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Retrieval Induced Forgetting in
Recognition Memory

Abstract

By

GINA ANN GLANC

It has been demonstrated that the very act of remembering can itself cause
forgetting of related information. This retrieval-induced forgetting (Anderson, Bjork, &
Bjork, 1994) has been demonstrated in a variety of cued and free recall studies and has
been attributed to an inhibitory mechanism activated during retrieval in order to
deactivate the memory representations of competing items in order to facilitate correct
recall of target items. The current study generalizes the effect of retrieval-induced
forgetting to recognition memory. Experiment 1 demonstrated a typical retrieval-induced
forgetting effect using a test of item recognition. Recognition performance was higher
for practiced items than for control items from unpracticed categories, while recognition
performance for the remaining items from practiced categories was lower than
recognition performance seen for control items. Experiment 2 found a similar pattern in
subjective remember responses when old recognition decisions were further
discriminated by a remember/know test. The results from these two experiments support
the active suppression explanation for retrieval-induced forgetting. Experiment 3 failed
to support the competition assumption that is important in the active suppression
hypothesis. The amount of retrieval-induced forgetting was not affected by the strength

of competing items. In fact, no impairment was seen at all when item strength was



controlled. In addition, Experiment 4 failed to show evidence of retrieval-induced
forgetting using an independent practice cue. Therefore, results from Experiments 3 and
4 may illustrate that the retrieval-induced forgetting mechanism operates differently in

recognition than in free and cued recall.
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Retrieval-induced Forgetting in Recognition Memory

Two features that are of primary importance to memory researchers are how
information is retrieved from memory, i.e., remembering, and what happens when
memory retrieval fails, i.e., forgetting. It is well-known that successful memory retrieval
can serve to improve subsequent memory for the previously retrieved information (Allen,
Mahler, & Estes, 1969; Carrier & Pashler, 1992; Gardiner, Craik, & Bleasdale, 1973;
Gotts & Jacoby, 1974). One influential finding in the literature is that the act of
remembering itself can cause interference with similar information and, therefore, result
in forgetting of that information. Termed retrieval-induced forgetting (Anderson, Bjork,
& Bjork, 1994), this phenomenon is thought to be driven by competition between two or
more items in memory for a shared retrieval cue. Three topics that have created much
debate are (1) whether the underlying cause for this retrieval-induced forgetting is simply
a passive recovery failure caused by response competition between memory traces
differing in activation strength or an active suppression process that is triggered by this
competition, (2) whether the interference occurs at the level of the memory
representations themselves or with their associative links to the shared cues, and (3)
whether the resulting impairment decreases availability of the target item’s memory
representation or simply renders the item inaccessible for conscious retrieval.  This
study attempts to further investigate these important questions.

Interference Theory
Early research done in what is known as the “classical interference era” (1900 —

1970), developed a theory of forgetting based on interference caused by competition



among responses for a shared stimulus at the time of retrieval (McGeoch, 1932). (Note
that, since behaviorism was the dominant paradigm during this time period, early theories
of forgetting were posited mainly in the framework of human learning theory, i.e.
stimulus-response associations.) The main assumption in the response competition
hypothesis of forgetting is that retrieval failures occur because other unwanted memories
are retrieved instead of the target memories. When two different responses are learned to
the same stimulus, one may block the other. Thus, two stimulus-response associations
are learned independently, but one dominates at the time of retrieval (Crowder, 1976).
This basic hypothesis has been adopted into modern associative theories of
interference. One main assumption of these associative theories is that retrieval of a
target item occurs when a recall cue is sufficiently related to the target item so as to
identify it uniquely in memory by its associative link. When a recall cue is linked to
more than one item in memory, those other items compete with the target item for access
to the shared cue. This has been referred to as the competition assumption (Anderson et
al., 1994). The memory item that has the strongest associative link to the retrieval cue
“wins” access to conscious memory. Successful memory retrieval is therefore based on
the relative strengths of associative links between competing memory items and their
retrieval cues. Consider a simple network model in which the category FRUIT is
associated with two other memory representations ORANGE and BANANA with
associative strengths of .5 and .3, respectively. Upon activation of the retrieval cue (in
this instance the category FRUIT) the exemplars ORANGE and BANANA are going to
be in competition for retrieval, but since ORANGE has the stronger association it will be

more likely to be retrieved.



The second assumption of associative theories follows directly from the first
assumption. Known as the strength-dependence assumption (Anderson et al., 1994), it
assumes that when a retrieval cue is linked to more than one memory item, the likelihood
of retrieving any specific item, given the shared retrieval cue, is determined by the
absolute strength of the cue-target association relative to all other associative links to the
shared retrieval cue. It follows that the amount of interference exerted by an item in
memory increases in proportion to its memory strength, and the amount of interference
due to competing items increases proportionally with the number of competing items
(Anderson & Bjork, 1994; Anderson & Neely, 1996). This strength-based view of
interference due to response competition has been the foundation of the retrieval
mechanism described in many modern memory models (Gillund & Shiffrin, 1984;
Mensink & Raaijmakers, 1988; Raaijmakers & Shiffrin, 1981; Rundus, 1973). These
models hypothesize that the process of retrieval acts similarly to a ratio-rule equation, in
which the probability of retrieval (as measured by conscious recall) may be illustrated as
follows: p(recall target item A, given retrieval cue B) = Strength (B — A) / Strength (B -
A) + Strength (B — C) + Strength (B — D)...Strength (B — Nth item), where C, D, ... N
are competing items and B — A indicates the activation strength of the association
between the retrieval cue B and the target item A. In other words, the likelihood of
retrieving any target item given a certain retrieval cue is determined by the absolute
strength of the cue-target association, relative to the strengths of all other associations
between the same retrieval cue and competing items. Note that the denominator can
become larger (thus decreasing the target item’s probability for recall) either by

increasing the number of items (e.g., the list length effect; Watkins & Gardiner, 1982) or



by increasing the associative strength of the items through repetition (e.g., the list
strength effect; Ratcliff, Clark & Shiffrin, 1990).
The Paired-Associate Paradigm

Early studies of forgetting often incorporated verbal learning paradigms like the A
- B, A — D paired-associates paradigm to demonstrate the basic associative strength-
based conditions of forgetting. This methodology was designed to provide control over
the three aspects involved in response competition: the shared retrieval cues, the cue-
target association, and the relations between the cues and targets to other items in
memory (Anderson & Neely, 1996; Crowder, 1976). As explained by classical
interference theory, two different responses, B and D, are learned in association with the
same stimulus, A. When the common stimulus recurs, the two previously-learned
responses compete with each other for emission (Bower, 2000; Crowder, 1976).
Although early verbal learning theorists often used any number of discrete units (e.g.
nonsense syllables, words, or pictured objects) as stimuli, later researchers of the
associative strength-based hypothesis of forgetting tended to use words as stimuli. Since
the current study follows with this later methodology, the paired-associate task will be
explained using words as the stimulus and response units. The basic paired-associate task
involves the study of a list of unrelated A — B pairs of words (e.g. cart — sun) for a later
memory test in which the first word (stimulus), denoted as A, will be given as a cue to
retrieve the second word (response), denoted as B. The effects of response competition
(interference) can be studied using this paradigm by having subjects subsequently learn a
second paired-associate list before being asked to recall the items from the original list.

This second, interpolated list may consist of word pairs that are totally unrelated to those



used on the first list (an A — B, C — D list pairing), or it may consist of word pairs that are
related to the target pairs in some way, for example, by sharing the same first word paired
with a new second word (an A — B, A — D list pairing; see Anderson & Neely, 1996, for a
description of these and other possible related pairings). The amount of interference can
then be assessed as a function of this interpolated learning by examining the effect that
learning the second list has on subsequent recall of the first list (or vice versa). Research
using the paired-associate paradigm has provided a wealth of information regarding
interference and its effects on retrieval; this introduction will focus on the effects of
retroactive interference and its theoretical extensions, such as output interference and
part-set cueing, as they are the most empirically similar to retrieval-induced forgetting
and serve as good background for the associative strength-based explanations of
retrieval-induced forgetting that will be discussed later.
Retroactive Interference

The first reported study demonstrating the effect of retroactive interference was
conducted by Mueller and Pilzecker in 1900 (as described in Anderson, 2003), and since
then a large number of studies have shown that performance in recalling a paired-
associate list decreases, often severely, after learning a second paired-associate list,
relative to a control condition in which no interpolated learning is required (Bower,
2000). Much of this retroactive interference can be explained by response competition.
For example, when performance using A — B, A — D list pairings is compared to
performance using A — B, C — D list pairings, recall performance for the A — B pairs is
greatly reduced after learning an additional A — D paired-associate list relative to the

condition in which an additional C — D list was learned. This is presumably because the



targets B and D share the same retrieval cue, A, in the first condition and are therefore in
competition for the shared cue when it is presented later on a cued recall test (McGovern,
1964, Postman, 1962; Postman & Stark, 1969; also see Slamecka and Ceraso, 1960, for a
discussion of early research on retroactive interference).
Theoretical Explanations for Retroactive Interference

Retrieval competition (occlusion). The most popular account for the impairment
seen in retroactive interference studies has been degradation of the cue - target
association caused by an occlusion process. According to such occlusion theories, the
memory item that has the strongest associative link to the shared retrieval cue “wins”
access to consciousness by blocking the associations to all competing memory items,
making the retrieval cue ineffective for retrieving those items. In retroactive interference
studies using the A — B, A — D list pairings, the fact that failure to retrieve B target items
from the initial study list is often accompanied in a large number of studies by unwanted
intrusions of corresponding D competing items from the second list seems to support this
theory (Anderson, 2003; Anderson, & Bjork, 1994; Anderson & Neely, 1996; Crowder,
1976). The strengthening of the A — D associations, which corresponds to learning of the
second list, is thought to lessen the effectiveness of the association between A and B
target items; therefore, the D items obtain conscious awareness and are retrieved because
they essentially block B target items from conscious awareness.

Unlearning. The unlearning hypothesis is particularly important in a discussion
of retrieval-induced forgetting as it is the first interference theory to distinguish between
the accessibility and the availability of a memory representation. As explained by an

occlusion theory of retroactive interference, impairment on a memory test following the



acquisition of a second paired-associate list may be the result of response competition,
but conflicting results have been found in studies of retroactive interference that are not
adequately explained by an occlusion process. For example, if the interference caused by
response competition is simply a passive byproduct of a relative strength-dependent
retrieval process, then although the accessibility of certain memory items is blocked, their
availability should remain intact. That is, competing items are rendered inaccessible to
conscious awareness because the associations between those items and the shared
retrieval cue are relatively weaker than the cue-target association; however, the absolute
strength of these associations is not changed, therefore their availability remains intact.
As a result, the number of second-list D intrusions would be expected to increase along
with the amount of interference when the second-list A — D items are strengthened
through retrieval practice. Contrary to prediction, however, the number of D intrusions
has been shown to actually decrease as a function of learning trials on the second list
while the amount of retroactive interference increases with increased strengthening of A
— D list learning. This dissociation is not supported by an occlusion mechanism, but
instead, Melton and Irwin (1940) argued for the existence of a separate mechanism that
functions to actively inhibit the competing A — B associations by weakening the absolute
strength of competing associations during learning of the second list. They referred to
this active mechanism as an unlearning mechanism, as the initial A — B associations are
“unlearned” (i.e. weakened) and replaced by A — D associations while learning the
second list. Thus, B items are recalled less well on the final memory test because their
association with A has been actively weakened during second list learning (Anderson &

Neely, 1996; Postman, 1962). The unlearning hypothesis, therefore, assumes the



existence of an active inhibition mechanism that is activated by response competition to a
shared retrieval cue.

Response-set suppression. An active unlearning mechanism working to lessen the
effectiveness of associative retrieval routes may be an adequate explanation for the
retroactive impairment seen in A — B, A — D list pairings that entails competition for a
shared retrieval cue, but it does not adequately explain the presence of retroactive
interference that has been shown in studies using A — B, C — D list pairings (McGovern,
1964; Postman, 1962; Postman & Stark, 1969). In this condition there is no overtly
shared retrieval cue to compete with, as the retrieval practice that occurs in the learning
of the C — D list consists of retrieval cues that were not present at all on the initial list.
The additional associations being learned are essentially brand new, and should not
compete at all with the associations formed in learning the initial lists. It would seem,
then, that response competition need not be limited to competition between items on the
basis of shared associations with a common retrieval cue but, instead, memory items
themselves may be competing with each other for conscious awareness. Thus, the
impairment being seen is the product of the active suppression of the entire first set of
memory items in order to facilitate learning a second list of new items. Unlike occlusion
and unlearning hypotheses, the response-set suppression hypothesis (Postman & Stark,
1969; Postman, Stark & Frasier, 1968) attributes retroactive interference not to a
degradation of associative links but, rather, to a decrease in activation of the memory
representations themselves to a level below that of conscious awareness. That is,
although cue — target links remain intact (the items remain available), the decreased

activation level renders the suppressed items inaccessible for retrieval. By actively



suppressing the entire first set of memory representations, it would be easier to learn a
new set. The results of the suppression would be seen on a final recall test as retrieval
impairment of the first list items as compared to retrieval performance for the second list
items as well as evidence of intrusions from the most currently learned list which has not
been suppressed. Note that the definition of response-set selection implies that it is
episodic in nature, that is, the memory items that are suppressed as a class (all belong to
the same episodic occurrence) rather than on the basis of individual cue-target
associations, which may be preexisting semantic relationships as well as episodic
associations. Thus, the response-set suppression hypothesis was the first theory of
interference that addressed whether the effect of retroactive interference was semantic or
episodic in origin, as earlier hypotheses such as occlusion and unlearning did not
differentiate between these two forms of memory responses (Anderson & Neely, 1996).
Extensions of Retroactive Interference

Several more recent lines of research have extended the effects of retroactive
interference beyond the paired-associate paradigm. The classical paired-associate
paradigm used in early interference research consists of study episodes made up of
repeated study-test trials, which were designed to ensure the participants were able to
make the appropriate verbal response to the initial stimuli. In contrast, later interference
research involved a study-test paradigm in which study items are presented only once,
typically for a brief period of time, followed by a memory test for the studied items.
Using this paradigm, studies have been able to demonstrate that the effect of retrieval
impairment can be seen with even as few as one retrieval episode prior to the final

memory test.



Output interference. One general finding of these studies is that recall
performance decreased linearly as a function of an item’s position on the memory test
(Bauml, 1998, 2002; Neely, Schmidt & Roediger, 1983; Roediger, 1973; Roediger &
Schmidt, 1980; Smith, 1971; Tulving & Arbuckle, 1963, 1966). In a typical output
interference paradigm, participants are presented with a study list of individual or paired-
associate items belonging to several different categories which is then followed by a
category-cued recall test where they are given the category labels and asked to recall all
members of the categories they can remember from the study list. Typical results from
this paradigm include a dramatic decrease in the number of items recalled for categories
that were cued later in the testing sequence. It would seem that retrieval of the initial
category items on the memory test is interfering with the recall of later category items.
Furthermore, this interference appears to be constrained only by testing position, as the
amount of interference has been found to be independent of category positioning on the
initial study list. Thus, impaired retrieval is the result of previous retrieval of other,
competing items. Contrary to findings from previous interference studies, the retrieval
interference seen in output interference studies is not linked to a shared retrieval cue. In
this paradigm, the act of recall itself seems to be the cause of retrieval interference.

Part-set cueing. A second widely studied interference phenomenon is the part-set
cueing effect (Slamecka, 1968). This refers to a decrease in performance in target recall
when the retrieval cues used at test are drawn from the same category in memory as the
target item. The study of part-set cueing is important because it extends the idea of
retroactive interference caused by response competition to paradigms other than paired-

associate recall. In the typical part-set cueing paradigm set forth by Slamecka (1968),

10



subjects learn several lists of words consisting of exemplars from a “set” group of five
categories. These words were given singly in random order on the study list. Following
the study list, subjects were asked to recall the words on the study list using retrieval cues
for some of the items and not for others. What Slamecka found was that recall
performance for the remaining non-cued items was significantly decreased when the
retrieval cues were given, relative to recall performance when no cues were given at all.
The key to the results found in this study is that the retrieval cues that were provided to
subjects were from the same “set” (category) as the target items, and thus were in
competition with the non-cued items for the shared “set” cue (Anderson & Neely, 1996;
Rundus, 1973). More importantly, these set cues were not arbitrarily assigned to the
target items as is the case in the paired-associate paradigm. In fact, part-set cueing has
been found in a variety of conditions in which the studied list items can be either
subjectively or intuitively organized into several different sets: for example, rhyming
categories, semantic categories, or even experimental context for unrelated words
(Roediger, 1978; Roediger, Stellon & Tulving, 1977; Mueller & Watkins, 1977).
Strength-Based Explanations for Retrieval Interference

Retroactive interference, output interference and part-set cueing can be adequately
accounted for using the associative strength-based hypotheses described earlier, which
emphasize the relative strength of associative links between targets and shared retrieval
cues. For example, in both the paired-associate and part-set cueing paradigms, the
probability of retrieving a target item ORANGE to a retrieval cue FRUIT is determined
by the strength of the associative link between these two, divided by the associative

strengths of all other competing items to the same retrieval cue, including the interpolated
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study items. In retroactive interference, the presentation of cue A, which is a shared cue
with both previously studied items B and D, during the cued recall test causes B and D to
be in competition with each other for retrieval during the test. The more strongly D is
associated to A, therefore, the more interference it will incur (Anderson & Neely, 1996).
Similarly, in part-set cueing, the presentation of an exemplar cue ORANGE (instead of
FRUIT) strengthens the cue item’s association with the shared set cue FRUIT, even
though it has not been explicitly presented as a cue. At the same time, strengths of the
non-cued associative connections between the set cue FRUIT and all other exemplars on
the study list are diminished, resulting in response competition between the non-cued
study items and the items used as retrieval cues for the remaining studied items.

Ratio-rule models further predict that increasing the number of competing items
or increasing the associative strengths between the competing items and the shared
retrieval cue will increase interference (by increasing the denominator of the ratio).
Evidence supporting these further predictions has been seen in demonstrations of list-
length effects in part-set cueing studies (increased impairment as a function of an
increase in number of competitors in the study list; Gillund & Shiffrin, 1984; Roediger,
1973; Rundus, 1973; Slamecka, 1968, 1972; Watkins, 1975), as well as demonstrations
of list-strength effects in retroactive interference studies (increased impairment caused by
strengthening the A — B associations in the first study list; Melton & Irwin, 1940; Ratcliff
etal., 1990).

In summary, early studies of interference have been important in developing the
concept that the act of retrieval itself may be a significant cause of forgetting. The

conflicting theoretical interpretations of the impairment caused by retrieval strengthening
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using the paired-associate and part-set cueing paradigms, however, have shown these
methods to be inadequate for fully testing the associative strength-based explanation of
forgetting. The development of a new testing paradigm, known as the retrieval-practice
paradigm (Anderson et al., 1994), was proposed to further test these hypotheses and
further investigate the underlying mechanism of retrieval-induced forgetting.
The Retrieval-Practice Paradigm

Anderson et al. (1994), indicated several problems with both the associative
strength-based hypotheses and the paradigms so far described that were being used to test
them. In terms of the theory itself, which is based on the idea of spreading activation and
supported by evidence from semantic priming studies, retrieval of some information
should facilitate later retrieval of related information, not impair it (Neely, 1976; Warren,
1977). Studies of retrieval-induced interference, however, have demonstrated that prior
retrievals can make subsequent recall of related information more difficult. Furthermore,
this impairment is seen not only in episodic retrieval, as illustrated in the studies on
retroactive interference and part-set cueing described previously, but in semantic retrieval
as well (Blaxton & Neely, 1983; Brown, 1981; Brown, Whiteman, Cattoi, & Bradley,
1985). Several studies have demonstrated that speeded generation of several category
exemplars (through cued-stem completion) slows the generation of later exemplars. For
example, Blaxton & Neely (1983) found that subjects were slower to generate target
exemplars from semantic memory after they had generated four other exemplars from the
same category, as compared to performance from subjects that had to generate only one

exemplar.
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In terms of the paradigms being used to study this retrieval-induced forgetting,
Anderson et al. (1994) pointed out that the retrieval strengthening component was
confounded with either the initial study phase or with the test phase in previously used
paradigms. In the paired-associate paradigm of retroactive interference participants learn
a second list of associates paired with the same cue items as in the original list. This
second set of associations is strengthened by repeated study-test trials prior to the final
memory test. Thus, the retrieval strengthening occurs simultaneously with the learning of
the second paired-associate list and is therefore confounded with the acquisition of the
new competing items. Because of this confusion, it is difficult to determine whether the
impairment of first list items on the final test is due to actual retrieval strengthening of the
second list associations or, rather, response-set suppression of the first list items over the
second list items (Postman et al., 1968). In the part-set cueing paradigm retrieval
strengthening is thought to occur because some of the previously studied exemplars are
presented as retrieval cues during the test, therefore strengthening those items over those
that weren’t presented as cues. In this way, however, the retrieval strengthening occurs
simultaneously with the final test and therefore confounds the effects of retrieval
strengthening with the effects caused by using the items as test cues (Basden, Basden &
Galloway, 1977). The difficulty in separating the contributions of retrieval strengthening
with other conditions in these two existing paradigms results in difficulty with theoretical
interpretation, resulting in substantial disagreement, and so these methods do not provide
a satisfactory means of testing the strength-dependent competition hypothesis.

In an attempt to resolve the confusion surrounding conflicting theoretical

interpretations over the contributions of retrieval strengthening to the impairment of non-
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strengthened items on a subsequent memory test, Anderson et al. (1994) developed a
testing paradigm in which the three components involved in the effect of retrieval-
induced forgetting are separated into three distinct phases in order to allow for a more
systematic evaluation. In this way, the retrieval strengthening occurs in its own distinct
phase and so is not confounded with either original learning or testing conditions. In
addition, a retention interval was added before the final test and no items were presented
as cues on the final recall test, therefore eliminating any effects caused by using studied
items as test cues. Their ensuing retrieval-practice paradigm consisted of three distinct
phases: an initial study phase, a retrieval-practice phase, and a final cued-recall test
phase. In the study phase, subjects were given a series of category-exemplar pairs, such
as FRUIT — ORANGE for study. Typically the study list included six members each
from several different categories. The category label served as a shared cue for which
exemplars competed for access during the later testing phase. Following the study phase,
subjects entered the retrieval practice phase, in which they performed a word stem-
completion task given the category label and the first two letters of the target word
(FRUIT — OR_ ). This task served to induce retrieval practice for only half of the
words from half of the categories (three items from each of four categories). Following
the retrieval practice phase was a retention interval, typically lasting anywhere between
two and twenty minutes. Finally, subjects were given a surprise category-cued recall test
in which they were given the category label and asked to recall any exemplars they
remembered having seen at any point during the experiment. The influence of
interference resulting from the retrieval practice phase was assessed by contrasting recall

performance on the final test between the two different types of items (i.e. practiced and
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unpracticed items) from practiced categories with performance on the baseline items
from the non-practiced categories.

Using a ratio-rule model to predict relative amounts of impairment across the
three types of studied items, Anderson et al. (1994) predicted that recall performance on
the final test would reflect the general strength of the three types of items. That is, the
highest level of performance woul be for the practiced words from practiced categories,
followed by unpracticed words from practiced categories, and then followed by
unpracticed words from unpracticed categories (this group was considered the baseline
condition because there was no strengthening involved with these items at all). Three
results found in their study were counter to prediction, however. First, the expected
increase in recall performance did occur for practiced items relative to the baseline items
(25% more items were recalled); however, this increase in performance was accompanied
by a decrement in performance on the unpracticed items from the practiced categories, as
recall for these items was actually below that of baseline items (an 11% decrement).
Second, it was found that the amount of impairment was seen only when the non-
practiced items consisted of strong category exemplars. No impairment at all was seen
when weak category exemplars were used as unpracticed items. From this Anderson and
his colleagues concluded that the impairment caused by the retrieval practice was not
dependent on the relative strength of the practiced items, as would be predicted by
strength-based accounts, but instead was dependent on the relative strength of the
competing items, with the amount of impairment of an item determined by its tendency to
interfere with the retrieval of practiced items. The facts that retention intervals of up to

20 minutes were used in the above-mentioned studies and that impairment is seen even
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when output interference was controlled for by testing weak unpracticed competitors
prior to testing stronger practiced competitors (Anderson & Bell, 2001; Anderson et al.,
1994; Anderson, Bjork, & Bjork, 2000; Anderson & McCulloch, 1999; Bauml, 2002;
Bauml & Hartinger, 2002) led Anderson et al. (1994) to propose a suppression-based
retrieval mechanism. The basic assumption is that suppression of competing items is
elicited during the retrieval practice phase because they interfere with retrieval of the
target items. Suppression of these competing items leads to a greater probability of
correct retrieval of the target items. The result of this suppression, however, is impaired
recall of the suppressed items on the final memory test. Results from Anderson et al.
(1994), as well as many other researchers have shown that the effects of suppression can
be responsible for lasting episodic retrieval failure. It would follow from this that the
effect of retrieval-induced forgetting is not simply brief, temporary associative strength-
based interference occurring within a single testing session.
Feature-Suppression Model of Retrieval-Induced Forgetting

Since the development of the retrieval practice paradigm, a large number of
studies have shown evidence of retrieval-induced forgetting using various manipulations
of the design. The results of these studies seem largely to illustrate that episodic retrieval
does involve an inhibitory mechanism which has negative effects on the subsequent
processing of related information. Anderson & Spellman (1995), attempted to specify
this inhibitory mechanism in detail in their feature-suppression theory. Their theory
assumes that memory representations are not discrete units but, rather, are distributed
patterns of semantic features and the active mechanism involved in inhibition is a form of

pattern suppression. In other words, memory items are represented as a network of
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distributed semantic features that are shared with other memory items according to the
degree of similarity between them. Since non-practiced items are similar to practiced
items, there is some overlapping of shared features between practiced and non-practiced
items. These feature units are activated when the feature is present in a target memory
item or when it is activated by associated (overlapping) units. During retrieval practice,
all (and only) features contained in a particular item’s representation (as delineated by the
study phase) are reactivated. Suppression is thought to occur during this practice phase
because activation of overlapping features (those shared with the target item by similar
competitors) results in response competition between the practice target and similar
competitors for episodic retrieval. Because the selective nature of retrieval requires only
the reactivation of target-specific features, a mechanism is needed to actively inhibit the
features from competing memory items that would otherwise be reactivated along with
the target-specific features. So, the process of retrieval practice therefore results in the
activation of features associated with the target item and impairment of features
corresponding to competing items. The suppression account emphasizes the importance
of the retrieval process as an active part of the memory process, and not simply a by-
product of activation levels and a limited-capacity memory system as was inherent in
early memory models. Later, Anderson (2003) would extend this argument by stating
that the retrieval process serves as an executive control mechanism that serves to
overcome internal interference from related information.

Role of item similarity. Findings from Anderson et al. (1994) demonstrated that
the retrieval of target items from memory was not sufficient to cause impairment of

unpracticed items, as impairment was seen only for competitors that were strong category
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exemplars (Competitors that were weak exemplars remained relatively unaffected, even
when significantly higher recall performance was shown for practiced items). Instead,
impairment depended on whether competitors caused interference with the retrieval of
the target. If the mechanism of retrieval-induced forgetting is based in the resolution of
pattern competition from competing feature units as described by Anderson and Spellman
(1995), it follows that item similarity should play a large role in the level of impairment
seen, as it follows that similar items in memory should share a large number of common
feature units. Results from Anderson & Spellman (1995) supported this idea, as the level
of cross-category impairment seen in their study was related to the similarity of the
competing items to the practiced items. They also found evidence of second-order
impairment of items that were unrelated to the target item but highly similar to competing
items. This would be expected from a feature suppression theory, as levels of impairment
should reflect similarity relations, or the extent of feature overlap. As explained in
Anderson and Spellman (1995), if non-practiced items from practiced categories are
similar to practiced items in that 35% of their features overlap, then retrieval practice
should cause those overlapping features to be highly active while suppressing the
remaining 65% of features that do not overlap with the practiced items. If, however, a
baseline item (non-practiced item from a non-practiced category) should happen to share
95% if its features with the inhibited portion of the unpracticed items then it, too would
be inhibited from subsequent recall. According to this view, similarity is the impetus for
response competition, which is the prerequisite for retrieval-induced forgetting. Other
studies have also shown evidence that impairment hinges on item similarity (Anderson &

McCulloch, 1999; Anderson, Green & McCulloch, 2000; Bauml & Hartinger, 2002;
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Smith & Hunt, 2000). For example, Bduml & Hartinger (2002), found that retrieval
practice caused impairment of items that were relatively dissimilar to the target items and
no impairment for items that were highly similar to the practice targets. They divided
category exemplars into similar and dissimilar subcategories and found impairment only
if the competing item was from a dissimilar subcategory. That is, if LION was used as
the practice target from the category ANIMAL, more impairment was seen for the
unpracticed item HORSE than for the unpracticed item TIGER, which are both from the
same category as the practiced item (ANIMAL) but were from different subcategories
(HOOFED ANIMAL and PREDATORY ANIMAL). This was explained in terms of the
feature suppression account because TIGER shares a larger percentage of overlapping
features with LION relative to HORSE, and so a larger number of TIGER’s features
remained activated and less impairment occurred than for that of HORSE, which
consisted largely of non-overlapping features that were suppressed, resulting in a larger
amount of impairment.

Effects of semantic integration. Alternately, it has been found that the amount of
impairment can be reduced, or even eliminated, by encouraging distinctive processing
through semantic integration of the study list items by eliminating response competition
between target items and competitors (Anderson & Bell, 2001; Anderson et al., 2000;
Anderson & McCulloch, 1999; Macrae & Roseveare, 2002; Smith & Hunt, 2000).
Essentially, response competition is caused in the retrieval-practice paradigm because the
use of category — exemplar pairs on the study list encourages the processing of
categorical similarities, which causes the activation of shared (overlapping) features and

makes discriminating between items difficult in subsequent retrieval efforts. Smith and
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Hunt (2000), however, emphasized distinctive processing by requiring subjects to make a
difference judgment during the study list presentation, which resulted in the elimination
of retrieval impairment. Theoretically, this study condition caused the activation of item-
specific (non-overlapping) features, thus bypassing the suppression mechanism described
above and eliminating impairment. Anderson and McCulloch (1999) encouraged
semantic integration of the study items by asking subjects to study the list items by
thinking of the other items that had already been presented in that category. The purpose
of the study task was to establish an associative integration among category exemplars
themselves, instead of only between each exemplar and the shared category cue, as is the
result from the usual category-exemplar list presentation. Retrieval-induced forgetting
was reduced in the semantic integration condition as compared to the normal instruction
condition.
Location of impairment

Associative decrement. According to the active suppression account of retrieval-
induced forgetting, unpracticed items are suppressed because they interfere with the
retrieval of practice targets. However, the results listed so far do not indicate where in
the memory network the suppression is active. Although incompatible with ratio-rule
equation models, the fact that impairment depends on competitor strength could be
explained by a strength-based unlearning theory. Perhaps the pattern of impairment seen
reflects interference with the episodic associations between category labels and
competing exemplars at the time of retrieval practice. According to unlearning theory,
active suppression of individual target item representations would not be necessary in this

explanation. One common theme in all non-inhibitory theories is that retrieval-induced
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forgetting should only occur for competing items that were studied and tested under the
same shared retrieval cue.

Suppression of item representation. However, as seen by Anderson and Spellman
(1995), the impairment from retrieval-induced forgetting as encountered in the retrieval
practice paradigm appears to be cue-independent in nature; that is, the impairment
generalizes to conditions where unrelated (independent) cues are used during the final
test. This was established using an independent-probe method in which a different cue
was used for retrieval during the final test than was used during the retrieval practice
phase. According to the suppression hypothesis, suppression occurs at the level of the
memory representation itself; therefore, it would be expected that impairment of
competing items should be seen on the final test no matter what type of retrieval cue is
used because it is the item itself, and not its association to the retrieval practice cue, that
is the object of suppression. To test this, Anderson and Spellman (1995) modified the
retrieval-practice paradigm to include exemplars that could be related to more than one
category label. For example, two sets of category-exemplar pairs used in the study phase
were RED - BLOOD, RED - TOMATO and FOOD - STRAWBERRY, FOOD -
CRACKERS. It is important to note here that the exemplars TOMATO and
STRAWBERRY, although studied with only one category label cue can actually be
considered members of both categories based on pre-existing semantic relationships.
Performance results from the final recall test showed evidence of cross-category
impairment. That is, when practiced items (RED — BLOOD) were related to exemplars
from non-practiced categories (FOOD - STRAWBERRY) impairment of the non-

practiced items (FOOD — STRAWBERRY) was seen on the final recall test. It was

22



indicated that these items, because of their semantic similarity to competing items during
the retrieval practice phase, must have been activated, and therefore suppressed, in order
to allow for better chance at retrieval for the practice target items. Therefore, evidence of
cue-independent impairment has been used to support the idea that the impairment seen
in the retrieval-practice paradigm operates at the level of the item representation itself,
and not with associative links between categories and exemplars. Further studies using
novel cues during the final test have resulted in findings which indicate that cue-
independence is a general property of the retrieval-induced forgetting effect (Anderson,
2003; Anderson & Bell, 2001; Anderson et al., 2000; Levy & Anderson, 2002; Saunders
& MacLeod, 2006; Shivde & Anderson, 2001; however, see Perfect, Stark, Tree, Moulin,
Ahmed, & Hutter, 2004, and Williams & Zacks, 2001 for arguments against cue
independence).
Recall vs. Recognition

Theories based on strength-dependent response competition would predict that the
effect of retrieval-induced forgetting would not occur on tests of recognition. That is, the
effect is largely thought to be the result of a recall-specific mechanism in which
competitors are blocked from conscious awareness (Anderson & Bell, 2001; Anderson et
al., 2000; Anderson & Spellman, 1995; Blaxton & Neely, 1983; Bauml, 2002; Ciranni &
Shimamura, 1999); therefore, the presence of the specific items themselves during the
recognition test would serve to overcome the negative effects of episodic retrieval
blocking. Based on this argument, it has been suggested that the effects of retrieval-
induced inhibition should be found only when using tests which do not use individual

item-specific information as a cue for retrieval (Butler, Williams, Zacks, & Maki, 2001).
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In support of this argument, evidence from other paradigms such as retroactive
interference and part-set cueing has shown that strength-based interference effects (as
measured in accuracy) do not typically generalize to recognition tests (Slamecka, 1975;
Neely et al., 1983). This widely held opinion has theoretically precluded the use of
recognition tests in the study of retrieval-induced forgetting.

While some studies have failed to show retrieval-induced forgetting in item-
specific memory tests such as category-plus-stem-cued recall, category-plus fragment
cued recall, fragment-cued recall, and fragment completion (Butler et al., 2001; Perfect,
Moulin, Conway & Perry, 2002; Williams & Zacks, 2001), some researchers have
reported the presence of retrieval-induced forgetting in recall tasks using item-specific
recall cues (Anderson & Bell, 2001; Anderson et al., 2000; B&uml, 2002; Bauml &
Hartinger, 2002), in indirect memory tests (Bajo, GOmez-Ariza, Fernandez & Marful,
2006; Camp, Pecher, & Schmidt, 2005; Perfect et al., 2002; Veling & van Knippenberg,
2004) and even when recognition tests were used (Gomez-Ariza, Lechuga, & Pelegrina,
2005; Hicks & Starns, 2004; Spitzer & Béauml, 2007; Starns & Hicks, 2004; Veling &
Van Knippenberg, 2004; Verde, 2004). These results, although incompatible with the
strength-dependent response competition explanation, are perfectly in line with active
suppression theories which predict that impairment should be seen on any memory test
aimed at accessing individual item representations. Other researchers, however, have not
been able to find retrieval-induced forgetting effects when the final memory test is

recognition (Koutstaal, Schacter, Johnson, & Galluccio, 1999).
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Purpose of Current Study

Due to the lack of extensive research using recognition testing procedures, this
study was designed to further investigate the role of retrieval-induced forgetting in the
realm of recognition memory. Generalization of the retrieval-induced forgetting effect to
recognition memory would provide useful evidence in support of an active suppression
mechanism which serves to benefit the memory retrieval process. Evidence of the effect
in both recognition and recall processes would be counter to several current theories
mentioned previously that limit the effects of suppression to recall alone, and thus could
be important in evaluating the retrieval mechanisms proposed in current theoretical
models of memory.

The experiments in this study were designed to address three aspects of forgetting
seen using the retrieval-practice paradigm which have been named to provide evidence
for a suppression-based retrieval mechanism in memory. First, it has been assumed that
impairment occurs at the memory representation itself, and not with associative links that
may emanate from the memory representation to retrieval cues and/or other items in
memory. A second assumption has been that the suppression mechanism serves to inhibit
competing items from episodic retrieval by lowering their activation levels below the
level required for conscious awareness. Third, it has been suggested that suppression is
limited to items that may compete with the target item during retrieval practice.

Experiment 1 as designed to investigate the first of these assumptions, that the
retrieval-induced forgetting effect reflects active suppression of the item representations
themselves, and not simply associative decrement. Evidence of retrieval-induced

forgetting in a recognition test would be difficult to explain in terms of inter-item
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associative response competition, as the item itself is presented during the test, which
should eliminate any strength-based associative interference. Therefore, no evidence of
retrieval-induced forgetting would be expected in studies of item recognition. If the item
representation itself is suppressed, however, then evidence of this suppression would be
predicted in both recall and recognition. Evidence of retrieval-induced forgetting in
Experiment 1, therefore, would not only provide evidence extending the scope of
retrieval-induced forgetting to the recognition arena, but this generalization to recognition
would lend further evidence of active inhibition of the memory trace itself.

According to the active suppression hypothesis, the suppression mechanism acts
by lowering the activation level of competing memory representations below the level
required for conscious awareness; therefore, inhibition of a memory representation would
preclude episodic recollection of that item. Experiment 2 investigated the constraint of
episodic recollection on the retrieval-induced forgetting effect using a remember/know
recognition task as the final memory test in a retrieval-practice paradigm. The
remember/know procedure has been used as a way to subjectively measure a participant’s
state of episodic awareness during a recognition test. In addition to making a recognition
decision, participants were asked to further designate each positive recognition decision
as either a remember decision or a know decision. Remember judgments are thought to
indicate a recognition decision based on a process of episodic recollection similar to that
of recall, whereas know judgments are thought to reflect a recognition decision based on
a more general sense of familiarity in the absence of actual recollection (Gardiner &
Richardson-Klavehn, 2000). Since retrieval practice facilitates later retrieval of practiced

items, these items should also be associated with a large number of remember responses.
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If the process of suppression serves to lower the activation levels of competing items
below that required for conscious awareness, then the suppressed items should elicit very
few remember responses as compared to the non-practiced items that are not being
suppressed.

Experiments 3 and 4 were designed to investigate the third assumption of
retrieval-induced forgetting, which is that suppression is limited to items that may
compete with the target item for a shared retrieval cue during retrieval practice. The goal
of Experiment 3 was to directly compare the level of impairment seen when competitor
strength was manipulated, while Experiment 4 was designed to investi