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The recall of learned material can impair later recall of
other learned material. Evidence for such retrieval-induced
forgetting has arisen from a number of experimental para-
digms. In studies on output interference, for instance, it has
been found that an item’s recall probability declines as a
function of its serial position in a testing sequence (Roedi-
ger & Schmidt, 1980; Smith, 1971). Studies on part-list
cuing have shown that the recall of items is impaired when
a subset of the learned items is presented as a retrieval cue
during test (Roediger, 1973; Rundus, 1973). More recently,
Anderson and colleagues (Anderson, Bjork, & Bjork, 1994;
Anderson & Spellman, 1995) have demonstrated that the re-
peated retrieval of some of the learned items can cause
long-lasting forgetting of the nonpracticed items.

Retrieval-induced forgetting has often been attributed
to strength-dependent competition. According to this prin-
ciple, memories associated to a common cue compete for
access to conscious recall when that cue is presented. In
particular, the cued recall of an item is supposed to de-
crease as a function of the increase in strength of its com-
petitors’ associations to the cue (Raaijmakers & Shiffrin,
1981; Rundus, 1973). Strength dependence predicts that
if the act of retrieval is a learning event in the sense that
it enhances subsequent recall of the retrieved item—an
assumption typically made in current memory models—
then the prior recall of items should reduce recall of re-
lated items. This predicted pattern of results has been
found in many previous studies.

The amount of output interference an item suffers is
often assumed to vary with its associative strength to the
retrieval cue: Weak items are proposed to be particularly
vulnerable to the effects of a prior recall of related mate-

rial, whereas strong items are proposed to be quite robust
against this type of interference. This assumption about
how output interference depends on item strength is im-
plied by current memory models (Raaijmakers & Shiffrin,
1981; Rundus, 1973; for a formal demonstration, see An-
derson et al., 1994, Appendix A), but it has been proposed
in other contexts as well. Brainerd, Reyna, Howe, and Ke-
vershan (1990), for instance, reported evidence that in
free recall of item lists, weak items are recalled before
strong items much of the time. They argued that this out-
put order reflects a basic retrieval mechanism designed
to maximize efficiency of free recall by giving priority to
the more vulnerable weak items (for similar arguments,
see also Brainerd, Reyna, Harnishfeger, & Howe, 1993).
However, whether weak items are really more suscepti-
ble to output interference than strong items has never been
examined.

As plausible as the assumption of greater interference
effects for weak items than for strong items may appear,
it is far from clear whether this proposal is empirically
sound. In fact, using their retrieval-practice paradigm, An-
derson et al. (1994) found that the repeated recall of items
impaired only the later recall of items strongly associated
to a common cue, whereas it did not impair the recall of
items weakly associated to the cue. Moreover, there was
even a tendency that the cued recall of weak items was en-
hanced by this prior recall. Although Anderson et al.’s
experiment addressed long-lasting effects of retrieval
practice—and thus, in principle, might just reflect a sub-
stantially higher rate of spontaneous recovery for the weak
items than for the strong ones (Wheeler, 1995)—it casts
some doubt on the view that output-interference effects
are greater for weak than for strong items. Their finding
also challenges the strength-dependence principle as a
general explanation of retrieval-induced forgetting because
strength dependence predicts that recall of both strong and
weak items will be impaired by the prior recall of related
items.
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An experiment is reported that examines the role of item strength in output interference. Subjects
studied two types of categorized item lists: lists in which each category consisted of strong and mod-
erate items, and lists in which each category consisted of weak and moderate items. Different degrees
of item strength were accomplished by varying the items’ taxonomic frequency within a category. The
subjects either recalled a category’s strong and weak items before its moderate items, or vice versa. The
prior recall of the moderate items impaired the later recall of the strong items, but did not impair the
later recall of the weak items. This effect of item strength indicates that output interference is caused
by a process of retrieval suppression. It additionally suggests that, in order to minimize output-inter-
ference effects in recall, a list’s strong items should be recalled before its weak items.
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Finding an answer to the question of how output-
interference effects vary with an item’s associative strength
to the retrieval cue is important for at least two reasons.
First, such an answer would have implications regarding
the question of what mechanisms mediate output inter-
ference. If it is the case that mainly the weak items are sub-
ject to output interference, then the interference would be
consistent with strength-dependence competition and, in
this sense, would support the current memory models.
However, the finding that only the strong items are subject
to output interference but the weak items are not would
challenge the strength-dependence explanation and would
point to alternative explanations, such as the assumption
of a retrieval-suppression mechanism (Anderson et al.,
1994).

Second, such an answer would have implications re-
garding which output order is best to recall learned ma-
terial most efficiently. If mainly weak items show inter-
ference effects, as argued by Brainerd et al. (1990) and
predicted by many memory models, then output could be
maximized by recalling the weak items before the strong
ones. However, if mainly strong items are subject to in-
terference effects, the reversed order would be more ef-
ficient. Evidence for such a reversed order in free recall
has arisen from the results of a recent study by Wixted,
Ghadisha, and Vera (1997). They found that subjects re-
called a list’s strong items faster than and prior to its weak
items.

Here, an experiment is reported in which output-
interference effects were measured for both items strongly
associated to a common category cue and items weakly
associated to that cue. Subjects studied two types of cat-
egorized item lists: those in which each category consisted
of strong and moderate items and those in which each
category consisted of weak and moderate items. Differ-
ent degrees of cue–item strength were accomplished by
varying the items’ taxonomic frequency within a category.
The subjects either recalled a category’s strong and weak
items before its moderate items, or vice versa. The re-
sults from this experiment provide evidence on whether
and how an item’s associative strength to the retrieval
cue influences its susceptibility to output interference.

METHOD

Subjects
Eighty psychology students at the University of Regensburg partici-

pated in the experiment. They were tested individually.

Material
Two types of item lists were constructed, each consisting of five ex-

perimental categories and three filler categories. In the first type of item
list, the strong-moderate (SM) list, each of the experimental categories
consisted of three strong and three moderate items. In the other type of
item list, the weak-moderate (WM) list, each of the experimental cate-
gories consisted of three weak and three moderate items. The filler cat-
egories consisted of two moderate items each. The items were drawn
from several published norms (Battig & Montague, 1969; Mannhaupt,
1983; Scheithe & Bäuml, 1995). The strong items were chosen to have
a rank order between 5 and 10 according to these norms (M = 7.3), the

moderate items to have a rank order between 15 and 20 (M = 17.2), and
the weak items to have a rank order between 30 and 40 (M = 34.8). Half
of the subjects received two SM lists for study, and the other half re-
ceived two WM lists. Two different pairs of SM lists and two different
pairs of WM lists were used throughout the experiment.

For each item list, effort was made to minimize intercategory simi-
larity and association, as well as to minimize phonemic similarities
among the category labels. No two exemplars from the same category
began with the same first letter, ensuring that each letter cue would be
unique at test. In addition, to avoid interference from extraexperimen-
tal items, no chosen category exemplar had the same first letter as an un-
chosen category exemplar that was listed in the norms. Items with
strong a priori item-to-item associations were avoided.

Procedure
The two lists that a subject received for study were presented within

one experimental session. Between the recall of the first and the pre-
sentation of the second list, subjects participated in an unrelated exper-
iment of roughly 10-min duration in which they judged the perceived at-
tractiveness of face stimuli. The items were presented using learning
booklets. Each of the 36 pages of a learning booklet contained one item
with its category label (e.g., VEGETABLE–tomato). The order of ex-
emplars within a booklet was determined by blocked randomization in
which each block contained one exemplar from each category, resulting
in six blocks of five items. The ordering of exemplars within each block
was determined randomly except that throughout the booklet no two
items from the same category appeared in sequence. Four different
learning booklets were constructed for each list, in which both the or-
dering of categories within blocks and the list position of particular cat-
egory items were varied. One exemplar from each of the three filler cat-
egories was presented at the beginning of a list and the other exemplar
at the end. Each exemplar, together with its category label, was pre-
sented for 5 sec, after which time the subjects received a signal to turn
the page. Subjects were instructed to spend the whole exposure time re-
lating the exemplar to its category and to rehearse only the pair pre-
sented in order to maximize recall performance.

The presentation of each complete list was promptly followed by
30 sec of backward subtraction by sevens from a random three-digit
number. Immediately following this task, a cued recall test was carried
out. Subjects received a test booklet. Each of the 10 pages of this book-
let contained one category cue together with the first letter of three ex-
emplars below it. On each page, the first letter of all three moderate
items or the first letter of all three strong (weak) items of an experi-
mental category were presented. The six items of a category were tested
on two successive pages. For one of the two SM lists (WM lists), the
subjects were tested on a category’s strong (weak) items before they
were tested on its moderate items; for the other list, they were tested on
its moderate items before they were tested on its strong (weak) items.
The subjects were instructed that their task was to retrieve the exemplars
from any portion of the experiment, that corresponded to the cues.
There was no instruction about guessing, and thus guessing was neither
encouraged nor discouraged. Subjects were given 20 sec to recall a
page’s three items, after which time a signal instructed them to turn the
page. Four different test booklets were constructed for each item list, in
which both the ordering of categories and the ordering of the first letter
cues were varied.

RESULTS

Item-Strength Effects
As expected from the items’ rank orders in the cate-

gory norms, high-frequency members of categories
(strong items) showed higher recall performance than
low-frequency members (weak items). I compared mean
recall of the two types of items when they were tested in
the f irst three positions of a category block. In both
cases, the other items associated to the category cue were
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medium-frequency members of categories (moderate
items). Mean recall of strong items was 74.4%; that of
weak items was 59.3%. This strong–weak difference of
15.1% was statistically reliable [F (1,78) = 16.0, MSe =
.028, p , .001].

Recall performance of moderate items when tested in
the first three positions of a category block was exam-
ined as well. Mean recall of moderate items was 68.5%
when the other category exemplars were strong items
and 65.7% when they were weak items. This difference
of 2.8% was not reliable [F (1,78) = 2.1, MSe = .022, p =
.15], indicating that the strength of the other items asso-
ciated to the common cue did not affect recall. As expected
from the items’ rank orders, recall performance of the
moderate items was just between that of the strong and
the weak items.

Testing-Position Effects
The effect of an item’s testing position within a cate-

gory on recall performance was analyzed. Performance
when items were tested in the first three positions of a
category block (tested-first items) was compared for all
three types of items with performance when items were
tested in the second three positions (tested-second items).
On the basis of previous studies on output interference,
recall was expected to be lower for tested-second items
than for tested-first items.

As Figure 1 shows, testing position had a different ef-
fect on the strong and the weak items. Mean recall of
strong items was 74.4% when tested first and 68.8%
when tested second. This testing-position effect of 5.6%
was reliable [F (1,39) = 4.5, MSe = .014, p , .05], indi-

cating that the prior recall of moderate items impaired
the recall of the subsequently tested strong items. Mean
recall of weak items was 59.3% when tested first and
62.5% when tested second. The slight increase in recall
performance of 3.2% was not reliable [F (1,39) = 1.1,
MSe = .018, p = .30], indicating that the prior recall of the
moderate items did not influence the recall of the subse-
quently tested weak items.

Due to the testing-position effects, the strong–weak
difference declined from 15.1% when the items were
tested in the first three positions of a category block to
6.3% when they were tested in the second three positions.
A two-factor analysis of variance (ANOVA) confirmed
that testing position had a different influence on strong
and weak items: There was a highly significant main ef-
fect of item strength [F (1,78) = 12.2, MSe = .038, p ,
.001], no signif icant main effect of testing position
[F (1,78) , 1], and a significant interaction between item
strength and testing position [F (1,78) = 4.8, MSe = .016,
p , .05].

The moderate items showed testing-position effects as
well. Both the moderate items that were learned in the
presence of strong items and the moderate items that were
learned in the presence of weak items showed impairment
in mean recall when tested second (7.3% and 5.5%). In
both cases, this impairment was reliable [F (1,39) = 11.2,
MSe = .010, p , .01; F (1,39) = 5.9, MSe = .010, p , .05].
A two-factor ANOVA revealed that the testing-position
effect for the moderate items was roughly independent of
whether a category’s strong or weak items were recalled
before the moderate items: There was a highly significant
main effect of testing position [F (1,78) = 16.6, MSe =

Figure 1: Recall performance on a category-plus-first-letter cued recall test as a function of item strength
(strong, moderate, weak) and within-category testing position. Items were tested either in the first three
positions (F) or in the second three positions (S) of a category block.
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.010, p , .001], no significant main effect of category
composition [F (1,78) = 1.4, MSe = .043, p = .24], and no
significant interaction between testing position and cat-
egory composition [F (1,78) , 1].1

DISCUSSION

Previous studies on output interference have shown that the recall of
items during test impairs recall of other items later in the test (Roediger
& Schmidt, 1980; Smith, 1971). On the one hand, the present results con-
firm this finding from previous studies, showing that high-frequency
members of categories are impaired by the prior recall of items associ-
ated to the same category cue. On the other hand, however, the results
demonstrate that such impairment does not always occur. In contrast to
high-frequency members, categories’ low-frequency members are not
impaired by the prior recall of related items and even show a tendency
for recall facilitation. These results indicate that the amount of output
interference an item may suffer is a function of its associative strength
to the retrieval cue, with larger impairment in the case of strong cue–item
associations and smaller impairment, if any, in the case of weak cue–
item associations.

The output-interference effects observed in this study were not the re-
sult of strength-dependent competition. This conclusion arises from the
fact that, according to strength dependence, both strong and weak items
should suffer from retrieval-induced impairment. Indeed, since the re-
call of items is assumed to increase these items’ associations to the com-
mon cue, the likelihood of recall of the still-to-be-remembered items
should be relatively decreased. The experimental results, however, in-
dicate that only items with strong associations to the common cue are
impaired, whereas items weakly associated to the cue are not impaired.
Strength dependence, therefore, cannot explain the influence of prior re-
call on the subsequent recall of related material.

The observed pattern of output-interference effects is consistent with
the assumption of a retrieval-suppression mechanism. This view rests
largely on two propositions. The first proposition is that retrieving an
item inhibits other items associated to the same cue; the more that items
associated to a cue are retrieved, the more impaired those related items
will be. Second, the inhibition does not depend on the strength of the re-
trieved item and, thus, is the same whether a strong or a weak item is
successfully recalled. The inhibition, however, depends on the strength
of the yet-to-be-remembered item, with a larger impairment if the item
is strongly associated to the common cue and a smaller impairment, if
any, if the item is weakly associated to the cue. This second proposition
rests on the theoretical idea that, because of their greater associative
strength, strong items interfere more with the retrieval of their com-
petitors than do weak items and thus are more severely inhibited (An-
derson et al., 1994; Roediger & Neely, 1982; see also Postman, Stark,
& Fraser, 1968). The present data indeed show larger impairment for the
strong items than for the weak items. Using a different experimental
paradigm, Anderson et al. recently reported a similar pattern of results.
To first approximation, both their results and the present ones are well
described by retrieval suppression.

One might argue that the difference in amount of output interference
found between the strong and weak items could be due to differences in
study conditions or guessing at test. In the present study, subjects learned
lists of strong and moderate items and lists of weak and moderate items.
This difference between lists could have led to interactions between the
strong and moderate items, on the one hand, and the weak and moder-
ate items, on the other. Recall of the moderate items when tested in the
first three positions of a category block, however, was the same whether
the other learned category exemplars were strong or weak items, which
indicates that there were no substantial item interactions during study
(see Bäuml, 1997, for similar results). The difference in study condi-
tions, therefore, should not have caused the difference in output inter-
ference. The pattern of output-interference effects should also not be
due to guessing at test. During test it was possible that sometimes sub-
jects filled in the correct item even if they did not recall the item from
the list; that is, retrieval was from semantic rather than episodic mem-
ory. However, such guessing is expected to occur mainly for the high-

frequency members of categories and much less for the categories’
medium and low-frequency members. Thus, to the extent that it really
occurred, guessing should have mainly attenuated the output interfer-
ence of the high-frequency members.

The present data indicate that the free recall of item lists should be
most efficient if the strong items were recalled before the weak items.
Indeed, since mainly the strong items suffer from output interference,
these items should be output first. The weak items show less suscepti-
bility to interference effects and, therefore, can also be output later in
the testing sequence (thus also reducing the chance that their recall
leads to suppression of the strong items). This conclusion arises be-
cause, according to the suppression hypothesis, the amount of output in-
terference an item suffers depends only on its own cue–item strength but
not on the cue–item strength of the previously recalled item (see also
Anderson et al., 1994). There is currently a dispute in the literature
about which output order subjects actually show when freely recalling
strong and weak items from an item list. Brainerd et al. (1990) analyzed
subjects’ output order and found that many of the weak items were re-
called before the strong ones. Wixted et al. (1997), on the other hand,
analyzed subjects’ output order and recall latencies and found that the
strong items were recalled prior to and faster than the weak items. On
the basis of the present findings, the results of Brainerd et al. (1990)
suggest that our retrieval is not very efficient, whereas the results of
Wixted et al. suggest that our retrieval is quite efficient. Obviously, fur-
ther studies are necessary to draw more firm conclusions regarding
which output order subjects actually show. The results from these stud-
ies will tell us how efficient our retrieval really is.

A final observation: Several previous studies have investigated
whether additional study time or study trials for items induce impair-
ments in the recall of related material (Bäuml, 1996, 1997; DaPolito,
1966). None of these studies yielded any evidence for such an effect.
The present experiment provides a further test on this point: Moderate
items were learned in the presence of low-frequency (weak) items, and
they were learned in the presence of high-frequency (strong) items.
Mean recall of the moderate items was largely the same in the two con-
ditions, which is consistent with the results from the previous studies.
A finding that the retrieval of learned items impaired recall of related
material but the items’ strengthening through additional study time or
study trials did not would suggest that the act of retrieval is not just a
learning event. This point addresses a very fundamental aspect of cur-
rent memory models, which typically assume that learning and retrieval
are largely equivalent. Examining the validity of this proposed equiva-
lence is a high priority for future research.
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NOTE

The effects of testing position for the strong and the weak items, on
the one hand, and the moderate items, on the other, were analyzed sep-
arately because the moderate items were not preceded by the same items
at test as the strong and weak items. The amount of output interference
that the moderate items suffered, therefore, is not directly comparable
to the amount of interference found for the strong and weak items.
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