial letters in English, re-
spectively, as estimated by dictionary entries (Brown, 1993). The se-
mantic categories were chosen from 14 “higher level” categories used
in a verbal fluency experiment by Herrmann and Murray (1979). The
largest estimated category sizes were for (in descending order) coun-
tries, foods, occupations, recreation, beverages, plants, and musical
instruments. To avoid any semantic overlap between categories (e.g.,
between foods and beverages), the four categories selected for the
present study were countries, foods, occupations, and musical in-
struments. Foods and countries were paired together, as were musi-
cal instruments and occupations, thus providing three pairs of cate-
gories of decreasing overall size (i.e., words beginning with s/p,
foods/countries, musical instruments/occupations).

Procedure. The participants were tested in small groups. They
were informed that they would be given a category from which they
would be asked to write down as many instances as possible. They
were told that when instructed, they should begin writing in the first
section of the response sheet but that after 30 sec they would be told
to stop and move on to the next section. It was made clear that this
meant that they were to finish the word they were writing, move on
to the next section, and then continue to write down items from the

same category. The participants were told that this procedure would
continue until they had completed all eight sections of the response
sheet (i.e., after 4 min). They were asked to make sure that no item
appeared more than once on the response sheet.

The participants in Groups 1 and 2 were additionally instructed
that sometimes they would be given two categories, such as colors
or buildings , rather than one. Thus each response had to be either a
color or a building. They were given examples (red, brown, church ,
yellow, green, supermarket , etc.) and were told that order of pro-
duction was not important—what mattered was that they should try
to produce as many items as possible.

All participants were told that the first category was words be-
ginning with a particular letter (Groups 2 and 3) or particular letters
(Group 1). Before the letter(s) were provided, the participants were
instructed that proper names and plurals were not allowed; exam-
ples were provided for clarif ication.

When the participants were ready to proceed, they were asked to
turn over the slip of paper on which the first category was printed.
Once everyone had read the category, the experimenter gave the in-
struction to begin the task. After completing the first category, the
participants in Groups 1 and 2 were then required to repeat the task
three more times but with different categories (as listed earlier).
There were short rest breaks of 2 min between categories.

Results and Discussion
One participant in Group 1 did not follow the task in-

structions correctly for the first category; her data for
words beginning with s or p were therefore excluded from
the analysis. Repeated and incorrect items were extremely
rare. The numbers of acceptable items retrieved in each
30-sec period were recorded in each condition. It can be
seen from the means in Table 1 that the numbers of items
retrieved generally declined over time. Note also that the
numbers of items retrieved in the either/or conditions were
greater than, or quite similar to, the more productive of the
two single categories in each period.

Three separate analyses of variance (ANOVAs) were
conducted on the total numbers of items retrieved. For
words beginning with s/p, there was no significant differ-
ence between the three conditions [F(2,26) = 2.00, MSe =
67.79, p = .16]. For foods/countries, there was a signifi-
cant effect of condition [F(2,27) = 11.03, MSe = 81.02,
p , .0005]. Post hoc comparisons using Bonferroni-Dunn
tests (with significant levels of p values appropriately ad-

Table 1
Mean Numbers and Standard Deviations of Items Retrieved in Experiment 1A 

in Each of Eight 30-Second Periods and Totals Retrieved in Four Minutes 
for Words Beginning With s/p, Foods/Countries, and Musical Instruments/Occupations

Period

1 2 3 4 5 6 7 8 Total

Category M SD M SD M SD M SD M SD M SD M SD M SD M SD

Words beginning with s or pa 10.0 2.1 7.3 3.0 5.9 2.5 4.3 2.1 5.2 1.4 5.1 1.9 4.4 1.7 4.3 0.5 46.7 8.6
Words beginning with pb 8.9 1.7 6.3 2.1 4.5 2.1 4.0 1.9 4.5 1.7 3.4 1.1 3.6 1.5 3.9 1.0 39.1 7.5
Words beginning with sc 9.0 1.9 6.0 1.6 5.4 1.5 4.3 1.8 4.6 1.6 4.8 2.4 4.6 1.4 4.1 1.5 42.8 8.6
Foods or Countriesd 9.9 2.9 7.9 2.9 9.6 2.5 7.2 1.8 6.9 2.8 6.4 2.1 4.6 2.2 5.2 2.3 57.7 8.2
Foodsb 9.1 2.7 8.2 2.4 5.9 2.2 5.8 2.5 5.1 1.9 4.6 1.7 3.9 2.6 4.0 1.5 46.6 8.8
Countriesb 10.0 1.9 7.6 2.1 6.0 1.2 5.0 1.9 3.7 2.4 2.3 1.9 2.4 1.2 1.9 2.0 38.9 9.9
Musical instruments or Occupationsb 9.9 1.6 6.4 1.7 5.6 1.6 5.0 0.7 4.2 1.3 4.8 1.4 4.2 1.5 4.5 2.0 44.6 6.7
Musical instrumentsd 9.5 1.4 6.3 1.2 3.3 0.9 2.5 1.6 2.2 1.5 1.3 1.1 1.5 1.2 1.0 0.8 27.6 5.5
Occupationsd 8.2 1.2 6.0 1.9 5.1 2.0 4.9 2.1 4.4 1.7 4.4 1.4 4.2 1.5 3.7 1.8 40.9 8.4
aGroup 1, n = 9. bGroup 2, n = 10. cGroup 3, n = 10. dGroup 1, n = 10.



1188 MAYLOR, CHATER, AND JONES

justed for multiple comparisons) revealed significant dif-
ferences between foods or countries and foods, between
foods or countries and countries, but not between foods
and countries. For musical instruments/occupations, there
was also a significant effect of condition [F(2,27) =
16.55, MSe = 48.29, p , .0001]. Post hoc comparisons re-
vealed significant differences between musical instru-
ments or occupations and musical instruments, between
musical instruments and occupations, but not between mu-
sical instruments or occupations and occupations. Thus, in
only one of the three tasks did the either/or condition’s total
number of items retrieved significantly exceed that for both
the single condition totals—namely, foods/countries.

A breakdown of performance in the either/or conditions
is provided in Table 2. The table shows the numbers of
items retrieved from each of the two categories, together
with the numbers of times the participants switched be-
tween them in each 30-sec period. The total numbers of
items retrieved in the either/or conditions expressed as
proportions of the totals retrieved in the single category
conditions (see Table 1) were .59 ( p words), .56 (s words),
.54 (foods), .84 (countries), .63 (musical instruments), and
.67 (occupations). An ANOVA was conducted on the num-
bers of switches, with task (3 levels: s or p words, foods or
countries, and musical instruments or occupations) as the
between-subjects variable and period (8 levels) as the
within-subjects variable. There was a significant effect of
task [F(2,26) = 20.58, MSe = 1.99, p , .0001], but no ef-
fect of period [F(7,182) = 1.23, MSe = 0.67] and no inter-
action [F(14,182) = 1.21, MSe = 0.67]. It can be seen from
Table 2 that the participants switched between s and p
words approximately three times more often than they did
between categories in the other two tasks. The absence of
an effect of period, combined with the marked decline in
retrieval over time (Table 1), indicates that the numbers
of consecutive items retrieved from the same category
decreased with time on the task.

Figure 1 shows cumulative retrieval plotted as a function
of time for the either/or and single-category conditions
(derived from Table 1). Note first that all functions were
negatively accelerated, consistent with random sampling

with replacement from a finite search set (see Wixted &
Rohrer, 1994). Second, the rates of approach to asymptote
tended to be slower for the letter categories than for the
semantic categories (with the possible exception of occu-
pations), consistent with evidence that the rate of approach
to asymptote is inversely related to category size (again,
see Wixted & Rohrer, 1994, for a summary).

Test of exclusivity. If search of the two categories in
the either/or conditions (A/B) is exclusive (i.e., search oc-
curs for just one category at a time), an initial prediction
might be that cumulative retrieval (R) should equal the
greater of the cumulative retrievals for A and for B:

(1)

In fact, as can be seen in Figure 1, cumulative retrieval for
A/B was slightly greater than Max(A,B) in all cases, with
the difference reaching significance for foods/countries
(Figure 1B). However, this advantage for A/B could be at-
tributable to variation in the ease of production across items
within a category. That is, any advantage in A/B relative to
Max(A,B) could be the result of the participants in the
A/B condition being able to generate “easy” examples from
both A and B, instead of “easy” and then “difficult” items
from just the one category that contributes to Max(A,B).

An obvious solution is to modify the exclusivity predic-
tion so that “easy” items from both A and B are embraced.
If the total response time is T periods (where T = 8), then

(2)

Alternatively, an argument could be made for calculating
the maximum total produced by combining items re-
trieved from any t periods of A with any (T – t) periods of
B. In this case, the time periods selected from A and B
need not necessarily be adjacent or, indeed, include the
first period. We prefer Equation 2 because the critical
comparison is with the total number of items retrieved in
the first T adjacent periods of the disjunctive condition. In
practice, because the numbers of items retrieved in each

R R t

R T t

(A/B) =  Max{[ (A) over the first  periods]

+ [ (B) over the first ( ) periods]}.-

R R R(A/B) =  Max[ (A),  (B)] .

Table 2
Mean Numbers and Standard Deviations of Items Retrieved in Experiment 1A for Each Category 

in the Either/Or Conditions and Switches Between Categories, in Each of Eight 30-Second Periods and Totals
for Words Beginning With s or p, Foods or Countries, and Musical Instruments or Occupations

Period

1 2 3 4 5 6 7 8 Total

Category M SD M SD M SD M SD M SD M SD M SD M SD M SD

Words beginning with p 4.3 3.0 4.2 2.8 3.4 2.4 1.4 1.0 3.1 1.5 1.7 1.3 2.4 1.5 2.2 0.8 22.9 3.3
Words beginning with s 5.7 1.2 3.1 2.7 2.4 1.9 2.9 2.0 2.1 1.6 3.4 1.5 2.0 1.2 2.1 0.8 23.8 6.3
Switches 2.7 2.1 1.9 1.2 1.7 1.3 1.7 0.9 2.2 1.0 2.0 1.4 1.6 0.9 1.6 0.7 15.2 5.5
Foods 5.5 3.9 3.5 4.2 1.5 2.2 2.0 3.3 3.8 4.6 2.8 3.4 1.9 1.9 4.0 2.7 25.0 12.7
Countries 4.4 3.9 4.4 3.6 8.1 2.7 5.2 3.1 3.1 3.4 3.6 3.7 2.7 2.7 1.2 1.5 32.7 12.3
Switches 0.9 1.0 1.0 0.8 0.5 0.5 0.4 0.5 0.5 0.5 0.3 0.5 0.7 0.7 0.8 1.0 5.1 2.8
Musical instruments 7.1 4.5 3.8 3.6 1.5 1.7 0.0 0.0 1.2 1.9 1.5 2.5 1.4 1.7 0.9 1.3 17.4 7.1
Occupations 2.8 3.2 2.6 2.5 4.1 2.4 5.0 0.7 3.0 1.9 3.3 2.1 2.8 2.4 3.6 2.5 27.2 6.3
Switches 0.5 0.7 0.5 0.7 0.8 0.6 0.2 0.4 0.6 0.7 0.7 0.7 0.6 0.7 0.9 0.9 4.8 3.4
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period generally decrease monotonically over time, Equa-
tion 2 usually produces identical values to those from this
alternative approach.

For words beginning with s/p, Equation 2 was applied
to the mean cumulative frequencies (Figure 1A) for words

beginning with p (Group 2) and for words beginning with
s (Group 3). Equation 2 was maximal when the first two
periods of words beginning with p were combined with the
first six periods of words beginning with s.1 This yielded
a single predicted total (see Table 3) that was compared
with the observed totals for words beginning with s or p
(Group 1) by using a one-sample t test. The predicted total
of 49.3 was not significantly higher than the observed
mean of 46.7 [t(8) = 0.92, p = .38].

In contrast to words beginning with s/p (where three
different groups of participants retrieved words begin-
ning with s or p, p, and s), for foods/countries and musi-
cal instruments/occupations, each participant retrieved
items from two single categories and one disjunctive cat-
egory. Equation 2 could therefore be applied to each in-
dividual participant (foods and countries for Group 2,
musical instruments and occupations for Group 1),
yielding the mean predicted totals shown in Table 3.2 To
compare these with the observed totals for foods or
countries (Group 1) and musical instruments or occupa-
tions (Group 2), which are also shown in Table 3, a two-
way ANOVA was conducted with group (1 and 2) as the
between-subjects variable and condition (observed vs.
predicted) as the within-subjects variable. The two
groups did not differ significantly overall (F , 1). The
observed mean (51.2) was significantly lower than the
predicted mean (54.3) [F(1,18) = 4.58, MSe = 21.67, p ,
.05]. Finally, the two-way interaction was highly signif-
icant [F(1,18) = 64.80, MSe = 21.67, p , .0001], indicat-
ing that the participants retrieved more foods and coun-
tries (M = 58.7) than musical instruments and occupations
(M = 46.8).

In summary, the total numbers of items retrieved in
the either/or conditions were always lower than the totals
predicted on the assumption of exclusivity (i.e., only one
category can be searched at a time). For categories de-
fined by meaning (foods, countries, musical instruments,
and occupations), the observed totals were significantly

Figure 1. Cumulative numbers of items retrieved over 4 min in
Experiment 1A for (A) words beginning with s or p (Group 1, n =
9), words beginning with p (Group 2, n = 10), and words beginning
with s (Group 3, n = 10); (B) foods or countries (Group 1, n = 10),
foods, and countries (Group 2, n = 10); and (C) musical instruments
or occupations (Group 2, n = 10), musical instruments, and occu-
pations (Group 1, n = 10). Error bars represent ±1 SE.

Table 3
Mean Totals and Standard Deviations of Items Retrieved 

in Four Minutes and Two Minutes in the Either/Or Conditions
of Experiment 1A (Observed) and Mean Totals Predicted 

on the Basis of Exclusivity

Observed Predicted

Category M SD M SD

Four Minutes
Words beginning with s or p 46.7a 8.6 49.3b 2
Foods or countries 57.7c 8.2 59.6d 7.8
Musical instruments 

or occupations 44.6d 6.7 49.0c 8.7

Two Minutes
Words beginning with s or p 27.6a 6.6 30.2b 2
Foods or countries 34.6c 6.8 35.6d 5.8
Musical instruments 

or occupations 26.9d 2.9 30.4c 5.0
aGroup 1, n = 9. bGroup 2, n = 10. cGroup 3, n = 10. dGroup 1, n =
10.
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lower than the predicted totals. For categories defined by
form (words beginning with s and p), the observed –
predicted difference (in this case, a between-subjects
comparison) was similar in magnitude but did not reach
significance.

One possible explanation for the failure to find greater
retrieval in the either/or conditions than predicted on the
basis of exclusivity can be addressed in a preliminary way
by further data analysis of Experiment 1A. This concerns
the possibility of fatigue—note that the last of the preced-
ing analyses compared performance over a longer time
period (4 min) in the either/or categories than in the sin-
gle categories (up to 3 min). Although it seems unlikely
that the participants would tire appreciably between 3
and 4 min, we examined this possible explanation by con-
sidering the first four periods rather than all eight peri-
ods of the task (T = 4 in Equation 2). The observed and
predicted totals are shown in Table 3. For words begin-
ning with s/p, the maximal predicted total (Equation 2)
was formed by combining the first two periods of words
beginning with p and the first two periods of words be-
ginning with s from Figure 1A. With a one-sample t test,
the predicted total of 30.2 was not significantly higher
than the observed mean of 27.6 [t(8) = 1.21, p = .26]. The
data for foods/countries and musical instruments/occu-
pations were analyzed as before (see Table 3 for means).
Again, there was no overall difference between Groups 1
and 2 (F , 1). The difference between the observed mean
(30.8) and the predicted mean (33.0) approached signif-
icance [F(1,18) = 3.17, MSe = 15.99, p , .10]. More foods
and countries were retrieved (M = 35.1) than were musical
instruments and occupations (M = 28.7), as indicated by a
significant two-way interaction [F(1,18) = 26.02, MSe =
15.99, p , .0001]. Thus, the main pattern of findings was
unaltered by restricting data analysis to retrieval based on
2 min rather than 4 min, contrary to the suggestion that fa-
tigue might have unduly limited the observed totals for the
disjunctive categories.

To conclude, the results of Experiment 1A demonstrate
that two different categories in semantic memory cannot be
searched in parallel; in other words, search is exclusive. The
conclusion was the same whether the participants switched
frequently (words beginning with s/p) or infrequently (foods/
countries, musical instruments/occupations), and whether
the categories were defined in terms of meaning (foods/
countries, musical instruments/occupations) or form (words
beginning with s/p). Retrieval of items from the disjunctive
categories, was actually worse than predicted on the basis
of optimal sequencing of retrieval from the corresponding
two single categories (see Rohrer et al., 1998, for a similar
finding), which can be attributed to the cost of switching
task set from one category to the other on several occasions
during the 4 min (e.g., Rogers & Monsell, 1995).

Experiment 1B
Although the additional analyses of Experiment 1A

would appear to argue against fatigue as an explanation

for the failure to find evidence of nonexclusive search, it
remains the case that the comparisons shown in Table 3
are based on retrieval from longer continuous periods of
time for observed than for predicted totals. Moreover, in
addition to physical fatigue, there may also be mental fa-
tigue in the form of proactive or output interference from
items already produced; this would have a greater ad-
verse effect on the observed totals (based on output over
4 min in the disjunctive condition) than on the predicted
totals (based on output over less than 4 min in each of two
single conditions). An obvious comparison condition to
investigate such possibilities would be a “successive” con-
dition in which participants retrieve items for 4 min, first
from one single category and then from another single cat-
egory, without any rest break between the two categories.
Thus, in Experiment 1B, the participants retrieved words
beginning with s (2 min) then words beginning with p
(2 min), foods (2 min) then countries (2 min), and musical
instruments (2 min) then occupations (2 min). Note that
equal periods of 2 min for each of the two single cate-
gories came close to optimal in the tests of exclusivity in
Experiment 1A for words beginning with s/p and for
foods/countries, but not for musical instruments/occupa-
tions (see notes 1 and 2). If the totals in the successive
condition of Experiment 1B are similar to those in the
disjunctive condition of Experiment 1A (at least for words
beginning with s/p and foods/countries), this would sup-
port our conclusion that search is exclusive. However,
poorer recall in the successive condition than in the dis-
junctive condition would provide evidence of nonexclu-
sive search.

Another possible factor contributing to the apparent ex-
clusivity observed in Experiment 1A is that of writing
speed. Thus, it could be argued that output in the disjunc-
tive condition was, at least initially, limited by the maxi-
mum rate at which items could be written down. However,
we do not regard this potential constraint as problematic
for the following reasons: First, it can be seen from Table 1
that the participants retrieved fewer items in the second 30-
sec period than in the first 30-sec period, suggesting that
any potential writing bottleneck would have occurred in
the initial period only. Second, if the participants were un-
able to write down immediately all the items they had re-
trieved, the remaining items could still be reported eventu-
ally, if they could be stored until a later period. Importantly,
any such delays would have no effect on our test of exclu-
sivity (Equation 2). Nevertheless, we included a measure
of writing speed in Experiment 1B in order to assess its
possible impact on the results of Experiment 1A.

Method
Participants. Thirteen undergraduate students (10 females, 3

males) aged 18–20 years participated in the experiment. They were
all native English speakers.

Apparatus and Stimuli. For each pair of categories, there were
two response sheets; the first was divided into eight sections num-
bered 1–4 twice, and the second was blank. The names of categories
were read out by the experimenter at the same time that they were
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being presented on a large screen via an overhead projector. The cat-
egories were those of the six single conditions of Experiment 1A.

Procedure. The participants were tested in a single group. As in
Experiment 1A, they were informed that they would be given a cat-
egory and that their task was to write down as many instances of that
category as possible. They were to begin writing in the top section of
the response sheet (numbered 1), but after 30 sec they were to stop
(after finishing the word they were writing) and move on to the next
section (numbered 2). The participants were told that this procedure
would continue until they had completed the first four sections num-
bered 1–4 of the response sheet (i.e., after 2 min). Without any break,
they were then immediately to be given a second category from which
they were to write down instances in the next four sections of the re-
sponse sheet (30 sec per section) under the same procedure. As be-
fore, the participants were instructed to make sure that they did not
write down the same item twice on the response sheet.

After a short rest break of 2 min, the participants were asked to
copy onto the blank sheet of paper as many of their responses as pos-
sible in 30 sec as a test of their writing speed. They were instructed
to start by copying down the items from Section 1 of the first cate-
gory, then from Section 1 of the second category, and then from Sec-
tion 2 of the first category, and so on, until they were told to stop.

The procedures above were carried out with the following cate-
gories: (1) words beginning with s immediately followed by words be-
ginning with p, (2) foods then countries, and (3) musical instruments
then occupations. There were short rest breaks of 2 min between pairs
of categories. Prior to the first pair of categories, the participants were
additionally instructed to exclude proper names and plurals.

Results and Discussion
Repeated and incorrect items were extremely rare. The

mean total numbers of acceptable responses produced in
4 min for each pair of categories are shown in Table 4. It
can be seen that, for words beginning with s then p and for
foods then countries, the totals were almost identical to the
observed totals in Table 3, whereas the total was somewhat
lower for musical instruments then occupations. Statistical
comparisons between these totals revealed no significant
differences between the successive (Experiment 1B) and
disjunctive (Experiment 1A) conditions [t(20) = 0.04 for
words beginning with s/p; t(21) = 0.07 for foods/countries;
t(21) = 1.55 for musical instruments/occupations; all ps .
.1]. Although not significant, the slightly lower total for
musical instruments then occupations is consistent with
the point made earlier that an equal division of the 4 min
between categories was less than optimal for this particu-
lar combination (see note 2).3 It is clear from these results
that fatigue can be discounted as an explanation for the
failure to find evidence of nonexclusive search in Experi-

ment 1A. Thus, having controlled for the length of time
over which the participants continuously retrieved items
(i.e., 4 min), there was no significant advantage in search-
ing two categories at once (disjunctive condition, Experi-
ment 1A), as compared with searching one category fol-
lowed by another (successive condition, Experiment 1B).

The mean numbers of items retrieved in the first 30-sec
period of each of the 4-min tasks (words beginning with s,
foods, musical instruments) are also shown in Table 4. It
can be seen that these were between three and seven items
fewer than the numbers of items participants were able to
copy down from their response sheets in 30 sec (see final
column of Table 4). Paired t tests confirmed that the par-
ticipants were indeed physically capable of writing down
significantly more items than they did in the retrieval task
[t(12) = 8.97, 7.58, and 10.52 for words beginning with s/p,
foods/countries, and musical instruments/occupations, re-
spectively; all ps , .0001]. It should be recognized that
even the numbers in the final column of Table 4 are prob-
ably underestimates of the participants’ maximum writ-
ing speeds because of time lost in their scanning between
the two response sheets during the copying task. We there-
fore conclude that writing speed was probably not a sig-
nificant factor in limiting retrieval in the disjunctive con-
dition of Experiment 1A, even in the initial 30-sec period.
In summary, the results of Experiment 1B allow us to
discount two possible factors (fatigue and writing speed)
that could be argued to have contributed to the failure to
find evidence of nonexclusive search in Experiment 1A.

EXPERIMENT 2

We further examined the generality of the exclusivity of
memory retrieval in our second experiment by examining
retrieval from long-term episodic memory. For this, we
adapted the Galton–Crovitz–Rubin cue–word technique
(Crovitz & Schiffman, 1974; Galton, 1879; Rubin, 1982)
commonly used in the study of autobiographical memory
(see Conway, 1990, for a summary). Participants are pre-
sented with cue words of high word frequency and im-
ageability and are asked to retrieve a specific autobio-
graphical memory associated with each cue word. As in
Experiment 1A, the participants in Experiment 2A were
required to write down as many autobiographical memo-
ries as possible in response to single cue words (e.g.,
flower, ticket) and to disjunctive cue words (e.g., flower or
ticket). In Experiment 2B, vocal rather than written re-
sponses were required. Again, we applied the test of ex-
clusivity to the data in order to determine whether retrieval
from two different categories in autobiographical memory
(in this case, flower episodes and ticket episodes) was ex-
clusive or not.

Experiment 2A
Method

Participants. Twenty undergraduate students (19 females, 1 male)
aged 20–21 years were randomly assigned to one of two groups (n =
10). Group 1 retrieved memories associated with the following cue

Table 4
Mean Numbers and Standard Deviations of Items Retrieved 
in Experiment 1B (Successive Condition; Two Minutes Per 
Category) in Four Minutes (Total), in the First 30 Seconds 

(Period 1), and the Numbers Copied in 30 Seconds (Maximum)

Total Period 1 Maximum

Categories M SD M SD M SD

Words beginning with s then 
words beginning with p 46.5 7.8 9.2 2.2 16.2 2.3

Foods then countries 57.5 7.6 10.7 1.4 14.1 1.5
Musical instruments 

then occupations 40.3 6.5 9.3 1.7 13.7 1.8
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words: flower, fire or picture , and ticket. Group 2 retrieved memo-
ries associated with the words fire, flower or ticket, and picture. All
participants were native English speakers.

Apparatus and Stimuli. The apparatus was the same as that for
Experiment 1A. The stimuli were selected on the basis of a pilot study
in which participants (who did not take part in the main experiment)
were given 18 cue words taken from a study of autobiographical
memory by Rubin, Wetzler, and Nebes (1986). The participants
were asked to produce as many specific personal memories as pos-
sible associated with each cue word in a limited time. The four cue
words producing the most memories were chosen for the present
experiment—namely, fire, flower, picture , and ticket. To avoid al-
literation, fire was paired with picture , and flower was paired with
ticket.

Procedure. The procedure was the same as that for Experi-
ment 1A, except that the participants were instructed that they would
be presented with a word and that their task was to write down as
many of their own specif ic personal memories associated with that
word as possible. It was emphasized that the event did not have to be
important or even interesting and that it could come from any point
in their lives, even as recently as that morning. However, the event
did have to be specific—the example of recalling a trip to see a par-
ticular film in response to the word cinema was provided in order to
make this clear. The participants were asked to summarize each mem-
ory in no more than two words. It was noted that the experimenter
did not need to understand the memory description.

As in Experiment 1A, the participants were additionally instructed
that sometimes they would be given two words, such as flag or sugar,
rather than one. Thus, each response had to be a memory associated
with either a flag or sugar. Examples were provided of recalling wav-
ing a flag at a street carnival in 1996 and of giving up sugar in tea
at the age of 10, which perhaps could be recorded as “street carni-
val” and “tea-10.” As before, it was emphasized that responses to
the two words could be recalled in any order.4

The participants in both groups performed the task three times
with different cue words as listed earlier.

Results and Discussion
All participants followed the task instructions correctly,

and there were no repeated items. The numbers of memo-
ries retrieved in each 30-sec period are shown in Table 5 for
each condition. It can be seen that the participants gener-
ally retrieved more memories in the early periods than in
the later periods. For fire/picture, the numbers of memories
retrieved in the either/or condition were slightly lower than,
or similar to, each of the two single cue word conditions,
whereas for flower/ticket, the numbers of memories re-

trieved in the either/or condition were higher than in each
of the two single cue word conditions in each period.

The total numbers of memories retrieved were submit-
ted to two separate ANOVAs. For fire/picture, there was no
significant difference between the three conditions (F ,
1). For flower/ticket, there was a significant effect of con-
dition [F(2,27) = 6.72, MSe = 25.03, p , .005], with post
hoc comparisons revealing significant differences between
flower or ticket and flower, and between flower or ticket
and ticket, but not between flower and ticket.

The participants varied somewhat in their ability to re-
call memories, and it is apparent from Table 5 that the par-
ticipants randomly assigned to Group 1 were rather less
productive overall than the participants randomly assigned
to Group 2. It is therefore important to consider the aver-
age results across the two pairs of words, which show that
the total number of memories retrieved in the either/or con-
dition (M = 14.3) was slightly greater than the more pro-
ductive of the two single categories (M = 12.1), as in Ex-
periment 1A.

Cumulative retrieval over the eight 30-sec periods is
shown in Figure 2 for the either/or and single word con-
ditions (derived from Table 5). These functions generally
resembled those of Figure 1 in their being negatively ac-
celerated (cf. Wixted & Rohrer, 1994).

Test of exclusivity. Equation 2 was applied to the pres-
ent data in the same way as for the foods/countries and
musical instruments/occupations conditions of Experi-
ment 1A. The resulting predicted means are shown in
Table 6 together with the observed totals for the either/or
conditions. The data were submitted to a two-way ANOVA
with group (1 and 2) as the between-subjects variable and
condition (observed vs. predicted) as the within-subjects
variable. There was a significant effect of group [F(1,18) =
4.73, MSe = 51.86, p , .05], indicating that the participants
assigned to Group 1 (M = 13.3) were generally worse at re-
trieving autobiographical memories than were the partic-
ipants assigned to Group 2 (M = 18.3). The observed mean
(14.3) was significantly lower than the predicted mean
(17.3) [F(1,18) = 14.50, MSe = 6.41, p , .005]. Finally, the
two-way interaction was marginally significant [F(1,18) =
3.75, MSe = 6.41, p , .07], indicating a tendency for the

Table 5
Mean Numbers and Standard Deviations of Items Retrieved in Experiment 2A 

in Each of Eight 30-Second Periods and Totals Retrieved in Four Minutes for Memories Associated 
with Fire/Picture, and Memories Associated with Flower/Ticket

Period

1 2 3 4 5 6 7 8 Total

Category M SD M SD M SD M SD M SD M SD M SD M SD M SD

Memories associated 
with fire or picturea 2.7 0.9 1.9 1.0 1.5 1.1 1.3 1.2 1.4 0.5 0.7 0.7 0.9 1.2 0.6 0.8 11.0 5.0

Memories associated with fireb 4.0 1.4 2.4 0.7 1.1 0.9 1.5 0.9 0.9 0.6 1.3 0.9 0.8 0.8 0.4 0.7 12.4 2.3
Memories associated with pictureb 3.1 1.4 2.3 0.8 1.9 1.0 1.7 0.7 1.2 0.9 1.2 0.9 1.1 1.4 0.5 0.7 13.0 5.0
Memories associated 

with flower or ticket b 4.2 1.8 3.7 1.2 2.1 1.2 1.7 0.7 2.0 1.1 1.7 0.8 1.3 1.1 0.8 0.8 17.5 6.0
Memories associated with flowera 2.8 1.2 1.9 0.7 1.7 1.2 1.5 0.5 1.1 0.7 0.8 0.8 0.8 0.8 0.6 1.3 11.2 4.9
Memories associated with ticket a 2.9 0.7 1.7 0.7 1.4 1.0 1.1 0.7 1.0 0.9 0.6 0.7 0.5 0.5 0.6 0.7 9.8 3.9
aGroup 1. bGroup 2.
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participants to produce fewer fire and picture memories
(M = 15.0) than flower and ticket memories (M = 16.6).

To summarize, the participants failed to retrieve more
autobiographical memories from disjunctive categories
than predicted on the basis of optimal sequencing of re-
trieval from single categories. Indeed, performance in
the disjunctive categories was again significantly worse
than predicted, probably reflecting the time costs associ-
ated with switching between categories.

Experiment 2B
Although significantly fewer memories were retrieved

overall in the disjunctive conditions of Experiment 2A than
predicted, the observed total was actually lower than the
predicted total for only one of the two pairs of cue words
(see Table 6). This asymmetry was attributed to an over-
all difference in performance between the participants
randomly assigned to the two experimental groups. Nev-
ertheless, it remains important to demonstrate that exclu-
sive search in autobiographical memory applies to more
than one pair of cue words. One aim of Experiment 2B was

therefore to replicate Experiment2A, with the expectation
that random assignment of participants to groups would
not again result in mismatched groups. An additional aim
of Experiment 2B was to extend the procedure to vocal re-
sponses as a further test of the influence of limitations in
writing speed on the results of Experiments 1A and 2A.

Method
Participants. Twenty undergraduate students aged 18–25 years

were randomly assigned to one of two groups (5 females, 5 males per
group), with each group being further divided in half by counter-
balancing as follows: Group 1a retrieved memories associated with
the cue words flower, fire or picture , and ticket. Order was reversed
for Group 1b (i.e., ticket, picture or fire, and flower). Group 2a re-
trieved memories associated with the cue words fire, flower or ticket,
and picture . Order was reversed for Group 2b (i.e., picture , ticket or
flower, and fire). All participants were native English speakers.

Apparatus and Stimuli. The names of categories were again
presented on slips of paper. The participants’  vocal responses were
tape-recorded for later analysis.

Procedure. The procedure was the same as that for Experi-
ment 2A, with the following exceptions. First, the participants were
tested individually rather than in groups. Second, the participants
were required to vocalize their responses rather than write them down.
Third, they were allowed only 3 min for each category (or pair of
categories), with a 1-min rest break between categories.

Results and Discussion
The numbers of memories retrieved in each of the six

30-sec periods for each condition were recorded. Here, for
the sake of brevity, we proceed immediately to the test of
exclusivity, whereby Equation 2 was applied to the data
in the same way as that for Experiment 2A, except that
T = 6 rather than 8 periods. The results are summarized
in Table 7. It can be seen that although the participants
randomly assigned to Group 1 were again less productive
overall than the participants randomly assigned to Group 2,
the difference was much smaller than in Experiment 2A,
with the result that the observed totals were lower than
the predicted totals for both pairs of cue words. A two-way
ANOVA with group (1 and 2) as the between-subjects vari-
able and condition (observed vs. predicted) as the
within-subjects variable confirmed that there was no sig-
nificant difference between the two groups [F(1,18) =
2.76, MSe = 18.31, p . .1] and that the observed mean
(12.5) was significantly lower than the predicted mean
(17.9) [F(1,18) = 21.81, MSe = 13.13, p , .0005]. The

Figure 2. Cumulative numbers of items retrieved over 4 min in
Experiment 2A for (A) memories associated with fire or picture
(Group 1, n = 10), fire, and picture (Group 2, n = 10), and
(B) memories associated with flower or ticket (Group 2, n = 10),
flower, and ticket (Group 1, n = 10). Error bars represent ±1 SE.

Table 6
Mean Totals and Standard Deviations of Items Retrieved 
in the Either/Or Conditions of Experiment 2A (Observed) 

and Mean Totals Predicted on the Basis of Exclusivity

Observed Predicted

Category M SD M SD

Memories associated 
with fire or picture 11.0a 5.0 19.0b 5.9

Memories associated 
with flower or ticket 17.5b 6.0 15.6a 4.6

aGroup 1, n = 10. bGroup 2, n = 10.
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two-way interaction was not significant (F , 1), indicat-
ing that fire and picture cue words were as productive as
flower and ticket cue words for these participants.

In summary, vocal responses over 3-min retrieval pe-
riods resulted in approximately similar numbers of auto-
biographical memories as for written responses over 4-
min retrieval periods (cf. Tables 6 and 7). Importantly, the
participants again retrieved fewer autobiographical mem-
ories from the disjunctive category than predicted on the
basis of optimal sequencing of retrieval from the single
categories. Moreover, with the removal of the overall group
difference, this was now apparent for both pairs of cue
words. Finally, there was no evidence of a reduction in the
observed–predicted difference with a shift from written
to vocal responses, lending further weight to the conclu-
sion from Experiment 1B that output limitations imposed
by writing speed are not responsible for the failure to ob-
serve nonexclusive search in Experiments 1A and 2A.

GENERAL DISCUSSION

The results of the present experiments demonstrate that
search rates for disjunctive categories do not exceed search
rates for the individual component categories for retrieval
either from semantic memory (Experiment 1) or from
long-term episodic (autobiographical) memory (Experi-
ment 2). This outcome is compatible with the view that
memory search is exclusive. It is not readily compatible
with the assumption that nonexclusive search is possible,
because the ability to search simultaneously for instances
of the two categories should lead to an advantage in terms
of rate of retrieval, over and above the search rate for indi-
vidual categories. Thus, the results provide strong support
for the view that memory search is exclusive. It remains, of
course, logically possible that nonexclusive search can
occur, but it occurs in these tasks to such a small extent that
the resulting retrieval advantage is not measurable. More-
over, we acknowledge that mimicry theorems concerning
serial and parallel cognitive processes (e.g., Townsend,
1971, 1976, 1990) indicate that it is possible to construct a
model that allows nonexclusive search but that is consis-
tent with our data. But parsimony dictates that we presume
against this possibility unless some positive evidence can
be provided for it. In conclusion, we cannot (or, more
strictly, we do not) search for two different things at once.

The present results both confirm and considerably ex-
tend the findings that Rohrer et al. (1998) obtained using
a different experimental method and a relatively brief re-
tention period. The exclusivity of memory retrieval may
have large implications for attention. One would expect
a bottleneck to arise in dual-task performance of any two
tasks that draw on the same, exclusive memory system.
For example, Pashler (1998) suggests that the psycholog-
ical refractory period (PRP; Welford, 1952) may arise in
this way. It has been postulated that the PRP arises because
response selection must occur sequentially, even though
two different responses can be implemented simultane-
ously. If response selection requires accessing long-term
memory in order to determine which response is appro-
priate, then the exclusivity of memory access might un-
derpin the PRP. To take a very different example, there is
evidence that people can understand only one stream of
linguistic input at a time, although they may be able to ac-
cess some aspects of the meaning of a “second” channel.
Language understanding requires access to long-term
memory in order to make bridging inferences, resolve
anaphora, and to support common-sense inferences re-
quired to build an appropriate discourse model (Clark,
1977; Johnson-Laird, 1983). If long-term memory ac-
cess is exclusive, we should expect that only one stream
of linguistic input can be processed simultaneously.

The proposal that long-term memory access is exclu-
sive might at first sight seem to be implausible on inde-
pendent grounds. First, to be able to understand a single
stream of language, it is often assumed that large amounts
of relevant information must be retrieved simultaneously
in order to support appropriate common-sense inferences.
Second, as Pashler (1998) notes, exclusivity may appear
incompatible with the observation that multiple memory
cues can be used to access an item in memory (e.g., think
of a female British prime minister). What these examples
seem to point to, as noted earlier when we considered ev-
idence for superadditivity among multiple retrieval cues,
is that a distinction must be observed between searching
for separate items of information and, on the other hand,
combining information inferentially. Consider memory
as a process of pattern completion over a distributed net-
work of processing units. Superadditivity among multi-
ple retrieval cues may correspond to the fixing of several
parts of a pattern and hence may facilitate filling in the rest
of the pattern. But the search for multiple targets is anal-
ogous to the attempt to complete two patterns at once,
which will not be possible if the patterns are distributed
over the same processing units.
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NOTES

1. In fact, the first two, three, four, and five periods of words beginning
with p combined, respectively, with the first six, five, four, and three peri-
ods of words beginning with s differed by less than 1 item.

2. For foods/countries, Equation 2 was maximal when, on average, the
first 4.05 periods (SD = 1.19) of foods were combined with the first 3.95
periods of countries. For musical instruments/occupations, Equation2 was
maximal when, on average, the first 2.20 periods (SD = 0.48) of musical
instruments were combined with the first 5.80 periods of occupations.

3. An alternative (or additional) explanation is that the participants in
Experiment 1B just happened to be not very musical. Thus, the total num-
bers of items retrieved in 2 min in each category in Experiment 1B differed
by no more than two items from the total numbers of items retrieved in the
first 2 min of the 4 min in the single category conditions of Experiment1A
(all ps . .3), with the single exception of musical instruments for which
the participants in Experiment 1B recalled four fewer items than those in
Experiment 1A ( p , .005).

4. The participants were not asked to identify the category to which
each memory was associated. We were therefore unable to break down
performance in the either/or conditions to record the number of times
the participants switched between categories in this experiment.

(Manuscript received January 19, 2001;
revision accepted for publication August 7, 2001.)
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