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Can cognitive neuroscience illuminate the nature of traumatic 
childhood memories? 
Daniel L Schacterl, Wilma Koutstaal 

Recent findings from cognitive neuroscience and cognitive 

psychology may help explain why recovered memories of 

trauma are sometimes illusory. In particular, the notion of 

defective source monitoring has been used to explain a wide 

range of recently established memory distortions and illusions. 

Conversely, the results of a number of studies may potentially 

be relevant to forgetting and recovery of accurate memories, 

including studies demonstrating reduced hippocampal volume 

in survivors of sexual abuse, and recovery from functional and 

organic retrograde amnesia. Other recent findings of interest 

include the possibility that state-dependent memory could be 

induced by stress-related hormones, new pharmacological 

models of dissociative states, and evidence for ‘repression’ in 

patients with right parietal brain damage. 
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Introduction 
Cognitive neuroscience studies of memory have many 
important implications for everyday life. Such implications 
are nowhere more evident than in the recent explosion 
of cases in which adult women and men, usually in 
the context of psychotherapy, claim to have recovered 
long-forgotten memories of childhood abuse suffered 
at the hands of parents, friends, or other adults. The 
memories range from single incidents of inappropriate 
fondling to years of rape and even ritualistic abuse. 
People who recover such memories are often certain 
that they reflect actual past events. This conviction is 
shared by some psychotherapists, who have argued that 
memories of sexual abuse can be repressed and later 
recovered (e.g. [l-3]). Yet, those who are accused of 
perpetrating the abuse frequently deny that the incidents 
ever occurred. A variety of psychologists, psychiatrists, and 
others have argued that recovered memories are frequently 
illusory and are attributable to suggestive practices used in 
psychotherapy (cf. [4’,5-81). 

The recovered memories debate raises issues that are 
relevant to cognitive neuroscience. How accurate is 
memory and under what conditions is it subject to 

and Kenneth A Norman 

distortion? Can traumatic events be forgotten, and if so, 
can they be later recovered? We first consider evidence 
that pertains to claims of recovered memories of trauma. 
We then consider the relevant memory phenomena in the 
context of concepts and findings from the contemporary 
cognitive neuroscience of memory. 

The recovered memories debate: what do we 
know? 
The controversy over recovered memories is a complex 
affair that involves several intertwined psychological and 
social issues (for elaboration of this point, see [8-131). 
Here, we consider four critical questions. First, can 
memories of abuse be forgotten? Second, does the 
evidence warrant the postulation of a special mechanism 
of repression? Third, can memories of childhood trauma, 
if forgotten, later be remembered accurately? And, finally, 
is there evidence that false memories of abuse can occur? 

Can memories of abuse be forgotten? 

In several studies, patients who reported that they were 
sexually abused as children also said there were periods 
of time in the past when they had forgotten about 
the abuse [14-171. However, these studies provide only 
weak evidence that abuse can be forgotten, because, first, 
none of them contained corroborating evidence that the 
reported abuse had actually occurred, and second, all 
of them relied on retrospective estimates of forgetting, 
which are of questionable validity (for a discussion, see 
[5,&l&19]). Stronger evidence for forgetting has been 
provided by Williams [ZO**], who found that 38% of 
women who had been brought to a hospital emergency 
room as children for treatment of abuse failed to report 
the incident when interviewed two decades later. Most 
remembered other episodes of abuse, but 12% reported no 
memory of any abuse. Likewise, several individual cases 
have been reported in which incidents of corroborated 
abuse were temporarily forgotten (e.g. [13,21]). Thus, 
although the evidence indicates that most adults who were 
abused during childhood always remember their abuse, it 
also shows that some abusive episodes can be forgotten. 

Does the evidence warrant postulation of a special 

mechanism of repression? 

Although it is apparent that forgetting of abusive events 
can occur, ordinary mechanisms of forgetting, such as 
decay, interference, or infantile and childhood amnesia, 
are probably sufficient to explain inaccessibility of some 
traumatic incidents [22,23]. For example, when people fail 
to remember single incidents of sexual abuse that occurred 
when they were children (e.g. [20*“,.21]), forgetting may 
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be caused by the same ordinary mechanisms that are 
responsible for forgetting of non-traumatic experiences. 

In contrast, when people claim to have forgotten about ex- 
tended periods of repeated and horrific abuse, something 
more than ordinary forgetting is probably involved. Ai- 
though there is little firm evidence for such extraordinary 
forgetting, some researchers have invoked the concept of 
repression to account for it (e.g. [1,3]). The notion of 
repression has a long and controversial history, dating to 
Freud’s early contributions (see [24]), and the strength of 
the evidence for it depends on how the concept is defined. 

On the one hand, repression may be defined as a 
process of conscious avoidance, in which a person fails 
to think about, talk about, or otherwise rehearse an 
unpleasant experience. Cognitive research has shown that 
such motivated or ‘directed’ forgetting can lead to a 
reduced likelihood of recalling an event (see [25] for a 
review). On the other hand, repression may be defined as 
an automatic, defensive process that functions to exclude 
threatening material from awareness. However, little or no 
experimental evidence for this latter kind of repression 
exists [l&26]. With respect to the recovered memories 
debate, the consciously motivated form of repression that 
results in failure to rehearse or think about traumatic 
events could account for gradual forgetting of an abusive 
episode or episodes over time (see, for example, [27]). 
However, this form of repression does not seem powerful 
enough to produce severe amnesia for repeated, horrific 
events soon after they occur. 

Can memories of childhood trauma, if forgotten, later be 

remembered accurately? 

The fact that some episodes of abuse can be forgotten 
need not mean that they can be recalled again years 
later. However, several cases have been reported in which 
people who have recovered previously forgotten memories 
of abuse have obtained corroboration that the abuse 
occurred (e.g. [ 13,21,27]; for discussion of corroborated 
cases, see [8,12]). Recovery of such memories may simply 
reflect the well established fact that appropriate retrieval 
cues can produce recall of aspects of seemingly forgotten 
experiences (e.g. [28,29]). 

Is there evidence thet false memories of abuse can occur? 

There is no direct experimental evidence that illusory 
memories of sexual abuse can be created, and such a 
demonstration is precluded for ethical reasons. Neverthe- 
less, several lines of evidence support the conclusion that 
illusory memories of abuse do indeed occur. First, some 
techniques used by therapists to recover forgotten mem- 
ories, such as hypnosis (see [30]), are known to produce 
subjectively compelling pseudo-memories in suggestible 
subjects [31,32], including memories for having been 
abused in a ‘past life’ [33]. Second, some people claim to 
have recovered memories of previously forgotten ritualistic 
abuse in satanic cults, yet no evidence for any such abuse 

has ever been uncovered despite extensive investigations 
by law enforcement agencies [7,34,35]. Finally, a growing 
number of people have disavowed or ‘retracted’ their 
recovered memories, and recent evidence indicates that 
many of these individuals were treated by therapists who 
used suggestive techniques to recover memories [36]. 

Our brief overview of recovered memories reveals, there- 
fore, that some may be accurate and others illusory. 
We now examine insights and evidence from cognitive 
neuroscience that are relevant to both sides of the issue. 

Illusory memories: cognitive and 
neurobiological perspectives 
Memory usually preserves a reasonably accurate rep- 
resentation of the past. Nonetheless, most researchers 
acknowledge that memory does not preserve an exact 
or ‘photographic’ representation of all aspects of past 
experiences. Instead, memory is a fundamentally con- 
structive process. Cognitive psychologists have argued 
that memories of past experiences are constructed from 
several sources: stored fragments of an event; pre-existing 
knowledge, beliefs, and expectations that the rememberer 
brings to an experience; and properties of the environment 
in which the experience is retrieved (cf. [12,37-42]). 
Likewise, neuroscientists have argued that memories are 
constructed on the basis of stored fragments of experiences 
that are distributed throughout a variety of cortical 
regions and are bound together by systems that work 
co-operatively with cortical storage areas during encoding 
and retrieval (cf. [43-46]). From both the cognitive 
and neurobiological perspectives, memory distortions are 
a natural by-product of the fundamentally constructive 
nature of the memory process [12]. 

Recent research has begun to illuminate the cogni- 
tive and neurobiological factors that contribute to illu- 
sory memories. One important phenomenon is known 
as source memory or source monitoring-remembering 
when, where and how a memory was acquired [39]. 
Numerous studies with college students have shown that 
recollections of external events and internal imaginings 
can be confused, thereby producing distorted memories 
(e.g. [47]). Failures of source memory also play a key 
role in memory distortions that occur when people are 
exposed to misleading post-event suggestions, as observed 
initially in studies by Loftus and colleagues (e.g. [48]). 
When people witness a particular event (e.g. a car stopped 
at a stop sign), and are later given misleading information 
about it (e.g. the car stopped at a yield sign), they often 
fail to remember whether the critical information was part 
of the original event or was only suggested to them later 
(e.g. [49-511). 

Source memory has also been implicated in recent studies 
showing that some young adults can be induced to create 
false memories of childhood experiences in response to 
repeated questioning [X,53]. For instance, Hyman et al. 
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[52] asked college students about unusual events from 
their past that, according to their parents, had never 
occurred (e.g. an overnight stay at a hospital for an 
ear infection at age five, or a birthday party with pizza 
and a clown). In two separate experiments, no students 
initially remembered any such event. However, after being 
repeatedly questioned about the event, 4 of 20 subjects 
(20%) in experiment 1, and 13 of 51 subjects (26%) in 
experiment 2 developed an elaborate illusory memory. 
Hyman et al. [52] suggest that with repeated questioning, 
subjects may recall isolated fragments of actual childhood 
events and then misattribute them to the fabricated target 
event. 

Source memory also plays a role in another recently 
described form of memory distortion. Roediger and 
McDermott [54*], using a procedure originally introduced 
by Deese [55], showed that people who study a list 
of words, each associated to a non-presented theme 
word, subsequently often incorrectly ‘remember’ having 
encountered the non-presented theme word (e.g. subjects 
who study ‘drowsy’, ‘bed’, ‘tired’, ‘pillow’, ‘rest’, ‘pajamas’, 
and other related words later claim with high confidence 
to remember having been exposed to the theme word 
‘sleep’, even though it was not presented). Schacter, 
Verfaellie, and Pradere [56] showed that amnesic patients 
are less susceptible than normal subjects to this memory 
distortion, and argued that the illusion is based on 
recollection of the semantic gist of the studied lists, 
together with inadequate monitoring of the source of the 
memory. 

Source memory appears to depend critically on the 
functioning of frontal lobe systems that are involved 
in strategic retrieval and monitoring of past experiences 
[57-611. Indeed, patients with frontal lobe damage exhibit 
a variety of memory illusions and distortions [62-66]. 

It is not yet known whether source memory failures play 
a role in illusory memories of abuse. However, some 
false memories may be created when elements of actual 
experiences are recalled and their source is forgotten, with 
the result that something that was said, suggested, or 
imagined is mistaken as an actual event from one’s past. 
Recent neuroimaging research indicates that some of the 
same posterior brain regions involved in perceiving are also 
involved in imagining [67,68], which may be one reason 
why experiences that are only imagined can nonetheless 
be experienced as real. 

Forgetting and recovery of memories of 
abuse: what can cognitive neuroscience 
offer? 
In this section, we consider several lines of evidence 
that are potentially relevant to forgetting and recovery of 
traumatic experience. As stated earlier, however, it remains 
unclear whether explanations above and beyond ordinary 
forgetting and conscious avoidance are required to account 

for documented cases of forgetting and recovery (e.g. 
[13,21,27]). 

Brain systems in victims of sexual abuse 

A recent study of abused women (MB Stein eta/., personal 
communication) revealed abnormalities in the hippocam- 
pal region, which is known to be critically important for 
explicit or declarative memory [6!+71,72”,73]. Stein et al. 

(MB Stein et a/., personal communication) used structural 
magnetic resonance imaging (MRI) to examine the brains 
of 22 women with a history of prolonged and severe 
sexual abuse. They found a significant reduction (5%) of 
left hippocampal volume in abused women compared to 
non-abused women. Although alternative interpretations 
of the observed hippocampal volume reductions are 
possible (cf. [74*]), decreased hippocampal volume might 
be related to toxic effects of glucocorticoids that are 
released in response to prolonged stress [75*,76,77], and 
can produce memory deficits [7B”,79*,80]. However, none 
of the women in Stein et a/.% study (MB Stein et a/., 
personal communication) were amnesic for their abuse, 
and, as a group, they showed normal performance on 
laboratory tests of explicit memory for recently studied 
information. 

Studies of women with reported histories of sexual abuse 
have revealed some deficits in recalling autobiographical 
incidents [81’,82’]. However, these deficits-involving 
the failure to retrieve specific episodic childhood mem- 
ories in response to single word cues or the tendency 
to retrieve ‘overgeneral’ memories that do not refer to 
a single episode-may not be specifically linked to 
hippocampal function, and may reflect a combination of 
deficient encoding and retrieval strategies [83]. Moreover, 
even if hippocampal volume reductions in abuse survivors 
do produce memory deficits, they would not readily 
explain recovery of forgotten traumas. Thus, there is 
currently no evidence that hippocampal volume reductions 
in survivors of sexual abuse are related to forgetting of 
traumatic experiences. 

Retrograde amnesia: a model for forgotten trauma? 

Retrograde amnesia refers to impaired memory for expe- 
riences that occurred before brain injury or psychological 
trauma. In psychogenic or functional retrograde amnesias, 
people can temporarily forget large portions of their pasts 
and/or identities after various kinds of disturbing events 
(for reviews, see [ 12,84,85]). Appropriate cueing and other 
factors often lead to recovery of memory in such cases, but 
it is unknown how such amnesias are related to forgetting 
of sexual abuse. 

Patients with amnesic syndromes that result from dam- 
age to the hippocampus and related medial temporal 
lobe/diencephalic structures show a form of temporally 
graded retrograde loss, such that relatively recent mem- 
ories are most affected and more remote experiences, 
particularly childhood memories, are less affected or 
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entirely unaffected [46]. This well known pattern, com- 
monly referred to as Ribot’s Law, is usually permanent 
and typically accompanied by significant anterograde 
amnesia for ongoing events; it therefore differs from the 
kind of amnesia purported to be operative in cases of 
recovered memories, which primarily involves childhood 
events. Other patients with damage extending into cortical 
association areas, the likely sites of long-term memory 
storage, show more extensive retrograde amnesias, some- 
times covering virtually the entire personal past (see e.g. 
[86”,87-891). Amnesia is usually permanent, although 
sudden recovery has been reported [86**]. Although the 
mechanisms of such recovery remain poorly understood, 
such extensive retrograde amnesias do not appear to 
provide a promising model for the kind of forgetting at 
issue in the recovered memories controversy. 

Stress, encoding, and repression 

In retrograde amnesia, experiences that were normally 
encoded and stored become inaccessible as a result of sub- 
sequent events. However, traumatic experiences may not 
be encoded and stored normally in the first place. Indeed, 
it has been suggested that traumatic experiences may be 
encoded differently from non-traumatic ones [90*,91]. 

The most common outcome of emotionally traumatic 
experiences is intrusive and repetitive recollection of 
the traumatic event (for recent reviews, see [l&91]). 
Laboratory studies of both rats and people suggest that 
enhanced memory for traumatic events is mediated by 
stress-related hormones such as epinephrine [92”]; other 
substances released by the brain in stressful situations, 
such as opioid peptides, have inhibitory effects on memory 
retention (for a review, see [93]; also see Cahill and 
McGaugh, in this issue, pp 237-242). Many of these 
influences on memory act via the ‘final common pathway’ 
of increasing or decreasing the release of the adrenergic 
neuromodulator norepinephrine in the amygdala. For 
example, epinephrine boosts release of norepinephrine, 
and opiates inhibit norepinephrine release [94]. 

In order for the effects of stress-related hormones to be 
relevant to the recovery of traumatic memories, these 
hormones must result in a trace that is available in memory, 
but rendered temporarily inaccessible by traumatic stress 
(as opposed to a very weak and permanently unavail- 
able trace). This would be the case if neurochemicals 
that are released in response to extreme stress made 
memories state dependent. Kandel and Kandel [95] have 
speculated that the release of opioid peptides during a 
stressful experience might lead to a temporary inability to 
remember the trauma; later, another arousing experience 
could trigger the release of neurochemicals that (if 
accompanied by other appropriate retrieval cues) activate 
the formerly inaccessible memory. Evidence pertaining to 

state-dependent explanations of opiate effects on memory 
is equivocal (cf. [96,97]). 

Another approach to explaining how memories for trauma 
might come to be ‘available but inaccessible’ focuses 
on the link between trauma and dissociation. Many 
clinicians and researchers have argued that traumatic 
experiences can produce a dissociative state in some 
individuals; in this state, mechanisms that normally 
lead to integrated perceptual experience and memory 
traces are disrupted, resulting in fragmentary engrams 
that are difficult to retrieve [2,90*,98-1001. Experimental 
analogues of dissociative states have been produced in 
human subjects using the NMDA receptor antagonist 
ketamine, which disrupts glutamatergic transmission and 
produces impairments in thinking, problem solving, and 
memory that resemble deficits observed after frontal lobe 
lesions [101,102*,103]. The frontal lobes play an important 
integrative role in memory, both by promoting elaborative 
encodings in which new experiences become integrated 
with pre-existing knowledge [104,105*], and by allowing 
effortful, strategic search of memory [64,70,72**,106*]. 
However, it is not known whether the effects of ketamine 
mimic the effects of stress during a traumatic experience, 
nor is there any evidence that disrupted frontal lobe 
functioning could produce dense amnesia for repeated 
traumatic experiences, as has been reported in some 
alleged cases of recovered memories. 

Finally, we note recent observations by Ramachandran 
[107] that may bear on the issue of defensive repression. 
A patient who sustained a right parietal stroke and 
had lost the use of her left arm denied that it was 
paralyzed (the phenomenon of anosognosia; for reviews, 
see [108,109]). Both immediately and thirty minutes after 
irrigation of her left ear with cold water, the patient 
acknowledged that her left arm was paralyzed and had 
been for several days (similar effects have been reported 
in other patients, although the mechanism is poorly 
understood; see [llO,lll]). Eight hours later, when the 
effects of the cold water irrigation had worn off, she once 
again denied her paralysis. Asked about what the two 
doctors had done to her that morning, she remembered 
correctly that her ear had been irrigated. But the patient 
had apparently forgotten her earlier admission of paralysis, 
and she incorrectly recalled that she had stated earlier that 
her arm was fine. Ramachandran suggests that the patient 
had selectively ‘repressed’ the part of her memory that 
was inconsistent with her present beliefs. Although this is 
an intriguing idea, more data concerning what the patient 
did and did not remember from the irrigation episode 
are needed before it can be interpreted confidently. 
While observations from brain-damaged patients cannot 
speak directly to the question of whether non-brain 
damaged people are capable of a kind of repression that 
would create amnesia for overwhelming traumas, they can 
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provide clues concerning possibly relevant processes and 
mechanisms. 

Concluding comments 
The possible links we have considered between cogni- 
tive neuroscience research and recovered memories of 
childhood sexual abuse are no more than suggestive. One 
major limitation is that so few systematic studies have 
examined illusory memories of abuse or accurate recovered 
memories. Before we can confidently apply evidence and 
ideas from basic cognitive neuroscience, the phenomena 
that we are attempting to explain must be characterized 
more fully. Unless, and until, more reliable information 
becomes available, we urge caution when extrapolating 
from cognitive neuroscience to the complex and important 
issues at stake in debates about recovered memories. 
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