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ABSTRACT
The present project investigated the reliability and robustness of a newomoem
strategy — “self-imagination” — in a group of memory-impaired individwatis
neurological damage. Despite severe memory deficits, almost all of thepgaents
demonstrated a “self-imagination effect” (SIE) for recognition mgmnostudy 1.
Moreover, the ability to benefit from self-imagination was not affected bgdherity of
the memory deficit. In study 3, more than half of the participants showed a Slask a t
of event-based prospective memory. The data from study 2 suggest the SIE is not
attributable to semantic processing or emotional processing and indidageltha
imagination is distinct from other mnemonic strategies. Overall the findiogsthe
present studies implicate self-imagination as a new and effectiemamic strategy. The
data also indicate that when it comes to memory there is something sjpecitl

processing information in relation to the self.
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BACKGROUND

Self-referential processing enhances memory to a greater degregemantic
processing, a phenomenon known as the “self-reference effect” (SRE) {Rog@er &
Kirker, 1977; Kuiper & Rogers, 1979; Bellezza, 1984; Maki & McCaul, 1985; for a
review, see Symons & Johnson, 1997). In a typical test of the SRE patrticipants are
instructed to encode material using one of several different orienting taskesxdmple,
participants might be instructed to judge a series of trait adjectivesianggto structural
format €.g.“ls the word written in capital letters?”), semantic meanag.(Is the
dictionary definition of this word positive?”), and self-relevareg.(How well does
this word describe you?”). In paradigms of this sort it is repeatedly shown that
participants are more likely to recall and recognize material encodedelftreferential
processing than they are material encoded with semantic or structuesdnog; hence
the SRE. The SRE is very reliable and robust as it is found in multiple domains,
modalities, and conditions (Symons & Johnson, 1997).

A great deal of research attempts to explain the mechanism of the SRE. Rogers,
Kuiper, and Kirker (1977) originally posited that the self possesses speaaianic
gualities. According to Rogeet al (1977) the self serves as a “superordinate schema”
that permits access to unique encoding and retrieval mechanisms. A different
interpretation is that the SRE is attributable to a deep level of procemsthgot special
mechanisms of the self, per se (Klein & Loftus, 1988; Klein & Kihlstrom, 1986).
According to this view, processing information self-referentially evakesxtensive

amount of elaboration and organization. Therefore, an encoding strategy thatsrtiache
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elaborative and organizational qualities of self-referential pratgsgil presumably
generate an equivalent mnemonic advantage. For instance, processing iofommnat
relation to an intimate other person is found to produce a mnemonic benefit similar or
equal to self-referential processingg(“other-reference effect” or ORE) (Lord, 1980;
Lord, 1987; Klein & Kihlstrom, 1986).

More recently, functional neuroimaging research has provided insight into the

cognitive and neural correlates of self-referential processing. A numbardiés show
the neural correlates of self-referential processing are relateditatoridline
structures, particularly the medial prefrontal cortex and precuneus (Sueidjerf
Hassabis, & Maguire, 2008; Shacter, Addis, & Buckner, 2008; Nor¢heit, 2006;
Amodio & Frith, 2006; Gillihan & Farah, 2005). The cortical midline recruitment patter
is found in a variety of cognitive tasks thought to rely on self-referential giogesuch
as judging trait adjectives (Johnsetnal, 2002), introspecting (Gusnagtial, 2001),
imagining the future (Summerfiekt al, 2008), taking a different perspective
(D’Argembeauet al, 2007), and retrieving autobiographical memories (Cabeza & St.
Jacques, 2007). Critically, cortical midline structures are not excluselalgd to self-
referential processing as these regions are also implicated in otben peocessing.
This has led some to contend that the pattern of cortical activation is bettstehaed
as a representation of person or social processing (Gillihan & Farah, 2005joiié)ere
while informative, the functional neuroimaging research does not elucidateerketf-
referential processing is related to special memory mechanisms oethamsms

responsible for semantic elaboration and organization. In contrast to tharaoget of
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research focused on explaining the mechanism of the SRE, very little heaslsavho

may benefit from self-referential processing.
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I. THE SRE AND MEMORY IMPAIRED INDIVIDUALS

Surprisingly, few studies test the SRE in individuals who are in particular need of
memory enhancement such as persons with declining and deficient memocy, In fa
nearly all demonstrations of the SRE are made in healthy, young adults (S§&mons
Johnson, 1997). A few studies have investigated the SRE in older adults (Mueller,
Wonderlich, & Dugan, 1986; Gutchess, Kensinger, & Schacter, 2007; Glisky &
Marquine, 2009), a population that can be broadly characterized as experienctagha ce
degree of memory decline. These studies have found that older adults show a SRE for the
recall of trait adjectives (Muellet al, 1986; Gutchesst al, 2007), the SRE is sustained
well into advanced age (75+ years old) (Glisky & Marquine, 2009), and the SRE is found
even in older adults with lower than average memory functioning as determined by
neuropsychological assessment (Glisky & Marquine, 2009).

In an effort to find new ways to improve memory functioning in individuals with
brain damage, Marquine and Glisky (2005) tested the SRE in a group of individuals with
neurological damage of various etiologies. Each individual in the study wasesqoegi
a memory deficit which was defined as at least a 1 standard deviatioeriffdretween
their pre-morbid intelligence quotient (IQ) and their general memory index)(tedh
the Wechsler Memory Scale (WMS-III) (Wechsler, 1997). The individuals with
neurological damage and a group of healthy, age-matched controls were instructed t
judge trait adjectives according to their structural features, senma@¢ining, and self-
relevance. The memory-impaired individuals demonstrated a SRE (correxigditien

of traits encoded with self-referential processing minus correctedngion of traits
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encoded with semantic processing) of similar magnitude to the healthy cam@ls
recognition memory test of the trait adjectives. In a follow-up study, Nreeq@008)
replicated the SRE in memory-impaired individuals using a more difficult ceezadir
task. Therefore there is evidence, albeit preliminary, implicating skdfential

processing as a powerful encoding strategy for individuals with neurolagicege.
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[I. EMOTIONAL PROCESSING AND MEMORY-IMPAIRED INDIVIDUALS

In addition to investigating the consistency of the SRE, Marquine (2008) was
further interested in exploring the effect of emotion on memory. Thereaasxe
evidence to show emotion enhances memory (Kensinger, Garoff-Eaton, & Schacter,
2007; Kensinger, 2004; Maratos & Rugg, 2001; Davidson, McFarland, & Glisky, 2006),
a phenomenon that may be referred to as the “emotional enhancement effect’a(ieEE),
a number of studies show that memory-impaired individuals benefit mnemonically from
emotion (Burtonet al, 2004; Frank & Tomaz, 2003; Hamman, Cahill, McGaugh, &
Squire, 1997; Hamman, Cabhill, & Squire, 1997; Phelps, LaBar, & Spencer, 1997). In an
incidental encoding task of negatively and neutrally valenced sentences, Mai2008)
tested the effect of emotion on memory in individuals with neurological damage. Two
findings from this study are worth noting. First, emotion improved memory as the
memory-impaired individuals remembered a higher proportion of sentences aegscribi
emotional events than sentences describing neutral or non-emotional events. hgs findi
show emotion enhances memory in individuals with neurological damage of various
etiologies and may be a viable method for rehabilitating memory in memoryaupa
individuals. Second, there was suggestive evidence that emotional processingteds re
to self-referential processing. In the patient group, the SRE and EEE walateokr
although non-significantly (r = .30). Marquine (2008) postulated that it may be that sel
referential processing is inherently emotional and that the SRE maytlyegpizibutable

to emotional enhancement effects.
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STUDY 1
[. INTRODUCTION

The principal aim of study 1 was to investigate further the consistency and
robustness of the SRE in individuals with brain damage using a different method for
testing self-referential processingg. imagination. Imagining oneself at the scene of an
elaborate event is thought to evoke numerous cognitive processes including self-
referential processing (Schacter, Addis, & Buckner, 2008; Hassabis, Kumaran, &
Maguire, 2007; Spzunat al, 2007; Summerfielét al, 2008). For example, if asked to
imagine a child playing on the gymnasium at the park, one will presumablyudribe
spatial context of a park, project the self into the context, and envisage a chigeny
an activity on the gymnasium. Imagining oneself at this event wiliikextruit cognitive
processes such as visual imagery (Rébial, 2003) and spatial imagery (Hassabis,
Kumaran, & Maguire, 2007) to construct the park scene, semantic and autobiographical
retrieval to create details consistent with a park scene (Whatedbr1997), and self-
referential processing to project the self into the scene and imaginesbdespnfold
(Buckner & Carroll, 2007; Abraham, von Cramon, & Schubotz, 2008). In order to
imagine such an event the imaginer must integrate multimodal detailsaohesive,
vivid episode (Hassabet al, 2007) and process the scene self-referentially. In study 1
we tested the mnemonic utility of what we refer to as “self-imagjhomgthe imagining
of an elaborative event from a realistic, self-relevant perspective.

There is extensive evidence to show that visual imagery is an effectivéiremco

strategy for remembering a wide range of materials (Glisky & GI2898). Visual
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imagery requires mentally visualizing the to-be-remembered nmlaaadaconnecting the
image of that material to an appropriate retrieval cue such as a spadtedn {.e.

Method of Loci), a keyword.€. peg-word method), or a distinguishing characteristic
(i.e. simple imagery or for the learning of name-face associations). AogaiaiA.R.

Luria, the famous mnemonist “S” used imagery to aid in memorizing and recalling
material (Luria, 1968). As Luria described it “When S. read through a long série
words, each word would elicit a graphic image [...] He would distribute [the images]
along some roadway or street he visualized in his mind. Sometimes this was g stre

his home town.” (p. 32). When Luria would later ask S. to recall the word list, S. would
mentally “stroll” down the street, recalling words as he passed by tHermiiemonic
benefit of visual imagery is reported in numerous populations including individuals with
neurological damage (Manesse, Hux, & Snell, 2005; Thone & Glisky, 1995; Twum,
1994) and in some instances is shown to be superior to other encoding strategies such as
rote rehearsal (Wilson & Kapur, 2008; Wilson, 1987).

The majority of studies on the role of self-referential processing in ipager
compare self to other person processing with imagery (Lord, 1980; Lord, 1987; Brown,
Keenan, & Potts, 1986; Arcet al, 1991; Foleyet al, 1999; Czienskowski & Giljohann,
2002). In the initial study designed to test the SRE with imagery Lord (198Qjcitestr
participants to imagine either the self interacting with an object from ardeudf the
body vantage point.€. observer or third person perspective) or a different person
interacting with an object.€. Walter Cronkite). Lord (1980) predicted that individuals

would not benefit as much from self imagery since it is not typical to view thizal
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an observer perspective. In agreement with his prediction, Lord (1980) found alrevers
of the SRE as evidenced by better memory for items encoded with other perseryimag
than self imagery. Data from subsequent research are mixed as some splideg® r
Lord’s findings (Aronet a.l 1991; Czienskowski & Giljohann, 2002) and others do find
a SRE with imagery (Brown, Keenan, & Potts, 1986; Felegl, 1999). It is important

to note that the SRE may be attenuated in the early experiments of self andchatjezy

for a couple of reasons. First, Lord (1980) and related studies instructed pasitgpant
envisage the self from an observer perspective, a manipulation that reduces the
phenomenology of imagery (Piolire al, 2006; Robinson & Swanson, 1993) and likely
affects the realistic nature of the experience. Second, Ebky(1999) found that
individuals spontaneously process other-person imagery in relation to the sal§. It m
therefore be very difficult to separate self-referential procesesang éther person

imagery, and benefits may depend on instructions, namely whether one imags®t one
in the event (i.e., observer perspective) or imagines the event through one’s own eyes
(i.e., field perspective).

Imagining may also be impaired in some individuals with neurological damage,
particularly those individuals exhibiting very severe memory deficits. Neucbpkgy,
patient studies, and now neuroimaging findings converge on the conclusion that
imagination involves regions of the brain that are implicated in the memory network.
Studies of amnesic patients provided an early indication that self-imaginagbhnaly
on the same brain regions as episodic memory. Endel Tulving described the amnesic

patient K.C. as incapable of remembering his past or imagining his futurenffRosect
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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 anox
injury (Klein, Loftus, & Kihlstrom, 2002) and in a group of amnesic patients with
isolated damage to the hippocampus (Hassabis, Kumaran, Vann, & Maguire, 2007). If
individuals with severe memory deficits are impaired in self-imaginait may be
reasonable to predict that they will not benefit from self-referential gsoug with self-
imagination. However, studies from our laboratory suggest that patients with seve
memory deficits can benefit from self-referential processingt ®ay be that some
memory-impaired individuals can benefit from self-imagining, although psrtwaa

lesser degree than individuals who are not experiencing memory deficits.

Study 1 tested the mnemonic effect of self-imagining in memory-impaired
individuals with neurological damage. This study was also designed to explore fether
relation of emotional processing to memory and to the SRE using the self-ingagini
paradigm. Our hypotheses were: 1) Memory-impaired individuals with neurological
damage would benefit from self-imagining, 2) emotional material would ber bett
remembered than non-emotional material, and 3) the memory enhancementreffects i

these two conditions would be correlated.
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IIl. METHOD

A. Participants

Fourteen individuals with neurological damage of mixed etiology (11 TBI)
participated in the study. Individuals were recruited from the pool of participaots
laboratory and from acquired brain injury support-groups in the community. Memory
impairment was designated as a 1 standard deviation diffeiendb(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 from the Wechsler Memory Scale Il (WMS-III) (Weehs1997). To be
included in the experiment participants had to have been at least one year reomved fr
injury. Table 1 shows the etiology, estimated pre-morbid IQ, general memory index
(GMI), and the size of the memory impairmeirg.(Q-GMI) for each participant. As can
be seen, the majority of participants (n = 10) have a fairly severe memorgat, with a

GMI 30 or more points lower than the 1Q.
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Table 1. Participant Descriptive Characteristics

Patient Etiology 1Q GMI 1Q - GMI
PAT004 TBI 125 96 29
PATO012 TBI 125 110 15
PATO15 TBI 101 54 47
PATO16 Aneurysm 127 81 46
PAT023 TBI 110 98 20
PATO027 Anoxia 104 70 34
PAT054 TBI 122 92 30
PAT056 TBI 104 69 35
PAT058 TBI 102 63 39
PATO059 TBI 107 70 37
PATO060 TBI 115 73 42
PATO061 Tumor 101 57 44
PATO062 TBI 97 78 19
PAT064 TBI 98 51 a7
Mean - 110.5 77 34.6

Note IQ = NAART FSIQ; GMI = General Memory Index score (WMS-III);
TBI = traumatic brain injury.
B. Neuropsychological Measures

In addition to the WMS-IIl and the NAART, participants were administered a
battery of neuropsychological tests used to derive two composite scores. Oneitsompos
score represents frontal lobe function (FL factor) and the other represerd medi
temporal lobe function (MTL Factor) (Glisky, Polster, & Routhieaux, 1995; GBsk
Kong, 2008; Glisky & Marquine, 2009). The neuropsychological tests that contribute to

the FL factor are the Modified Wisconsin Card Sorting Task (WCST) (Harenikyg,
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Wade, & Taylor, 1988), Mental Control (WAIS-III), Mental Arithmetic (WARS-
(Wechsler, 1981), the total number of words generated in a test of word fluency (FAS)
(Spreen & Benton, 1977), and Digit Span Backwards (WMS-Ill). The
neuropsychological tests that contribute to the MTL factor are Lolgieaiory | — First
recall (WMS-III), Verbal Paired Associates | (WMS-III), Fac€8VMS-I111), California
Verbal Learning Test — Long Delay Cued Recall (CVLT) (Delis, KegriKaplan, &

Ober, 1987), and the Visual Paired Associates Il (WMS-R) (Wechsler, 1987).

The composite scores represent the average z score from the neuropsychological
tests loading on each factor. Neuropsychological test scores from a grouplof healt
individuals (n = 14) matched for age, sex, 1Q, and years of education were included as a
normative sample in the pool of participants used to derive the z scores. Table 2 shows
the mean age, education level, pre-morbid IQ, and neuropsychological factorfecores
the group of individuals with neurological damage in comparison to the normative
sample. As can be seen, the individuals with neurological damage have severg memor

deficits and impairment on some tests of frontal lobe function.
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Table 2. Mean (std) Descriptive Characteristics and Neuropsychol®ital

Participants Normative Sample
Descriptive Characteristics
Age 44.4 (11.8) 44 (13)
Education Level 14.3 (2.8) 15 (3)
Estimated 1Q 110.5 (11.2) 112.1 (9.4)
Neuropsychological Measure
Frontal Lobe Factor -.23 (.78) 23 (.79)
Medial Temporal Lobe Factor -.61 (.61) .61 (.61)***
*r = <001
C. Materials

Experimental stimuli were sentences similar in length and ratings of
concreteness. Sentences were also previously rated on pleasure, arousatnaecval
were divided into four lists of 28 sentences matched on these variables (see Davidson,
McFarland, & Glisky, 2006 for a detailed description). Half of the sentenceshirlisa
were neutral and half were emotional with a negative valence. Sentencesé¢had the
highest scores on arousal and the lowest scores on pleasure were chosemaisoina e
sentences. Sentences that received the lowest scores on arousal andiateesteres
on pleasure were chosen as neutral sentences. The neutral and emotionaksestence

randomly mixed.
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D. Procedures

After providing informed consent, participants intentionally encoded sentences
under 2 separate instructions. For the first group of 28 sentences participants were
instructed to “count the number of syllables in the sentence and decide ifrtharera
than 12 syllables.” Participants had 10 seconds to record a decision for eactdttied a
sentence remained on the screen for the entire 10 seconds. This baselinesstucty
phase took approximately 5 minutes to complete. After a two minute distrasbter ta
participants took a yes-no recognition memory test for 56 sentences (28 new, 28 old).

For the second set of 28 sentences participants were instructed to “imagine you
are at the scene described by the sentence. Imagine with as much dessilas.p Pre-
study practice trials ensured that the participant understood the instructions atod how
engage in self-imagination. Participants had 10 seconds to imagine the event, and the
sentence remained on the screen for the entire 10 seconds. Participantb/iseceta
close their eyes while imagining to aid image construction, but this wasqoted. A
“beep” signaled that it was time to move on to the next trial. The self-inmggstudy
phase took approximately 5 minutes to complete and was followed by a two minute
distracter task and a yes-no recognition memory test for 56 sentences (28 roday.
Sentences were counter-balanced across participants such that eade sgpeared in
each encoding condition an equal number of times and as an old or new sentence at test
an equal number of times.

After completion of the study, participants were again presented the smtenc

from the self-imagining portion of the experiment. Participants wereicistt to re-
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imagine the event and rate the image for vividness and detail using a 5-pl@int sca
ranging from “I cannot imagine the event at all” to “the event is very ddtaihd vivid.”
The purpose of the imagery rating portion of the experiment was twofoldidirstsure
that all participants could consistently generate images, and second, to éxplore
possibility that imagery vividness was correlated with memory. The viddia¢isg
portion of the experiment was administered after the initial study-test phaster to
control the presentation time during the study phase and keep it constant across

conditions.
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lll. RESULTS
In order to test the effect of self-imagining and the role of emotion on memory,
data were analyzed using a 2 (encoding task) x 2 (emotion) repeated me&tDk&s. A

Hit rates and false alarm rates are shown in Table 3.

Table 3. Hit Rates (std) and False Alarm Rates (std) for Recognition Mexihor
Emotional and Non-Emotional Sentences in the Structural and Self-lmaginagks T

Independent Variables Hits False Alarms

Structural Encoding Task

Emotional Sentences .69 (.12) .08 (.08)

Non-Emotional Sentences .61 (.07) .07 (.09)
Self-Imagination Encoding Task

Emotional Sentences .90 (.08) .05 (.07)

Non-Emotional Sentences .90 (.10) .05 (.06)

A. False alarm rates

A repeated measures ANOVA showed there was no significant differeradeen f
alarm rates for encoding task(1, 13) = 1.61p = .23, or for emotiork (1, 13) = .05p
= .83. There was not a significant interacti&(t, 13) = .89p = .77. Analyses of hits and
corrected recognition (hits minus false alarms) were therefore sindlaly the analyses

of corrected recognition are reported.
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B. Corrected recognition data

Figure 1 shows the mean corrected recognition for emotional and non-emotional
sentences in the structural and self-imagining encoding tasks. A repeatadese
ANOVA revealed a main effect of encoding taBk/1, 13) = 47.75,p < .001. The data
show a “self-imagination effect” (SIE) as self-imagining led to hidéeels of memory
than structural-baseline processing. There was no significant mash affiemotion F
(1, 13) = 3.18p = .098, but there was a significant interaction of emotion and encoding
task,F (1, 13) = 4.69p = .05. Follow-up t-tests indicated the presence of a baseline
“emotional enhancement effect” (EEE) as emotional material led torHegleds of
memory than non-emotional material in baseline-structural proces$it®),= 2.23p <

.05, but no effect of emotion in the self-imagining conditiqii3) = -.114p = .911.

Sentence Type

O neutral
I ermotional

0.80

0.60-

0.40

Corrected Recogpnition

structural self imagining

Task

Figure 1 Mean proportion for corrected recognition of neutral and emotional sentences
encoded in the structural and self-imagining tasks.
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C. Relation of SIE to the EEE

Marquine (2008) posited that the benefits associated with self-referential
processing may be partly attributable to emotional responses related ¢d.thBogest
the possibility that self-referential processing is related to embtooeessing, we
computed a Pearson product-moment correlation between the SIE (correctgaticato
in the self-imagining condition minus corrected recognition in the structuraltmndi
and the EEE (corrected recognition of emotional material minus correcteghitaan of
non-emotional material). Because the EEE was found only in the structural contion, t
EEE was computed only in the structural condition. The size of the SIE was nat telate

the size of the EEE,=-.13,p = .661 (Figure 2).

0.50

0.40-] o

0.30] °©

SIE

0.207 o o

0.10-]

0.00 o

-0.10

EEE

Figure 2.Relation of SIE to the EEE for each individual.
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We also used the composite scores derived from the neuropsychological test
battery and the imagery vividness ratings to conduct several exploratoygemaVe did
not have specific hypotheses regarding the composite scores. The relatwmriadfidbe
and medial temporal lobe function to both the SIE and the EEE were empirical questions.
D. Relation of memory functioning to the EEE and the SIE

To explore the relation of memory functioning to the enhancing effect of emotion,
we computed a Pearson product-moment correlation between the MTL factor and the
EEE. The size of the EEE was significantly correlated with the memory campacs
.535,p < .05. The data show that those individuals with better memory functioning as
measured by the MTL factor experienced a greater benefit from the enfibtiohthe
sentence context (see figure 3a). To explore the relation of memory functionirey
enhancing effect of self-imagining, we computed a Pearson product-monretdtamn
between the MTL factor and the SIE. The magnitude of the SIE was not signyficantl
related to the memory composites .32,p = .27 (figure 3b). Participants benefited
equally from self-imagining regardless of their memory functioning esmened by the

neuropsychological measures.
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Figure 3a and 3iRRelation of memory functioning to the EEE for each individual (3a)
and relation of memory functioning to the SIE for each individual (3b).

E. Relation of frontal lobe functioning to the EEE and SIE
We used the FL factor to explore the relation of frontal lobe functioning to the
two memory enhancement effects. We computed a Pearson product-moment@orrelati

between the FL factor and the EEE. The size of the EEE was not signyficamdlated
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with the FL factory = .243,p = .4 (see figure 4a). We also computed a Pearson product-

moment correlation between the FL factor and the SIE. Like the EEE, the dieeSitt

was not significantly correlated with the FL factor .26,p = .37 (see figure 4b).
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Figure 4a and 4iRelation of frontal lobe functioning to the EEE (4a) for each individual
and the relation of frontal lobe functioning to the SIE (4b) for each individual.
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F. Relation of imagery vividness and detail to the SIE

To explore the relation of imagery vividness and detail to the benefit of self-
imagining, we computed a Pearson product-moment correlation of eachppattgi
mean rating of imagery vividness/detail to the size of their SIE. Three fifuteen
participants did not take part in the imagery rating portion of the experiment, two éecaus
of fatigue and one participant declined to re-imagine the emotional sentencezeldfe s
the SIE was not significantly correlated with the mean rating of imagedness and

detail,r =.13,p =.75 (figure 5).

0.40 o

SIE
0

T
2.00 2.50 3.00 3.50 4.00 4.50 5.00

Imagery Rating

Figure 5 Relation of imagery vividness score to SIE.
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IV. DISCUSSION

Despite memory deficits, 12 of the 14 participants demonstrated a “self-
imagination effect” or SIE. This robust finding confirms our hypothesis that sel
imagining would improve memory. PAT064 showed no difference between self-
imagining and structural processing and PAT054 benefited less from sgfiiainyg.
These two participants consistently generated images, and their imargeaswivid as
those of the other participants. So their failure to benefit from self-imagwvasgot due
to impairment in imagining. It may be that these individuals benefited m®ssskelf-
referencing as a result of extensive damage to cortical midline stsyatesalting in
damage to self-schemas. At this time, however, structural imaging datatavailable
for either individual.

To our knowledge, the present study is the first to demonstrate a memory
enhancing effect for something like self-imagining in memory-impairdistuals with
neurological damage. It appears that self-referential imaginatiosaefree makes the
scene very memorable. In this study, participants were not constrained insjhectee
they took while imagining. They were simply told to “imagine you are atciees
described by the sentence.” Nevertheless, most people reported that they kieewed t
scene through their own eyes—a field perspective—found to be particuladineffer
retrieval of autobiographical memories (Piolietoal.,2006). These findings are thus
consistent with previous results showing that when information is processed emcefer

to the self and viewed from a field perspective, it is particularly memorable.
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A number of interpretations of the SRE have been proposed. In the present study,
we attempted to test one of these interpretations—the possibility that the 8Riem
partly attributable to emotional responses that are activated durifyeedfssing
(Northoff et al, 2006). A number of studies show that emotion can improve memory in
individuals with neurological damage (Marquine, 2008; Burgtbal, 2004; Frank &
Tomaz, 2003; Hammaet al, 1997; Hamman, Cahill, & Squire, 1997; Phetpsl,

1997). Similarly, in the present study, we found enhanced memory performance in the
baseline condition when the stimuli were emotional. Contrary to our expectations,
however, in the self-imagining task non-emotional material was remembered as w
emotional material and there was no correlation between the EEE and the SIEl We ha
speculated that an emotional context would lead to better memories for heateoded
self-referentially, and prior research suggested that the SRE mighatesiriel emotional
processing (Marquine, 2008). This was not the case, however, in the present study.
Instead the findings call into question the feasibility of a strict emotmsxaanation of

the SRE. First, the ability to benefit from self-referential processagynet affected by

the emotionality of the materials, and second, memory for emotional matéebalsetine
was well below that which was achieved with self-imagining. A differergipisy,

then, is that self-referential processing is inherently emotional, ang iewake an

affective component no matter what. The affective component of self-ref¢rent
processing may subsequently contribute to the SRE regardless of the raaerional
content. It simply overwhelms the much smaller effect attributable to @matider

baseline conditions.
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While not investigated here, there is a different interpretation of the SRE ¢hat ha
been around for a long time, namely that the SRE is attributable to a deeper or more
elaborative level of processing. It is well known that information procestsedeep
semantic level is more memorable than information processed at a shallceptpalr
level,i.e. the “levels of processing” (LOP) effect (Craik & Lockhart, 1972; K&ai
Tulving, 1975). Because we have extensive amounts of self-knowledge, information
considered in relation to the self can be more elaborated and meaningful and thus more
memorable (Craik & Tulving, 1975). As a result, the SRE may be a product of more
semantic processing and not a “superordinate” self-schema. This explaaation loe
ruled out in the present study, but will be explored further in study 2.

In contrast to the interpretation we have put forth—that is, the SIE is related to
self-referential processing—one might argue the SIE can be crediterllderthfit of
visual imagery. It is true that self-imagining involves a visual imagengponent, and as
discussed visual imagery is known to benefit memory. The data from the present study
however, are not completely consistent with what we know regarding the mnemonic
benefit of visual imagery in memory-impaired populations. First, prior studies thigow
quality of visual imagery mediates subsequent remembering (Dirkx & Craik, 1892).
contrast to this, the findings here indicate visual imagery vividness has no influence on
the SIE. Second, individuals with the most severe memory deficits are found tib benef
less from visual imagery encoding techniques (Richardson, 1995; Wilson, 1987; Gade,
1994). Yet, nothing in the data suggests this was the case in the present shaedSIHf t

was only attributable to visual imagery, then individuals who consistentlyajeder
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images of a lower quality and/or those individuals with the most severe memaitsdefi
should have benefited less from self-imagining.

We found a single dissociation of the relation between memory functioning as
measured by the MTL factor and the EEE and SIE. The EEE, but not the SIE, was
correlated with general memory functioning as measured by the Mtdr fandividuals
who scored higher on the MTL factor showed a greater benefit from the emotiohality o
the material than did individuals who scored lower on the MTL factor. In contrast, self-
imagining provided substantial memory benefits for almost all individualspective of
their general memory ability. The relation of the EEE but not the SIE to ¢ememzory
functioning indicates that self-referential processing is less dependent ajpoaryr
memory functioning, and can be taken as evidence that self-referentiagangces
accessing distinct mnemonic mechanisms, potentially related to alsetha¢Rogerst
al., 1977).

The lack of a correlation between memory functioning and the SIE is also
intriguing from the perspective of memory rehabilitation. Nearly all ofridevziduals
benefited from self-imagining and the magnitude of the mnemonic boost was rext relat
to the severity of their memory deficit or frontal lobe functioning as medday the FL
factor. Historically, mnemonic strategies produce variable succesgifeiduals with
neurological damage (Glisky & Glisky, 2008), and the effectiveness of mnesrsnic
thought to be somewhat limited by the location and extent of damage (Wilson, 1987).
Self-imagining, however, equally benefited individuals with damage of varimlsgis

and was not related to memory or frontal lobe functioning.
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One question raised by the results of the present study is why almost all of the
participants were able to consistently generate images whileegasirch suggests that
imagining ability is deficient in memory-impaired persons. There amrakpossible
explanations for this: First, there may be differences in the severity ofetmem deficit
across studies. Reports of individuals demonstrating a complete inabilitygmeteave
come from studies of amnesic patients (Hassetlas.,2007; Tulving, 1985). In contrast,
we tested a sample of individuals who, although they appeared to have severe memory
deficits as indicated by the 1Q/GMI difference, their deficits maselfallen short of
profound amnesia. Second, there may be differences in lesion location. Previous studies
have almost all involved participants with hippocampal lesions. In our sample, the
majority of the participants had suffered traumatic brain injuries (T Btely causing
more widespread and diffuse damage, so that memory problems may be assodtiated wit
damage to regions other than the hippocampus, particularly areas of prefroetal cort
Finally, in previous studies, people were either asked to imagine themselvesliar fa
places or imagine their own personal future. These kinds of instructions may have
induced greater retrieval from episodic/autobiographical memory than thectisis
given in the present experiment, which may have induced retrieval of more semantic
information.

There are a couple of limitations to the methodological design. Thesfaildind
a relation between imagery ability and the SIE may be in part due to thkedaatet used
a subjective measure of imagining. It is entirely possible that what osenpgescribes

as very vivid a different person will characterize as somewhat vivid or not vedy vivi
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Also, collecting the subjective ratings after the initial study-testgophas both its
advantages and disadvantages. One disadvantage is the participants could alter the
imagined event the second time around, adding more details or elaborating more on the
event (Addis, Pan, Vu, Laiser, & Schacter, 2008). Interpretation of the lack ofiarrela

between imagery ability and the SIE should take these limitations into considerat
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STUDY 2
[. INTRODUCTION

As mentioned, there are a number of interpretations for the mechanism of the
SRE. One interpretation suggests the SRE is attributable to a deeper anchburaiet
level of processing. According to this interpretation, self-knowledge proriwase of
ordinary memory mechanisms related to semantic elaboration and organization, and
therefore the SRE is a consequence of more, or perhaps deeper, semantiagracdssi
not unique mechanisms of the self. The behavioral and cognitive neuroscience data on the
mechanisms of the SRE struggle to provide clear evidence in favor of this itzsttopre
or the interpretation that the self is related to special mechanisms.

Functional neuroimaging research casts an interesting light on the neural
correlates of semantic and self-referential processing and provides@vifeboth
similarities and differences between these tasks. In a fMRI studlgyket al. (2002)
scanned participants while they made judgments about trait adjectives wigm®nori
tasks: self-referentiak(g.“Does this adjective describe you?”), other-referenéal.(
“Does this adjective describe U.S. President Bush?”), and structugdill§ the adjective
in upper or lower case?”). On a subsequent memory test outside of the scanner, the
participants demonstrated an ORE and SRE, and both the ORE and the SRE were
associated with increased activation in the left inferior prefrontal cPte&), an area of
the brain believed to support deep semantic elaboration. In comparison to the neural
correlates of the ORE, the SRE was also associated with increaseticactivéhe

ventral medial PFC. So in this study the SRE, in addition to being associated with a
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region thought to be important for deep semantic elaboration, also appearedit@recr
disparate region of the brain not traditionally viewed as part of the semantisgngce
network, namely the ventral medial PFC. Of course, we do not know if this iedreas
activation is causally linked to subsequent memory, but it is an indication that @nere m
be differences between self-referential and semantic processingow-ighl study also
pointed to the ventral medial PFC as a region potentially important for successful
encoding of self-referential information (Heather&sral, 2006).

Glisky and Marquine (2009) used a neuropsychological approach to test the
mechanisms of semantic and self-referential processing. In this stddyadults judged
trait adjectives by deciding if the adjectives described themselves, hadegydgitionary
definitions, or were in upper case. The older adult cohort was split into four groups
according to their performance on 2 composite scores of neuropsychologicalrfutiti
FL factor and MTL factor. This study found that the MTL factor wadedl#o the LOP
effect but not the added benefit of the SRE. Like the neuroimaging research, howeve
this study cannot say for certain the SRE is linked to distinct memory nisgiga
Nonetheless, the data indicate the presence of potential differences in treemaayc
and self-referential processing enhance memory.

The principal aim of study 2 was to investigate the possibility that the SIE found
in study 1 is related to deeper semantic processing. To address this aim, avilhnéeste
effect of a deep semantic processing task on recognition memory for a seaoind se
neutral and emotional sentences in a group of memory-impaired individuals. We were

primarily interested in investigating two outcomes: First, the magnitudedf®@P effect
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in comparison to the SIE found in study 1, and second, the relation of the FL and MTL
factor scores to the LOP effect. We predicted that the memory-irdpad®iduals
would demonstrate a LOP effect, and the LOP effect would be smaller intodegthan
the SIE found in study 1. The relations of the FL and MTL factor scores to the LOP
effect were empirical questions, and thus we did not have specific hypothesesdor thes
analyses.

Study 2 was also designed to test further the effect of emotion on memory in a
LOP paradigm. In study 1 emotion enhanced baseline memory performance but not
memory for material encoded self-referentially, findings that imphEBE is
overwhelmed by the SRE. How emotion is related to the LOP effect, however, iaruncle
and the findings from previous research are mixed (Ratledr 1994; Jaet al, 2008).
We tested the effect of emotion on the LOP effect with the emotional and neutral

sentences.
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IIl. METHOD

A. Participants

Twelve individuals with neurological damage of mixed etiology (10 TBI)
participated in the study. A majority of the participants were from stutyt 3 were
unable to return for a second testing session and 1 new participant was included.
Inclusion criteria were the same as in study 1. Table 4 shows the etioltignated pre-
morbid 1Q, general memory index (GMI), and the size of the memory impairment for
each participant. A majority of the participants (n = 7) had a GMI score 30 orpoiots

lower than the estimated pre-morbid IQ.

Table 4. Participant Descriptive Characteristics

Patient Etiology 1Q GMI 1Q-GMI
PAT004 TBI 125 96 29
PATO012 TBI 125 110 15
PATO15 TBI 101 54 47
PATO16 Aneurysm 127 81 46
PAT023 TBI 118 98 20
PAT056 TBI 104 69 35
PATO058 TBI 103 63 40
PATO059 TBI 107 70 37
PATO060 TBI 115 73 42
PAT062 TBI 97 78 19
PATO064 TBI 98 51 47
PAT065 Anoxia 98 79 19
Mean @ - 110 77 33

Note IQ = NAART FSIQ; GMI = General Memory Index score
(WMS-II1); TBI = traumatic brain injury.
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B. Neuropsychological Measures

In addition to the WMS-IIl and the NAART, participants were administered the
additional subtests of the frontal and medial temporal lobe factors (see studydrdo
details). Neuropsychological test scores from a group of healthy individuals (n = 12)
matched for age, sex, 1Q, and years of education were included as a nosaaiple in
the pool of participants used to derive the z scores. Table 5 shows the mean age, years of

education, pre-morbid 1Q, memory composite score, and frontal lobe composite score.

Table 5. Mean (std) Descriptive Characteristics and Neuropsychol®gital

Participants Normative Sample
Descriptive Characteristics
Age 47.5 (8.7) 47.7 (9.9)
Education Level 14.7 (2.5) 14.8 (3.2)
Estimated 1Q 110 (11.7) 111.5(9.9)
Neuropsychological Measure
Frontal Lobe Factor -.26 (84) .26 (.59)
Medial Temporal Lobe Factor -.65 (.64) .65 (.41)***
*kk — < 001
C. Materials

As in study 1, experimental stimuli were sentences similar in length angisraf
concreteness. The sentences were split into 4 groups of 28 sentences matchet,on leng
concreteness, pleasantness, arousal, and valence. Half of the sentencegroupach

were neutral and half were emotional with a negative valence.
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D. Procedures

After providing informed consent, participants intentionally encoded sentences
under 2 instructions. The instructions for the first group of 28 sentences were &éhassam
in study 1. Participants had to “count the number of syllables in the sentence aled deci
if there are more than 12 syllables.” Participants had 10 seconds to recordandecis
each trial and the sentence remained on the screen for the entire 10 seconds. The
baseline-structural study phase took approximately 5 minutes to completesand wa
followed by a two minute distracter task and a yes-no recognition memorgrtést f
sentences (28 new, 28 old).

For the second group of 28 sentences, participants were instructed to “decide if
the italicized sentence ‘fits in’ with the rest of the short story.” Rpants were warned
that only memory for the italicized sentence would be tested, but it was importaeatlt
the whole story before making a decision. A pilot study found that the particiahds c
read on average three sentences within 10 seconds. Therefore, each shwesstoayle
of two descriptive sentences and one italicized, target sentence. Teedadientence
was placed after the descriptive sentences to better ensure that tpgdstiread the
entire short story before making a decision. All participants reported told&aead the
short stories within the allotted time. The descriptive sentences werarsimigngth to
the italicized sentences and were chosen to match the emotionality of the¢atgace.
Half of the italicized sentences were paired with congruent descriptitenses and half
were not. In other words, for half of the trials the target neutral and emadiemaices

were semantically related to the descriptive sentences and half thestartgmces were
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not. The 5 minute semantic study phase was followed by a 2 minute distracter task and
yes-no recognition memory test for 56 sentences (28 new, 28 old). Sentences were
counter-balanced across participants such that each sentence appeared irodagh enc
condition an equal number of times and as an old or new sentence at test an equal number

of times.
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lll. Results
In order to test the effect of semantic processing and the role of emotion on
memory, data were analyzed using a 2 (encoding task) x 2 (emotion) repeateckmeas
ANOVA. Hit rates and false alarm rates are shown in Table 6.

Table 6. Hit Rates (sd) and False Alarm Rates (sd) for Recognition M&fhBEmotional
and Non-Emotional Sentences in the Structural and Semantic Tasks

Independent Variables Hits False Alarms

Structural Encoding Task

Emotional Sentences 71 (.13) .08 (.10)

Non-Emotional Sentences .61 (.1) A2 (111)
Semantic Encoding Task

Emotional Sentences .76 (.10) .10 (.112)

Non-Emotional Sentences 75 (.17) .10 (.13)

A. False alarm rates

A repeated measures ANOVA showed there was no significant differeradeen f
alarm rates for encoding task(1, 11) = .04p = .85, or for emotiork (1, 11) = 1.1p =
.32. There was not a significant interactki, 11) = .35p = .57 . Analyses of hits and
corrected recognition (hits minus false alarms) were similar and thushendynalyses of

corrected recognition are reported.
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B. Corrected recognition data

Figure 6 shows the mean corrected recognition (hits minus false alarms) for
emotional and non-emotional sentences in the structural and semantic encodirfy tasks
repeated measures ANOVA revealed a main effect of encodind-tékk11) = 6.13,p
<.05. The data show a “level of processing” effect as semantic processiodédtet
memory than structural processing. There was a marginally signifregnteffect of
emotion,F (1, 11) = 4.0p = .07, such that emotional material was better remembered
than non-emotional material. There was no significant interaction of emotion and

encoding taskr (1, 11) =1.99p = .19.

Sentence Type

Cneutral
emotional

0.80-]

0.60-

0.40-

Corrected Recognition

0.20-

0.00
structural semantic

Task

Figure 6 Mean proportion of corrected recognition for emotional and non-emotional
sentences in the semantic and structural encoding tasks.
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C. Relation of semantic context congruency to recognition memory.

Staresina, Gray, and Davachi (2009) found that semantic context congruency
affected memory such that items paired with congruent contexts were moogabkm
than items paired with incongruent contexts, a finding they referred to as theuenoyg
subsequent memory effect” (cCSME). To test for the presence of the cSkEEpresent
study, we compared recognition memory for the sentences imbedded in a congryent st
context to sentences imbedded in an incongruent story context. A t-test rekiatled t
memory for congruent context was not significantly different from inagergrcontextf
(11) = 1.64p = .23. The participants equally remembered the sentences regardless of the
semantic context congruency. As in experiment 1, we used the neuropsychological
composite scores to conduct several exploratory analyses.
D. Relation of memory functioning to the EEE and LOP effect

To explore the relation of memory functioning to the enhancing effect of
emotion, we computed a Pearson product-moment correlation between the EEE and the
MTL factor. The size of the EEE was not significantly correlated with omgm
functioning,r = -.14,p =.69 (see figure 7a). To test the relation of memory functioning to
the enhancing effect of semantic processing, we computed a Pearson product-moment
correlation between the LOP effect (corrected recognition from the serpemtessing
condition — corrected recognition from the structural processing condition) and the MT
factor. The size of the LOP effect was significantly correlated weémaory functioning,

r =.67,p < .05 (see figure 7b). The data show that those individuals with better memory



49

functioning as measured by the MTL factor benefited more from semaotessing

than the individuals with poorer memory functioning.
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Figure 7a and 7IRelation of memory functioning to the EEE for each individual (7a)
and relation of memory functioning to the SIE for each individual (7b).
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E. Relation of frontal lobe functioning to the EEE and LOP effect.

To explore the relation of frontal lobe functioning to the effect of emotion on
memory, we computed a Pearson product-moment correlation between theoFaralct
the EEE. The EEE was not significantly related to the FL factor.27,p = .42 (see
figure 8a). A Pearson product-moment correlation between the FL factdieah@P

effect also was not significant= .38,p = .25 (figure 8b).
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Figure 8a and 8lRelation of frontal lobe functioning to the EEE (8a) and the relation of
frontal lobe functioning to the SIE (8b).
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IV. DISCUSSION

In agreement with our hypothesis, semantic processing enhanced recognition
memory in the group of individuals with neurological damage. The data reveal a “levels
of processing” (LOP) effect as sentences encoded in the semantisgmmgdask were
remembered at a higher proportion than sentences encoded in the structuralaesk. O
the findings are consistent with previous research to show that information encdded wit
a great deal of meaning and elaboration can be more memorable. In this study Pof the
memory-impaired participants benefited from semantic processing, andcBpats
experienced a cost from semantic processing. Although it is an across stymdyisom
it is worth noting that 2 of these participants benefited from self-imagmatistudy 1,
an indication that these 2 participants can enhance their memories witinedesehtial
mnemonic strategy.

We sought out to test the LOP effect for sentence recognition in order to
investigate the interpretation that the SIE is related to a deep level o$giracand not
qualitatively distinct mechanisms of the self. In a number of ways, the datatathat
the mechanisms of self-imagination are different from semantic elaborAtthough a
majority of the participants demonstrated a LOP effect, the size offdot @whs a third
of the benefit associated with self-imagination in study 1. In addition to thisaHler
proportion of the memory-impaired participants benefited from semantic progess
despite similar memory impairments as determined by neuropsycholagsesisment.

Furthermore, the inferiority of the LOP effect in comparison to the SIE céenot
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attributed to differences in baseline memars. corrected recognition in the structural
encoding task), which overall was identical to study 1.

Additional evidence indicates that the benefit of self-imagination is ditorot
semantic processing. In contrast to the SIE, the LOP effect was shown to heeshe s
basic memory functioning. In other words, those individuals with the most severe
memory deficits benefited less from using semantic elaboration to procesntaaces.
Memory functioning, however, did not affect the SIE found in study 1, an indication that
the benefit of thinking in relation to the self is not easily attributed to deepanse
processing. In study 2 the participants elaborated on the sentences and ththeght of
semantic meaning for just as much time as was taken by self-imagimastudy 1, but
they did so without explicitly involving self-referential processing. Retdyispeaking,
self-imagination appears to be a powerful encoding mechanism, and the data thdicate
the SIE is due to more than just a deeper level of semantic processing.

The effect of emotion on memory in the LOP paradigm was marginally
significant. However, the findings suggest the EEE was weakened with a teeperf
semantic processing. In fact, the EEE in the structural task was 4 tinsezettod the
EEE in the semantic task. Additionally, fewer participants demonstrateEEmBEhe
semantic task than in the structural task. It is possible then that the benefdtmieon
memory is attenuated when a deeper level of processing is used.

In study 2 the benefit of emotion on memory was not affected by general memory
functioning, a finding that is in contrast to the results from study 1. It is notwelgathis

is the case, but it may be a consequence of the small participant pool. With smal
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numbers of participants and large variability in performance, significanciicsiidlito
obtain, and one or two individuals can have a large effect. It is probably best,ritherefo

to view this relation as variable across individuals.
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STUDY 3
[. INTRODUCTION

Prospective memory is the ability to formulate intentions and realize them at a
future time (Kliegel & Martin, 2003; Kvavilashvili & Ellis, 1996). For instance, plagn
to purchase milk on the way home from work may be a good intention, but it can only be
realized if remembered while driving by the market after a period of.deEmembering
a future intention can be based on event or time (West, 2005). Event-based prospective
memory refers to future intentions that are associated with an externalctugss
remembering to mail a letter after seeing a post office box, and time-paspective
memory describes future intentions that are not readily associated veixtesinal
prompt, such as remembering to attend a faculty meeting at 5pm.

In certain circumstances prospective memory failures can serioyshgima
person’s quality of life by compromising physical heaétlg(poor medical adherence),
social interactionsg(g.forgetting to attend social gatherings), and psychological well-
being €.g.feeling less independent) (Thone-Otto & Walther, 2001; Kingtléd 1996).
Furthermore, prospective memory failures can greatly influenceffinetiveness of
rehabilitation interventions. The benefit of using a daily planner to monitor medicine
adherence, appointments, and social events is limited by the ability to presyect
remember to reference the planner at the appropriate time.

Extensive evidence implicates the frontal lobes as closely relatedsjoeptive
memory. Aging research shows that prospective memory is negativetyeaftoy

reduced frontal function. Using a neuropsychological approach, McFarlandRgyGli
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(2009) and McDaniett al. (1999) demonstrated that older adults with below average
scores on the FL factor perform more poorly on tasks of time and event-based
prospective memory in comparison to older adults with above average scores on the FL
factor. Functional neuroimaging reveals the frontal lobes contribute to ptiospec

memory in several ways. In a functional magnetic resonance imalyiiRj)(study of
prospective memory, Simomes al. (2006) showed that activation during the recognition

of an intention in the frontal polar region is reactivated at the moment of readizat

Also, studies of patients with isolated lesions to the frontal lobes demonstiatesva

types of impairment in prospective memory (Cockburn, 1995; Bisiacchi, 1996; Burgess
et al.,2001).

Ellis (1996) and Kliegeét al. (2004) contend prospective memory consists of 4
stages: intention formation, intention retention, intention re-instantiation, andantent
execution. In the first 2 stages a plan is created for remembering theeifuantion, and
the intention is kept in mind during ongoing tasks. For example, a plan might be made for
how to remember to stop at the grocery store on the way home from work and throughout
the day the plan may be referenced to determine if it is an appropriate momeliteo rea
the intention. In the third stage, the ongoing task is interrupted at the apigropoiment
in order to complete the delayed intention, and in the last stage, the intentiorzedreali
according to plan.

There is evidence to suggest that “implementation intentions” are an\edfecti
method for formulating plans for future intentions and can be used as a mnemonic

strategy for enhancing event-based prospective memory (Gollwitzer, 1999eTan
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implementation intention one must bind the future intention to the contextual cues that
will coincide with the intention and develop a plan for how to realize the delayed
intention. So the intention to take daily medication in the morning can be associéited wit
a dependable contextual cue and a plan for realizing the intention, such as deciding to
take the medication right before brushing one’s teeth in the morning. Traditjonally
implementation intentions have come in the form of verbal statements sucthas W

see X, then I will do y” (Schweiger & Gollwitzer, 2007).

The imagination of the self simulating a future intention is postulated to be a type
of implementation intention and may engage several mechanisms important for the
enhancement of event-based prospective memory (Schacter, Addis, & Buckner, 2008).
For one thing, there is a flood of research showing the brain is adaptively designed to
imagine and plan for what may come in the future (Schacter, Addis, & Buckner, 2007;
Buckner & Carroll, 2007; Szpunar, Watson, & McDermott, 2007). There is also some
indication that the frontal polar region (BA 10) serves as a common mechanism for t
imagination system and prospective memory as both cognitive tasks adtes&tantal
poles in neuroimaging studies (Okugtaal, 2003; Burgesst al.,2001). Koriatet al.

(1990) argue that envisioning the future scenario is the most effectiviowaygode the
visual-spatial details of an event, and there is also evidence that imaginablves the
hippocampus, a region of the brain believed to be important for the binding of disparate
elements into a cohesive unit (Hassadtial, 2007). Finally, thinking in terms of the self
during the formulation of a plan for the future intention may enhance prospective

memory since self-imagination of the scene of the future intention may evalghtip
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feelings, and visual-spatial features from a self-relevant perspeaitioé which may
enhance the encoding of the plan or serve as personal contextual cues.

Preliminary evidence suggests self-imagining is an effective method for
improving prospective memory in a different population known to experience memory
problemsj.e. older adults (Liu & Park, 2004; Chasteen, Park, & Schwarz, 2001). Liu and
Park (2004) instructed a group of older adults to imagine the context in whichdbé&y w
need to conduct a blood test, the events that would likely lead up to the realization of the
delayed intention, and the administration of the blood test. A second group of older adults
were instructed to consider the positives and negatives of administering the btepd te
and a third group simply agreed to participate. Older adults in the imaginatigm gr
remembered significantly more prospective memory targets than the olderia the
other 2 groups. Chasteenal. (2001) found a similar enhancement effect for a
laboratory-based prospective memory task.

Although there is evidence suggestive of these beneficial effects of
implementation intentions, memory deficits may be a limiting factor irviddals with
neurological damage. We do not know if individuals with severe memory deficitsewill
able to bind the future intention with the contextual cues. Evidence suggests that damage
to the hippocampus can greatly impair the ability to bind disparate pieces of indormat
into a single memory trace (Troyetral, 2008). Not being able to link the intention to its
contextual cues and store that association may result in remembering ampertemnt

for realizing a planned intention, but not being able to remember the intention, or
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alternatively remembering the future intention, but not remembering wieetoibe
enacted.

In study 3 we tested the effect of self-imagining on event-based prospective
memory in a group of memory-impaired individuals with neurological damage. We had
two hypotheses. First, we predicted self-imagining would enhance prospective memory
In accordance with previous research and the results from study 1, we dbéhieRHE
would be effective irrespective of frontal or medial temporal lobe functioning as
measured by the factor scores. We did, however, recognize that some indivitluals w
very severe memory deficits may not be able to bind the future intention with the
contextual cues of the intention and therefore not show the SIE. Second, based on
findings from prior studies using the factor scores in an experimental parasiglar to
the one used in the present study, we predicted that frontal lobe functioning would be

related to prospective memory in the absence of implementation intentions.
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IIl. METHOD
A. Participants
In this study we tested 12 individuals with neurological damage of mixed
etiology. The inclusion criteria were the same as studies 1 and 2 and table 5 shows the
etiology, estimated pre-morbid 1Q, general memory index, and the size of theymemor
impairment for each participant. As is revealed by Table 7, half of the parttsi(n = 6)
had a fairly severe memory deficit as indicated by a General Memaey kcore 30 or

more points lower than the estimated pre-morbid 1Q.

Table 7. Participant Descriptive Characteristics

Patient Etiology 1Q GMI 1Q-GMI
PAT004 TBI 125 96 29
PATO012 TBI 125 110 15
PATO16 Aneurysm 127 81 46
PAT023 TBI 118 98 20
PAT056 TBI 104 69 35
PATO57 TBI 114 67 47
PATO058 TBI 103 63 40
PATO059 TBI 107 70 37
PATO061 Tumor 101 57 44
PAT062 TBI 97 78 19
PAT063 TBI 106 81 25
PAT065 Anoxia 98 79 19
Mean - 110 79 31

Note IQ = NAART FSIQ; GMI = General Memory Index score
(WMS-III); TBI = traumatic brain injury.
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B. Neuropsychological Measures

All of the patrticipants had taken part in study 1, study 2 or both. As a result, we
had neuropsychological test data from each participant for the WMS-IIl, NAART
the additional subtests of the FL and MTL factor scores. Neuropsychologicsttees
from a group of healthy individuals (n = 12) matched for age, sex, 1Q, and years of
education were included as a normative sample in the pool of participants used to derive
the z scores. Table 8 shows the mean age, years of education, pre-morbid 1Q, memory
composite score, and frontal lobe composite score. The only significant differenc

between the groups was in the medial temporal lobe factor.

Table 8. Mean (std) Descriptive Characteristics and Neuropsychol®tal

Participants Normative Sample
Descriptive Characteristics
Age 49.75 (14.9) 47.7 (9.9)
Education Level 14.7 (2.5) 14.8 (3.2)
Estimated 1Q 110.5 (11.1) 111.5(9.9)
Neuropsychological Measure
Frontal Lobe Factor -.22 (.82) .22 (.60)
Medial Temporal Lobe Factor -.60 (.59) .60 (.49)***
*r = <001

C. Materials and Procedures
The experimental paradigm included a computerized background task that was a

multiple choice test of trivia, facts, and general knowledge (McDanhal, 1999). Each
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guestion was 1 or 2 sentences long and had 4 answer choices. Each question appeared
alone on the screen for 4 seconds. Next, the answer choices appeared with the question
and the participants had 8 seconds to make a response. Patrticipants indicaaegwlezir
choice by pressing one of four labeled keys (A, B, C or D) on the keyboard. Feedback
was provided. Participants were instructed to answer each question to the best of their
ability and that the goal of the task was to receive the highest score possible

Imbedded within the multiple choice test were 8 questions containing the word
“president” or “state.” Participants were told that we were alsodsted in testing how
well they could remember to do something in the future and so they should press the “1”
key each time the word “president” (or state) appeared in a question. Thevandet
were separated by approximately 5 minute intervals. The questions appearaddom
order and each test phase took 40 minutes to complete. The experiment was separated
into two testing sessions spaced 14 to 17 days apart. In session 1 half of the participants
were given self-imagination instructions and half were given rotergdlaastructions.
Half of the participants in each instructional condition were told to respond tmtde w
“president” and half were told to respond to “state.” In the second session, iosaalict
conditions and target words were reversed, and the trivia questions were new.

Each testing session contained a different 45 second pre-experiment imstructi
In the rote-rehearsal condition, participants were given a sheet sizmméne
instructions of the experiment and were asked to rehearse the instructions out-loud. The
instruction sheet summarized both the goal of the general knowledge test and the

prospective memory task. In the self-imagination condition, participantsimgtrected
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to imagine they were taking part in the general knowledge test. They weretetstaic
imagine seeing trivia questions and imagine themselves answering thertgiddext,

they were instructed to imagine seeing the target word imbedded in a trigsteoguand
imagine themselves immediately pressing the 1 key. Participantsnsarected to

imagine the scenario as though they were actually completing the general knaestdge
using as much detail as possible and imagining the scene from a fieldcheespdter

the pre-experiment exercise, participants were administered thiep@t@n of the Rey
Auditory Verbal Learning Test (RAVLT) (Rey, 1964). The RAVLT is a mentest of

16 unrelated concrete nouns. The memory test served as a 12 minute delay between the
pre-experiment exercise and the start of the general knowledge task. iNderewas
provided regarding the prospective memory task before the start of the general
knowledge task. At the end of the testing session, the experimenter asked thgapartici
to summarize the aim of the experimental session. The query tested mentbey for

prospective memory task.
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[ll. RESULTS

In order to test the effects of self-imagination and rote-reheamgalospective
memory we analyzed the data using a one-way repeated measures ANOV&sédnPe
product-moment correlation was used to analyze the relation of ongoing task
performance to prospective memory performance. Also, a series of Peardoctpr
moment correlations were used to test the relation of the MTL and FL factes o
prospective memory performance and to test the relation of the factor scdreSta t
A. Effect of self-imagining on prospective memory

Figure 9 shows the mean proportion of prospective memory target words
remembered by the participants in the rote-rehearsal and self-imagiaatsn A one-
way repeated measures ANOVA revealed a main effect offgdk,11) = 11.52p =
.006. The data show a SIE for prospective memory as self-imagining befotartlod s

the experiment led to a higher rate of remembering than rehearsing the imssruct
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Figure 9 Mean proportion of the prospective target words remembered in the rote-
rehearsal and self-imagination tasks.
B. Relation of ongoing task performance to prospective memory

To test the possibility that ongoing task performance affected prospective
memory, data were analyzed using a Pearson product-moment correlatiombetwee
prospective memory and ongoing task performance. Performance on the ondoing tas

was not correlated to prospective memory performaneeQ98,p = .65 (figure 10).
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Figure 10 Relation of performance on the prospective memory task to the general
knowledge task.
C. Relation of frontal lobe functioning to prospective memory

To investigate the relation of frontal lobe function to prospective memory, we
computed a Pearson product-moment correlation between the FL factor and prespect
memory in the two tasks separately. The FL factor was not significamtiglated with
prospective memory in the rote-rehearsal task,3,p = .34, or in the self-imagination
task,r =.31,p = .33 (figure 11a, b). Note, however, that in the rehearsal condition, only
two individuals remembered any prospective memory tasks, and so the corrslation i
meaningful. Similarly in the self-imagination condition, 5 out of the 12 participants
scored 0 and 6 were close to ceiling, again calling into question the validity of any

correlation.
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Figure 11a and 11irelation of FL factor to prospective memory performance in the
rote-rehearsal (11a) and self-imagination (11b) tasks.

D. Relation of memory functioning to prospective memory
To test the relation of memory functioning to prospective memory performance,
we computed Pearson product-moment correlations between the MTL factor and the two

prospective memory tasks separately. The MTL factor was not signijicamtelated
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with prospective memory in the rote-rehearsal task,5,p = .1 (figure 12a) or the self-
imagination task; = .23,p = .48 (figure 12b). These correlations, however, are not very

meaningful for the same reasons described above.
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Figure 12a and 12Relation of MTL factor to prospective memory in the rote-rehearsal
(12a) and self-imagination (12b) tasks.
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E. Relation of SIE to MTL and FL functioning.

The relation of the SIE to the MTL and FL factors was analyzed withdtears
product-moment correlations in order to test the possibility that the SIE (prwspect
memory performance in the self-imagination task — prospective memooymarfce in
the rote-rehearsal task) was influenced by memory or frontal lobe functiomiag. T
relation of the SIE to the MTL factor was not significant, .09,p = .96, and the relation
of the SIE to the FL factor was not significant; .2,p = .53 (figures 13a, b). However,

once again these correlations are based on very small numbers.
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Figure 13a, and 13Relation of SIE to the MTL factor (13a) and to the FL factor (13b).

F. Effect of the memory deficit on the ability to benefit from self-imaiipma

As mentioned in the introduction, we recognized that some individuals with very
severe memory deficits may not be able to bind the future intention with the contextual
cues of the intention, and as a result these individuals may fail to demonsti@le.thre
order to test this possibility, we separated the participants into two groupswinoskd
show a SIE (n = 7) and those who did not show a SIE (n = 5). We computed an
independent-samples t-test to determine whether the severity of the mennotyrdife
group of individuals who did benefit from self-imagination was different from tbepgr
of individuals who did not benefit from self-imagination. The t-test revealed a miaygina
significant effectt (11) =-2.02p = .07. Those individuals who did not benefit from self-
imagination had on average more severe memory deficits than those individoalgiw

benefit from self-imagination.
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IV. DISCUSSION

The present study found a SIE for prospective memory in memory-impaired
individuals with neurological damage. A majority of the participants benefibed $elf-
imagination, which led to a 6-fold increase in prospective remembering in cemp#oi
the rote-rehearsal task. Prospective memory performance in the selfiatn@gtask was
strikingly different from the rote-rehearsal task, and only 2 participamsmered even
a single prospective memory target in the rote-rehearsal task. Théyrtalbiémember
to press the 1 key for the target word in the rote-rehearsal task demonstnatest loy
the participants characterizes the severity of their prospectivemempairments, and
highlights the effectiveness of self-imagination.

The results replicate the findings from past studies to test the effect-of sel
imagination on prospective memory (Liu & Park, 2004; Chast¢éah, 2001), and the
findings reveal that self-imagination enhances a very difficult type ofanem at least
some individuals with severe memory deficits. Moreover, the results extend our
knowledge of the utility of self-imagination for memory-impaired individualthe SIE
has now been found for prospective memory in addition to recognition memory.
Demonstrating the SIE for different types of memory is important for urashelisiy the
robustness of the effect and can have implications for its use in rehabilitaippehrs
that self-imagination not only enhances memory for an eeeqtstudy 1), but also
improves memory in some individuals for what to do when that event is encountered.

In the present study we asked the participants to self-imagine a fututgasckn

we asked them to imagine the event in a relatively familiar context, thmaj thed room
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in which the experiment would take place. It is thought that we imagine futurersxe
by recombining or reconstructing events, and that we do this by accessifgfoata
autobiographical and episodic memory (Adelisl, 2008). It is thus likely that in the
process of self-imagining the participants accessed recent and salefdrabhe
construction of the event and because these contextual cues were encoded self-
referentially, they may have been particularly memorable. In addition tohéis, t
participants were asked to use self-imagination to simulate an action segonehts
instance pressing the 1 key after seeing the word “president” cg."dtatontrast, in
study 1 the participants were simply asked to self-imagine the scenaigh they were
an observer to the event. It is possible then that the self-imagination of an aqtiense
makes a future intention even more memorable than it would be if the individual
imagined someone else completing the intention. The findings indicate thatfthe sel
imagination of the scene of a future intention and maybe the simulation of theoimtenti
greatly increases the likelihood of accomplishing that goal.

The implications of the findings are potentially far-reaching. Many individuals
with neurological damage struggle to live independently as a result of deficits
prospective memory. While preliminary, the results from the present studgsswgg
might be able to use self-imagination as an intervention to improve prospective memory
in individuals with neurological damage. For example, to improve medical adherence
patient can be instructed to imagine the self in the context of the future intentbrass
in the kitchen pouring the first cup of coffee. The patient can then be asked to-use self

imagination to integrate the habitual behaveg(drinking coffee in the morning) with
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the intention €.g.taking medication). Additionally, it is possible that such an intervention
could be implemented in a laboratory setting as opposed to in the home since the
participant need only imagine the self in the context of the future intention.

Not all individuals benefited from self-imagining. In fact, 5 out of the 12
participants failed to remember a single prospective target word inhtharsal and self-
imagining tasks. It is interesting to consider why the case may be thigtimgéof the
participants demonstrated such a profound prospective memory deficit, despite the use of
a mnemonic strategy. One interpretation is that some individuals fail to bingdhe f
intention to its contextual cues. Naveh-Benjamin (2007, 2000) contends that the types of
episodic memory impairments seen in older adults are due to a deficit in the binding of
the item to its contextual details, a phenomenon he refers to as the “Assocéitie D
Hypothesis” (ADH). Of course, we tested individuals with neurological danradjact
older adults. Yet, the profile of memory problems exhibited by older adults isny ma
ways similar to that of individuals with neurological damage, and while the ADH i
traditionally evoked in reference to source and associative memory, prespeetnory
requires the binding of item to context, as well. So self-imagining may entrence
encoding of the future intention and the contextual cues, but a sub-set of individuals may
still fail to bind these two elements together in memory. Interestingigneents made by
a couple of participants in the present study suggest this may be the casesnft tiie
the self-imagination study session PAT016 reported that she remembered shameede
press the 1 key, but forgot the target word, and PATO056 stated that he remembered the

target word, but could not recall what key to press.
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The data show that the individuals who did not benefit from self-imagination had
on average more severe memory deficits than the individuals who did benefit from sel
imagination. The findings can be interpreted as evidence in support of the ADHpgheani
some individuals with more severe memory deficits may have failed to binde¢h&ont
with the contextual cues of the intention. A different interpretation is that these
individuals forgot the prospective memory task entirely, and thus floor performasce w
due to a lack of memory for the prospective task and not a deficit in the ability to bind the
intention to its contextual cues. However, all 5 of the participants who did not benefit
from self-imagination made reference to the prospective memory taskposte
experiment query.

The failure to benefit from self-imagination may also be attributeder ot
cognitive processes thought to be important for prospective memory, which mety aff
prospective memory irrespective of intention formation. For instance, inhibition is
required in order to disengage from the ongoing task and complete the prospective
memory task. It may be the case that certain individuals cannot inhibit the oreggkng t
possibly due to more frontal lobe damage, and that their profound deficit is unrelated to
intention formation. A different cognitive process that might play a role i$ Gizak
(1986) referred to as self-initiated retrieval. Prospective memory dasket incorporate
a built-in retrieval mode, meaning there is no explicit instruction to engage emanm
search (Tulving, 1983), and thus retrieval in a prospective memory task requires the
establishment of a self-initiated retrieval mode. Self-initiatederegtt is thought to be a

particularly difficult task to undergo and it may be the case that some individiedistéa



75

self-initiate the retrieval mode, despite the elaborate intention famdathese other
processes, however, are thought to be related to prefrontal function, and in the present
study, we found no relation between the FL factor scores and prospective memory
performance.

We did not find a significant relation of the FL factor or MTL factor to
prospective memory in the rote-rehearsal or self-imagining tasks. Presgmasch
reports that higher scores on the FL factor correlate with better progpeetmory
performance in tasks where participants are not given a mnemonic stidtdeariand &
Glisky, 2009; McDanieékt al, 1999). We predicted that the FL factor would be related to
prospective memory performance in the rote-rehearsal condition, but thisnedfenbt
obtained. It is likely, however, that frontal lobe function did not influence prospective
memory in the present study because so many participants were at floanpader
The lack of a relation between the SIE and the factor scores is consistertidsth,sout
it is difficult to interpret the results in light of the floor performance.

The last topic to touch on is the fact that the general knowledge task was very
difficult for the memory-impaired individuals as they answered correativerage 37
percent of the questions. This level of performance is similar to young adulidsvieut
than what has been found with older adults (McFarland & Glisky, 2009), and the
difficulty of the task may be related to a number of things including the rapedobaice
general knowledge test. The difficult nature of the general knowledgeniasts that the
cognitive demands for the ongoing task were high, something that may have edluenc

the amount of cognitive resources allocated to the prospective memory taskedowe
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performance on the ongoing task was not correlated with prospective memory, and thus
we can conclude that poor prospective memory performance in the study done here was

not due to the difficulty of the ongoing task.
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GENERAL DISCUSSION

For over 30 years we have known that using self-referential processing at
encoding enhances memory to a greater degree than most mnemonic strategges and
there is a paucity of studies testing the SRE in memory-impaired individdiatgyine
& Glisky, 2005; Marquine, 2008). The studies done here replicate prior research on the
SRE in memory-impaired individuals and extend our knowledge of its effect in severa
ways. First, we showed that self-imagining is a robust and reliable methexhf@ncing
memory in memory-impaired individuals, more so than emotional processing (study 1),
semantic processing (study 2), or rote-rehearsing (study 3). Secondjndedfta to
suggest the SRE is not entirely attributable to the affective component-dfeetncing.
Third, the data reveal that self-imagining enhances memory for individuals who do not
benefit from other encoding strategies. In addition to this, study 3 exempiies t
potential application of self-imagining, and opens doors to future research aimed at
enhancing everyday memory functioning in very meaningful ways. The data from the
present project also extend our knowledge of the mnemonic benefit of emotional
processing. We found and replicated a baseline EEE for sentence recogniiemory-
impaired individuals with neurological damage. It is therefore possible thaioealot
processing can be incorporated into a larger memory rehabilitation program.

The last point to be made is that the data from these studies support the notion that
the self may be special in the context of memory. It may be the case thegchanism
of the SRE relates to special encoding and retrigngderties, meaning a qualitatively

distinct self schema. Using a neuropsychological approach we showed thatyordinar
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memory functioning mediates the effectiveness of semantic and emotcodirey
strategies but not self-referential processing. This implies tHatkesetential processing
utilizes distinct mechanisms in memory that are less dependent on geasraty
function. While additional research is obviously warranted, we think that as a Wwhlole t
data from the reported studies implicate the self as possessing quajitadistielct and

superior mnemonic properties.
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I. FUTURE DIRECTIONS

A. The neural correlates of the SRE vs. the LOP effect

It may be helpful to use neuroimaging techniques to investigate the neural
substrates of the regions contributing to subsequently remembered materiausre
research has found that the neural correlates of successfully remendrasedncoded
at a shallow level of processing constitute a sub-set of the neural coraslsdesated
with successfully remembered items encoded with deeper levels of prodessing
“subsequent memory effect”, Otten, Henson, & Rugg, 2001; Uncapher & Rugg, 2008). It
would be interesting to contrast the neural correlates of successfubynteered material
encoded with semantic processing to those of self-referential processirtgr to see if
the two processes are dissociable at the level of their neural substrates.
B. Self-imagining in a memory training project

Having demonstrated the SIE for prospective memory, it will also be integesti
to test the possibility that training programs using self-imagining cprome common
everyday memory problems and enhance spontaneous strategy use. Most tests of
prospective memory involve accomplishing an external action such as pressingyhe 1 ke
when a target word appears on the screen or taking medication in the morning with
breakfast. It is also possible that self-imagining could improve prospectiweméor
self-initiated cognitive processes such as using an encoding strategip in
remembering information. For example, by using self-imagining we rbiglable to
train memory-impaired individuals to use encoding strategies when entepegifics

room in the laboratory or when trying to remember a particular type of informatmn (
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If | am trying to memorize verbal-paired associates, then | will thirkks#ntence that

connects the two words in a logical way).
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