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Abstract
Objective—The ability to imagine an elaborative event from a personal perspective relies on a
number of cognitive processes that may potentially enhance subsequent memory for the event,
including visual imagery, semantic elaboration, emotional processing, and self-referential
processing. In an effort to find a novel strategy for enhancing memory in memory-impaired
individuals with neurological damage, the present study investigated the mnemonic benefit of a
method we refer to as “self-imagining” – or the imagining of an event from a realistic, personal
perspective.

Method—Fourteen individuals with neurologically-based memory deficits and fourteen healthy
control participants intentionally encoded neutral and emotional sentences under three instructions:
structural-baseline processing, semantic processing, and self-imagining.

Results—Findings revealed a robust “self-imagination effect” as self-imagination enhanced
recognition memory relative to deep semantic elaboration in both memory-impaired individuals, F
(1, 13) = 32.11, p < .001, η2 = .71, and healthy controls, F (1, 13) = 5.57, p < .05, η2 = .30. In addition,
results indicated that mnemonic benefits of self-imagination were not limited by severity of the
memory disorder nor were they related to self-reported vividness of visual imagery, semantic
processing, or emotional content of the materials.

Conclusions—The findings suggest that the self-imagination effect may depend on unique
mnemonic mechanisms possibly related to self-referential processing, and that imagining an event
from a personal perspective makes that event particularly memorable even for those individuals with
severe memory deficits. Self-imagining may thus provide an effective rehabilitation strategy for
individuals with memory impairment.

Keywords
Imagination; Self; Memory disorders; Memory rehabilitation; Episodic memory

Imagining an elaborative event from a personal perspective is a cognitive ability thought to
involve numerous component processes. For example, if asked to imagine that you are at a
college basketball game with a friend, you will presumably construct the spatial context of a
basketball arena, place yourself somewhere in the context, and simulate watching the game
with your friend. To do this, you will likely recruit cognitive processes such as visual (Rubin,
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Schrauf, & Greenberg, 2003) and spatial imagery (Hassabis, Kumaran, & Maguire, 2007) to
construct the basketball arena, semantic and autobiographical memory retrieval to provide
details about a college basketball game (Wheeler, Stuss, & Tulving, 1997), and self-referential
processing to create experiential and emotional components associated with your personal
viewpoint (Abraham, Schubotz, & von Cramon, 2008; Addis, Pan, Vu, Laiser, & Schacter,
2009; Szpunar, Watson, & McDermott, 2007). The use of these cognitive processes may
facilitate the integration of multimodal information into an elaborative, personally-relevant,
and vivid image, which may result in the event being very memorable. In an effort to discover
a novel method for enhancing memory in individuals with neurological damage, the present
study investigated the mnemonic utility of what we refer to as “self-imagining” – or the
imagining of an elaborate event from a realistic, personal perspective.

Many of the cognitive processes presumably involved in self-imagining have been found to be
successful methods for enhancing memory. For instance, visual imagery has long been known
to be an effective encoding strategy for remembering a wide range of materials (Bower,
1970; for a review, see Glisky & Glisky, 2008) and has been used with numerous populations,
including those with neurological damage (Manasse, Hux, & Snell, 2005; Thoene & Glisky,
1995; Twum & Parente, 1994). In most instances, visual imagery has been shown to be clearly
superior to other encoding strategies such as rote rehearsal (Wilson, 1987; for a review, see
Wilson & Kapur, 2008). One reason for the success of visual imagery as a mnemonic strategy
is that it often involves the linking of a visual image to an appropriate retrieval cue such as a
spatial location (i.e. method of loci), a keyword (i.e. peg-word method), or a distinguishing
characteristic (i.e. for the learning of name-face associations). The readily accessible cues are
then used later to retrieve the to-be-remembered material. Self-imagination may include the
linking of the event to visual and spatial cues which may be subsequently used to trigger
memory.

The mnemonic utility of self-imagination also may rely on benefits associated with semantic
processing, because, when imagining, one may generate elaborations that expand on the
semantic information incorporated in the episode. Numerous studies have demonstrated that
processing information at a deep semantic level enhances memory relative to processing
information at a shallow, perceptual level, and that further elaboration provides even greater
benefits (Craik & Lockhart, 1972; Craik & Tulving, 1975). This phenomenon – known as the
“levels of processing” (LOP) effect – has been demonstrated in memory impaired populations,
including individuals with neurological damage although benefits are usually smaller in these
groups (Cermak, 1982; Cermak & Reale, 1978; Keane et al., 1997). Self-imagination may
result in the event being more semantically elaborated and meaningful and thus more
memorable (Craik & Tulving, 1975).

It is further possible that the mnemonic utility of self-imagining may be influenced by an
emotional component. It has been suggested that emotional responses are activated during the
processing of information from a personal perspective (Northoff et al., 2006), and studies have
shown repeatedly that emotion is capable of generating a mnemonic benefit (for a review, see
Christianson, 1992; Davidson, McFarland, & Glisky, 2006; Kensinger, Garoff-Eaton, &
Schacter, 2007; Maratos & Rugg, 2001), a phenomenon that may be referred to as an
“emotional enhancement effect” (EEE). Furthermore, a number of studies have demonstrated
that emotion can be used to improve memory in individuals with neurological damage (Burton,
et al., 2004; Hamann, Cahill, McGaugh, & Squire, 1997; Hamann, Cahill, & Squire, 1997;
Marquine, 2009; Phelps, LaBar, & Spencer, 1997). Self-imagination may intensify the
emotional salience of the imagined event, and, as a result, emotional processing may play a
role in the mnemonic utility of self-imagining.
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Imagining an elaborative event from a realistic, personal perspective may depend on another
cognitive process particularly effective at enhancing memory: self-referential processing.
Indeed, one may need to reference one’s self knowledge in order to incorporate the thoughts,
feelings, and sensory experiences that one might have when present at the imagined event.
Numerous studies have demonstrated that processing information in reference to oneself is an
exceptional strategy for enhancing memory (Bellezza, 1992; Klein, Loftus, & Burton, 1989;
Maki & McCaul, 1985; Rogers, Kuiper, & Kirker, 1977). In fact, self-referential strategies
have been found to enhance memory to a greater degree than other successful encoding
strategies – a phenomenon often referred to as the “self-reference effect” (for a review, see
Symons & Johnson, 1997) – and initial findings suggest that individuals with compromised
memory functioning demonstrate benefits from self-referential processing as well. For
instance, two recent studies have shown that self-referential encoding strategies successfully
enhance memory in older adults (Glisky & Marquine, 2009; Gutchess, Kensinger, Yoon, &
Schacter, 2007), a population that can be broadly characterized as experiencing some degree
of memory decline. There is also preliminary evidence indicating that self-referential
processing enhances memory in individuals with neurologically-based memory deficits. In an
incidental encoding paradigm, Marquine and Glisky (2005) showed that a self-referential
orienting task enhanced recognition memory for trait adjectives relative to semantic processing
in individuals with neurological damage, and in a follow-up study Marquine (2009) replicated
the memory improvement using a more difficult cued-recall task. We speculate that not only
might the inclusion of self-relevant information enhance encoding, but the self might serve as
a particularly effective retrieval cue. Furthermore, because knowledge of the self remains intact
in at least some individuals with episodic memory impairments (Klein, Loftus, & Kihlstrom,
1996; Klein, Rozendal, & Cosmides, 2002; Marquine, 2009; Rathbone, Moulin, & Conway,
2009), self-imagining may be a particularly powerful memory strategy for memory-impaired
individuals.

The benefits of self-referential encoding have also been investigated in combination with
simple visual imagery in healthy, young adults, but findings have been mixed (Aron, Aron,
Tudor, & Nelson, 1991; Brown, Keenan, & Potts, 1986; Czienskowski & Giljohann, 2002;
Foley, Belch, Mann, & McLean, 1999; Lord, 1980; Lord, 1987). In an initial study, Lord
(1980) instructed participants to imagine either the self interacting with an object from an
outside of the body vantage point (i.e. observer or third person perspective) or a different person
interacting with an object (i.e. Walter Cronkite or one’s father). Contrary to previous research
using self-referential encoding strategies, in this study other-person imagery led to better
memory than self-referential imagery. Although some follow-up studies have replicated Lord’s
(1980) results (Aron et al., 1991; Czienskowski & Giljohann, 2002), others have demonstrated
the more customary advantage for self-referential processing with imagery (Brown et al.,
1986; Foley et al., 1999). The ambiguous results may be attributable in part to the fact that
Lord (1980) and others instructed participants to envisage the self from an observer perspective,
a manipulation that affects the phenomenology of imagery (Piolino et al., 2006; Robinson &
Swanson, 1993) and likely reduces the realistic nature of the experience. Thus, whether the
inclusion of self-referential processing in visual imagery enhances memory may depend on
instructions, namely whether one imagines viewing oneself in the event (i.e., observer
perspective) or imagines the event through one’s own eyes (i.e., field perspective). In addition,
Foley et al. (1999) found that individuals spontaneously process other-person imagery in
relation to the self. It may therefore be difficult to separate self-referential processing from
other person imagery. 1

1Note that the ability to distinguish between imagining the self and imagining another person may require an observer perspective.
Imagining an event through someone else’s eyes (i.e., from a field perspective), although conceptually possible, may involve theory of
mind, which goes beyond simple imagining of another person, and is beyond the scope of the present paper.
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Although simple visual imagery has been shown to be effective in some neurological
populations, other evidence suggests that imagining an elaborative episode may be impaired
in individuals with neurological damage, particularly those with very severe memory deficits.
Neuropsychology, patient studies, and neuroimaging findings converge on the conclusion that
imagination involves regions of the brain that are implicated in the memory network (Addis,
Wong, & Schacter, 2007; Botzung, Denkova, & Manning, 2008; for a review, see Schacter,
Addis, & Buckner, 2008). Studies of amnesic patients provided an early indication that self-
imagination might rely on the same brain regions as episodic memory. Tulving described the
amnesic patient K.C. as incapable of remembering his past or imagining his future (Rosenbaum
et al., 2005; Tulving 1985). Similar deficits in memory and imagination are mentioned in
patients with Korsakoff’s amnesia (Talland, 1965), a patient with amnesia due to anoxic injury
(Klein, Loftus, & Kihlstrom, 2002) and in a group of amnesic patients with isolated damage
to the hippocampus (Hassabis, Kumaran, Vann, & Maguire, 2007). If memory-impaired
individuals are deficient in self-imagination, then individuals with severe memory impairments
may benefit less from the use of self-imagination as an encoding strategy in comparison to
individuals with moderate to mild memory impairments. Alternatively, it may be the case that
only individuals with relatively mild memory deficits will benefit at all from self-imagination.
However, it remains an empirical question as to which individuals are most likely to benefit
and under what conditions. For instance, previous research on imagination has demonstrated
that the hippocampus plays a critical role in the ability to bind information into a spatially
coherent image (Hassabis, Kumaran, Vann et al., 2007), whereas the left inferior frontal gyrus
is involved in accessing relevant semantic information (Addis et al., 2009). Further, medial
prefrontal cortex has been implicated in self-referential processing (Addis, Wong, & Schacter,
2007). Therefore the location of neurological damage may affect both the ability to construct
spatially coherent and detailed images as well as the mnemonic benefits elicited by self-
imagination.

The primary purpose of the present study was to investigate the potential utility of self-
imagination as a mnemonic strategy for improving memory in individuals with neurological
damage. The study was also designed to explore possible cognitive mechanisms of the self-
imagination effect. We therefore included a levels of processing manipulation and used
materials that portrayed either emotional or non-emotional events. In addition, because the
self-imagination method had not been tested in normal individuals, we added a group of healthy
individuals as a comparison group. We hypothesized that self-imagining would provide a
greater mnemonic benefit than deep semantic processing. We also expected, consistent with
previous literature, that there would be a LOP effect, which would be smaller in the patient
group than in controls, and that emotional events would be remembered better than neutral
events.

Method
Participants

Fourteen individuals, ages 34 to 67, with neurological damage of mixed etiology (10 TBI) and
fourteen healthy controls, ages 30 to 67, participated in the study. The healthy control group
did not differ from the individuals with neurological damage in age, education, or IQ (Table
2). Two additional individuals with neurological damage were enrolled in the study but
withdrew prior to completion, and thus their data are not reported. Individuals were recruited
from the pool of participants in our laboratory and from acquired brain injury support-groups
in the community. Memory impairment was designated as a 1 standard deviation difference
(i.e. 15 points) between pre-morbid intelligence measured with the North American Adult
Reading Test (NAART) (Spreen & Strauss, 1998) and memory functioning measured with the
general memory index (GMI) from the Wechsler Memory Scale III (WMS-III) (Wechsler,
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1997). To be included in the study individuals with neurological damage had to have a memory
impairment and be at least one year post-trauma. Table 1 shows the etiology, location of
neurological damage, years that have passed since injury, gender, age, estimated pre-morbid
IQ, GMI, and the size of the memory impairment (i.e. IQ-GMI) for each participant in the
memory-impaired group. As can be seen, the majority of memory-impaired individuals (n =
8) have a severe memory disorder, with a GMI 30 or more points lower than their IQ. For
memory-impaired participants 3, 4, 9, 13, and 14, information concerning lesion location was
extracted from scan reports at time of injury, whereas participants 1, 2, 5, and 6 underwent
scans within the past two years. All of the memory-impaired participants in the present study,
however, are many years post-trauma, and the present status of their brains is uncertain.
However, in the TBI cases, the damage is likely diffuse, including both frontal and temporal
brain regions.

Neuropsychological Measures
In addition to the NAART, both memory-impaired and healthy control participants were
administered a battery of neuropsychological tests which included measures of executive
functioning and long term memory. The neuropsychological measures of executive functioning
were the Modified Wisconsin Card Sorting Task (WCST) (Hart, Kwentus, Wade, & Taylor,
1988), Mental Control (WMS-III) (Wechsler, 1997), Mental Arithmetic from the Wechsler
Adult Intelligence Scale – Revised (WAIS-R) (Wechsler, 1981), the FAS test of word fluency
(Spreen & Benton, 1977), Digit Span Backwards (WMS-III) (Wechsler, 1997), and Trail
Making Test Part B (Spreen & Strauss, 1998). Although the memory-impaired group received
a full WMS-III and other memory tests, the control group received only a subset of those tests
for comparison purposes. The neuropsychological measures of long term memory were Logical
Memory I – First recall (WMS-III), Verbal Paired Associates I (WMS-III), Faces I (WMS-III),
the California Verbal Learning Test (CVLT) Long Delay Cued Recall (Delis, Kramer, Kaplan,
& Ober, 1987), and Visual Paired Associates II from the Wechsler Memory Scale – Revised
(WMS-R) (Wechsler, 1987). Table 2 shows performance on the neuropsychological measures
for the group of individuals with neurological damage and the healthy control participants. As
expected, the group of individuals with neurological damage performed significantly worse
relative to the control group on all measures of long term memory and most measures of
executive functioning.

Materials
Experimental stimuli were 224 sentences that on average were 12 syllables in length (range =
7 to 19). Sentences were previously rated on concreteness (1 = very concrete to 9 = very
abstract), pleasure (1 = very low to 9 = very high), and arousal (1 = very low to 9 = very high),
and were divided into lists of 28 sentences matched on these variables (Davidson et al.,
2006). The sentences were rated as highly concrete with a mean concreteness rating of 2.04.
Sentences that received the highest scores on arousal and the lowest scores on pleasure were
chosen as the emotional sentences. An example of an emotional sentence is “Ten thousand
people died when the concert was bombed.” Sentences that received the lowest scores on
arousal and intermediate scores on pleasure were chosen as neutral sentences. An example of
a neutral sentence is “A street vendor was selling butter and other groceries.” Half of the
sentences in each list were neutral and half were emotional with a negative valence. The neutral
and emotional sentences were randomly mixed and were presented visually on a Dell laptop
computer using DMDX (Forster & Forster, 2003).

Procedures
Participants provided written informed consent prior to taking part in the study. For the
memory-impaired participants, the study was divided into two sessions, administered at least
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one week apart. Each session, approximately 45 minutes in length, required participants to
intentionally encode sentences under two separate instructions. The first encoding condition
was always a structural-baseline task, and the second encoding condition was either a semantic
processing or self-imagining task. Each encoding condition began with a practice phase,
consisting of 3 sentences, followed by the experimental task, which consisted of 28 target
sentences (14 neutral, 14 emotional), presented between two primacy and two recency buffer
sentences. The memory-impaired participants were presented with different sentences in each
session and the sentences in each session were counter-balanced across participants such that
each sentence appeared in each encoding condition and as an old or new sentence at test an
equal number of times.

In the structural-baseline encoding condition, memory-impaired participants were instructed
to count the number of syllables in the sentence and decide if there were more than 12 syllables.
For each of the 28 sentences, the question “Does this sentence have more than 12 syllables?”
appeared and the target sentence was placed below it. Participants had 10 seconds to record a
decision for each trial and the sentence remained on the screen for the entire 10 seconds. This
structural-baseline study phase took approximately 5 minutes to complete. After a two minute
distracter task, which required counting backwards by 3s, participants took a self-paced yes-
no recognition memory test for 56 sentences (28 new, 28 old).

In the semantic processing encoding condition, each of the 28 sentences was preceded by two
context-setting sentences, and memory-impaired participants were instructed to “decide if the
italicized [the target] sentence ‘fits in’ with the rest of the short story.” Participants were warned
that only memory for the italicized sentence would be tested, but it was important to read the
whole story before making a decision. A pilot study found that the participants could read on
average 3 sentences within 10 seconds, and all participants reported that they were able to read
the short stories within the allotted time. The two context sentences were similar in length to
the italicized sentences and were chosen to match the emotionality of the target sentence. Half
of the target neutral and emotional sentences were semantically congruent with the context
sentences and therefore ‘fit in’ with the story, and half the target sentences were incongruent.
An example of a semantically congruent trial is “She was writing a paper for her assignment.
She did not know how to spell a word. She used a dictionary to help with her spelling.” An
example of a semantically incongruent trial is “The man called the retail company. He ordered
a new pair of shoes. She put the china in the cupboard.” Context sentences were counter-
balanced across participants such that they were paired equally often with a group of congruent
target sentences and another group of incongruent target sentences. The 5 minute semantic
study phase was followed by 2 minutes of counting backwards and a self-paced yes-no
recognition memory test for 56 sentences (28 new, 28 old).

In the self-imagining encoding condition, memory-impaired participants were instructed to
“imagine you are at the scene described by the sentence. Imagine with as much detail as
possible.” Pre-study practice trials ensured that the participants understood the instructions and
how to engage in self-imagination. Participants were instructed to imagine each event as though
they were physically at the scene of the event. They were encouraged to imagine the event
from a personal perspective by including information such as sensory details, thoughts, and
feelings that they themselves might have if they were present at the event. For each of the 28
sentences, the statement “Imagine this sentence” appeared and the target sentence was placed
below it. Participants had 10 seconds to imagine the event, and the sentence remained on the
screen for the entire 10 seconds. Participants were advised to close their eyes while imagining
to aid image construction, but this was not required. A “beep” signaled that it was time to move
on to the next trial. The self-imagining study phase took approximately 5 minutes to complete
and was followed by two minutes of counting backwards and a self-paced yes-no recognition
memory test for 56 sentences (28 new, 28 old).
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After completion of the self-imagining session, memory-impaired participants were again
presented the sentences from the self-imagining portion of the experiment. They were
instructed to re-imagine the event and rate the image for vividness and detail using a 5-point
scale ranging from “I cannot imagine the event at all” to “the event is very detailed and vivid.”
The purpose of the imagery rating portion of the experiment was twofold: first, to ensure that
all participants could consistently generate images, and second, to explore the possibility that
imagery vividness was correlated with memory. The vividness rating portion of the experiment
was administered after the initial study-test phase in order to control the presentation time
during the study phase and keep it constant across conditions.

The experiment was modified for the control group, based on pilot testing, in order to make
the difficulty of the memory task comparable to the task given to the memory-impaired
individuals. All three tasks—structural-baseline, semantic processing, and self-imagining—
were presented in a single session. The encoding conditions were blocked and administered in
a continuous study phase that was approximately 20 minutes in duration. After a practice phase
which consisted of 3 practice trials for each task, healthy control participants studied 28
sentences (14 neutral, 14 emotional) under each encoding condition, and each sentence was
presented for 5 seconds. The structural-baseline task was always completed first, and the order
of the semantic processing and self-imagining tasks was counterbalanced across participants.
Two sentences were included at the beginning and end of the study phase to account for primacy
and recency effects. Upon completing the study phase, participants were engaged in a 15 minute
filled delay, which included a letter cancellation task, a digit span task, and a number
cancellation task. After the delay, participants took a self-paced yes-no recognition memory
test for 168 sentences (84 old, 84 new). Sentences were counterbalanced such that each sentence
appeared in each encoding condition and as an old or new sentence an equal number of times.
After the recognition memory test, participants were again presented the sentences from the
self-imagining portion of the experiment and instructed to make vividness ratings using the
same scale as the memory-impaired participants.

Results
Hit rates and false alarm rates for patients and controls are shown in Table 3. Because the
healthy controls completed a single test phase, the mean false alarm rate for neutral materials
(.12) was the same for all encoding conditions as was the mean false alarm rate for emotional
materials (.15), and there was no difference between the two, t (13) < 1. For the memory-
impaired group, there were different false alarm rates for each of the three conditions. A 3
(encoding condition) x 2 (emotion) repeated measures ANOVA of the false alarm rates
revealed a significant effect of condition, F (2, 26) = 7.46, p < .05, η2 = .37, no effect of emotion,
F (1, 13) < 1, and no interaction F (2, 26) = 1.27, p = .30. Subsequent contrasts indicated that
false alarm rates in the self-imagining task were lower than false alarm rates in both the
structural-baseline task, F (1, 13) = 9.26, p < .01, η2 = .42, and the semantic processing task,
F (1, 13) = 10.43, p < .01, η2 = .45, and the latter two did not differ, F (1, 13) = 1.17, p = .30.
Since false alarm rates were not equivalent across encoding conditions in the memory-impaired
individuals, all further analyses were based on corrected recognition rates (i.e., hits minus false
alarms). In addition, because the control group had only a single false alarm rate whereas the
memory-impaired group had different false alarm rates across conditions, direct comparisons
between the two groups could not be made. Thus, the corrected recognition data were analyzed
separately for each group.

For the semantic encoding condition, sentences were divided into two groups according to
whether they were rated as semantically congruent or semantically incongruent with their story
contexts.2 Although both require semantic processing, congruent sentences can be more
elaborated than incongruent sentences, and so we expected performance differences (Craik &
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Tulving, 1975;Staresina, Gray, & Davachi, 2009). We will refer to these as elaborated and
unelaborated semantic processing conditions. Also, although the memory-impaired
participants completed the structural-baseline task twice across the two sessions, performance
did not differ as a function of session, t (13) < 1, and so results from the two structural-baseline
tasks were collapsed. Corrected recognition data were analyzed for both groups using 4
(encoding task) x 2 (emotion) repeated measures ANOVAs.

Effects of Self-Imagining, Semantic Processing, and Emotion
Corrected recognition results for all conditions and both groups are shown in Figure 1. For the
memory-impaired individuals, there was a main effect of encoding task, F (3, 39) = 43.15, p
< .001, η2 = .77. Subsequent contrasts indicated that self-imagining led to higher performance
than elaborated semantic processing, F (1, 13) = 32.11, p < .001, η2 = .71, which in turn led to
higher performance than unelaborated semantic processing, F (1, 13) = 17.72, p < .001, η2 = .
58, which led to higher performance than in the structural-baseline condition, F (1, 13) = 4.90,
p < .05, η2 = .27. There was a marginally significant main effect of emotion, F (1, 13) = 3.61,
p = .08, η2 = .22 and no significant interaction between emotion and condition, F (3, 39) =
2.08, p = .12. Although the interaction did not reach significance, t-tests indicated that there
was an emotional enhancement effect (EEE = .18) only in the structural-baseline condition, t
(13) = 3.38, p < .01, r = .68.

For healthy control participants, a repeated measures ANOVA also revealed a main effect of
encoding task, F (3, 39) = 32.25, p < .001, η2 = .71. Similar to the memory-impaired individuals,
subsequent contrasts indicated that self-imagining led to higher performance than elaborated
semantic processing, F (1, 13) = 5.57, p < .05, η2 = .30, which in turn led to higher performance
than unelaborated semantic processing, F (1, 13) = 10.25, p < .01, η2 = .44, which led to higher
performance than in the structural-baseline condition, F (1, 13) = 22.08, p < .001, η2 = .63.
There was no significant main effect of emotion, F (1, 13) = 1.79, p = .20, η2 = .12, nor was
there a significant interaction, F (3, 39) = 2.04, p = .11, η2 = .16. However, the pattern of
performance was similar to that of the memory-impaired group, suggesting that any emotion
effect was restricted to the structural-baseline condition.

Relation between Memory Effects and Neuropsychological Function
We also performed exploratory analyses using Pearson product-moment correlations to
examine the relation between each of the memory effects and performance on the
neuropsychological measures. Because the mnemonic benefit of self-imagining was
significantly greater than elaborated semantic processing, the SIE was defined as the mnemonic
advantage of self-imagining relative to elaborated semantic processing. As such, the SIE was
computed by subtracting the elaborated semantic processing condition from the self-imagining
condition. The LOP effect was computed in the standard way by subtracting the structural-
baseline condition from the semantic processing condition (collapsed across congruent and
incongruent). In both cases, results were collapsed across neutral and emotional stimuli.
Because the EEE was observed only in the structural baseline condition, the EEE was computed
by subtracting performance on neutral sentences from performance on emotional sentences in
the baseline condition only.

In the memory-impaired group, the size of the SIE was marginally correlated with the GMI
from the WMS-III, r = −.50, p = .07. Those individuals with poorer memory functioning as
measured by the GMI experienced a somewhat greater benefit from the self-imagining
mnemonic strategy relative to elaborated semantic processing (see Figure 2a). The magnitude

2Both patients and controls “misclassified” some sentences as congruent or incongruent, but there were no differences between groups.
Patients misclassified 10.5% of sentences and controls misclassified 8.42% of sentences.
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of the LOP effect was also related to memory functioning, r = .65, p = .01, but in this case,
those individuals with better memory functioning as measured by the GMI benefited to a greater
degree from deep processing relative to shallow processing (see Figure 2b). The size of the
EEE was moderately related to the GMI, although not significantly, r = .41, p = .14. However,
the trend in the data suggests that, as with LOP effects, those individuals with better memory
functioning as measured by the GMI benefited to a greater degree from the emotionality of the
sentence (see Figure 2c).

Among the executive function tasks, the FAS test of verbal fluency was correlated marginally
with the SIE, r = −.51, p = .08, and significantly with the LOP effect, r = .60, p < .05, and the
Trail-Making Test Part B was correlated with LOP, r = −.66, p < .05. Better performance on
these tasks was associated with greater LOP effects, while poorer performance (on FAS) was
associated with a greater SIE. The EEE was not significantly correlated with any of the
neuropsychological measures of executive functioning.

In control participants, the EEE was related to several neuropsychological tests of memory
functioning, namely Faces I from the WMS – III, r = .57, p < .05, Verbal Paired Associates I
from the WMS – III, r = .53, p = .05, and long delay cued recall from the CVLT, r = .47, p = .
09. These findings suggest that, similar to the memory-impaired individuals, the control
participants with better memory functioning experienced slightly greater benefits from the
emotional content of the materials. Neither the SIE nor the LOP effect were significantly
correlated with any of the neuropsychological measures of memory functioning or executive
functioning in controls.

Imagery Effects
We examined whether the memory-impaired and healthy control individuals differed in their
imagining ability. Imagery ratings ranged from 2 to 5 on a 5-point scale (1 = I cannot imagine
the event at all to 5 = the event is very detailed and vivid) with a mean of 3.84 for the memory-
impaired individuals and a mean of 3.86 for the healthy control individuals. The difference in
mean imagery ratings between the groups was not significant, t (26) <1. We also examined the
relation of imagery vividness and detail to the benefit of self-imagining. The size of the SIE
was not significantly correlated with the rating of imagery detail and vividness for either the
memory-impaired individuals, r = .19, p = .51, or the healthy control participants, r = −.24, p
= .40.

Relation of the SIE to the EEE
To test the possibility that the mnemonic advantage generated by self-imagining might be
related to emotional processing associated with imagining an event from a personal
perspective, we compared the SIE for neutral materials (i.e., in the absence of emotion
generated by the materials) to the EEE at baseline (i.e., in the absence of self-imagining or
semantic processing). The size of the SIE for neutral materials was not related to the size of
EEE at baseline for the memory-impaired individuals, r = −.25, p = .39.

Relation of the SIE to the LOP Effect
To investigate the possibility that the advantage of self-imagining might be related to benefits
associated with deep semantic elaboration, we compared the SIE to the LOP effect. The SIE
was significantly correlated with the magnitude of the LOP effect for the memory-impaired
individuals, r = −.71, p < .01. Memory-impaired individuals who experienced minimal benefits
from the semantic processing encoding strategy experienced greater benefits from the self-
imagination mnemonic strategy. The magnitude of the SIE was not correlated with the LOP
effect for the healthy control participants, r = −.29, p = .32.
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Discussion
In an effort to find new ways to improve memory in individuals with neurological damage, the
present study developed and tested a self-imagination encoding method that required
participants to imagine to-be-remembered sentences from a realistic, personal perspective.
Despite severe memory deficits, all 14 memory-impaired participants demonstrated a “self-
imagination effect” or SIE. In addition, the present study found a similar self-imagination
mnemonic advantage in a group of healthy individuals. These robust findings confirm our
hypothesis that self-imagining would improve recognition memory relative to semantic
processing.

To our knowledge, the present study is the first to demonstrate a memory enhancing effect for
self-imagining in memory-impaired individuals with neurological damage. It appears that self-
imagination of a scene makes the scene very memorable, so much so that even those individuals
with very severe memory deficits benefited. In this study, participants were not constrained in
the perspective they took while imagining. Nevertheless, participants reported that they usually
viewed the scene through “their own eyes”—a field perspective—which has been found to be
particularly effective for retrieval of detailed autobiographical memories (Bagri & Jones,
2009; Crawley & French, 2005; Piolino et al., 2006; Piolino et al., 2007). It appears that our
instructions to include personal thoughts, feelings, and sensory experiences while imagining
may have encouraged the use of a field perspective relative to an observer perspective. These
findings are thus consistent with previous results showing that when information is processed
from a field perspective and in relation to the self, it is particularly memorable.

The present study also attempted to investigate the mnemonic mechanisms associated with
self-imagining. For instance, we tested whether the SIE may be partly attributable to emotional
responses that are activated when information is processed from a personal perspective
(Northoff et al., 2006). Numerous studies have shown that emotion enhances memory in
individuals with neurological damage (Burton et al., 2004; Hamann, Cahill, McGaugh, &
Squire, 1997; Hamann, Cahill, & Squire, 1997; Marquine, 2009; Phelps et al., 1997). Similarly,
in the present study, we found enhanced memory performance for the memory-impaired
individuals in the structural-baseline condition when the stimuli were emotional. However, in
the self-imagining task, as well as in the semantic processing condition, non-emotional material
was remembered as well as emotional material and there was no correlation between the EEE
and the SIE. Similarly, in the healthy control participants there was a trend towards an EEE
effect only in the structural baseline condition. We had speculated that emotional content might
enhance memories for material encoded with self-imagination, because prior research had
suggested that the benefit of processing information from a personal perspective might be
related to an emotional component (Marquine, 2009; Northoff et al., 2006). However, in the
present study, the correlation between the EEE and the SIE was small and non-significant (r
= −.27 for controls and r = −.25 for patients), indicating that only a very small amount of the
variance in the SIE was shared with the EEE. In addition, memory for emotional materials at
baseline was well below the level of memory performance achieved with self-imagining for
both the memory-impaired and healthy control individuals. Thus, although self-imagination
may have an emotional component, it appears not to be the same component that is involved
in the processing of emotional content. Consistent with the view that self-imagination from a
personal perspective may involve a distinct emotional component, Eich and colleagues
(2009) recently reported that increased activation of the amygdala was associated with a field
perspective but not an observer perspective during retrieval of non-emotional autobiographical
events. They suggested that a field perspective may thus involve an affective component that
is independent of the valence of the material. Thus it is possible that the mnemonic benefits
associated with our self-imagining condition are attributable to emotional responses that are
associated particularly with the first-person perspective.
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The failure to find an EEE for emotional sentences in the self-imagining condition might also
be a consequence of a ceiling effect that might have masked the effect of emotion. However,
recognition for sentences in the semantic processing conditions was well off the ceiling, and
yet emotion did not enhance memory in these conditions either. It may be that the EEE
associated with emotional stimuli is more likely to occur when other memory-enhancing
encoding strategies such as semantic processing and self imagining are weak or absent.

In addition to an emotional component, the SIE may be partially credited to benefits associated
with visual imagery. The self-imagining task involves creating a visual image, and as
previously discussed, visual imagery is known to benefit memory. The data from the present
study, however, are not completely consistent with previous findings regarding the mnemonic
benefit of visual imagery in memory-impaired populations. First, in prior research the quality
of visual imagery (i.e. concrete vs. abstract nouns) has been shown to mediate subsequent
remembering in older adults, another population often experiencing memory problems (Dirkx
& Craik, 1992). In contrast, the findings here indicate that the reported vividness of visual
imagery was not related to the size of the SIE in the memory-impaired participants. This may
reflect the questionable validity of subjective ratings, particularly those collected at the end of
the test phase rather than during initial study (cf., Addis et al., 2009). On the other hand, other
components of self-imagining may simply overwhelm the benefits of imagery alone. Second,
individuals with the most severe memory deficits often benefit less from visual imagery
encoding techniques (Gade, 1994; for a review, see Richardson, 1995; Wilson, 1987). Yet the
findings from the present study suggest the opposite: the more severe the memory deficit, the
greater the benefit from self-imagining. If the SIE was attributable only to visual imagery, then
those individuals with the most severe memory deficits should have benefited less from self-
imagining. Findings from the group of healthy control individuals provide additional evidence
contradictory to an imagery explanation of the SIE. In fact, similar to the memory-impaired
participants, imagery vividness was not correlated with the magnitude of the SIE in the healthy
control participants. It thus does not appear that the advantages for self-imagination can be
attributed solely to visual imagery.

Similarly, although self-imagination likely depends partly on a semantic processing
component, the data cast doubt on the feasibility of a strict semantic elaboration explanation
of the SIE. Despite the fact that a majority of the memory-impaired participants benefited
mnemonically from the use of semantic processing at encoding, self-imagining had a
significant mnemonic advantage over and above elaborated semantic processing, and the
additional benefit was not correlated with the LOP effect in either the memory-impaired
individuals or the healthy control participants. Thus self-imagining provided benefits well
beyond typical LOP or semantic elaboration effects. 3 Furthermore, in contrast to the SIE,
which provided the greatest benefits to those individuals with the most severe memory
impairments, LOP provided greatest benefits for those individuals with the least severe
memory deficits. The positive correlation between severity of memory impairment and the SIE
may reflect the fact that those individuals with the most severe memory impairments
experienced the smallest benefits from LOP and thus had more room to improve their memory
in comparison to those individuals with less severe memory impairments. Nevertheless, unlike
LOP, the SIE was not reduced by severity of memory impairment.

Although the mechanisms underlying the mnemonic benefits of self-imagination are not clear,
one possibility is that they are related to the inclusion of self-referential processing in the

3Note that if LOP and self-imagining are each compared to the same structural baseline, they are correlated significantly in memory-
impaired individuals, r = .60, p < .05, and moderately though not significantly in healthy controls, r = .43, p = .12, suggesting that the
overall benefit of self-imagining is partially attributable to semantic elaboration. The additional advantage of self-imagining, however,
appears not to be related to the type of elaborative semantic processing that was required by our semantic processing task.
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imagination task. Since Rogers and colleagues (1977) first described the self-reference effect,
a substantial amount of research has attempted to explain the mechanism behind the robust and
reliable advantage of self-referential processing. Rogers et al. (1977) originally posited that
the self possesses special mnemonic qualities, serving as a “superordinate schema” that permits
access to unique encoding and retrieval mechanisms. More recently, Klein and colleagues
(Klein, Cosmides, Costabile, & Mei, 2002) have provided evidence from neuropsychological
patients that specialized learning systems are involved in the acquisition of information about
one’s self. Functional neuroimaging research has shed further light on the issue, revealing that
the neural correlates of self-referential processing are related to cortical midline structures, in
particular the medial prefrontal cortex (mPFC) and precuneus (Amodio & Frith, 2006; Northoff
et al., 2006; Szpunar et al., 2007), whereas semantic processing has usually been associated
with left inferior prefrontal activations (Kapur et al., 1996; Poldrack et al., 1999; for a review,
see Rugg, Otten & Henson, 2002). Although the debate continues as to whether the self is
special (Gillihan & Farah, 2005; for earlier comments on this debate, see Brown et al., 1986,
Greenwald & Banaji, 1989), these neuroimaging findings provide further evidence to support
the notion that the self involves mechanisms other than those activated by semantic elaboration.

We suggest that involvement of the self in the imagining of events, particularly from a field
perspective, taps special encoding and retrieval mechanisms, possibly located in cortical
midline structures, which may be intact in our brain-injured patients. These special mechanisms
may facilitate the synthesis of visual, semantic, and emotional information into a multimodal,
personally-relevant memory for the imagined event, making it particularly memorable.
Alternatively, they may strengthen links between to-be-remembered information and the self,
the latter providing an especially effective retrieval cue. These ideas are of course speculative,
and further research is needed to gain a better understanding of the mechanisms of self-
imagining. For example, the present study cannot rule out the possibility that the mnemonic
advantage of self-imagining is attributable to person processing in general and not the self per
se (Gillihan & Farah, 2005). Nor can it evaluate whether a field perspective as compared to an
observer perspective is critical for the SIE. Further experiments to explore these issues are now
ongoing in our laboratory. In addition, location and extent of neurological damage was
extracted from scan reports, and thus a more precise examination of what brain regions are
intact in our group of memory-impaired individuals is not possible.

One question raised by the results of the present study is why almost all of the memory-impaired
participants were able to consistently generate images while some past research suggests that
imagining ability is deficient in memory-impaired persons. There are several possible
explanations for this: First, there may be differences in the severity of the memory deficit across
studies. Reports of individuals demonstrating a complete inability to imagine have come from
studies of amnesic patients (Hassabis, Kumaran, Vann et al., 2007; Tulving, 1985), whereas
our participants were characterized as memory-impaired. Nevertheless, based on a 30-point
difference between IQ and GMI, 8 of the 14 memory-impaired patients in the present study
could be classified as having severe impairments. Second, there may be differences in lesion
location. Previous studies have almost all involved participants with damage confined to the
hippocampus. In our sample, the majority of the memory-impaired participants had suffered
traumatic brain injuries (TBIs), causing more diffuse damage, involving both temporal and
frontal lobes. Third, in previous studies, people were asked either to imagine themselves in
familiar places or to imagine their own personal future. These kinds of instructions may have
induced greater retrieval from episodic/autobiographical memory than the instructions given
in the present experiment, which may have induced retrieval of more semantic information.
And fourth, the type of imagination instructions given to memory-impaired individuals may
be very important. In the present study, participants were provided relatively detailed sentences
to imagine, and they were not required to elaborate on external features of the episode such as
the visual-spatial scenery. In fact, participants were instructed to imagine themselves at the
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scenes being described and to focus on personal or internal details, namely thoughts and
feelings, relevant to the imagined episodes. Therefore, several aspects of the present study may
account for why the memory-impaired participants appeared quite capable of self-imagining.

Another question posed by the findings of the present study is why self-imagination
demonstrated a robust mnemonic enhancement when extensive evidence has indicated that
autobiographical memory, a type of memory inherently related to the self, is typically impaired
in individuals with neurological damage (Conway, 2005). One possibility is that self-
imagination may rely on a different type of self-knowledge from autobiographical memory. In
Conway’s cognitive model of self and memory (2005), autobiographical memory is purported
to incorporate both an episodic self and a conceptual or semantic self. Numerous studies have
shown that the mnemonic ability to “remember” personally experienced events – the episodic
self – is often impaired in individuals with severe memory deficits. In contrast, several recent
studies suggest that the ability to “know” facts about the self – the conceptual or semantic self
– may be relatively intact in individuals with severe memory deficits. For example, Klein and
colleagues (1996) describe patient W.J., a first-year college student who experienced a
traumatic brain injury that caused a total loss of episodic autobiographical memory for the 7
months preceding the accident. Despite impairment in her ability to recall episodic
autobiographical memories from her first year at college, W.J. accurately and reliably described
herself and her personality during the same time period, an indication that conceptual
knowledge of the self was intact. More recently, Rathbone, Moulin, and Conway (2009)
presented similar findings from patient P.J.M., a 38 year old woman with retrograde amnesia
caused by a traumatic brain injury. In this case study, P.J.M. was reportedly able to generate
conceptual facts about the self, such as “I am a mum,” and “I am an academic,” but she very
rarely could remember specific events related to these facts. Therefore, we propose that,
although the ability to remember specific events from autobiographical memory may be
impaired in brain-damaged individuals, these individuals may be able to draw upon conceptual
or semantic self knowledge in order to simulate what one might think, feel, or personally
experience at the scene of an imagined event. This processing of information in relation to the
conceptual or semantic self along with the emotion that may be elicited from the personal
perspective may elicit a mnemonic advantage.

Methodological differences between the present study and typical studies of autobiographical
memory may also partially explain the discrepancy. The present study used a relatively short
delay that spanned mere minutes, whereas in studies of autobiographical memory subjects are
usually instructed to recall events that occurred across several lifetime periods, which may
extend back decades. Thus, additional research is necessary to determine whether the benefits
of self-imagining are sustainable over a longer delay. In addition, the discrepancy may be
attributable to differences in memory task difficulty. While the present study used a recognition
memory test, studies of autobiographical memory typically use cued-recall procedures, which
may be more difficult. Thus, the advantage of self-imagining may be attenuated in a more
difficult retrieval environment.

Finally, self-imagining benefited all memory-impaired individuals in the present study
independent of etiology, lesion location, or memory function. Historically, mnemonic
strategies have produced variable success across individuals with neurological damage (Glisky
& Glisky, 2008), and the effectiveness of mnemonics is usually somewhat limited by the
location and extent of damage (Wilson, 1987). The findings from the present study, although
based on only 14 memory-impaired individuals, provide some optimism that this new method
of self-imagination may have broader benefits among a wider range of neurological patients.
However, the majority of memory-impaired individuals in the present study sustained their
memory-impairments from traumatic brain injuries. Thus additional research is needed in order
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to demonstrate whether the benefits of self-imagining extend to memory-impaired individuals
with different etiologies.

Conclusion
The findings from this study indicate that self-imagination can be a powerful method for
enhancing memory, capable of providing a mnemonic advantage to individuals with even very
severe memory deficits—an advantage comparable if not superior to that observed in those
with much more moderate impairments. Based on these findings, there is reason to suspect that
self-imagination may be a successful encoding strategy for people with a wide-range of
memory impairments. Further studies are needed to replicate these results with larger numbers
of memory-impaired participants of different etiologies and to extend the findings to memory
tasks other than recognition. Nevertheless, the present study provides a promising beginning.

Our findings also provide further support for the notion that self-imagining recruits special
encoding and retrieval mechanisms related to the self. The results from this study call into
question the validity of a number of alternative explanations for the SIE, namely emotional
processing, simple visual imagery, and deep semantic processing, thereby strengthening the
view that self-imagination involves mechanisms more directly related to the self. Many
successful rehabilitation methods such as vanishing cues (Glisky, 2004; Glisky, Schacter, &
Tulving, 1986) and errorless learning (Baddeley & Wilson, 1994; Clare, Wilson, Carter, Roth,
& Hodges, 2002) have capitalized on the fact that intact memory processes can compensate
for damaged memory functions. If self-imagining taps into special encoding and retrieval
mechanisms that are preserved in many individuals with neurologically-based memory deficits,
then it may be possible to use those mechanisms to enhance memory when ordinary memory
mechanisms are damaged. Although the precise nature of these mechanisms requires further
investigation, something about imagining an event from one’s own perspective makes it an
exceptional strategy for helping memory-impaired individuals remember.
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Figure 1.
Corrected recognition for neutral and emotional materials in the structural-baseline (SB),
unelaborated semantic (US), elaborated semantic (ES), and self-imagination (SI) conditions
for patients and controls.
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Figure 2.
Relation of memory functioning as measured by the general memory index (GMI) to a) the
self-imagination effect (SIE), b) the levels of processing (LOP) effect, and c) the emotional
enhancement effect (EEE).
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Table 2
Mean (SD) Descriptive Characteristics and Neuropsychological Data for Memory-Impaired
and Healthy Control Participants

Memory-Impaired Healthy Control P-Value

Descriptive Characteristics

 Age 47.5 (8.8) 49.1 (11.8) .69

 Education Level 14.7 (2.6) 15.0 (1.7) .73

 Estimated IQ (NAART) 108.8 (11.3) 108.4 (4.7) .90

Executive Function Measures

 Mental Control 20.6 (7.7) 27.9 (4.3) <.01

 Mental Arithmetic 9 (3.4) 13.6 (2.3) <.001

 Letter Fluency (FAS) 30.6 (14.7) 43.5 (11.1) <.01

 Digit Span Backwards 6.4 (3.2) 8.4 (2.5) .08

 Trails B (seconds) 133.3 (62.4) 53.9 (12.7) <.001

 Modified WCST – Categories 4.5 (2.14) 5.5 (1.0) .10

Long Term Memory Measures

 Logical Memory I – 1st Recall 19.1 (9.1) 32.6 (5.2) <.001

 Faces I 28.4 (8.2) 40.1 (4.2) <.001

 Verbal Paired Associates I 12.9 (11.9) 26.4 (4.6) <.001

 CVLT – Long Delay Cued Recall 6 (2.8) 12.1 (2.8) <.001

 Visual Paired Associates II 4.4 (1.4) 5.9 (0.5) <.01

Notes. CVLT = California Verbal Learning Test; IQ = Intelligence Quotient; NAART = North American Adult Reading Test; WCST = Wisconsin
Card Sorting Task
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Table 3
Memory-Impaired Participants and Healthy Controls Mean (SD) Hit Rates and False Alarm
Rates for Emotional and Neutral Sentences in the Structural, Semantic, and Self-
Imagination Tasks

Patients Controls

Encoding Task Hits False Alarms Hits False Alarms

Structural-Baseline

 Emotional Sentences .57 (.23) .19 (.18) .60 (.27) .15 (.14)

 Neutral Sentences .44 (.23) .24 (.25) .42 (.23) .12 (.11)

Unelaborated Semantic

 Emotional Sentences .66 (.21) .22 (.23) .79 (.22) .15 (.14)

 Neutral Sentences .64 (.22) .28 (.33) .71 (.16) .12 (.11)

Elaborated Semantic

 Emotional Sentences .77 (.16) .22 (.23) .88 (.15) .15 (.14)

 Neutral Sentences .82 (.19) .28 (.33) .88 (.12) .12 (.11)

Self-Imagination

 Emotional Sentences .92 (.12) .12 (.17) .97 (.05) .15 (.14)

 Neutral Sentences .90 (.11) .11 (.14) .93 (.08) .12 (.11)
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