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Abstract
Anterograde amnesia is characterised by a profound inability to retain new information. Recent
research suggests that at least some of this severe memory impairment may be the product of
retroactive interference. What specifically interferes with memory in amnesic patients however
remains unknown. Here we reveal a substantial non-specific retroactive interference effect in densely
amnesic patients: Whereas 7 out of 10 amnesic patients were able to recall some prose material
following an unfilled delay period, only 1 of them was able to recall any material after a delay period
in which they were required to listen for piano notes. The data reveal that some amnesic patients
have the capacity to retain new material for much longer than usual but that any new post-learning
information profoundly interferes with such retention. This non-specific retroactive interference
effect deviates from the item-specific interference effect that is typically assessed in clinical practice,
and which is frequently observed in patients with executive impairment. We hypothesise that these
interference effects are qualitatively different, occurring during distinct memory processes, namely
retrieval (item-specific interference) and consolidation (non-specific interference).
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Introduction
Anterograde amnesia patients present with an inability to remember explicitly events and
information experienced only moments before. Here we show that at least some of these
patients benefit profoundly from the removal of all material in the 10 min following prose
learning, whereas even a distracting task very different from the memoranda, tone detection,
greatly exacerbates the amnesia.

Over the last 50 years each of the main memory processes - encoding, consolidation, storage
and retrieval - has been considered as a potential locus of impairment underlying anterograde
amnesia (see Kopelman, 2002 for a review). However, none of the resulting hypotheses have
been able to provide a sufficiently solid account of the impaired and spared functions that are
observed in the majority of patients with anterograde amnesia. Pioneer work on the patient

Address correspondence to: Michaela Dewar Human Cognitive Neuroscience, Psychology, University of Edinburgh, 7 George Square,
Edinburgh, EH8 9JZ, UK, m.dewar@ed.ac.uk, Telephone: 0044 (0) 131 650 3424.

NIH Public Access
Author Manuscript
Neuropsychology. Author manuscript; available in PMC 2010 May 6.

Published in final edited form as:
Neuropsychology. 2010 May ; 24(3): 357–367. doi:10.1037/a0018207.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



H.M. led Milner (1966) to propose that amnesic patients were wholly unable to transfer any
new information from short term memory (STM) to long term memory (LTM). This general
consolidation deficit theory was however soon dismissed on the grounds that it could not
account for amnesic patients’ spared procedural long term memory formation (Milner et al.,
1968), their ability to identify previously presented fragmented pictures and words following
long delays (Warrington and Weiskrantz, 1968) and their improved test recall performance
when cues (e.g. the first letter of a word) were provided (Warrington and Weiskrantz, 1970).
The latter findings led Warrington and Weiskrantz (1970) to put forward that amnesic patients
could consolidate new memories but that they were unable to access these unless retrieval cues
were provided which sufficiently differentiated the to-be-retrieved items from competing
stored items. Later work by themselves however showed that minimisation of competing
responses did not improve retention in amnesic patients (Warrington and Weiskrantz, 1978).
It has since become evident that the memory improvement observed in Warrington and
Weiskrantz’ work on fragmented pictures and cued recall tests in fact reflected the patients’
intact implicit memory formation capacity (c.f. Graf et al., 1984) rather than the ameliorated
retrieval of explicit memories.

It could be argued that amnesic patients are unable to retrieve information, whether cues are
present or absent. However, it would be difficult reconcile such theory with the intact retrieval
of remote memories that is typically observed in patients with anterograde amnesia (Squire,
1980; Wilson, 1987). This latter finding is more indicative of an impairment in the initial
processing of new explicit information. Butters and Cermak (1975) proposed that patients with
anterograde amnesia might fail to spontaneously encode new perceptual input in a meaningful
(i.e. semantic) and thorough manner, thus resulting in the formation of weaker memory traces.
This theory was however based on patients with Korsakoff syndrome and thus was largely
unrepresentative of patients with other aetiologies. Moreover, work has since indicated that
Korsakoff patients as well as amnesic patients with other aetiologies do spontaneously encode
new information in a meaningful way (c.f. Mayes et al., 1993), and that even in Korsakoff
patients, ‘deep’ semantic encoding only leads to minimal memory benefits, no larger than those
observed in neurologically intact individuals (e.g. Mayes et al., 1978; 1980). A semantic
encoding deficit is thus an unlikely cause of anterograde amnesia.

Huppert and Piercy (1978) instead suggested that amnesia in Korsakoff patients was the result
of an acquisition deficit. They showed in a recognition test that forgetting rates did not differ
between Korsakoff patients and controls if initial memory performance was equated for the
two groups by increasing the presentation duration for each stimulus in the patient group. The
amnesic patient H.M. however showed faster forgetting than controls even when his initial
recognition performance matched that of the controls, suggesting a cognitive difference
between patients with medial temporal and diencephalic lesions (Huppert and Piercy, 1979).
Other researchers however failed to replicate this finding. Work by Freed et al. (1987) for
example indicates that H.M. showed normal forgetting if his initial 10 minute recognition
performance was equated to that of controls via extended stimulus exposure. This work implies
that, on the whole, anterograde amnesia is likely to result from an impairment in the initial
acquisition, i.e. formation of new explicit memories (Squire, 1980; Kopelman, 2002) rather
than from an encoding, retrieval or storage deficit, and that residual explicit memory formation
capacities might benefit from extended periods of learning (Reed at al., 1997). This said, it
should be highlighted that such increases in explicit memory via extended stimulus presentation
are restricted to delayed recognition – amnesic patients’ delayed free recall does not appear to
increase via such method (Kopelman and Stanhope, 1997; Isaac and Mayes, 1999).

In contrast, recent clinical observations and work have shown that free delayed recall does
increase substantially in some amnesic patients via the removal of post-learning stimuli (Cowan
et al., 2004; Della Sala et al., 2005). In everyday life the learning of new material is almost
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invariably followed by further information or activity. The same applies to the clinical
assessment of anterograde memory capacity, which is typically tested via the recall of recently
presented material following a delay interval filled with cognitive testing. Within clinical
practice such interpolated cognitive testing is utilised (a) to create a temporal delay and (b) to
block any potential conscious working memory rehearsal that amnesic patients might attempt
in order to maintain to-be-retained material. It has however generally been overlooked that
such interpolated cognitive testing might in fact also block LTM processing in amnesic patients.

Cowan et al. (2004) recently examined this possibility by testing 6 severely amnesic patients’
delayed word list recall following a 10 min standard delay (filled with cognitive testing) as
well as following a 10 min unfilled delay, during which patients rested alone in a dark, quiet
testing room. Whereas 2 patients showed no retention following either delay, 4 patients
performed substantially better following the unfilled delay (49% retention) than the standard
filled delay (14% retention). These 4 patients also performed significantly better following an
unfilled delay (79% retention) than a filled delay (7% retention) when the duration of the delay
was increased to 1 h and when the to-be-retained material consisted of prose passages.

Given the long delay intervals and the finding that some patients remembered well even after
sleeping through at least part of the retention interval, it seems improbable that the observed
memory improvement was the mere product of continuous rehearsal within intact STM (Cowan
et al., 2004). Instead, it appears that the unfilled delay enabled a LTM process to function in
these amnesic patients, and thus that interpolated cognitive testing, and post-learning material
in general, in fact has a direct effect on forgetting in such patients.

Here we further examine this novel ‘retroactive interference’ hypothesis of amnesia (Cowan
et al., 2004). In particular, we question what specifically interferes with memory in amnesic
patients.

The term ‘retroactive interference’ (die ‘rückwirkende Hemmung’) was coined in 1900 by
Georg Müller, an experimental psychologist, and Alfons Pilzecker, a medical student and
former doctoral student of Müller’s (Lüer, 2007). They defined retroactive interference as
memory interference by any post-learning material (see Dewar et al. 2007 and Wixted,
2004).

Today, however, the term is mainly used to refer to interference of previously learned material
by more recently learned, highly similar material (c.f. McGeoch and McDonald, 1931; Mensink
and Raajmakers, 1988; Anderson, 2003). Such item-specific interference can also be produced
by highly similar material that was learned prior to the to-be-retrieved stimuli, and is referred
to as proactive interference. Various clinical tools exist to check for an increased susceptibility
to such item-specific retroactive or proactive interference (e.g. The Rey Auditory Verbal
Learning Test and the California Verbal Learning Test).

Indeed, research has shown that some patients with subtle memory impairment associated with
executive dysfunction present with an increased susceptibility to such item-specific
interference (e.g. Shimamura et al., 1995; Baldo and Shimamura, 2002). For example,
Shimamura et al. (1995) report that in their dysexecutive patients the learning of a list of paired
associates such as ‘lion-hunter’ interfered substantially with the subsequent learning of a
second list of paired associates, in which the cue word matched that of the first list, e.g. ‘lion-
circus’. Their work hints that such increased interference also occurs in dysexecutive patients
when to-be-retained information is followed by, rather than preceding, highly similar material
(i.e. item-specific retroactive interference).

A heightened susceptibility to item-specific interference has, in the past, also been put forward
as a possible cause of the severe memory impairment observed in anterograde amnesia
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(Warrington and Weiskrantz, 1970; 1974). However, as noted above, this interference
hypothesis was later rejected by Warrington and Weiskrantz (1978) themselves on the grounds
that minimising potential competing responses did not ameliorate retention in patients with
anterograde amnesia, and that proactive interference effects were not larger for the patients
than the controls on the first learning trial of new material.

A study by Mayes et al. (1994) provides further evidence against such an item-specific
retroactive interference hypothesis of anterograde amnesia. They asked amnesic patients to
recall sets of 10 photos of faces following a 12 min delay interval. During the delay interval
participants were either presented with further sets of photos of faces (i.e. item-specific
interference) or were ‘engaged in conversation and other activities (not involving faces)’ (p.
549) (i.e. non-item-specific interference). The patients performed significantly poorer than the
controls following both delays. Moreover, the difference in retention between the two
conditions was equivalent in the amnesic and control group, leading Mayes et al. (1994) to
conclude that there was no evidence that their amnesic patients were ‘more susceptible to the
type of sustained retroactive interference’ (p.558) applied in their study.

Importantly however, it is possible that both delay conditions could have, to some extent,
interfered with Mayes et al.’s (1994) patients’ memory because of non-specific retroactive
interference, in which case the effect would be obscured for lack of the appropriate no-
interference control condition.

The aim of the present study was to examine this possibility. In particular, we sought to
investigate whether or not highly dissimilar post-learning material would interfere with
amnesic patients’ memory. We therefore compared amnesic patients’ prose retention following
an unfilled delay with that following a delay in which they were required to listen for piano
notes.

Material and Methods
Participants

We tested 10 amnesic patients (7m/3f, mean age = 41.90 years, age range = 20 – 72 years;
mean education = 12 years, education range = 8 – 17 years) and 10 age and education matched
controls (5m/5f, mean age = 43.90 years, age range = 21 – 74 years; mean education = 14.50
years, education range = 8 – 20 years) (see Table 1). Four patients (P1–P4) and four controls
(C1–C4) were British (tested at the University of Edinburgh), and six patients (P5–P10) and
six controls (C5–C10) were Italian (tested in the rehabilitation unit in Somma Lombardo).
Patients and controls were matched for age and education on a one-to-one basis.

All patients except P3 were outpatients. None of the patients had any known pre-morbid
psychiatric or neurological histories. Four of the patients had closed-head injuries (P6, P7, P8
and P9), two had been affected by anoxia following cardiac arrest (P5 and P10), one by probable
birth anoxia (P4), one by a stroke (P1), one by limbic encephalitis (P2) and the other by probable
limbic encephalitis (P3). CT or MRI scans indicated probable lesion sites (see Table 1).

The selection criteria were the same as those used by Cowan et al. (2004) and included the
following: (1) Complaints by family members of an abrupt onset of memory loss as the main
symptom; (2) classification as amnesic according to the Rivermead Behavioural Memory Test
(Wilson et al., 1985, Brazzelli et al., 1993); (3) performance below cut-off for normality in
verbal delayed recall (Buschke, 1991; Spinnler and Tognoni, 1987) and non-verbal delayed
recall (Caffarra et al., 2002); (4) normal performance in verbal and non-verbal short term
memory tasks (Wechsler, 1997; Novelli et al., 1986); (5) score within the normal range on an
aphasia test including comprehension (Kaplan et al., 1983; Enderby et al., 1987); (6) scores
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within the normal range in verbal reasoning (Spinnler and Tognoni, 1987; Wechsler, 1997),
(7) scores within the normal range in non-verbal reasoning (Basso et al., 1987) (see Table 1).

The study was approved by the local Ethical Committee, and informed consent was obtained
from each participant according to the Declaration of Helsinki.

Procedure
The experimental testing included four trials, in each of which all participants were verbally
presented with a prose passage by the experimenter. Participants were instructed to attend to
the story and try to remember as much of it as possible for subsequent immediate recall. The
four prose passages were taken from the Rivermead Behavioural Memory Test (Wilson et al.,
1985; Brazzelli et al., 1993) and contained 21 ‘ideas’ each. Prose presentation was followed
by free immediate verbal recall in each of the 4 trials. The end of immediate recall marked the
start of a 10-min delay interval, which was always followed by delayed recall.

The critical manipulation occurred during the delay interval, which was either unfilled (Trials
1 and 3) or filled (Trials 2 and 4).

Unfilled Delay Condition—Following immediate recall participants were asked to rest in
the room for a short duration while the experimenter left the room to set up the next part of the
study. The experimenter subsequently left the room and dimmed the lights (having previously
informed the participants that she would do so), returning 10 min later.

Filled Delay Condition – Tone Detection—Following immediate recall the participant
engaged in a tone detection task. The stimuli consisted of a 10-min sound track of brown noise
(random noise akin to the sound of a distant waterfall), within which a piano note was randomly
embedded on 50 occasions. While the note remained the same throughout the track, its loudness
varied (i.e. its decibel level was reduced by either 13 dB, 22 dB, 24 dB or 36 dB). The track
was played back digitally on a laptop via E-prime (Psychology Software Tools, Inc.) and
presented to the participants via headphones. Participants were given a PC mouse and required
to press the left mouse button whenever they heard the piano note. Number of mouse presses
in each trial was recorded by E-prime.

In order to minimise any extra interference, full instructions for the tone detection task as well
as a 1 min practise trial were given prior to commencement of Trials 2 and 4: Participants were
informed that they would hear a waterfall sound, within which a piano note was embedded on
numerous occasions. They were told that the note would be easy to hear on some occasions,
and a little harder to hear on other occasions, and thus that they should attend well in order to
be able to hear as many of the notes as possible. A brief reminder, not longer than the
instructions given prior to the unfilled delay, was provided before the 10 min tone detection
delay.

In Trials 1 and 2 participants were not informed that they would be asked to recall the prose
passage again after the delay. After the delay in Trial 1 the experimenter stated that there had
been a problem with the tape recorder during prose recall before the delay, and asked the
participant to try again to recall as much as possible. This was done in order to minimise any
suspicion regarding delayed recall in Trial 2, in which the experimenter simply asked the
participant to recall again as much as possible following the delay.

Only 2/6 of Cowan et al.’s (2004) patients indicated that they had attempted subvocal rehearsal
of the to-be-retained information when asked following testing. These patients may have been
more able to remember delayed recall in previous trials or at least suspected that it would occur
in future trials. In the present study we sought to minimise any variance in proportion retention
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that could result from the use of rehearsal in some but not other participants due to varying
degrees of insight into the study. Thus, in Trials 3 and 4, all participants were informed, after
immediate recall, that delayed recall would follow.

It was further reasoned that such procedure would allow for the examination of delayed recall
following an unfilled delay as well as following tone detection under both ‘incidental’
conditions (when explicit rehearsal would be assumed to be unlikely) as well as ‘intentional’
conditions (when explicit rehearsal might occur).

Order and counterbalancing—The variation in lesion loci and sizes among the patients
within the present sample could result in behavioural differences at test. In order to ensure that
any such behavioural differences were the product of lesion variations rather than variations
in trial order, the order of trials with and without interference was kept constant across
participants as noted above. The order of prose passages was, however, counterbalanced across
participants (A – B – C – D and B – A – D – C).

Prose Scoring
Only story ideas that were recalled verbatim or close synonyms were scored as correct. Scoring
took place during testing and was subsequently checked against a tape recording after testing
had been completed. The recordings were also scored by a second rater who was blind to the
experimental conditions and aims. The resulting interrater-reliability was very high (1.00 for
immediate and delayed recall in both the unfilled and the tone detection condition in the patient
group).

Statistical analyses
Memory—As in Cowan et al. (2004) and Della Sala et al. (2005) a proportion retention score
was computed for each participant for each of the 4 trials by dividing the number of correct
story ideas recalled at delayed recall by the number of correct story ideas recalled at immediate
recall in the same trial. Such procedure controls for potential individual and group differences
as well as any inter-trial variation at immediate recall. Other studies have utilised extended
and/or repeated stimulus presentation in the patient group to equate patient and control
immediate recall levels. We chose not to do so on the grounds that it could prove difficult to
disentangle the relative beneficial effects of minimal interference and such techniques, and that
the groups would be unmatched in the number of experimental manipulations (i.e. only the
patients would be exposed to both extended/repeated stimulus presentation and the unfilled
delay).

Any story ideas recalled at delayed recall but not immediate recall were included in the delayed
recall total, though this occurred rarely (if the delayed recall score exceeded the immediate
recall score – as was the case in 3 controls – a maximum proportion retention score of 1 was
used). A mixed factor ANOVA on proportion retention with within subjects factors delay
condition (unfilled vs. tone detection) and rehearsal condition (incidental vs. intentional) and
between subjects factor group (patients vs. controls) was run to examine the effects of the delay
condition and rehearsal condition in the patient and control samples. Further examination of
the memory data was undertaken via additional ANOVAs.

Tone detection performance—A tone-detection mean score (i.e. number of mouse
presses) was computed for each participant from the two tone detection trials. A one-way
ANOVA was run to examine whether or not the groups differed in their tone detection
performance. Moreover, Pearson correlations were utilized to check for potential trade-off
effects between memory and tone detection performance.
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Executive function and memory performance—In order to examine a potential
relationship between performance levels in the memory test and executive function, Pearson
correlations were run between the patients’ trail making score as well as their experimental
memory scores. The alpha level was set to 0.05 for all analyses.

Results
Memory performance

Initial analysis of the memory data revealed a main effect of delay condition, F(1, 18) = 9.722,
p < 0.01, a main effect of group, F(1, 18) = 277.23, p < 0.001 and, most importantly, an
interaction of the delay condition with the group, F(1, 18) = 15.245, p < 0.01. Given that the
type of rehearsal condition did not significantly affect performance in either group (Patients −
F(1, 9) = 0.001, p = 0.979; Controls − F(1, 9) = 2.126, p = 0.179) in either delay condition
(Unfilled − F(1, 18) = 0.006, p = 0.941; Tone detection − F(1, 18) = 2.721, p = 0.116), the data
from the incidental and intentional conditions was collapsed to compute a mean unfilled delay
proportion retention score and mean tone detection proportion retention score for each
participant. As is elucidated in Figure 1, 7 out of the 10 patients were able to recall some
material following the unfilled delay (P1, P2, P3, P4, P6, P7, P8). However, only 1 patient (P6)
could retain any material following the tone detection delay. This improvement from the tone
detection condition to the unfilled condition was significant, both when only those patients
performing > 0 in the unfilled delay were included, F(1, 6) = 39.028, p < 0.002, and when all
10 patients were included, F(1, 9) = 13.89, p < 0.004 (see Figure 2). No significant condition
difference was revealed in the controls, who performed at ceiling in both conditions. The
improvement from the tone detection condition to the unfilled condition in the patients, and
the absence of such improvement in the controls were also demonstrated when proportion
delayed recall (number of correctly recalled prose ideas / 21), was considered (F(1, 9) = 8.725,
p < 0.05; F(1, 9) = 0.061, p > 0.8, for the patients and controls respectively) (see Figure 3).
Figure 3 further shows that the 2 groups differed substantially in their proportion immediate
recall performance. However, immediate recall performance did not differ between the unfilled
condition and the tone detection condition in either group. Moreover and importantly, the
interaction of the delay condition with the group remained significant even when these group
differences in immediate recall performance were accounted for F(1, 16) = 10.966, p < 0.01.

Seven patients (P2, P5–P10) and controls (C4–C10) received a third unfilled delay trial after
the study as described above. This trial replicated the first unfilled delay trial of the present
study but was followed by a 5 min conversation (entirely unrelated to the prose passage or the
study) between the experimenter and the patient, and a subsequent second surprise delayed
recall. It was found that three out of the four patients who had been able to recall some prose
material following the unfilled delay continued to be able to recall some of this material after
the subsequent conversation (patient mean proportion retention from immediate recall = 0.42,
SD = 0.083, individual patient proportion retention = 0.50, 0.33 and 0.42; the group mean and
SD for the 7 controls was 0.96 and 0.048, respectively).

Tone detection performance
The mean number of tones detected (out of 50) did not differ significantly between the two
groups (MPatients = 47.89, SD = 3.66; MControls = 43.95, SD = 5.38). Moreover, no significant
correlations were obtained between tone detection mean score and proportion retention
following tone detection for the two groups overall, nor for the two separate groups.

Executive function and memory performance
No significant correlations emerged between the patients’ trail making scores and their
retention in the tone detection condition, unfilled condition, or their degree of benefit from the
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unfilled condition (retention in the unfilled condition – retention in the tone detection
condition).

Discussion
Seven out of ten severely amnesic patients, who performed at floor on standard tests of delayed
recall, were able to recall new verbal material following a delay interval when this was spent
quietly and alone in a darkened, empty room. In contrast, when the delay interval was spent
listening for piano notes, only one patient (P6) was able to recall any new verbal material at
subsequent delayed recall. Indeed, following tone detection some patients could not even
remember that a story had been presented to them. Patient P7, for example, showed a mean
proportion retention score of 0.68 following the unfilled delay interval. However, when asked
to recall the story presented to him prior to tone detection he responded ‘What story?’ and
stated that he had no recollection of there having been a story.

These findings not only support Cowan et al.’s (2004) retroactive interference hypothesis of
amnesia, but demonstrate for the first time that the retroactive interference effect observed in
amnesic patients is non-specific. Indeed, in line with Müller and Pilzecker’s (1900) original
definition of retroactive interference our data show that post-learning stimuli need not be
similar to to-be-retained information or even semantically meaningful for a large memory
interference effect to occur in amnesic patients.

Of course an improvement in retention following the absence of further stimuli need not
automatically imply that the presence of further stimuli hinders such retention. Indeed, it could
be argued that the amnesic patients’ severe forgetting is entirely unrelated to retroactive
interference and that the unfilled delay simply allowed patients to use an intact compensatory
mechanism, which is susceptible to interference in both neurologically intact people as well
as amnesic patients. The most obvious potential ‘compensatory mechanism’ is conscious
maintenance within working memory, which remains intact in amnesic patients. In both
neurologically intact individuals as well as amnesic patients information can be maintained
within working memory via conscious rehearsal, but decays rapidly (~ 30 seconds) as soon as
such rehearsal is interrupted (Scoville and Milner, 1957; Milner, 1968; Baddeley and Hitch,
1979; Odgen, 1996). It could be argued that the present patients had no LTM capacity and that
the unfilled delay simply allowed them to consciously maintain new information within
working memory, thus effectively protecting it from working memory decay.

This account of our findings seems unlikely for various reasons. Four out of the seven patients
who showed enhanced retention following the unfilled delay reported during post experimental
feedback that they had not attempted to rehearse the material in any of the delay intervals. Such
subjective evidence was further supported by the objective Trial 1 and Trial 3 retention data.
Given that all participants were forewarned about delayed recall in Trial 3, the likelihood of
rehearsal was predicted to be higher in this trial than the ‘incidental’ Trial 1. Therefore, if
rehearsal had taken place, retention should have been better in Trial 3 than Trial 1. However,
such pattern was only observed in one of the four patients who reported no rehearsal and showed
enhanced retention.

Further evidence against this working memory account of our data comes from the additional
data gathered from seven of the ten patients. As described above, these seven patients received
a third unfilled delay trial that was followed by a 5 min conversation between the experimenter
and the patient, and a subsequent second surprise delayed recall. Three out of the four patients
who had shown some prose retention following the unfilled delay, continued to be able to recall
some of this material after the subsequent conversation. Given that explicit working memory
would have been near-to-impossible during the conversation, the extended enhanced retention
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observed in these three patients is unlikely to have been the mere product of explicit working
memory rehearsal (though it is of course possible that any such rehearsal could have aided a
LTM process).

The delay condition effect elucidated in the present amnesic patients thus appears to reflect a
genuine non-specific LTM retroactive interference effect. This novel finding is of interest given
existing accounts of item-specific LTM interference for the subtle memory impairment
observed in some dysexecutive patients.

It seems unlikely that the interference susceptibility in the present case is merely an augmented
form of that observed in patients with executive dysfunction. The tone detection stimuli bore
no resemblance to the to-be-retained material. It would thus be difficult to account for the
observed interference effect in terms of a confusion of similar stimuli. Moreover, only two of
the tested patients (P2 and P5) presented with executive impairment (trail making B-A) and
did not perform differently than the other patients in the present memory study (one of them
showed increased retention in the unfilled condition (P2), the other showed no retention in the
unfilled condition (P5)). Furthermore, in comparison to studies on memory and executive
function in dysexecutive patients (c.f. Simard et al., 2003; Diamond et al., 1997) no correlation
was found between executive function and memory performance in the present patients. If the
interference susceptibility observed in the present patients were indeed associated with
executive function one would have expected there to have been a relationship between
executive performance (trail making B-A) and (a) retention following tone detection and (b)
the degree of improvement from the tone detection to the unfilled delay. It thus appears likely
that the difference in interference susceptibility between the present patients with anterograde
amnesia and those with executive dysfunction is one of kind as opposed to degree. In order to
interpret such differences it is useful to consider the cognitive loci of these interference effects.

Item-specific interference is assumed to occur during LTM retrieval, when to-be- retained
stimuli become confused with other stored stimuli due to a high resemblance in these stimuli
or their retrieval cues (Skaggs, 1933; McGeoch and Nolen, 1933; Mensink and Raajmakers,
1988; Anderson and Bjork, 1994). Patients with executive dysfunction are hypothesised to be
especially susceptible to such confusion at retrieval (Baldo and Shimamura, 2002).

Given that psychologists have tended to focus on item-specific interference (Wixted, 2004;
Dewar et al., 2007) less is known about the possible cognitive locus of non-specific retroactive
interference. Müller and Pilzecker (1900) defined such retroactive interference as interference
of the consolidation (i.e. strengthening) of to be retained material by further material. Their
work as well as that by their fellow pioneer in retroactive interference, Skaggs (1925) showed
that interpolated material, even if dissimilar to the to-be-retained material, had a more
detrimental effect when placed immediately following learning of to-be-retained material than
when placed following an unfilled delay. Müller and Pilzecker (1900) explained such temporal
gradient of retroactive interference in terms of weak new memory traces, which gradually
strengthen, i.e. consolidate, thus becoming less susceptible to interference over time. Such
hypothesis is supported by more recent animal neuroscience work on protein synthesis
inhibitors. Protein synthesis inhibitors, usually antibiotics or toxins, interfere with the neural
processes associated with memory formation in animals (Dudai, 2004; Agranoff et al., 1966).
Retention of recently learned material is low if a protein synthesis inhibitor is introduced
immediately following learning, but improves steadily with augmenting delay in the
introduction of the protein synthesis inhibitor, thus indicating a decrease in interference
susceptibility over time.

Might dissimilar interpolated stimuli, such as the ones applied in the present study interfere
with memory consolidation in patients with anterograde amnesia? Recent work by us suggests

Dewar et al. Page 9

Neuropsychology. Author manuscript; available in PMC 2010 May 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



that such might well be the case (Dewar et al., 2009). 12 patients with amnestic MCI were
presented with a list of 15 words, which had to be recalled immediately afterwards as well as
after a delay of 9 minutes. A picture naming task was interpolated either during the first third,
the middle third or the last third of this 9 minute interval. The patients’ retention was at floor
when interference occurred during the first third of the delay. However, retention significantly
increased with augmenting delay in the onset of interference, indicating that aMCI patients
have the capacity to consolidate some new information but that such process is severely
disrupted by immediately following post-learning material (Dewar et al., 2009).

In the present study’s additional trial, 3 out of 4 patients who had shown some retention
following the 10 min unfilled delay continued to be able to recall some prose material following
a further 5 min delay that was filled with conversation. This finding tentatively suggests that
these patients too have the capacity to consolidate, provided that the time immediately
following new learning is devoid of further material. While further work is necessary it appears
highly plausible that the non-specific interference effect obtained here occurred because tone
detection impeded consolidation. If this is the case, the implication is that any post-learning
material is likely to disrupt memory consolidation profoundly in some patients with
anterograde amnesia, provided that at least some consolidation capacity remains intact.

This spared consolidation capacity might be insufficient for the processing and strengthening
of much new incoming information, i.e. to-be-retained material and subsequent material.
However, it may suffice for the processing and strengthening of small amounts of new
information (Dewar et al., 2009). The removal of all new material, including dissimilar stimuli,
may make for an ideal learning condition.

The need for removal of even highly dissimilar material in amnesic patients fits such a
consolidation hypothesis of minimal interference well. Functional imaging has shown that the
medial temporal lobes, i.e. the areas most closely associated with early memory processing
and consolidation (Alvarez and Squire, 1994), are always and automatically active when one
attends to any new event (Martin, 1999). It seems reasonable that all such events should be
removed for a weak and capacity limited consolidation system to be able to function.

In line with this weak consolidation system hypothesis 5 of the 7 patients who benefited from
minimal interference had temporal lobe lesions (P1, P2, P3, P7, P8), which included the
hippocampus in 3 of the patients (P1, P2, P3). However, the other 2 patients who benefited
from minimal interference did not have any known temporal lesions. Further work based on
selected patients with precisely identified focal lesions of one or two types (c.f. Allen et al.,
2006; Barense et al., 2007) is thus necessary to allow for the pinning down of the lesion sites,
which are associated with the postulated consolidation interference and those which might be
associated with other types of memory impairment. Moreover, volumetric structural data might
provide clues as to the individual differences in the degree of post-learning interference.

It is unclear why little or no post-learning interference occurred in the controls in this study.
Indeed, some controls even performed marginally better following tone detection than
following the unfilled delay. It is possible that tone detection required only few consolidation
resources, and thus that it did not sufficiently tax the controls’ intact consolidation system. The
psychometric tests used by Cowan et al., (2004) on the other hand might have been sufficiently
demanding to tax the controls’ consolidation systems to some extent, thus leading to a mild
interference effect. Future work will examine whether or not the degree of cognitive load does
indeed play a role in the magnitude of non-specific retroactive interference.

A caveat of the present study is the group difference in immediate recall levels. On the whole
the present amnesic patients’ immediate prose recall was lower than that of the controls (as
also found in the prose recall study by Cowan et al., 2004), indicating that, even prior to the
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onset of the delay period, the patients’ memory traces were already quantitatively different
from those of the controls. It is unlikely however that the delayed recall effects demonstrated
in the present study were mere artefacts related to weak initial memory traces in the patients.

Figure 3 shows that the proportion immediate recall – proportion delayed recall ratio was
somewhat similar for the 2 groups in the unfilled condition, i.e. a common line could fit most
of the participants in both groups. This is not at all true in the tone detection condition. Even
those patients whose immediate recall levels were similar to those of some of the controls
performed substantially worse at delayed recall than did these ‘matched’ controls in the tone
detection condition. Indeed, tone detection continued to have a very detrimental effect upon
retention in the patients but not in the controls, even when group differences in immediate
recall were accounted for. Such findings should not have emerged if the degree of memory
interference were solely governed by immediate recall level.

It should be noted that significant group differences at delayed recall were also observed in
Cowan et al.’s (2004) word list experiment, in which immediate recall performance was
comparable for patients and controls. The same was true in a subsequent prose recall study on
MCI patients (Della Sala et al., 2005).

Other work on amnesic patients with impaired immediate recall has however led to conflicting
findings. This shows that the artificial matching of patients’ and controls’ immediate memory
levels via extended and/or repeated stimulus presentation in the patient group can lead to normal
delayed memory levels in patients (c.f. Freed et al., 1987; Kopelman and Stanhope, 1997, Isaac
and Mayes, 1999). It is important to highlight however that such findings are based on yes/no
recognition and forced choice paradigms rather than on free recall paradigms. Indeed, Isaac
and Mayes (1999) showed that their mild to moderately amnesic patients’ immediate memory
levels could be matched to that of controls when the patients received several learning trials.
However, whereas the patients’ delayed prose recognition was normal, their delayed free prose
recall was well below that of the controls, indicating that impaired delayed free recall cannot
be solely attributed to lower immediate memory levels.

These findings also hint that, in at least some amnesic patients, the here proposed weakened
consolidation system limits recall but not recognition performance. Immediate-post learning
information might not completely block the consolidation of new material in amnesic patients.
New memory traces might survive albeit in a very weak state, in which they can only be
retrieved via specific reminders or cues (c.f. Squire, 2006). Moreover, some boosting of the
memory traces prior to the filled delay, i.e. via extended and/or repeated stimulus presentation
(c.f. Freed et al., 1987; Kopelman and Stanhope, 1997, Isaac and Mayes, 1999) might be
necessary for recognition to be successful in amnesic patients. In contrast, successful free recall
appears to be dependent upon a relatively long period of uninterrupted consolidation in amnesic
patients.

It remains to be examined whether the immediate prose recall deficit that is observed in many
amnesic patients might be related to consolidation interference. Given that the earliest stages
of consolidation (synaptic consolidation) are thought to occur within seconds of learning
(Dudai, 2004) it is conceivable that new material as complex as a story might exceed the
patients’ spared consolidation capacity during presentation, thus resulting in interference and
poorer immediate memory levels. It also remains to be established to what extent the immediate
recall process itself might affect memory retention. Cowan et al.’s (2004) work showed that
amnesic patients’ word list retention was not differentially affected by the presence vs. absence
of an immediate recall phase. However, future work is required to examine whether this finding
also holds for the retention of prose.
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What is clear and novel from the present study is the finding that essentially all post-learning
material, including dissimilar stimuli, must be removed following new learning in order for
amnesic patients to show enhanced retention.

Some of the present patients and their carers were amazed by such seemingly hidden memory
capacity. Indeed one patient and his wife stated that the findings were ‘very encouraging’ and
that they would try to use this ‘technique’ at home.

Of course it would be impossible to implement such a period of minimal interference after all
new learning in everyday life. Nonetheless the technique could be applied to teach some
amnesic patients selective information, important to them.

Might minimal interference also aid more complex autobiographical (i.e. personal episodic)
memory in amnesic patients? Some anecdotal observations in the present study hint that such
might be the case. Following the tone detection interval patient P2 for example had no
recollection of the story material, the presence of a story or the experimenter. Following the
unfilled delay on the other hand he greeted the experimenter with enthusiasm and was able to
recall some story material as well as some contextual information about the time of story
presentation. Moreover, patient P6’s parents reported that on collecting their son from the
hospital he told them many more details about the assessment than they would have expected.
Furthermore, a year after the assessment patient P7 freely recalled that there had been an
‘English doctor’. This memory was clearly not a mere intelligent guess. The patient was Italian
and tested at his local Italian hospital where ‘English doctors’ are not often found. However
on the day of testing the team of experimenters did indeed include a visiting UK psychologist.
Whether or not such instances of enhanced memory were the result of minimal interference or
some entirely unrelated factor can of course not be deduced from the present data. However,
given the reported remarkable improvement in prose memory in some patients with amnesia
such possibility does not appear unfeasible, and indeed future work is planned to test this
hypothesis empirically.

In conclusion, the present study reveals that even highly dissimilar post-learning material
interferes substantially with recently learned material in patients with severe anterograde
amnesia. Given the usual presence of such post-learning material in everyday life, we
hypothesize that at least some of the severe forgetting in amnesic patients is the product of
non-specific retroactive interference. This kind of non-specific retroactive interference effect
deviates from the item-specific interference that is frequently reported and clinically assessed
in dyexecutive patients. It is postulated that these two interference effects differ in kind as
opposed to degree, occurring during different cognitive processes, with item-specific
interference affecting retrieval and non-specific retroactive interference (i.e. interference from
any material, similar or non-similar) affecting consolidation. Given that at least some patients
with severe amnesia are able to learn new material when all post-learning material is removed,
it appears important to not only assess a patient’s susceptibility to item-specific interference,
but to also check for a potential susceptibility to non-specific interference.
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Figure 1.
Individual mean proportion retention of the amnesic patients (P1–P10) and controls (C1–C10)
in the unfilled and tone detection delay condition. Proportion Retention = (Delayed Recall/
Immediate Recall).
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Figure 2.
Group mean proportion retention as a function of delay condition, including all patients and
including only those patients who retained > 0 following the unfilled delay. Proportion
Retention = (Delayed Recall/Immediate Recall). Error bars = SEM.
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Figure 3.
Individual mean proportion delayed recall as a function of individual mean proportion
immediate recall, in patients and control participants (graph parameter). Both recall measures
shown here are absolute proportions of the 21 story ideas presented. Top panel, tone detection
condition; bottom panel, unfilled condition.
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