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ARTICLE INFO ABSTRACT

The Self-Reference Effect (SRE), enhanced memory for self-related information, has been established in healthy
young and older adults but has had limited study in age-related memory disorders such as amnestic Mild
Cognitive Impairment (aMCI). Additionally, the majority of SRE studies have been conducted using trait ad-
jective paradigms, which lack ecological validity; memory for narrative information has real-world importance
and has been shown to decline in healthy aging and, to a greater extent, in aMCI. The present study investigated
whether self-referential processing promotes memory for narrative information in healthy aging and, for the first
time, in aMCI. The promotion of recollection (vivid re-experiencing of an event) through self-referential pro-
cessing, termed the Self-Reference Recollection Effect (SRRE; Conway and Dewhurst, 1995), was also examined, as
was the potential impact of material valence on the SRE. Twenty individuals with aMCI and thirty healthy older
controls encoded short narratives under self-reference, semantic, and structural conditions. Memory for narra-
tive details was subsequently tested. Results indicated a SRE for narrative information in both aMCI and healthy
control groups on a recognition memory test. The SRRE was found in healthy controls and individuals with
aMCI. Material valence did not impact the SRE in either group. The SRE appears to be powerful enough to
circumvent loss of hippocampal function in aMCI, possibly due to the multimodal nature of narrative in-
formation. Findings from this study highlight the potential of the SRE as an effective intervention tool for
improving memory for narrative information in aMCI.
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The Self-Reference Effect (SRE; Rogers et al., 1977), enhanced
memory for self-related information, is well-established in young
adults, and has received increased attention in healthy aging due to its
potential as an intervention strategy (e.g., Carson et al., 2016; Genon
et al., 2014; Glisky and Marquine, 2009; Gutchess et al., 2007a, 2010;
Gutchess et al.,, 2007b; Lalanne et al.,, 2013; Leblond et al., 2016;
Mueller et al., 1986; Rosa et al., 2015; Rosa and Gutchess, 2013).
Through self-referential processing of information, individuals are able
to capitalize on personal semantic memory (self-knowledge) to promote
episodic memory (memory for details of events tied to a specific time and
place).

Evidence of the SRE in healthy older adults who show episodic
memory decline indicates that the strategy may be extended to popu-
lations known to experience even more significant changes to episodic
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memory, such as those with amnestic Mild Cognitive Impairment
(aMCI).

aMCI is considered an intermediate stage between healthy cognitive
aging and dementia of the Alzheimer's type and is characterized by
changes in episodic memory that are greater than expected for age and
education, but with maintained independence in completing complex
activities of daily living (Albert et al., 2011; Petersen et al., 1999,
2001). A diagnosis of aMCI constitutes a high risk factor for the de-
velopment of Alzheimer's disease (Farias et al., 2009; Mitchell and
Shiri-Feshki, 2009; Petersen et al., 1999, 2005; 2009). The few studies
that have investigated the SRE in aMCI have employed typical trait
adjective paradigms, in which participants incidentally encode trait
adjective words self-referentially in addition to other conditions that
commonly involve semantic processing of the meaning of the words or
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more superficial structural decisions about the words. These studies
have found disparate results, with one showing an advantage for po-
sitive trait adjectives encoded self-referentially (Leblond et al., 2016)
and others indicating no memory advantage for self-referenced trait
adjectives over those encoded semantically (Carson et al., 2018; Rosa
et al., 2015).

Findings of the SRE in aMCI using trait adjective paradigms are not
only inconclusive, but they do not provide much information about the
potential usefulness of the self-referential strategy in aMCI, given that
trait adjective words are generally not sought to be remembered in our
day-to-day lives. Stimuli that are more ecologically valid, such as nar-
ratives, are likely to be more indicative of the potential of self-refer-
ential processing to lead to improved memory in aMCI. Memory for
narrative information is integral to everyday functioning, as it char-
acterizes communications of our own life experiences and allows us to
gather knowledge about others (Kropf and Tandy, 1998). We commu-
nicate in everyday life in a manner that resembles storytelling (Miller,
1995). The integration of personal narratives has been thought to in-
fluence the overall coherence of self-identity (Mar et al., 2010) and the
maintenance of a coherent sense of self through time (Bluck and
Habermas, 2000; Tulving, 2002). Further, narrative material engages
different and richer processes than single words (Xu et al., 2005). This is
supported by neuroimaging studies showing that distinct brain regions
are implicated in lab-based tests of episodic memory involving re-
cognition of single words versus real-world tests of autobiographical
episodic memory involving recall of personal narratives (e.g., Gilboa,
2004; McDermott et al., 2009).

There is evidence that older adults exhibit impaired memory for
narrative information when compared to their younger adult counter-
parts (Byrd, 1985; Hultsch and Dixon, 1984; Olofsson and Backman,
1993; Surber et al., 1984; Zelinski et al., 1984). These deficits extend to
autobiographical narratives, with healthy older adults showing a de-
cline in memory for specific details of past personal events, and episodic
memory more generally (Addis et al., 2010; Addis et al., 2008; Levine
et al., 2002; Piolino et al., 2006, Piolino et al., 2009; Schacter et al.,
2013). The decline in episodic autobiographical memory is even more
significant in aMCI (Barnabe et al., 2012; Gamboz et al., 2010; Murphy
et al., 2008; cf. Leyhe et al., 2009; Irish et al., 2010). The SRE may
provide a unique way to improve memory for the narrative information
that is inherent in vividly recalling the unfolding of a past personal
event.

There are few studies that have investigated the SRE for narrative
information. An early study by Reeder et al. (1987) showed that
memory for personality profiles was enhanced in young adults when
self-referential processing was emphasized during reading. More re-
cently, Carson et al. (2016) demonstrated that self-referential proces-
sing improved memory for short narratives in neurotypical aging. En-
couragingly, the few studies using self-referential processing to improve
narrative memory in memory-impaired populations (and those at risk of
developing memory impairment) have found the strategy to be effec-
tive. Grilli and Glisky (2010) showed that imagining sentences self-re-
ferentially improved memory in traumatic brain injury. A more recent
study by Grilli et al. (2018) showed that cognitively intact older adults
at greater risk for developing Alzheimer's disease due to being carriers
of the ¢4 polymorphism of apolipoprotein E (APOE) benefitted from
self-referential processing of narrative information to the same extent as
older adults who were not carriers. These studies indicate that self-re-
ferential processing of narrative information may be an effective
strategy for promoting memory in aMCI.

Studies by Conway and colleagues (Conway and Dewhurst, 1995;
Conway et al., 2001) have suggested that self-referential processing
promotes the process of recollection, the contextualized re-experiencing
of encoded information. This is in contrast to the process of familiarity,
which involves recognition of information without the sense of re-ex-
periencing and context (Tulving, 1985). Recollection is known to be
especially vulnerable to changes in healthy aging (Bastin and Van der
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Linden, 2003; Java, 1996; Light et al., 2000; Méntyla, 1993), and these
changes are even more pronounced in aMCI. In contrast, familiarity
appears to remain relatively preserved in aMCI (e.g., Anderson et al.,
2008; Hudon et al.,, 2009; Irish et al.,, 2010; Serra et al., 2010;
Westerberg et al., 2006; cf. Koen and Yonelinas, 2014). The association
between self-referenced information and recollection has been termed
the Self-Reference Recollection Effect (SRRE) by Conway and Dewhurst
(1995), and this phenomenon has been demonstrated in research in
younger adults (Leshikar and Duarte, 2012; van den Bos et al., 2010)
and healthy older adults (Carson et al., 2016; Genon et al., 2014;
Leshikar et al., 2015). Studies of the SRRE have primarily used trait
adjectives as stimuli. To our knowledge, only one study has investigated
the SRRE for trait adjectives in aMCI and found no difference in re-
collection between self-referenced and semantically encoded words
(i.e., no SRRE in aMCI; Carson et al., 2018). Given that narratives are
more detailed and context-rich than trait adjective words, they may
elicit higher rates of recollection for self-referenced material in this
population.

A final area of interest in the present study was the potential in-
fluence of material valence on the presence of a SRE and SRRE. Studies
of trait adjectives in healthy young and older adults have been variable
in terms of valence preferences (e.g., Carson et al., 2016; Glisky and
Marquine, 2009; Gutchess et al., 2007b; Leshikar et al., 2015). Ex-
amination of memory for narrative details in Carson et al. (2016)
showed better cued recall for negative details across the lifespan, but no
effect of valence on a test of narrative recognition. The two studies that
have investigated the impact of valence on the SRE in aMCI have
likewise shown mixed results. Leblond et al. (2016) found that the SRE
was limited to positively valenced trait adjective words in aMCI, while
Carson et al. (2018) did not find an influence of valence on memory in
this population. The effect of valence on the SRE in aMCI may depend
on the meaningfulness of the information that is encoded, which will be
investigated in the current study.

The present study examined whether the benefits of self-referential
encoding of narrative information extends to individuals diagnosed
with aMCI. We predicted that a SRE would be found in aMCI, though
possibly to a lesser magnitude than that seen in healthy older adults.
We additionally predicted that the meaningfulness and structure of
narratives would promote recollection in aMCI via a SRRE. Finally, we
investigated the potential influence of valence on the SRE and SRRE for
narratives.

1. Methods
1.1. Participants

Twenty older adults with aMCI (age: M = 72.7, SD = 5.7) and 30
controls (age: M = 70.1, SD = 5.5) participated in the study. The same
sample of participants was tested for Carson et al. (2018). Participants
were recruited through the Department of Neuropsychology and Cog-
nitive Health at Baycrest Health Sciences and through the Rotman
Research Institute and York University research volunteer databases.
aMCI was classified according to established diagnostic criteria (Albert
et al., 2011; Petersen et al., 1999, 2001). All participants received
monetary compensation for their participation. A brief medical history
was obtained over the telephone to rule out the presence of neurolo-
gical, cardiovascular, or psychiatric disorders known to affect cogni-
tion. Informed consent was obtained from all participants in accordance
with the procedures of the Research Ethics Boards at Baycrest Health
Sciences and York University.

1.2. Neuropsychological measures
A brief battery of targeted neuropsychological tests was adminis-

tered to all participants who had not been assessed within the past 6
months. The neuropsychological battery included measures of verbal
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and non-verbal learning and memory (Hopkins Verbal Learning Test-
Revised; Brandt and Benedict, 1997; Brief Visuospatial Memory Test-
Revised, Benedict, 1997), working memory (Digit Span; Wechsler,
1997), processing speed (Digit-Symbol coding; Wechsler, 1997), in-
cidental memory (Digit-Symbol coding incidental learning; Wechsler,
1997), word reading (National Adult Reading Test-Revised; Blair and
Spreen, 1989), confrontation naming (Boston Naming Test; Kaplan
et al., 1983), speed and attention switching (Trail Making Tests A and
B; Reitan and Wolfson, 1993), phonemic fluency (FAS; Spreen and
Benton, 1977); semantic fluency (animal naming; Rosen, 1980), and an
overall screening measure of cognitive functioning (Montreal Cognitive
Assessment; Nasreddine et al., 2005). Mood status was measured using
the Hospital Anxiety and Depression Scale (HADS; Zigmond and Snaith,
1983).

1.3. Experimental tests

1.3.1. Materials

Stimuli were three to four sentence narratives (46-53 words) used
in a previous study by Carson et al. (2016). Narratives were equated
according to the number and type of event details using the Auto-
biographical Interview scoring method (Levine et al., 2002). They were
written from the first-person perspective and described either a positive
or negative experience. See Fig. 1 for an example of a narrative and see
Carson et al. (2016) for a more detailed description of the generation
and piloting of the narratives. Each narrative was presented with a
corresponding title. Narratives were randomly assigned to six study lists
of six narratives each (three positive and three negative per list) and
one distractor list of 36 narratives (half positive, half negative).

1.3.2. Procedure

Participants made yes/no judgments about narratives under three
types of blocked study conditions. The self-reference condition em-
phasized imaging oneself as the protagonist of the narrative and asked
participants to decide for each trial: “Can I easily imagine myself ex-
periencing this event?” The semantic condition required participants to
decide: “Does this story describe a positive event?” Finally, the struc-
tural condition asked participants: “Does the word ‘the’ appear more
than 3 times?” Narratives were presented on a computer screen with E-
Prime software (Psychology Tools). Each of the six study lists of nar-
ratives was assigned to either the self-reference, semantic, or structural
condition blocks (two lists per condition), and the assignment of nar-
rative list to condition was counterbalanced across participants.
Blocked conditions were presented in a pseudorandomized order, with
no two blocks of the same condition appearing sequentially. Each trial
began with a fixation cross presented for 500 ms followed by a narrative
presented for 20 s, during which time the participant was prompted to
make the yes/no judgment. Each trial ended with the presentation of a
fixation cross for 5s. Presentation order of narratives within a given
block was randomized across participants. Practice trials preceded test
trials. Reaction time and response type (yes/no) was recorded for each
judgment. During a 10-min retention interval, participants were
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administered the National Adult Reading Test-Revised (NART-R) and a
subtraction task devised by the investigators.

Following the retention interval, a cued recall test was adminis-
tered, during which participants were asked to recall aloud as many
details as possible from each narrative, with the narrative's title serving
as a cue. A recognition test was subsequently administered, which re-
quired participants to distinguish previously studied narrative details
from distractor details (old/new button press). Thirty-six studied nar-
ratives details and 36 distractor details were presented in random
order. Half of the distractor details had a similar theme to studied
narrative details and half had novel themes. See Fig. 2 for an example.
An equal number of positive and negative distractor details were pre-
sented. When a participant indicated that a narrative detail had been
previously studied (“old”), he/she was asked to make an additional
remember/know decision with a button press. Participants received a
thorough explanation of the remember/know distinction before com-
pleting the recognition test and were asked to demonstrate to the ex-
aminer that they understood this distinction. Participants were also
given a cue card with a simplified explanation of the remember/know
distinction for use during the recognition test. The recognition test was
self-paced, and responses were recorded.

1.3.3. Scoring of narrative cued recall

Narrative cued recall was audio recorded and transcribed for
scoring. Cued recall was scored according to a scoring key created for
each narrative in order to standardize scoring between raters. Details
were accepted if they had the same or equivalent meaning to narrative
components. Details were then tallied according to the condition and
valence in which they were initially presented. Scoring was performed
by two independent raters, blind to the allocation of narratives to the
study conditions and to participant group. Inter-rater reliability was
calculated using Pearson's correlation coefficient.

1.4. Statistical analyses

Healthy control and aMCI groups were compared on age, years of
formal education, and performance on neuropsychological measures
using t-tests. Narrative cued recall scores were analyzedina 2 X 3 X 2
(participant group X encoding condition X valence) mixed ANOVA.
Narrative recognition scores were calculated by subtracting the pro-
portion of false alarms from the proportion of hits, resulting in a
“corrected recognition” score. An overall false alarm rate was used to
calculate the “corrected recognition” score. A 2 x 3 x 2 (participant
group X encoding condition X valence) mixed ANOVA was used to
analyze narrative recognition scores. Proportion of false alarms (dis-
tractor narrative details endorsed as “old”) was analyzed in a 2 x 2
mixed ANOVA (participant group X valence). The proportion of details
correctly recognized that were judged as easy to imagine in the self-
reference encoding condition were compared to details correctly re-
cognized that were indicated as difficult to imagine at encoding in a
2 X 2 (participant group X ease of imagining) mixed ANOVA.
Experiences of recollection and familiarity during the recognition test

event time
event

thought/emotion
worried that it would be extremely painful.

Dentist Visit

perceptual
I went to the dentist last week. I was lying back in the chair, blinded by the overhead light, when

he informed me that I needed a root canal. I couldn’t believe what I was hearing, and I was

perceptual

thought/emotion

Fig. 1. Generation of narratives according to internal detail categories described in the Autobiographical Interview scoring protocol (Levine et al., 2002).
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Original Narrative Presented During Study
I went to the dentist last week. I was lying back in the chair, blinded by the overhead
light, when he informed me that I needed a root canal. I couldn’t believe what I was
hearing, and I was worried that it would be extremely painful.

Corresponding Detail Presented During Recognition Test
I needed a root canal.

Distractor Detail Presented During Recognition Test (same theme)
He told me that I had three cavities.

Distractor Detail Presented During Recognition Test (novel theme)
It rained for the entire vacation.

Fig. 2. Examples of a narrative presented during study, the corresponding detail presented at recognition, a distractor detail with the same theme presented at

recognition, and a distractor detail with a novel theme presented at recognition.

was measured using a remember (recollection)/know (familiarity)
button press. Scores were then calculated with the Independence
Remember Know (IRK) method (Jacoby et al., 1997; Yonelinas and
Jacoby, 1995). Recollection scores were calculated for each study
condition according to corrected recognition [proportion remember
hits — proportion remember false alarms] and analyzed using a
2 X 3 x 2 (participant group X encoding condition X valence) mixed
ANOVA.

2. Results

Demographic information and performance on neuropsychological
measures are presented in Table 1. The aMCI and healthy older adult
control groups did not differ significantly in terms of age, t (48) = -
1.62, p = .11, or formal years of education, t (48) = -0.16, p = .87.

2.1. Narrative cued recall

Raters showed high inter-rater reliability with a Pearson's correla-
tion coefficient of 0.96 (see Fig. 3 for cued recall scores). Overall cued
recall was low in both participant groups, with healthy controls recal-
ling 26% of narrative details and the aMCI group recalling just 13% of
details. A main effect of group indicated significantly higher recall in
the control group (M = .26, SD = 0.14) compared to the aMCI group
(M = 0.13, SD = 0.10), F (1,48) = 25.23,p < .001, r;; = 0.35. Amain
effect of condition was also found, F (2,96) = 38.05, p < .001,
77; = 0.44, with planned contrasts indicating higher cued recall for
narrative details encoded in the self-reference condition (M = 0.26,
SD = 0.13) over the semantic condition (M = 0.23, SD = 0.13), F
(1,48) = 4.9, p = .03, r;; = 0.09, and improved memory for narrative
details encoded in the semantic condition over the structural condition
(M = 0.12, SD = 0.11), F (1,48) = 31.57, p < .001, 77; = 0.40. The
interaction between participant group and encoding condition was
marginally significant, F (2,96) = 2.63, p = .08, 77: = 0.05, and pair-
wise comparisons revealed that while there was a significant difference
between the self-reference and semantic conditions for healthy controls
(p = .02), this difference was not significant for the aMCI group
(p = .99). Both groups showed a significant advantage for the semantic
condition over the structural condition (ps < .001). A main effect of
valence was found, indicating better recall for negative details
(M = 0.23, SD = 0.15) over positive details (M = 0.18, SD = 0.13), F

Table 1
Demographic information and performance on neuropsychological measures.

HC (n = 30) aMCI (n = 20) Effect size (d)

age 70.1 (5.5) 72.7 (5.7) 0.46
education (years) 15.7 (2.8) 15.8 (2.8) 0.04
% female 60 55
HVLT-R total 28.1 (3.5) 21.6 (3.1) *** 1.96
HVLT-R delayed recall 10.1 (1.6) 6.0 (2.5) *** 1.95
HVLT-R recog disc. 11.4 (9) 8.7 (2.2) 1.60
BVMT-R total 25.2 (5.4) 14.8 (6.4) * 1.76
BVMT-R delayed recall 10.0 (1.6) 5.4 (2.5) *** 2.19
BVMT-R recog disc. 5.9 (.3) 5.6 (.6) 0.63
Digit Symbol Coding 62.0 (12.6) 61.2 (10.9) 0.07

Incidental Learning 12.3 (4.6) 6.1 (4.0) *** 1.44

Free Recall 7.6 (1.1) 6.2 (1.9) ** 0.90
Digit Span Forward 7.0 (1.2) 6.7 (1.2) 0.25
Digit Span Backward 5.23 (1.6) 5.4 (1.3) 0.12
Phonemic Fluency (FAS) 48.2 (10.5) 44.4 (12.0) 0.35
Semantic Fluency (Animals) 20.1 (5.1) 16.1 (5.5) * 0.75
Boston Naming Test 56.6 (2.8) 52.2 (6.5) ** 0.88
TMT A (secs) 34.7 (9.8) 37.3(9.7) 0.27
TMT B (secs) 77.7 (31.4) 90.1 (28.5) 0.41
HADS-A 4.2 (2.8) 5.1 (3.5) 0.28
HADS-D 2.6 (2.6) 2.5(2.8) 0.04
MoCA 27.7 (2.1) 25.5 (2.4) *** 0.98
NART-R (FSIQ) 116.4 (6.9) 116.0 (4.4) 0.07

Note. Values represent means (standard deviations). HC = healthy controls;
aMCI = amnestic Mild Cognitive Impairment; HVLT-R = Hopkins Verbal
Learning Test- Revised; recog disc. = recognition discrimination; BVMT-
R = Brief Visuospatial Memory Test- Revised; Incidental Learning and Free
Recall = memory subtests associated with WAIS-III Digit Symbol Coding test;
TMT = Trail Making Test; HADS =Hospital Anxiety and Depression Scale;
HADS-A = Anxiety score; HADS-D = Depression score; MoCA =Montreal
Cognitive Assessment; NART-R = National Adult Reading Test- Revised;
FSIQ =Full Scale Intelligence Quotient. HC significantly higher score than aMCI
**%p < .001, **p < .01, *p < .05. Each aMCI participant was individually
classified according to established clinical criteria for single domain aMCI (e.g.,
Petersen et al., 2001; Albert et al., 2011). Table adapted from Carson et al.
(2018).

(1,48) = 50.69, p < .001, 17; = 0.51. The interaction between partici-
pant group and valence was not significant, F (1,48) = 0.08, p = .78,
7, = 0.002.
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Fig. 3. Narrative cued recall scores, as a function of participant group and encoding. condition. HC = healthy control; aMCI = amnestic Mild Cognitive Impairment.

Error bars represent standard error.

2.2. Narrative recognition

Uncorrected scores are presented in Table 2. A main effect of group
was found, indicating that the older adult control group showed overall
higher corrected recognition than the aMCI group, F (1,48) = 15.03,
p < .001, 77; = 0.24. A main effect of condition was also apparent, F
(2,96) = 103.04, p < .001, 7}; = 0.68, with planned contrasts in-
dicating enhanced memory for narratives encoded in the self-reference
condition over the semantic condition, F (1,48) = 9.39, p = .004,
7;; = 0.16, and enhanced memory for narratives encoded in the se-
mantic condition over the structural condition, F (1,48) = 108.22,
p < .001, 775 = 0.69. There was no significant interaction between
participant group and encoding condition, F (2,96) = 49, p = .62,
7;; = 0.01. No main effect of valence was revealed, F (1,48) = 0.21,
p = .65, 7;; = 0.004 nor a significant valence by group interaction, F
(1,48) = 1.51, p = .23, npz = 0.03 (see Fig. 4 for corrected recognition
performance).

An analysis of whether narratives judged as easy to imagine oneself
experiencing led to better memory than those judged as difficult to
imagine (self-reference encoding condition), showed a main effect of
judgement across group, F (1,38) = 34.99, p < .001, n; = 0.48, in-
dicating that narratives judged as easy to imagine (M = 0.72,
SD = 0.23) were more accurately recognized on the recognitition test
than those judged as difficult (M = 0.28, SD = 0.23). The interaction
between participant group and judgement was not significant, F
(1,38) = 0.03, p = .87, n,f =.001."

2.3. False alarms

Scores are presented in Table 2. A main effect of group was found, F
(1,48) = 4.45, p < .04, n: = 0.09, indicating that the aMCI group
made significantly more false alarms than the healthy older group
during the recognition test. Additionally, a main effect of valence, F
(1,48) = 4.57, p = .04, r;; = 0.09, showed that across both aMCI and
healthy control groups, significantly more false alarms were made for

! Due to technical difficulties accessing the data necessary for this analysis, a
subset of participants was included (22 healthy controls and 18 aMCI).

positive versus negative narrative details. No group by valence inter-
action was revealed, F (1,48) = 0.18, p = .67, nj = 0.004.

2.4. Narrative recollection (SRRE)

A main effect of condition was found, F (2,96) = 63.63, p < .001,
77; = 0.57, with self-referential encoding enhancing recollection over
semantic processing, F (1,48) = 6.52, p = .01, 77: = 0.12 and semantic
processing improving recollection over structural encoding, F
(1,48) = 59.86, p < .001, npz = 0.56. There was a marginally sig-
nificant main effect of participant group, F (1,48) = 3.34, p = .07,
77; = 0.07, with the healthy control group showing higher recollection
scores than the aMCI group. The interaction between encoding condi-
tion and participant group was non-significant, F (2,96) = 0.32,
p=.73, 775 = 0.01. There was no effect of valence F (1,48) = 0.06,
p=.81, 77; = 0.001 nor a significant valence by participant group in-
teraction, F (1,48) = 1.5, p = .23, 7;; = 0.03. Recollection “remember”
scores, calculated according to corrected recognition, are presented in
Fig. 5. Also, see Table 2 for uncorrected recollection scores.

There was few familiarity “know” button press responses made
across both participant groups and this prevented further analysis of
familiarity scores. This absence did not impede the main goal of
studying recollection in healthy aging and aMCI.

3. Discussion

To our knowledge, this study is the first to show that self-referential
processing effectively improves narrative memory in aMCI. This finding
is noteworthy given that memory for narrative information notably
declines in aMClI, a deficit that potentially contributes to the decline in
autobiographical episodic memory observed in this population
(Murphy et al., 2008). Brain structures likely to support improved
performance despite known changes to hippocampal volume in aMCI
are discussed below.

3.1. Self-reference effect (SRE) for narrative information

The current study found an SRE for narrative information in aMCI
on a test of recognition memory. Evidence of the SRE in aMCI is
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Table 2
Narrative recognition and recollection “remember” scores.
Condition Valence Overall Recognition Recollection “Remember” Scores
HC aMCI HC aMCI
Hits Self-Reference Pos .87 (.13) .81 (.16) .68 (.27) .65 (.22)
Neg .88 (.14) .70 (.19) 72 (.27) .61 (.25)
Semantic Pos .82 (.16) 72 (.22) .63 (.31) .60 (.29)
Neg .83 (.14) .66 (.20) .59 (.29) .52 (.32)
Structural Pos .44 (.27) .38 (.27) .24 (.27) .25 (.23)
Neg .49 (.27) .39 (.26) .32(.28) .28 (.27)
False Alarms Pos .10 (.08) .16 (.17) .04 (.05) .09 (.13)
Neg .08 (.07) 13 (12) .03 (.04) .09 (.111)

Note. Values represent means (standard deviations). HC = healthy controls; aMCI = amnestic Mild Cognitive Impairment; Pos = positive; Neg = negative.
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inconsistent with two previous studies on memory for trait adjectives
that found no preferential benefit to self-referential processing over
another form of deep encoding in this population (Carson et al., 2018;
Rosa et al., 2015). A third study by Leblond et al. (2016) found the SRE
in aMCI specific to positive trait adjective words. These inconsistencies
may be due to differences in stimuli across studies, with the use of
narratives in the current study and trait adjectives in the other three
studies. Narrative material engages different and richer processes than
single words (Xu et al., 2005), and older adults have been shown to
benefit from the added context available in narratives (Burke and Light,
1981; Johnson, 2003; Stine et al., 1989; Tun and Wingfield, 1993;
Wingfield and Stine, 1991). Indeed, a meta-analysis by Johnson (2003)
indicated that healthy older adults remember longer narrative passages
better than shorter passages, an advantage thought to be due to the
availability of additional contextual information in the longer passages.
It is likely that the rich context of narratives versus single words was
associated with the high recognition accuracy exhibited in both groups.
In order to comprehend narratives, it has been shown that we integrate
story information, such as characters and their goals, with our own
semantic knowledge, creating a mental representation of the overall
event (Zwaan and Radvansky, 1998). Access to this constructed mental
representation allows for enhanced recognition accuracy of coherent
narrative material (Yarkoni et al., 2008).

The use of narrative information as stimuli appeared to promote
self-referential processing in aMCI in the current study. Perhaps in-
dividuals with aMCI were able to capitalize on self-referential proces-
sing of narrative information due to the structure and context inherent
in narratives that makes them easier than single words to process and
retrieve. Further, in the present study, participants were explicitly in-
structed to imagine themselves as the protagonist of the narratives,
along with any associated thoughts or feelings in the self-reference
condition. These explicit instructions may have promoted strategic
encoding of the material in aMCI, a population who generally has dif-
ficulty with self-initiated encoding strategies but can show improve-
ment with specific encoding instructions (Acevedo and Lowenstein,
2007; Belleville et al., 2006; Hampstead et al., 2008). Though the SRE
did not improve narrative memory in aMCI to the extent that it did in
their healthy counterparts, it is indeed encouraging that the effect is
found in aMCI, as it is in other memory-impaired populations (Grilli
and Glisky, 2010).

Both aMCI and healthy control groups showed greater improvement
in memory for narratives that were judged at encoding as easy to
imagine oneself experiencing (self-reference encoding condition).
Perhaps self-consistent information is easier to encode using the self-
reference technique. An alternative interpretation is that it is self-con-
gruency and not self-relatedness that leads to improved memory in the
self-reference encoding condition. To verify that it was indeed self-re-
ferential processing that improved memory for narratives in this para-
digm, future research could include narratives that are not written from
a first-person perspective and explicitly ask participants to rate the self-
congruency of narratives.

Though the aMCI group showed the SRE on a test of recognition
memory, a marginal interaction suggests that, unlike healthy controls,
there might not have been an advantage for self-referenced details over
semantic details on a test of cued recall. The literature indicates that
recall declines in healthy aging compared to recognition (Craik and
McDowd, 1987; Parker et al., 2004). Perhaps this phenomenon is ex-
acerbated in aMCI and individuals are only able to benefit from ela-
borative processing strategies in situations with inherent environmental
support, such as on a test of recognition memory. Further, it is notable
that overall cued recall of details was low in both healthy aging and
aMCI groups. Analysis of the cued recall data thus may not be as in-
formative as that of the recognition memory data, which more clearly
indicates that in a situation of environmental support individuals with
aMCI are able to capitalize on self-referential processing to improve
memory for narrative information.
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3.2. Self-Reference Recollection Effect (SRRE) for narrative information

The SRRE was found across participant groups in the present study.
This indicates that self-referential processing of narratives led to im-
proved recollection in both healthy individuals and those with aMCI.
This finding must be validated in future research as, despite a non-
significant interaction between participant group and encoding condi-
tion, the aMCI data do not appear to show a clear difference between
self-reference and semantic conditions. There has been very limited
study of the SRRE in aMCI and the one study of which we are aware
found no SRRE in aMCI for trait adjective words (Carson et al., 2018).
Potentially due to the context-rich nature of narrative information, the
aMCI group was able to improve recollection with self-referential pro-
cessing. This finding is particularly significant, given that recollection is
an integral component of episodic memory, known to decline in healthy
aging and even more so in aMCI (Anderson et al., 2008; Hudon et al.,
20009; Irish et al., 2010; Serra et al., 2010; Westerberg et al., 2006). Due
to the low frequency of “know” responses indicating familiarity, the
contribution of familiarity to the SRE for narrative information in aMCI
could not be analyzed. The low frequency of “know” responses is a
further indicator that narrative stimuli are more easily encoded in a
fashion that promotes vivid re-experiencing of the material (i.e., re-
collection) than other less context-bound stimuli.

3.3. Influence of valence

Enhanced memory for negative details of narratives was found
across participant groups on the narrative cued recall test, while no
influence of valence was apparent when the SRE and SRRE were ex-
amined via recognition memory performance. Carson et al. (2016)
found a similar pattern in young and healthy older adults when com-
paring memory for narrative information on cued recall and recognition
tests. Indeed, previous research has indicated that SRE tests of recall are
more sensitive to effects of valence than those of recognition
(D'Argembeau et al., 2005). Furthermore, past research has indicated
that negative information is remembered in a detailed fashion in older
adulthood, while memory for positive information is more gist-like
(Kensinger et al., 2007). It must be noted that we compared positive
versus negative valence and did not explore emotionality in general
(with comparison to neutral stimuli), which has been shown to enhance
memory in healthy and pathological aging (see Gutchess and Kensinger,
2018 for comment on the intersection between the SRE and emotion-
ality in aging). Further research is necessary to explore the interaction
between valence and the SRE for narrative information and whether the
effect is specific to type of memory retrieval process (recall versus re-
cognition).

3.4. Implications for brain-behaviour relationships

Episodic memory depends on hippocampal integrity, which has
been shown to decline in healthy aging and more significantly in aMCI
(e.g., Apostolova et al., 2012; Devanand et al., 2007; Jack et al., 2000;
Morra et al., 2009; Mueller et al., 2010; Pennanen et al., 2004; Shi et al.,
2009; Yushkevich et al., 2015). A boost in memory via the SRE is likely
supported by a number of brain regions that are known to remain re-
latively intact in these populations. In the case of narrative information
utilized in the current study, the SRE appears to be powerful enough to
circumvent loss of hippocampal function.

Neuroimaging studies examining the SRE in healthy young adults
have identified cortical midline structures, particularly the medial
prefrontal cortex, as being integral to self-related processing and
memory (e.g., Amodio and Frith, 2006; Benoit et al., 2010; Craik et al.,
1999; Gutchess et al., 2007a; Kelley et al., 2002; Leshikar and Duarte,
2014; Macrae et al., 2004; Northoff et al., 2006). Despite structural and
functional neuroanatomical changes in healthy aging (Cabeza, 2002;
Cabeza and Dennis, 2012; Eyler et al., 2011; Park and Gutchess, 2005;
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Raz, 2000; Reuter-Lorenz and Lustig, 2005; Turner and Spreng, 2012),
the medial prefrontal cortex has been shown to remain relatively pre-
served (Gutchess et al., 2007a; Hedden and Gabrieli, 2004; Mather,
2003). Neuroimaging studies of the SRE in healthy older adults have
likewise found activation of cortical midline structures (Genon et al.,
2014; Gutchess et al., 2007a, 2010; 2015; Kalenzaga et al., 2015).

Neuroimaging research investigating the SRE in aMCI is limited but
provides additional insight into the brain-behaviour relationships gov-
erning the phenomenon in this population. Unlike the case of healthy
aging, the SRE in aMCI is variable, and that variability may be asso-
ciated with the integrity of structures mediating performance on dif-
ferent types of SRE tasks. For example, some studies have indicated that
brain areas critical to the SRE are not more significantly impacted in
aMCI than in healthy aging. Zamboni et al. (2013) found that in-
dividuals with aMCI activated the medial prefrontal cortex to the same
extent as controls when required to answer questions about themselves
versus other people. Additionally, a study by Gaubert et al. (2017)
found that while cortical midline structures showed the same level of
activation in patients (combined group of MCI and Alzheimer's disease)
and controls when participants engaged in self-referencing, angular
gyrus dysfunction in patients was related to deficits in self-related
memory. By contrast, Ries et al. (2007) investigated the SRE in healthy
aging and MCI and found that cortical midline activity was subtly at-
tenuated for self-appraisal in MCI when compared to healthy controls.
Further, this study indicated that activation of cortical midline struc-
tures during self-related processing was associated with level of ano-
sagnosia in aMCI.

One possible explanation for the findings of the current study is that
residual hippocampal function helps to support the interaction between
self-related processing and new learning of narratives. This explanation
is consistent with the finding of an SRRE, given that recollective pro-
cesses have been shown to rely on hippocampal integrity. Indeed, at
least one study has shown that using strategies to improve memory in
MCI promotes hippocampal activity (Hampstead et al., 2012). The re-
lationship between residual hippocampal function and the SRE in aMCI
merits further study. A further and not mutually exclusive explanation
is that the additional recruitment of brain regions associated with
processing narrative information may have promoted memory in aMCI
in the current study. This interpretation is further supported by neu-
roimaging research demonstrating distinct neural patterns associated
with learning as context and complexity increases from single words to
single sentences to coherent narratives (Xu et al., 2005). Initially evi-
denced by Grilli and Glisky's study of the Self-Imagination Effect in a
memory-impaired population (2010), the multimodal nature of narra-
tive information encoded from a self-relevant perspective may provide
a unique situation in which individuals with aMCI can capitalize on
intact cognitive functions to improve mnemonic deficits.

4. Conclusions

The SRE has been primarily studied using trait adjective words as
stimuli, which have little ecological validity and relevance to everyday
functioning. Memory for narrative information is compromised in
healthy aging and more notably in aMCI due to known changes in
hippocampal function. This type of information has real-world im-
portance and provides a valuable target for improvement with the SRE.
The current study shows that memory for narrative information benefits
from self-referential encoding in aMCI. Self-referential processing also
enhances recollection of narratives. Cued recall was enhanced for ne-
gative details across both healthy controls and aMCI groups; however,
there was no influence of valence when the SRE and SRRE were ex-
amined via recognition memory. Overall, the present study indicates
that the SRE may be a valuable intervention tool for improving memory
for narrative information in aMCI.

Neuropsychologia 134 (2019) 107179

CRediT authorship contribution statement

Nicole Carson: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Writing - original
draft, Writing - review & editing. R. Shayna Rosenbaum:
Conceptualization, Funding acquisition, Investigation, Methodology,
Resources, Supervision, Writing - original draft, Writing - review &
editing. Morris Moscovitch: Writing - review & editing. Kelly J.
Murphy: Conceptualization, Investigation, Methodology, Project ad-
ministration, Resources, Supervision, Writing - original draft, Writing -
review & editing.

Acknowledgements

K.J.M. acknowledges support from the Morris Goldenberg Medical
Research Endowment and N.C. from the Alzheimer Society of Canada
Research Program. This research was supported by Canadian Institutes
of Health Research (CIHR) grant 93535 to R.S.R. M.M. acknowledges
support from the Natural Sciences and Engineering Research Council of
Canada (NSERC) grant A 8347. None of the authors declare a conflict of
interest in regards to their authorship or the publication of this
manuscript. The authors would like to thank Victoria Smith for her
assistance with data collection for this project.

References

Acevedo, A., Lowenstein, D.A., 2007. Nonpharmacological cognitive interventions in
aging and dementia. J. Geriatr. Psychiatry Neurol. 20, 239-249. https://doi.org/10.
1177/0891988707308808.

Addis, D.R., Musicaro, R., Pan, L., Schacter, D.L., 2010. Episodic simulation of past and
future events in older adults: evidence from an experimental recombination task.
Psychol. Aging 25, 369-376. https://doi.org/10.1037/a0017280.

Addis, D.R., Wong, A., Schacter, D.L., 2008. Age-related changes in the episodic simu-
lation of future events. Psychol. Sci. 19, 33-41. https://doi.org/10.1111/].1467-
9280.2008.02043.x.

Albert, M.S., DeKosky, S.T., Dickson, D., Dubois, B., Feldman, H.H., Fox, N.C,, et al., 2011.
The diagnosis of mild cognitive impairment due to Alzheimer's disease: re-
commendations from the National Institute on Aging-Alzheimer’s Association work-
groups on diagnostic guidelines for Alzheimer's disease. Alzheimer's Dementia 7,
270-279. https://doi.org/10.1016/j.jalz.2011.03.00.

Amodio, D.M., Frith, C.D., 2006. Meeting of minds: the medial frontal cortex and social
cognition. Nat. Rev. Neurosci. 7, 268-277. https://doi.org/10.1038/nrn1884.

Anderson, N.D., Ebert, P.L., Jennings, J.M., Grady, C.L., Cabeza, R., Graham, S.J., 2008.
Recollection- and familiarity-based memory in healthy aging and amnestic mild
cognitive impairment. Neuropsychology 22, 177-187. https://doi.org/10.1037/
0894-4105.22.2.177.

Apostolova, L.G., Green, A.E., Babakchanian, S., Hwang, K.S., Chou, Y.Y., Toga, AW.,
Thompson, P.M., 2012. Hippocampal atrophy and ventricular enlargement in normal
aging, mild cognitive impairment and Alzheimer's disease. Alzheimers Dis. Assoc.
Disord. 26, 17-27. https://doi.org/10.1097/WAD.0b013e3182163b62.

Barnabe, A., Whitehead, V., Pilon, R., Arsenault-Lapierre, G., Chertkow, H., 2012.
Autobiographical memory in mild cognitive impairment Alzheimer's disease: a
comparison between the Levine and Kopelman interview methodologies.
Hippocampus 22, 1809-1825.

Bastin, C., Van der Linden, M., 2003. The contribution of recollection and familiarity to
recognition memory: a study of the effects of test format and aging. Neuropsychology
17, 14-24. https://doi.org/10.1037/0894-4105.17.1.14.

Belleville, S., Gilbert, B., Fontaine, F., Gagnon, L., Ménard, E., Gauthier, S., 2006.
Improvement of episodic memory in persons with mild cognitive impairment and
healthy older adults: evidence from a cognitive intervention program. Dement.
Geriatr. Cognit. Disord. 22, 486-499. https://doi.org/10.1159/000096316.

Benedict, R., 1997. Brief Visuospatial Memory Test-Revised Professional Manual.
Psychological Assessment Resources, Inc, Odessa, FL.

Benoit, R.G., Gilbert, S.J., Volle, E., Burgess, P.W., 2010. When I think about me and
simulate you: medial rostral prefrontal cortex and self-referential processes.
Neuroimage 50, 1340-1349. https://doi.org/10.1016/j.neuroimage.2009.12.091.

Blair, J.R., Spreen, O., 1989. Predicting premorbid IQ: a revision of the national adult
reading test. Clin. Neuropsychol. 3 (2), 129-136. https://doi.org/10.1080/
13854048908403285.

Bluck, S., Habermas, T., 2000. The life story schema. Motiv. Emot. 24, 121-147. https://
doi.org/10.1023/A:1005615331901.

Brandt, J., Benedict, R.H.B., 1997. Hopkins Verbal Learning Test-Revised. Psychological
Assessment Resources, Inc., Odessa, FL.

Burke, D.M., Light, L.L., 1981. Memory and aging: the role of retrieval processes. Psychol.
Bull. 90, 513. https://doi.org/10.1037,/0033-2909.90.3.513.

Byrd, M., 1985. Age differences in the ability to recall and summarize textual information.
Exp. Aging Res. 11, 87-91. https://doi.org/10.1080/03610738508259285.

Cabeza, R., 2002. Hemispheric asymmetry reduction in older adults: the HAROLD model.


https://doi.org/10.1177/0891988707308808
https://doi.org/10.1177/0891988707308808
https://doi.org/10.1037/a0017280
https://doi.org/10.1111/j.1467-9280.2008.02043.x
https://doi.org/10.1111/j.1467-9280.2008.02043.x
https://doi.org/10.1016/j.jalz.2011.03.00
https://doi.org/10.1038/nrn1884
https://doi.org/10.1037/0894-4105.22.2.177
https://doi.org/10.1037/0894-4105.22.2.177
https://doi.org/10.1097/WAD.0b013e3182163b62
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref8
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref8
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref8
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref8
https://doi.org/10.1037/0894-4105.17.1.14
https://doi.org/10.1159/000096316
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref11
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref11
https://doi.org/10.1016/j.neuroimage.2009.12.091
https://doi.org/10.1080/13854048908403285
https://doi.org/10.1080/13854048908403285
https://doi.org/10.1023/A:1005615331901
https://doi.org/10.1023/A:1005615331901
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref15
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref15
https://doi.org/10.1037/0033-2909.90.3.513
https://doi.org/10.1080/03610738508259285

N. Carson, et al.

Psychol. Aging 17, 85. https://doi.org/10.1006/nimg.2002.1280.

Cabeza, R., Dennis, N.A., 2012. Frontal lobes and aging. In: Stuss, D.T., Knight, R.T.
(Eds.), Principles of Frontal Lobe Function, second ed. Oxford University Press, New
York, pp. 628-652.

Carson, N., Murphy, K.J., Moscovitch, M., Rosenbaum, R.S., 2016. Older adults show a
self-reference effect for narrative information. Memory 24, 1157-1172. https://doi.
0rg/10.1080/09658211.2015.1080277.

Carson, N., Rosenbaum, R.S., Moscovitch, M., Murphy, K.J., 2018. The self-reference
effect and self-reference recollection effect for trait adjectives in amnestic mild cog-
nitive impairment. J. Int. Neuropsychol. Soc. 24, 821-832. https://doi.org/10.1017/
§1355617718000395.

Conway, M.A., Dewhurst, S.A., 1995. The self and recollective experience. Appl. Cognit.
Psychol. 9, 1-19. https://doi.org/10.1002/acp.2350090102.

Conway, M.A., Dewhurst, S.A., Pearson, N., Sapute, A., 2001. The self and recollection
reconsidered: how a “failure to replicate” failed and why trace strength accounts of
recollection are untenable. Appl. Cognit. Psychol. 15, 673-686. https://doi.org/10.
1002/acp.740.

Craik, F.I., McDowd, J.M., 1987. Age differences in recall and recognition. J. Exp.
Psychol. Learn. Mem. Cogn. 13, 474-479. https://doi.org/10.1037,/0278-7393.13.3.
474.

Craik, F.I., Moroz, T.M., Moscovitch, M., Stuss, D.T., Winocur, G., Tulving, E., Kapur, S.,
1999. In search of the self: a positron emission tomography study. Psychol. Sci. 10,
26-34. https://doi.org/10.1111/1467-9280.00102.

D'Argembeau, A., Comblain, C., Van der Linden, M., 2005. Affective valence and the self-
reference effect: influence of retrieval conditions. Br. J. Psychol. 96, 457-466.
https://doi.org/10.1348/000712605X53218.

Devanand, D.P., Pradhaban, G., Liu, X., Khandji, A., De Santi, S., Segal, S., et al., 2007.
Hippocampal and entorhinal atrophy in mild cognitive impairment: prediction of
Alzheimer disease. Neurology 68, 828-836. https://doi.org/10.1212/01.wnl.
0000256697.20968.d7.

Eyler, L.T., Sherzai, A., Kaup, A.R., Jeste, D.V., 2011. A review of functional brain ima-
ging correlates of successful cognitive aging. Biol. Psychiatry 70, 115-122. https://
doi.org/10.1016/j.biopsych.2010.12.032.

Farias, S.T., Mungas, D., Reed, B.R., Harvey, D., DeCarli, C., 2009. Progression of mild
cognitive impairment to dementia in clinic-vs community-based cohorts. Arch.
Neurol. 66, 1151-1157. https://doi.org/10.1001/archneurol.2009.106.

Gamboz, N., De Vito, S., Brandimonte, M.A., Pappalardo, S., Galeone, F., Iavarone, A.,
Della Salla, S., 2010. Episodic future thinking in amnestic mild cognitive impairment.
Neuropsychologia 48, 2091-2097. https://doi.org/10.1016/j.neuropsychologia.
2010.03.030.

Gaubert, M., Villain, N., Landeau, B., Mezenge, F., Egret, S., Perrotin, A., et al., 2017.
Neural correlates of self-reference effect in early alzheimer's disease. J. Alzheimer's
Dis. 56, 717-731. https://doi.org/10.3233/JAD-160561.

Genon, S., Bahri, M.A,, Collette, F., Angel, L., d'Argembeau, A, et al., 2014. Cognitive and
neuroimaging evidence of impaired interaction between self and memory in
Alzheimer's disease. Cortex 51, 11-24. https://doi.org/10.1016/j.cortex.2013.06.
009.

Gilboa, A., 2004. Autobiographical and episodic memory- one and the same?: evidence
from prefrontal activation in neuroimaging studies. Neuropsychologia 42,
1336-1349. https://doi.org/10.1016/j.neuropsychologia.2004.02.014.

Glisky, E.L., Marquine, M., 2009. Semantic and self-referential processing of positive and
negative trait adjectives in older adults. Memory 17, 144-157. https://doi.org/10.
1080/09658210802077405.

Grilli, M.D., Glisky, E.L., 2010. Self-imagining enhances recognition memory in memory
impaired individuals with neurological damage. Neuropsychology 24, 698-710.
https://doi.org/10.1037/a0020318.

Grilli, M.D., Woolverton, C.B., Crawford, M.S., Glisky, E.L., 2018. Self-reference and
emotional memory effects in older adults at increased genetic risk of alzheimer's
disease. Aging Neuropsychol. Cognit. 25, 186-199. https://doi.org/10.1080/
13825585.2016.1275508.

Gutchess, A., Kensinger, E.A., 2018. Shared mechanisms may support mnemonic benefits
from self-referencing and emotion. Trends Cogn. Sci. 22, 712-724. https://doi.org/
10.1016/j.tics.2018.05.001.

Gutchess, A.H., Kensinger, E.A., Schacter, D.L., 2007a. Aging, self-referencing, and medial
prefrontal cortex. Soc. Neurosci. 2, 117-133. https://doi.org/10.1080/
09658210701701394.

Gutchess, A.H., Kensinger, E.A., Schacter, D.L., 2010. Functional neuroimaging of self-
referential encoding with age. Neuropsychologia 48, 211-219. https://doi.org/10.
1016/j.neuropsychologia.2009.09.006.

Gutchess, A.H., Kensinger, E.A., Yoon, C., Schacter, D.L., 2007b. Ageing and the self-
reference effect in memory. Memory 15, 822-837. https://doi.org/10.1080/
09658210701701394.

Gutchess, A.H., Sokal, R., Coleman, J.A., Gotthilf, G., Grewal, L., Rosa, N., 2015. Age
differences in self-referencing: evidence for common and distinct encoding strategies.
Brain Res. 1612, 118-127. https://doi.org/10.1016/j.brainres.2014.08.033.

Hampstead, B.M., Sathian, K., Moore, A.B., Nalisnick, C., Stringer, A.Y., 2008. Explicit
memory training leads to improved memory for face-name pairs in patients with mild
cognitive impairment: results of a pilot investigation. J. Int. Neuropsychol. Soc. 14,
883-889. https://doi.org/10.1017/51355617708081009.

Hampstead, B.M., Stringer, A.Y., Stilla, R.F., Giddens, M., Sathian, K., 2012. Mnemonic
strategy training partially restores hippocampal activity in patients with mild cog-
nitive impairment. Hippocampus 22, 1652-1658. https://doi.org/10.1002/hipo.
22006.

Hedden, T., Gabrieli, J.D., 2004. Insights into the ageing mind: a view from cognitive
neuroscience. Nat. Rev. Neurosci. 5, 87. https://doi.org/10.1038/nrn1323.

Hudon, C., Belleville, S., Gauthier, S., 2009. The assessment of recognition memory using

Neuropsychologia 134 (2019) 107179

the Remember/Know procedure in amnestic mild cognitive impairment and probable
Alzheimer's disease. Brain Cogn. 70, 171-179. https://doi.org/10.1016/j.bandc.
2009.01.009.

Hultsch, D., Dixon, R., 1984. Memory for text materials in adulthood. In: Baltes, P., Brim
Jr.Q. (Eds.), Life-span Development and Behavior, sixth ed. Academic Press, New
York, pp. 77-108.

Irish, M., Lawlor, B.A., O'Mara, S.M., Coen, R.F., 2010. Exploring the recollective ex-
perience during autobiographical memory retrieval in amnestic mild cognitive im-
pairment. J. Int. Neuropsychol. Soc. 16 (03), 546-555. https://doi.org/10.1017/
S1355617710000172.

Jack, C.R., Petersen, R.C., Xu, Y., O’brien, P.C., Smith, G.E., Ivnik, R.J., et al., 2000. Rates
of hippocampal atrophy correlate with change in clinical status in aging and AD.
Neurology 55, 484-490. https://doi.org/10.1212/WNL.55.4.484.

Jacoby, L.L., Yonelinas, A.P., Jennings, J.M., 1997. The relation between conscious and
unconscious (automatic) influences: a declaration of independence. In: Jonathan, E.,
Cohen, D., Schooler, W. (Eds.), Scientific Approaches to Consciousness. Erlbaum,
Hillsdale, NJ, pp. 13-47.

Java, R.I., 1996. Effects of age on state of awareness following implicit and explicit word
association tasks. Psychol. Aging 11, 108-111. https://doi.org/10.1037/0882-7974.
11.1.108.

Johnson, R.E., 2003. Aging and the remembering of text. Dev. Rev. 23, 261-346. https://
doi.org/10.1016,/50273-2297(03)00009-1.

Kalenzaga, S., Sperduti, M., Anssens, A., Martinelli, P., Devauchelle, A.D., Gallarda, T.,
et al., 2015. Episodic memory and self-reference via semantic autobiographical
memory: insights from an fMRI study in younger and older adults. Front. Behav.
Neurosci. 8, 449. https://doi.org/10.3389/fnbeh.2014.00449.

Kaplan, E., Goodglass, H., Weintraub, S., 1983. Boston Naming Test (BNT) Manual, second
ed.. Lea and Fabiger, Philadelphia.

Kelley, W.M., Macrae, C.N., Wyland, C.L., Caglar, S., Inati, S., Heatherton, T.F., 2002.
Finding the self? An event-related fMRI study. J. Cogn. Neurosci. 14, 785-794.
https://doi.org/10.1162/08989290260138672.

Kensinger, E.A., Garoff-Eaton, R.J., Schacter, D.L., 2007. Effects of emotion on memory
specificity in young and older adults. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 62,
208-215. https://doi.org/10.1093/geronb/62.4.P208.

Koen, J.D., Yonelinas, A.P., 2014. The effects of healthy aging, amnestic mild cognitive
impairment, and Alzheimer's disease on recollection and familiarity: a meta-analytic
review. Neuropsychol. Rev. 24, 332-354. https://doi.org/10.1007/511065-014-
9266-5.

Kropf, N.P., Tandy, C., 1998. Narrative therapy with older clients. Clin. Gerontol. 18,
3-16. https://doi.org/10.1300/J018v18n04 _02.

Lalanne, J., Rozenberg, J., Grolleau, P., Piolino, P., 2013. The self reference effect on
episodic memory recollection in young and older adults and Alzheimer's disease.
Curr. Alzheimer Res. 10, 1107-1117. https://doi.org/10.2174/
15672050113106660175.

Leblond, M., Laisney, M., Lamidey, V., Egret, S., de La Sayette, V., Chetelat, G., Piolino, P.,
Rauchs, G., Desgranges, B., Eustache, F., 2016. Self-reference effect on memory in
healthy aging, mild cognitive impairment and Alzheimer's disease: influence of
identity valence. Cortex 74, 177-190. https://doi.org/10.1016/j.cortex.2015.10.017.

Leshikar, E.D., Duarte, A., 2012. Medial prefrontal cortex supports source memory ac-
curacy for self-referenced items. Soc. Neurosci. 7, 126-145. https://doi.org/10.1080/
17470919.2011.585242.

Leyhe, T., Miiller, S., Milian, M., Eschweiler, G.W., Saur, R., 2009. Impairment of episodic
and semantic autobiographical memory in patients with mild cognitive impairment
and early Alzheimer's disease. Neuropsychologia 47, 2464-2469. https://doi.org/10.
1016/j.neuropsychologia.2009.04.018.

Levine, B., Svoboda, E.M., Hay, J.F., Winocur, G., Moscovitch, M., 2002. Aging and au-
tobiographical memory: dissociating episodic from semantic retrieval. Psychol. Aging
17, 677-689. https://doi.org/10.1037/0882-7974.17.4.677.

Leshikar, E.D., Duarte, A., 2014. Medial prefrontal cortex supports source memory for
self-referenced materials in young and older adults. Cognit. Affect Behav. Neurosci.
14, 236-252. https://doi.org/10.3758/513415-013-0198-y.

Leshikar, E.D., Dulas, M.R., Duarte, A., 2015. Self-referencing enhances recollection in
both young and older adults. Aging Neuropsychol. Cognit. 22, 388-412. https://doi.
org/10.1080/13825585.2014.957150.

Light, L.L., Prull, M.W., La Voie, D.J., Healy, M.R., 2000. Dual-process theories of memory
in old age. In: Perfect, T.J., Maylor, E.A. (Eds.), Models of Cognitive Aging: Debates in
Psychology. Oxford University Press, New York, NY, pp. 238-300.

Macrae, C.N., Moran, J.M., Heatherton, T.F., Banfield, J.F., Kelley, W.M., 2004. Medial
prefrontal activity predicts memory for self. Cerebr. Cortex 14, 647-654. https://doi.
org/10.1093/cercor/bhh025.

Mantyld, T., 1993. Knowing but not remembering: adult age differences in recollective
experience. Mem. Cogn. 21, 379-388. https://doi.org/10.3758/BF03208271.

Mar, R.A., Peskin, J., Fong, K., 2010. Literary arts and the development of the life story.
In: In: Habermas, T. (Ed.), The development of Autobiographical Reasoning in
Adolescence and beyond: New Directions for Child and Adolescent Development, vol.
131. pp. 73-84.

Mather, M., 2003. Aging and emotional memory. In: Reisberg, D., Hertel, P. (Eds.),
Memory and Emotion. Oxford University Press, New York, pp. 272-307.

McDermott, K.B., Szpunar, K.K., Christ, S.E., 2009. Laboratory-based and auto-
biographical retrieval tasks differ substantially in their neural substrates.
Neuropsychologia 47, 2290-2298. https://doi.org/10.1016/j.neuropsychologia.
2008.12.025.

Miller, P.J., 1995. Personal storytelling in everyday life: social and cultural perspectives.
In: Wyer Jr.R.S. (Ed.), Knowledge and Memory: the Real Story. Lawrence Earlbaum
Associates, Inc, Hillsdale, NJ, pp. 177-184.

Mitchell, A.J., Shiri-Feshki, M., 2009. Rate of progression of mild cognitive impairment to


https://doi.org/10.1006/nimg.2002.1280
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref19
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref19
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref19
https://doi.org/10.1080/09658211.2015.1080277
https://doi.org/10.1080/09658211.2015.1080277
https://doi.org/10.1017/S1355617718000395
https://doi.org/10.1017/S1355617718000395
https://doi.org/10.1002/acp.2350090102
https://doi.org/10.1002/acp.740
https://doi.org/10.1002/acp.740
https://doi.org/10.1037/0278-7393.13.3.474
https://doi.org/10.1037/0278-7393.13.3.474
https://doi.org/10.1111/1467-9280.00102
https://doi.org/10.1348/000712605X53218
https://doi.org/10.1212/01.wnl.0000256697.20968.d7
https://doi.org/10.1212/01.wnl.0000256697.20968.d7
https://doi.org/10.1016/j.biopsych.2010.12.032
https://doi.org/10.1016/j.biopsych.2010.12.032
https://doi.org/10.1001/archneurol.2009.106
https://doi.org/10.1016/j.neuropsychologia.2010.03.030
https://doi.org/10.1016/j.neuropsychologia.2010.03.030
https://doi.org/10.3233/JAD-160561
https://doi.org/10.1016/j.cortex.2013.06.009
https://doi.org/10.1016/j.cortex.2013.06.009
https://doi.org/10.1016/j.neuropsychologia.2004.02.014
https://doi.org/10.1080/09658210802077405
https://doi.org/10.1080/09658210802077405
https://doi.org/10.1037/a0020318
https://doi.org/10.1080/13825585.2016.1275508
https://doi.org/10.1080/13825585.2016.1275508
https://doi.org/10.1016/j.tics.2018.05.001
https://doi.org/10.1016/j.tics.2018.05.001
https://doi.org/10.1080/09658210701701394
https://doi.org/10.1080/09658210701701394
https://doi.org/10.1016/j.neuropsychologia.2009.09.006
https://doi.org/10.1016/j.neuropsychologia.2009.09.006
https://doi.org/10.1080/09658210701701394
https://doi.org/10.1080/09658210701701394
https://doi.org/10.1016/j.brainres.2014.08.033
https://doi.org/10.1017/S1355617708081009
https://doi.org/10.1002/hipo.22006
https://doi.org/10.1002/hipo.22006
https://doi.org/10.1038/nrn1323
https://doi.org/10.1016/j.bandc.2009.01.009
https://doi.org/10.1016/j.bandc.2009.01.009
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref46
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref46
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref46
https://doi.org/10.1017/S1355617710000172
https://doi.org/10.1017/S1355617710000172
https://doi.org/10.1212/WNL.55.4.484
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref49
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref49
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref49
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref49
https://doi.org/10.1037/0882-7974.11.1.108
https://doi.org/10.1037/0882-7974.11.1.108
https://doi.org/10.1016/S0273-2297(03)00009-1
https://doi.org/10.1016/S0273-2297(03)00009-1
https://doi.org/10.3389/fnbeh.2014.00449
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref53
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref53
https://doi.org/10.1162/08989290260138672
https://doi.org/10.1093/geronb/62.4.P208
https://doi.org/10.1007/s11065-014-9266-5
https://doi.org/10.1007/s11065-014-9266-5
https://doi.org/10.1300/J018v18n04_02
https://doi.org/10.2174/15672050113106660175
https://doi.org/10.2174/15672050113106660175
https://doi.org/10.1016/j.cortex.2015.10.017
https://doi.org/10.1080/17470919.2011.585242
https://doi.org/10.1080/17470919.2011.585242
https://doi.org/10.1016/j.neuropsychologia.2009.04.018
https://doi.org/10.1016/j.neuropsychologia.2009.04.018
https://doi.org/10.1037/0882-7974.17.4.677
https://doi.org/10.3758/s13415-013-0198-y
https://doi.org/10.1080/13825585.2014.957150
https://doi.org/10.1080/13825585.2014.957150
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref65
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref65
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref65
https://doi.org/10.1093/cercor/bhh025
https://doi.org/10.1093/cercor/bhh025
https://doi.org/10.3758/BF03208271
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref68
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref68
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref68
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref68
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref69
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref69
https://doi.org/10.1016/j.neuropsychologia.2008.12.025
https://doi.org/10.1016/j.neuropsychologia.2008.12.025
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref71
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref71
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref71
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref72

N. Carson, et al.

dementia; meta-analysis of 41 robust inception cohort studies. Acta Psychiatr. Scand.
119, 252-265.

Morra, J.H., Tu, Z., Apostolova, L.G., Green, A.E., Avedissian, C., Madsen, S.K., et al.,
2009. Automated mapping of hippocampal atrophy in 1-year repeat MRI data from
490 subjects with Alzheimer's disease, mild cognitive impairment, and elderly con-
trols. Neuroimage 45, S3-S15. https://doi.org/10.1016/j.neuroimage.2008.10.043.

Mueller, S.G., Schuff, N., Yaffe, K., Madison, C., Miller, B., Weiner, M.W., 2010.
Hippocampal atrophy patterns in mild cognitive impairment and Alzheimer's disease.
Hum. Brain Mapp. 31, 1339-1347. https://doi.org/10.1002/hbm.20934.

Mueller, J.H., Wonderlich, S., Dugan, K., 1986. Self-referent processing of age-specific
material. Psychology and Ageing 4, 293-299. https://doi.org/10.1037,/0882-7974.1.
4.293.

Murphy, K.J., Troyer, A.K., Levine, B., Moscovitch, M., 2008. Episodic, but not semantic,
autobiographical memory is reduced in amnestic mild cognitive impairment.
Neuropsychologia 46, 3116-3123. https://doi.org/10.1016/j.neuropsychologia.
2008.07.004.

Nasreddine, Z.S., Phillips, N.A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, 1.,
Cummings, J.L., Chertkow, H., 2005. The Montreal cognitive assessment, MoCA: a
brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695-699.
https://doi.org/10.1111/j.1532-5415.2005.53221..x.

Northoff, G., Heinzel, A., de Greck, M., Bermpohl, F., Dobrowolny, H., Panksepp, J., 2006.
Self-referential processing in our brain-a meta-analysis of imaging studies of the self.
Neuroimage 31, 440-457. https://doi.org/10.1016/j.neuroimage.2005.12.002.

Olofsson, M., Backman, L., 1993. Predictors of prose recall in adulthood and old age.
Arch. Gerontol. Geriatr. 16, 129-140. https://doi.org/10.1016/0167-4943(93)
90004-2.

Park, D.C., Gutchess, A.H., 2005. Long-term memory and aging: a cognitive neuroscience
perspective. In: Cabeza, R., Nyberg, L., Park, D.C. (Eds.), Cognitive Neuroscience of
Aging: Linking Cognitive and Cerebral Aging. Oxford University Press, New York, pp.
218-245.

Parker, E.S., Landau, S.M., Whipple, S.C., Schwartz, B.L., 2004. Aging, recall and re-
cognition: a study on the sensitivity of the university of southern California re-
peatable episodic memory test (USC-REMT). J. Clin. Exp. Neuropsychol. 26,
428-440. https://doi.org/10.1080/13803390490510130.

Pennanen, C., Kivipelto, M., Tuomainen, S., Hartikainen, P., Hanninen, T., Laakso, M.P.,
et al., 2004. Hippocampus and entorhinal cortex in mild cognitive impairment and
early AD. Neurobiol. Aging 25, 303-310. https://doi.org/10.1016/50197-4580(03)
00084-8.

Petersen, R.C., Doody, R., Kurz, A., Mohs, R.C., Morris, J.C., Rabins, P.V,, et al., 2001.
Current concepts in mild cognitive impairment. Arch. Neurol. 58, 1985-1992.
https://doi.org/10.1001/archneur.58.12.1985.

Petersen, R.C., Roberts, R.O., Knopman, D.S., Boeve, B.F., Geda, Y.E., Ivnik, R.J., et al.,
2009. Mild cognitive impairment: ten years later. Arch. Neurol. 66, 1447-1455.
https://doi.org/10.1001/archneurol.2009.266.

Petersen, R.C., Smith, G.E., Waring, S.C., Ivnik, R.J., Tangalos, E.G., Kokmen, E., 1999.
Mild cognitive impairment: clinical characterization and outcome. Arch. Neurol. 56,
303-308. https://doi.org/10.1001/archneur.56.3.303.

Petersen, R.C., Thomas, R.G., Grundman, M., Bennett, D., Doody, R., Ferris, S., et al.,
2005. Vitamin E and donepezil for the treatment of mild cognitive impairment. N.
Engl. J. Med. 352, 2379-2388. https://doi.org/10.1056/NEJMo0a050151.

Piolino, P., Desgranges, B., Clarys, D., Guillery Girard, B., Tacconat, L., Isingrini, M.,
Eustache, F., 2006. Autobiographical memory, autonoetic consciousness, and self-
perspective in aging. Psychol. Aging 21, 510-525. https://doi.org/10.1037/0882-
7974.21.3.510.

Piolino, P., Desgranges, B., Eustache, F., 2009. Episodic autobiographical memories over
the course of time: cognitive, neuropsychological and neuroimaging findings.
Neuropsychologia 47, 2314-2329. https://doi.org/10.1016/j.neuropsychologia.
2009.01.020.

Raz, N., 2000. Aging of the brain and its impact on cognitive performance: integration of
structural and functional findings. In: Craik, F.I.M., Salthouse, T.A. (Eds.), Handbook
of Aging and Cognition, second ed. Lawrence Erlbaum Associates, Inc., NJ, pp. 1-90.

Reeder, G.E., McCormick, C.B., Esselman, E.D., 1987. Self-referent processing and recall
of prose. J. Educ. Psychol. 79, 243-248. https://doi.org/10.1037/0022-0663.79.3.
243.

Ries, M.L., Jabbar, B.M., Schmitz, T.W., Trivedi, M.A., Gleason, C.E., Carlsson, C.M.,
et al., 2007. Anosognosia in mild cognitive impairment: relationship to activation of
cortical midline structures involved in self-appraisal. J. Int. Neuropsychol. Soc. 13,
450-461. https://doi.org/10.1017/51355617707070488.

Reitan, R.M., Wolfson, D., 1993. The Halstead-Reitan Neuropsychological Test Battery:
Theory and Clinical Interpretation, second ed. Neuropsychology Press, South Tucson,
Arizona.

Reuter-Lorenz, P.A., Lustig, C., 2005. Brain aging: reorganizing discoveries about the
aging mind. Curr. Opin. Neurobiol. 15, 245-251. https://doi.org/10.1016/j.conb.
2005.03.016.

Rogers, T.B., Kuiper, N.A., Kirker, W.S., 1977. Self-reference and the encoding of personal
information. J. Personal. Soc. Psychol. 35, 677-688. https://doi.org/10.1037/0022-

10

Neuropsychologia 134 (2019) 107179

3514.35.9.677.

Rosa, N.M., Deason, R.G., Budson, A.E., Gutchess, A.H., 2015. Self-referencing and false
memory in mild cognitive impairment due to Alzheimer's disease. Neuropsychology
29, 799-805. https://doi.org/10.1037/neu0000186.

Rosa, N.M., Gutchess, A.H., 2013. False memory in aging resulting from self-referential
processing. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 68, 882-892. https://doi.org/10.
1093/geronb/gbt018.

Rosen, W.G., 1980. Verbal fluency in aging and dementia. J. Clin. Exp. Neuropsychol. 2,
135-146. https://doi.org/10.1080/01688638008403788.

Schacter, D.L., Gaesser, D., Addis, D.R., 2013. Remembering the past and imagining the
future in the elderly. Gerontology 59, 143. https://doi.org/10.1159/000342198.
Serra, L., Bozzali, M., Cercignani, M., Perri, R., Fadda, L., Caltagirone, C., Carlesimo, G.A.,
2010. Recollection and familiarity in amnesic mild cognitive impairment.

Neuropsychology 24, 316-326. https://doi.org/10.1037/a0017654.

Shi, F., Liu, B., Zhou, Y., Yu, C., Jiang, T., 2009. Hippocampal volume and asymmetry in
mild cognitive impairment and Alzheimer's disease: meta-analyses of MRI studies.
Hippocampus 19, 1055-1064. https://doi.org/10.1002/hipo.20573.

Spreen, O., Benton, A.L., 1977. In: Neurosensory Center Comprehensive Examination for
Aphasia: Manual of Instructions (NCCEA) (Rev. University of Victoria, Victoria, BC.

Stine, E.L., Wingfield, A., Poon, L.W., 1989. Speech comprehension and memory through
adulthood: the roles of time and strategy. In: Poon, L.W., Rubin, D., Wilson, B. (Eds.),
Everyday Cognition in Adulthood and Later Life. Cambridge University Press,
Cambridge, England, pp. 195-221.

Surber, J.R., Kowalski, A.H., Pena-Paez, A., 1984. Effects of aging on the recall of ex-
tended expository prose. Exp. Aging Res. 10, 25-28. https://doi.org/10.1080/
03610738408258537.

Tulving, E., 2002. Episodic memory: from mind to brain. Annu. Rev. Psychol. 53, 1-25.
https://doi.org/10.1146/annurev.psych.53.100901.135114.

Tulving, E., 1985. Memory and consciousness. Canadian Psychology/Psychologie
Canadienne 26, 1-12. https://doi.org/10.1037/h0080017.

Tun, P.A., Wingfield, A., 1993. Is speech special? Perception and recall of spoken lan-
guage in complex environments. In: Cerella, J., Rybash, J., Hoyer, W., Commons,
M.L. (Eds.), Adult Information Processing: Limits on Loss. Academic Press, San Diego,
pp. 425-457.

Turner, G.R., Spreng, R.N., 2012. Executive functions and neurocognitive aging: dis-
sociable patterns of brain activity. Neurobiol. Aging 33, 826.e1-826.e13. https://doi.
org/10.1016/j.neurobiolaging.2011.06.005.

van den Bos, M., Cunningham, S.J., Conway, M.A., Turk, D.J., 2010. Mine to remember:
the impact of ownership on recollective experience. Q. J. Exp. Psychol. 63,
1065-1071. https://doi.org/10.1080/17470211003770938.

Wechsler, D., 1997. Wechsler Adult Intelligence Scale-Third Edition (WAIS-III).
Psychological Corporation, San Antonio, TX.

Westerberg, C.E., Paller, K.A., Weintraub, S., Mesulam, M., Holdstock, J.S., Mayes, A.R.,
Reber, P.J., 2006. When memory does not fail: familiarity-based recognition in mild
cognitive impairment and Alzheimer's disease. Neuropsychology 20, 193-205.
https://doi.org/10.1037/0894-4105.20.2.193.

Wingfield, A., Stine, E.L., 1991. Expert systems in nature: spoken language processing and
adult aging. In: Sinnott, J.D., Cavanaugh, J.C. (Eds.), Bridging Paradigms: Positive
Development in Adulthood and Cognitive Aging. Praeger, New York, pp. 237-258.

Xu, J., Kemeny, S., Park, G., Frattali, C., Braun, A., 2005. Language in context: emergent
features of word, sentence, and narrative comprehension. Neuroimage 25,
1002-1015. https://doi.org/10.1016/j.neuroimage.2004.12.013.

Yarkoni, T., Speer, N.K., Zacks, J.M., 2008. Neural substrates of narrative comprehension
and memory. Neuroimage 41, 1408-1425. https://doi.org/10.1016/j.neuroimage.
2008.03.062.

Yonelinas, A.P., Jacoby, L.L., 1995. The relation between remembering and knowing as
bases for recognition: effects of size congruency. J. Mem. Lang. 34, 622-643. https://
doi.org/10.1006/jmla.1995.1028.

Yushkevich, P.A., Pluta, J.B., Wang, H., Xie, L., Ding, S.L., Gertje, E.C,, et al., 2015.
Automated volumetry and regional thickness analysis of hippocampal subfields and
medial temporal cortical structures in mild cognitive impairment. Hum. Brain Mapp.
36, 258-287. https://doi.org/10.1002/hbm.22627.

Zamboni, G., Drazich, E., McCulloch, E., Filippini, N., Mackay, C.E., Jenkinson, M., et al.,
2013. Neuroanatomy of impaired self-awareness in Alzheimer's disease and mild
cognitive impairment. Cortex 49, 668-678. https://doi.org/10.1016/j.cortex.2012.
04.011.

Zelinski, E., Light, L., Gilewski, M., 1984. Adult age differences in memory for prose: the
question of sensitivity to passage structure. Dev. Psychol. 20, 1181-1192. https://doi.
0rg/10.1037/0012-1649.20.6.1181.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale (HADS). Acta
Psychiatr. Scand. 67, 361-370. https://doi.org/10.1111/j.1600-0447.1983.
tb09716.x.

Zwaan, R.A., Radvansky, G.A., 1998. Situation models in language comprehension and
memory. Psychol. Bull. 123, 162-185. https://doi.org/10.1037/0033-2909.123.2.
162.


http://refhub.elsevier.com/S0028-3932(19)30225-8/sref72
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref72
https://doi.org/10.1016/j.neuroimage.2008.10.043
https://doi.org/10.1002/hbm.20934
https://doi.org/10.1037/0882-7974.1.4.293
https://doi.org/10.1037/0882-7974.1.4.293
https://doi.org/10.1016/j.neuropsychologia.2008.07.004
https://doi.org/10.1016/j.neuropsychologia.2008.07.004
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/j.neuroimage.2005.12.002
https://doi.org/10.1016/0167-4943(93)90004-2
https://doi.org/10.1016/0167-4943(93)90004-2
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref80
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref80
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref80
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref80
https://doi.org/10.1080/13803390490510130
https://doi.org/10.1016/S0197-4580(03)00084-8
https://doi.org/10.1016/S0197-4580(03)00084-8
https://doi.org/10.1001/archneur.58.12.1985
https://doi.org/10.1001/archneurol.2009.266
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1056/NEJMoa050151
https://doi.org/10.1037/0882-7974.21.3.510
https://doi.org/10.1037/0882-7974.21.3.510
https://doi.org/10.1016/j.neuropsychologia.2009.01.020
https://doi.org/10.1016/j.neuropsychologia.2009.01.020
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref89
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref89
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref89
https://doi.org/10.1037/0022-0663.79.3.243
https://doi.org/10.1037/0022-0663.79.3.243
https://doi.org/10.1017/S1355617707070488
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref92
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref92
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref92
https://doi.org/10.1016/j.conb.2005.03.016
https://doi.org/10.1016/j.conb.2005.03.016
https://doi.org/10.1037/0022-3514.35.9.677
https://doi.org/10.1037/0022-3514.35.9.677
https://doi.org/10.1037/neu0000186
https://doi.org/10.1093/geronb/gbt018
https://doi.org/10.1093/geronb/gbt018
https://doi.org/10.1080/01688638008403788
https://doi.org/10.1159/000342198
https://doi.org/10.1037/a0017654
https://doi.org/10.1002/hipo.20573
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref101
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref101
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref102
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref102
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref102
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref102
https://doi.org/10.1080/03610738408258537
https://doi.org/10.1080/03610738408258537
https://doi.org/10.1146/annurev.psych.53.100901.135114
https://doi.org/10.1037/h0080017
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref106
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref106
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref106
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref106
https://doi.org/10.1016/j.neurobiolaging.2011.06.005
https://doi.org/10.1016/j.neurobiolaging.2011.06.005
https://doi.org/10.1080/17470211003770938
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref109
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref109
https://doi.org/10.1037/0894-4105.20.2.193
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref111
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref111
http://refhub.elsevier.com/S0028-3932(19)30225-8/sref111
https://doi.org/10.1016/j.neuroimage.2004.12.013
https://doi.org/10.1016/j.neuroimage.2008.03.062
https://doi.org/10.1016/j.neuroimage.2008.03.062
https://doi.org/10.1006/jmla.1995.1028
https://doi.org/10.1006/jmla.1995.1028
https://doi.org/10.1002/hbm.22627
https://doi.org/10.1016/j.cortex.2012.04.011
https://doi.org/10.1016/j.cortex.2012.04.011
https://doi.org/10.1037/0012-1649.20.6.1181
https://doi.org/10.1037/0012-1649.20.6.1181
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1037/0033-2909.123.2.162
https://doi.org/10.1037/0033-2909.123.2.162

	Self-referential processing improves memory for narrative information in healthy aging and amnestic Mild Cognitive Impairment
	Methods
	Participants
	Neuropsychological measures
	Experimental tests
	Materials
	Procedure
	Scoring of narrative cued recall

	Statistical analyses

	Results
	Narrative cued recall
	Narrative recognition
	False alarms
	Narrative recollection (SRRE)

	Discussion
	Self-reference effect (SRE) for narrative information
	Self-Reference Recollection Effect (SRRE) for narrative information
	Influence of valence
	Implications for brain-behaviour relationships

	Conclusions
	CRediT authorship contribution statement
	Acknowledgements
	References




