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ing to our suppression hypothesis, taxonomically strong, unpracticed exem-
plars should compete during the retrieval practice of other pairs and, thus,
have to be suppressed. In contrast, taxonomically weak, unpracticed exem-
plars would be unlikely to compete during retrieval practice and, thus,
should escape being inhibited. Most noninhibitory explanations, however,
would have to predict that the recall of either type of exemplar would be
impaired owing to the strengthening of the practiced pairs, and certain
specific theories of that type predict that practice of weak exemplars should
cause more retrieval-induced forgetting and/or that weak exemplars should
suffer more retrievalinduced forgetting. What we found was that the recall
of taxonomically strong exemplars (exemplars that should compete during
retrieval practice of other exemplars) was impaired whether the practiced
exemplars were taxonomically strong (e.g., Orange) or taxonomically weak
(e.g., Papaya). In contrast, recall of taxonomically weak exemplars (exem-
plars that would be less likely to compete during retrieval practice of other
exemplars) was not impaired and perhaps even facilitated, whether the
practiced items were taxonomically strong or weak. This pattern of results
was obtained even though large positive effects of retrieval practice were
obtained for both strong and weak exemplars.

Additional support for the suppression hypothesis was obtained when
we manipulated the type of retrieval practice given subjects (Anderson,
Bjork, & Bjork, 1993, Experiment 2). In this experiment, all subjects studied
the same list of category-exemplar pairs, but some subjects then engaged
in a type of retrieval practice that we assumed to be competitive, whereas
others engaged in a variation of retrieval practice that we assumed not to
be competitive. To illustrate, subjects given competitive retrieval practice
were cued, as before, with Fruit-Or—, whereas subjects given noncompeti-
tive retrieval practice were cued with Fr___—Orange as a cue to recall “Fruit.”
Thus, in both cases, subjects engaged in retrieval practice of the critical
category-exemplar associations and, in both cases, that association was very
likely to be strengthened by these additional processing occasions. We
assumed, however, that, in the former case, retrieving Orange would be
subject to competition from other strong exemplars, such as Banana, which
would then need to be suppressed during the retrieval-practice phase. In
contrast, during the noncompetitive retrieval practice, there should be no
such competition among exemplars.

The results obtained in this study were consistent with the suppression
hypothesis. Both types of retrieval practice resulted in the strengthening of
practiced category-exemplar pairs: Recall of Orange was facilitated by both
the Fruit-Or— and Fr___—Orange types of practice; but it was only in the
competitive retrieval-practice condition that the recall of unpracticed exem-
plars, such as Banana, was impaired. Again, these results provide strong
support for the idea that retrieval-induced forgetting results from the need
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to select against potentially interfering competitors in order to achieve the
goal of retrieving the target defined by the retrieval-practice cue.

Evidence of Cue-Independent Forgetting

Although the results just reviewed constitute strong support for the sup-
pression hypothesis, the most compelling evidence that retrieval practice
triggers inhibition in the strong sense of that term comes from research by
Anderson and Spellman (1995). Using what they have called the independent-
probe technique, they conducted an experiment using categories and exem-
plars related as illustrated in Fig. 3.3. _

Thus, on the study list of category-exemplar pairs, there were categories,
such as Red items and Food items, for which some exemplars studied under
only one of the categories were also semantic members of the other cate-
gory. Suppose now that Red-Blood is given retrieval practice. Both inhibitory
and noninhibitory accounts would predict that retrieval practice of Red—
Blood should impair the later recall of Red—Cherry. The crucial question that
allows separation of these two types of accounts is what effect practicing
Red—-Blood should have on the later recall of Food-Radish. Only the suppres-

PRACTICED UNPRACTICED
CATEGORY CATEGORY

Red Food

Blood  Cherry Radish  Bread

FIG. 3.3. lllustration of how related categories were constructed in Anderson
and Spellman (1995, Experiment 1). Blood and Cherry are practiced and
unpracticed exemplars, respectively, of a practiced category, and Radish and
Bread are unpracticed exemplars from an unpracticed category. However, as
illustrated by the dashed lines, Radish, although never studied as such in the
experiment, is a semantic member of the Red category.
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sion/inhibition account of retrieval-induced forgetting predicts that later
recall of Radish to the retrieval cue Food might be impaired.

Such an impairment is predicted because Radish’s implicit semantic link
to the category cue Red should cause it to be activated and to compete
during the retrieval practice of Red-Blood. That is, even though Radish was
not paired with Red in the study list, it is a potential competitor when
members of the Red category are retrieved during the retrieval-practice
phase. If Radish does compete in this way, then to retrieve the desired target
Blood, Radish will have to be inhibited, just like Cherry. Furthermore, if Radish’s
representation in memory is truly inhibited by being selected against during
the retrieval practice of Red-Blood, then performance decrements arising from
that inhibition should generalize to any cue used to.test it.

The results obtained in this study replicated the basic pattern shown in
Fig. 3.2; that is, facilitated later recall of practiced exemplars (e.g., Blood to
Red) and impaired later recall of unpracticed exemplars from practiced
categories (e.g., Cherry to Red). Additionally, the final recall of exemplars
like Radish to the retrieval cue Food was also impaired significantly. The
impaired recall of Radish was assessed by comparing performance on that
item in the key experimental condition just described to the recall of that
same item in a control condition where it was again presented as a Food
but the category Red was neither studied nor practiced.

Anderson and Spellman’s results provide strong support for an inhibitory
account of retrieval-induced forgetting, because the mechanisms proposed
by the noninhibitory accounts to explain within-category impairment (e.g.,
the impaired recall of Cherry to Red) are not'applicable to the recall of items
in response to a separate retrieval cue (e.g., Radish to Food). What is not so
clear yet, however, is whether the inhibition observed is retrieval inhibition.
Experiments on the recognition, relearning, or recovery of the inhibited
exemplars, analogous to those in the directed-forgetting domain, have yet
to be carried out. It is possible, at least in principle, that retrieved-induced
forgetting does not simply impair the retrieval of the inhibited items, but
also impairs some aspect of their episodic/semantic representation per se.

SIMILARITIES AND DIFFERENCES
AMONG MECHANISMS

We have reviewed three research paradigms that involve what we describe
as goal-directed forgetting, and we have indicated the evidence that leads
us to think that the forgetting observed in each case is best explained in
terms of inhibitory mechanisms. By doing so, we mean to assert that the
forgetting observed in these situations reflects an impairment arising from
a suppression-type process directed at the to-be-inhibited information for
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some adaptive purpose or goal. We do not, however, mean to assert that
the processes by which such inhibition is invoked are necessarily the same,
nor that the goal-directed nature of the forgetting is the same in each case.
Indeed, we now turn to a discussion of issues concerning similarities and
differences among the inhibitory mechanisms implicated in unlearning, di-
rected forgetting, and retrieval-induced forgetting.

Does Intention Matter?

At a general level, the goal of the forgetting observed in all three paradigms
is the same; namely, to avoid interference. One potentially significant differ-
ence, however, is the degree to which this goal is explicit. Of the three
situations, the goal to forget seems most explicit in the directed-forgetting
paradigm. In fact, in that paradigm, it may be the case that without an explicit
intent on the part of the subject “to forget,” inhibition of the to-be-forgotten
items does not occur.

Such a possibility is suggested by the Gelfand and Bjork (1985) study
described earlier. On the one hand, intent by itself did not seem to produce
inhibition of the to-be-forgotten items; rather, new learning seemed neces-
sary for the production of retrieval inhibition. On the other hand, new
learning did not appear to be sufficient to produce inhibition. When subjects
were given the list of adjectives to rate after being told to forget the pre-
viously studied list of items, one might have expected some inhibition of
those items if new learning was a sufficient condition, because this type of
adjective rating task produces good incidental learning. Thus, it may well
be that both intent to update the system—that is, to forget some prior
information—and the process of storing new information in memory—in particu-
lar, information that is looked upon as replacing the previously stored infor-
mation—are necessary conditions for retrieval inhibition to occur.

Similarly, in the A-B, A-D paradigm, it is not clear the degree to which
subjects’ intentions play a role in causing the inhibitory mechanism of
response-set suppression to be invoked during the interpolated learning of
the A-D list. In fact, to our knowledge, there are no data that directly bear
on this issue.® To the degree subjects realize that they need to replace the
previously learned responses with the new set of responses, and that keep-

’A study by Postman and Gray (reported as a personal communication in R. A. Bjork, 1978)
could be of relevance here. When, in an A-B, A-D paradigm, subjects were given explicit
instructions not to give any thought to the first list during acquisition of the second list, second-
list acquisition was both speeded up and there was little or no recovery of Pl—that is, in our
terms, little or no evidence of release from any inhibition imposed on the first-list items. In a
more recent study by Wheeler (1995, Experiment 3), subjects were told that the A-B list had
just been for practice and that they would not be tested on it. Whether such instructions
contributed to inhibition of the A-B items, however, cannot be assessed as there was no
comparable group given instructions to continue remembering the A-B list.
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ing the old responses from intruding during the acquisition of the new
responses will aid this process, one might speculate that subjects’ intent
could play a role, as in the directed-forgetting paradigm. Indeed, one could
argue that although not explicitly instructed to forget the previously learned
B responses and replace them with the D responses, there is nonetheless a
very clear implicit cue to forget in this paradigm.

In contrast to these situations, however, it seems clear that in retrieval-
induced forgetting, there is no explicit goal on the part of the subject to
forget any of the materials presented in the previous study list. Rather, the
goal during retrieval practice is selectively to retrieve the desired target
exemplar when presented with its cue, a process that might be thought of
as being analogous to selection for action or selective attention (see, An-
derson et al., 1994, and, particularly, Anderson & Spellman, 1995, for a
detailed discussion of the similarities between selective retrieval and selec-
tive attention). Nonetheless, the operations invoked to satisfy that goal
result in the forgetting of similar or competing information, in particular the
information that is selected against.

Recovery From Retrieval Inhibition

Our conjecture that there is an implicit instruction to forget in the A-B, A-D
paradigm suggests that the processes involved in creating retrieval inhibi-
tion in that situation might be very similar to, if not the same as, those
involved in the directed-forgetting paradigm. Certainly, the assumption that
the suppression invoked in that paradigm applies to the entire set of first-list
responses is similar to our assumption that the inhibition invoked in the
directed-forgetting paradigm acts on the entire precue list-learning episode.
On the other hand, whereas there does seem to be convincing evidence for
spontaneous recovery of first-list B responses in the A-B, A-D paradigm,
there is no such corresponding evidence in the directed-forgetting paradigm.
Indeed, what direct evidence exists relevant to this issue, such as the results
from the previously described studies in which recall was delayed by various
intervening tasks or from studies reported by Gilliland, Basden, and Basden
(1995, as cited in Basden & Basden in the present volume), indicates the
opposite: Retrieval inhibition imposed by an instruction to forget does not
diminish simply as a function of delay.

In coming to this inference, one might well wonder about the relevance
of results obtained by Wheeler (1995) in his studies investigating spontane-
ous recovery. His subjects did show improved recall with delay for a target
list that, after studying, they were told was just for practice and would not
be tested. Indeed, Wheeler concluded from these results that effects due to
retrieval inhibition dissipate over time or with delay from the interpolated
learning of additional lists. A problem with this conclusion, however, is that
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none of his experiments incorporated what would be comparable to an R-R
condition. Thus, we cannot really know whether the items in his target list
were actually inhibited either in terms of subjects’ ability to access or
retrieve them or in terms of their not exhibiting proactive interference
effects. That is, although when given a surprise test for the target list,
subjects’ ability to recall items from the list improved with time, we cannot
really infer if this improvement was due to a release from retrieval inhibition
or to other factors, such as a relative decrease with delay in the competitive
dominance of items from the interference lists studied later. Clearly, this is
an issue needing further research.

It also seems to be the case that the inhibition evoked in the retrieval-
practice paradigm does not undergo spontaneous recovery. Moreover,
based on preliminary results from our laboratory, it seems likely that dif-
ferent conditions may be necessary for the release of inhibition created by
the retrieval-practice paradigm as compared to that created in the directed-
forgetting paradigm.

Finally, we should point out that although the inhibition proposed by the
response-set suppression hypothesis and that proposed to be invoked in
the directed-forgetting situation seem more similar to one another than to
that proposed to explain retrieval-induced forgetting, this is only true with
respect to the response-set suppression hypothesis as formulated by Post-
man et al. (1968). If the possibility of stimulus-specific response suppression,
as well as suppression of the entire set of list-1 responses, is assumed possible,
as suggested by Postman and Underwood (1973) to account for results from
studies using mixedist interpolation, then the proposed inhibitory mechanism
becomes more similar to that proposed by Anderson et al. (1994).

Shortly after the original proposal of response-set suppression, problem-
atical results were reported from studies in which both A-D and C-D items
were mixed together in the same interpolated lists (e.g., Delprato, 1971;
Weaver, Rose, & Campbell, 1971; Wichawut & Martin, 1971). In these studies,
half of the items in the interpolated list were C-D pairs for which neither
the stimulus nor the response term had been on the A-B study list. The
other half of the items, however, were A-D pairs. Thus, half the A-B pairs
from the original study list had specific retroactive-interference pairs on the
interpolated list whereas the other half did not. In such studies, recall on a
subsequent MMFR test (i.e., a recall test in which subjects are free to give
all responses associated to the same cue in any order, thus presumably
eliminating response competition effects on recall) showed greater impair-
ment for those A-B pairs with specific retroactive-interference pairs on the
interpolated list than for those without such pairs. In essence, then, these
results were inconsistent with the original notion of response-set suppres-
sion in which the mechanism of suppression was assumed to act on the
entire set of first-list B responses.
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In addressing the problem created by such findings for the response-set
suppression hypothesis, Postman and Underwood (1973) proposed that
“differential suppression of subgroups of items” (p. 25) within a list might
be possible. Although they did not suggest a mechanism for such stimulus-
specific response suppression, certainly one feasible mechanism would be
that proposed by Anderson et al. (1994) to account for retrieval-induced
forgetting. (A more detailed discussion and critical analysis of this suggested
modification to the original response-set suppression hypothesis as a con-
sequence of mixed-list interpolation findings can be found in Anderson &
Neely, 1996; Brown, 1976; and Crowder, 1976.)

RELEVANCE TO INHIBITION AND RECOVERY
OF TRAUMATIC MEMORIES: SOME SPECULATIONS

We end this chapter with some speculations concerning the possible rele-
vance of the inhibitory processes that we have reviewed for an issue of
considerable current concern: the forgetting and recovery of traumatic
memories. We were asked to address this issue at a recent symposium of
the Second International Conference on Memory (E. L. Bjork, Bjork, & An-
derson, 1996). More specifically, in a symposium entitled “Inhibitory proc-
esses in memory: Clinical and experimental perspectives,” we were asked
what implications inhibitory processes identified in the laboratory might
have for understanding clinical observations of the forgetting and recovery
of traumatic memories. '

Replacing Unpleasant Memories With Pleasant Ones

Here and elsewhere (e.g., R. A. Bjork, 1989; E. L. Bjork & Bjork, 1988; R. A.
Bjork & Bjork, 1992), we have stressed the importance of forgetting in
memory updating. The argument is that the type of retrieval inhibition
demonstrated by directed-forgetting results plays an adaptive role in keeping
readily accessible information that we need in our present situations by
preventing information that is no longer needed (but still in memory) from
interfering. It does not, therefore, seem too far fetched to assume that the
same or similar processes could be involved in the replacing of unpleasant
memories with more pleasant ones. Just as with the to-be-forgotten items
in the present directed-forgetting research, such negative memories would
still reside in memory, but one’s access to them would be inhibited.
Furthermore, whereas such memories would not tend to recover spon-
taneously (that is, become accessible on their own), as implied by the lack
of recovery of to-be-forgotten items when recall was delayed by the arith-
metic task, they could continue to influence behavior in indirect ways, as
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implied by the finding that to-be-forgotten items continue to prime, although
still inhibited in terms of retrieval access. One's access to such memories,
however, could possibly be reinstated under certain conditions, such as
encountering or being supplied with cues that formed part of, or were a
subset of, the inhibited episodic event or memory.

With respect to this possible means of reinstatement, it is interesting to
consider a possible connection between the results obtained in the pre-
viously described directed-forgetting studies involving some to-be-forgotten
items as distractors and the results obtained by Myers and Brewin (1994)
using the semi-structured interview technique to assess the recollections of
subjects classified as repressors. Repressors are individuals who score low
on a measure of trait anxiety but high on a measure of defensiveness, and
who are believed to possess a repressive coping style in that they typically
report fewer negative memories than nonrepressors. When interviewed
using this technique, however, Myers and Brewin found repressors to report
more memories of parental antipathy and indifference than did nonrepres-
sors. Perhaps the direct questions or probes used in this interviewing tech-
nique functioned like the to-be-forgotten foils in the interpolated recognition
tests of the directed-forgetting studies, resulting in a reinstatement of re-
trieval access to inhibited unpleasant memories for the repressors.

Implications of Retrieval-Induced Forgetting

Although both the paradigm and findings from the area of directed-forgetting
research seem the most directly applicable to the possible forgetting and
recovery of traumatic memories, it is also possible to imagine how the
hypothesized process of retrieval-induced inhibition could be a mechanism
for the forgetting of traumatic memories. To illustrate, it seems reasonable
to us to assume that in most abusive situations; the individuals being abused
would have both positive and negative memories associated with their
abusers. Furthermore, it seems reasonable that there would be both external
and internal pressures for victims of abuse to want to retrieve only the
positive memories associated with the perpetrator of the abuse. If so, then
whenever such victims think about their abusers, they would tend to engage
in retrieval practice for the positive memories.

Under that assumption, as victims practice retrieving positive memories,
those memories—like practiced exemplars—would become more and more
likely to be retrieved in the future, whereas the negative memories—being
selected against and thus inhibited again and again—would become less and
less likely to be retrieved in the future. As long as victims continue to practice
retrieving positive memories, access to unpracticed negative memories will
remain inhibited. Moreover, as Anderson and Spellman’s (1995) results in-
dicate, this impaired recall of negative memories might well extend to other
possible retrieval cues.
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The question thus arises as to how negative memories would ever be
recovered if their inhibition was occurring as a result of this type of retrieval
practice. Because we have little data addressing the issue of how the inhi-
bition created in the retrieval-practice paradigm might be released, this
remains an open question.

Does Intent Matter?

Finally, the role of intent would seem relevant in relating laboratory-defined
inhibitory mechanisms to clinical observations of the forgetting of traumatic
memories. That is, it seems reasonable to assume that the intent to forget
‘traumatic memories would be an important aspect of successfully doing so.
As reviewed earlier, however, it is unclear the degree to which intent plays
any role in the production of the retrieval inhibition observed in any of the
paradigms we have considered.

Corresponding to the directed-forgetting paradigm, where intent to for-
get, as well as new learning, may be necessary for inhibition of to-be-forgot-
ten items to occur, both intent and new learning could also be necessary
- for the inhibition of traumatic memories. That is, simply having the intent
to forget might not be sufficient; it would need to be coupled with new
learning. Similarly, although intent seems not to play a role in the inhibition
of unpracticed exemplars in the retrieval-practice paradigm (where, instead,
inhibition seems to occur as a by-product of competitors being selected
against during selective retrieval of a desired target), one could speculate
that intention to retrieve only positive memories helps to discriminate
positive competitors for retrieval from negative ones and, thereby, indi-
rectly promotes the inhibition of negative memories.

In conclusion, although such possible linkages between the goal-directed
forgetting observed in the laboratories of experimental psychologists and
the real-world repression/recovery phenomena of interest to clinicians re-
main tenuous and highly speculative, they do suggest that there may be
more common ground in clinical and experimental approaches to inhibitory
processes than might have been thought some years ago.

CONCLUDING COMMENTS

Toward the end of the last decade, in a chapter on “Retrieval inhibition as
an adaptive mechanism in human memory,” R. A. Bjork (1989) blamed the
computer metaphor and an “unappealing association to poorly understood
clinical phenomena, such as repression” for the fact that “inhibitory proc-
esses have played little or no role” in our theories of human memory (p.
310). He argued that inhibitory mechanisms, although well represented in
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theories of lower-order cognitive processes, such as sensation and attention,
were underrepresented in theories of higher-order cognitive processes, such
as memory and language. At the end of that chapter, however, he predicted
that the role of inhibitory processes in memory would seem “incontestable
in the near future,” and that the emerging “brain metaphor ... and neu-
ral/connectionist approaches to the simulation of cognitive processes”
would “push us towards” recognizing the role of inhibition in higher-order
cognitive processes (p. 328).

Looking back at those arguments from the perspective of the present
chapter, several comments seem warranted. First, as far as recognizing the
role of inhibitory processes in memory and cognition, the field would seem
to have been “pushed” even farther and faster than that chapter anticipated.
Over a relatively brief time, as evidenced by the present volume, other
recent volumes on inhibitory processes in attention, memory, language, and
other cognitive processes (see, e.g., Dagenbach & Carr, 1994a; Dempster &
Brainerd, 1995), and the current empirical and theoretical literature more
generally, the picture has changed markedly. Much current theorizing,
whether behavioral or neurobiological, and whether stated verbally or in
formal/quantitative terms, is characterized by a presumed interplay of ex-
citatory and inhibitory processes.

It seems safe to say, however, that the increased emphasis on inhibitory
mechanisms is more a product of hard data than it is of any change of
metaphor or style of formal modeling. A variety of behavioral, neuropsy-
chological, and neurobiological findings have provided compelling evidence
for inhibitory processes of one type or another. In part, those findings have
emerged from new paradigms in behavioral research, such as the retrieval-
practice paradigm discussed here and the “negative priming” paradigm (see,
e.g., Tipper, 1985), and new procedures in neuroscience.

Our second comment is that the specific assertion that refrieval inhibi-
tion/suppression is a unique and broadly useful mechanism for avoiding
interference and competition in human memory may, in a sense, have been
an understatement. We have argued here that the retrieval-inhibition proc-
esses that underlie retrieval-induced forgetting are similar, in a formal sense,
to those that underlie the updating of memory. Anderson and Spellman
(1995) argued that the inhibition/suppression processes that give rise to
retrieval-induced forgetting are formally similar to the inhibition/suppres-
sion processes identified long ago in selective attention. And analogous
inhibition/suppression mechanisms have been implicated in perceptual en-
coding (as in the “negative priming” paradigm), perceptual recognition (see,
e.g., Dagenbach & Carr, 1994b), the control of working memory (e.g., Zacks
& Hasher, 1994), and the disambiguation of meaning in the comprehension
of text and speech (e.g., Eberhard, 1994; Gernsbacher & Faust, 1991; Simpson
& Kang, 1994).
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To perhaps now overstate the case, it may be that retrieval inhibition is
the primary solution in the functional architecture of the human as an
information-processing device to the problem of avoiding interference and
competition at various levels of cognitive processing. In a broad range of
motor and cognitive activities, selecting appears to involve inhibiting. The
formal properties of selection/inhibition processes may have much in com-
mon across domains; Anderson and Spellman (1995, p. 94), for example,
interpret the total pattern of retrieval-induced forgetting results as evidence
that retrieval is best regarded as “conceptually focused selective attention.”
The common goal of such selection/inhibition mechanisms is to enhance
the selection of task-relevant percepts, movements, and stored information
by inhibiting competing percepts, movements, and information. The impor-
tance of selection/inhibition mechanisms is also underscored by the accu-
mulating evidence that the efficiency of such mechanisms may play a sig-
nificant role in developmental changes in cognitive abilities (e.g., Bjorklund
& Harnishfeger, 1990; Dempster, 1992), deficits in information processing
that accompany aging (e.g., Hasher, Stoltzfus, Zacks, & Rypma, 1991; Hasher
& Zacks, 1988), and even, possibly, psychopathologies, such as schizophre-
nia (e.g., Beech, Powell, McWilliams, & Claridge, 1989).

Finally, a somewhat ironic comment seems called for with respect to the
uniquely human and adaptive character of retrieval inhibition as an updat-
ing/selection mechanism. It is “uniquely human” because it differs so mark-
edly from the overwriting/scanning mechanisms typical of nonliving infor-
mation-processing devices, such as a computer. It is “adaptive” because it
enhances updating/selection without erasing the representation of the in-
hibited information, should that information be needed later. As an adaptive
solution to the updating/selection problems faced by humans as information
processors, however, it is important to note that retrieval inhibition is the
product of evolution and the living organism, not the product of the human
intellect. Where the human intellect has played a role is in the design of the
less flexible and less sophisticated updating/selection mechanisms charac-
teristic of computers, tape recorders, and other inanimate information-proc-
essing devices. '
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