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Abstract

Does the tendency to adjust appraisals of ourselves in the past and future in order to maintain a favourable view of
ourselves in the present require episodic memory? A developmental amnesic person with impaired episodic memory (HC)
was compared with two groups of age-matched controls on tasks assessing the Big Five personality traits and social
competence in relation to the past, present and future. Consistent with previous research, controls believed that their
personality had changed more in the past 5 years than it will change in the next 5 years (i.e. the end-of-history illusion), and
rated their present and future selves as more socially competent than their past selves (i.e. social improvement illusion),
although this was moderated by self-esteem. Despite her lifelong episodic memory impairment, HC also showed these
biases of temporal self-appraisal. Together, these findings do not support the theory that the temporal extension of the
self-concept requires the ability to recollect richly detailed memories of the self in the past and future.
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Evolution dictates that humans strive to be better to survive
(Darwin, 1859). To convince ourselves that we are attaining this
goal and maintain our self-esteem, we tend to inflate our present
and future self-worth by viewing ourselves less favourably in
the past relative to the present (Wilson and Ross, 2003), and as
having changed more in the past than we anticipate changing
in the future (i.e. the end-of-history illusion; Quoidbach
et al.,, 2013). Temporal self-appraisal biases are influenced by
autobiographical memories of one’s personal past (Wilson
and Ross, 2003; Quoidbach et al., 2013). However, the unique
contributions of different types of autobiographical memories,
specifically semantic memory for self-related facts and episodic
memory for detailed, context-rich experiences (Tulving, 1972,
2002), have not been investigated. Social and personality theories
posit that the uniquely human ability to ‘reconstruct’ detailed
episodic memories of our past selves in ways that make us feel
good about ourselves in the present as underpinning temporal
self-appraisal biases (Cameron et al, 2004). We evaluate this
supposition by testing a developmental amnesic person, HC,

who has impaired episodic memory, to determine if she exhibits
reduced biases in temporal self-appraisal.

The idea that our memories make us who we are has long
been recognized by philosophers and neuroscientists (e.g. Locke,
1689; Sacks, 1970; Squire and Kandel, 1999). Numerous stud-
ies have identified links between the self and autobiographical
memory (Addis and Tippett, 2008; Haslam et al.,, 2011; Singer
et al., 2013; Habermas and Kober, 2015; Charlesworth et al., 2016;
Eustache et al., 2016; Sokol et al., 2017; Stanley et al., 2017; Arnould
et al., 2018; Lin, 2018). However, the ways in which different types
of autobiographical memories contribute to the self remain a
matter of debate (Prebble et al, 2013). Studies have demon-
strated that semantic autobiographical memory can support
self-appraisal of personality traits in both neurotypical individ-
uals (e.g. Klein, Loftus, et al., 1996a; Grilli, 2017) as well as in
amnesic individuals (Tulving, 1993; Klein, Sherman, et al., 1996b;
Klein et al.,, 2002), which has led some to conceptualize self-
appraisal as a primarily semantic task (Klein, Sherman, et al.,
1996b; Symons and Johnson, 1997; Carson et al., 2018). Even
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so, it cannot be assumed that self-appraisal depends solely on
semantic memory, particularly when temporal in nature. This
is an important consideration given that self-appraisal involves
not only the evaluation of self in the present but also in the
past and the future (Markus and Nurius, 1986; Prebble et al., 2013;
Craver et al., 2014).

Although it has been theorized that trait self-knowledge sup-
ports a sense of self both in the present and over time (Klein and
Lax, 2010), there is increasing evidence to suggest that episodic
memory and its interplay with semantic memory may provide
an important means by which the self is temporally extended
(e.g. Prebble, 2014; Tippett et al., 2018). For instance, studies
have shown that the quality of episodic memories is associated
with the sense of self continuity over time (D’Argembeau et al.,
2012; Bouizegarene and Philippe, 2016; Sokol et al.,, 2017; Lind
and Thomsen, 2018; Lengen et al., 2019), possibly by providing
the details necessary for nuanced representations of what we
were like in the past (Addis and Tippett, 2004; Tippett et al.,
2018). As yet, however, the contribution of episodic memory
to the appraisal of the temporally extended self has not been
investigated.

Previous attempts to distinguish the relative contributions
of episodic and semantic memory to trait self-knowledge have
assessed individuals with hippocampal amnesia, characterized
by profound deficit in episodic memory and relatively intact
semantic memory. A number of these cases exhibit preserved
self-appraisal of personality traits (Tulving, 1993; Klein et al.,
2002), suggesting that this ability relies primarily on semantic
memory. However, these individuals acquired amnesia later in
life, and the possibility that they relied on their premorbid
episodic memory—that is, memories acquired normally before
the onset of amnesia—to evaluate their self-concept cannot be
ruled out entirely. Thus, individuals with developmental amne-
sia who have a lifelong deficit in episodic memory are particu-
larly informative. Although their amnesia is not complete in that
they may be able to recall some past personal experiences, what
remains of their episodic memory is largely deficient in terms of
quantity and quality of details (Vargha-Khadem et al., 2003; Kwan
et al,, 2010; Rosenbaum et al., 2011). Therefore, developmental
amnesia may provide additional insight into understanding the
contributions of episodic memory to self-appraisal.

Here we assess developmental amnesic case HC's self-
appraisal abilities both in and beyond the present. In each of
two experiments, we examined the presence of two different
temporal biases typically exhibited by neurotypical adults,
which we hypothesized should be reduced in HC relative to
control participants if normally developed episodic memory
is indeed necessary for self-appraisal beyond the present. The
first bias was the tendency to report greater change in one’s
personality in the past than is expected in the future (i.e. the
end-of-history illusion). We predicted that, relative to control
participants, HC should exhibit a smaller difference between the
degree of personality change she reports over the past 5 years
us the degree of change she expects to occur in the next 5 years.
The second bias we investigated was the tendency to rate one’s
social competence in the past more negatively relative to the
present and the future, which we name the ‘social improvement
illusion’. We predicted that HC would perceive less improvement
in her social competence between high school and the present
than control participants. Finally, based on previous findings
that subjective temporal distance (i.e. how close individuals feel
to their past selves) predicts temporal self-appraisal (Wilson and
Ross, 2003), we also compared HC’s subjective temporal distance
to that of control participants, predicting that if these temporal
self-appraisal biases are reduced in HC, she should also feel

Fig. 1. Inverted coronal T2 images perpendicular to the hippocampus through the
hippocampal head (HH). Poor digitation of the HH, absence of the mammillary
bodies (aMB) and anterior pillar of fornix (aAPF) in HC Image also shows blurred
internal structures of the hippocampus. The left side of the brain is on the left
as per neurological convention.

closer to her past and future, in line with her reduced ability to
mentally time travel into the past and future.

Experiment 1
Method

Participants. HC is a right-handed woman with developmental
amnesia who was 30 years old at the time of testing. She was
born prematurely and believed to have suffered respiratory dis-
tress soon after birth. She completed high school, 2 years of
college (i.e. 14 years of education), and has successfully held
several jobs. HC’s hippocampal memory system is characterized
by malrotated hippocampi that are reduced in volume by 29.5%
on the left and 31.2% on the right and complete absence of the
mammillary bodies and anterior fornix (see Fig. 1; Olsen et al,,
2013; Rosenbaum et al., 2014). The developmental nature of these
abnormalities allows for assessment of the appraisal of self
over time in an individual who never fully developed episodic
memory. Indeed, like other cases of developmental amnesia (e.g.
Vargha-Khadem et al, 2002; Picard et al., 2013), HC has defi-
cient episodic memory and relatively intact semantic memory
(Kwan et al., 2010; Rosenbaum et al., 2011; but see Blumenthal
et al, 2017). While HC scores in the average range on most
tasks of semantic knowledge, she is in the impaired range on
episodic memory tasks. For instance, when retrieving past per-
sonal events, HC generated significantly fewer episodic details
and attained significantly lower memory objective ratings of
memory quality (e.g. vividness, emotionality) than a matched
control group (Kwan et al., 2010), indicative of impaired episodic
autobiographical memory. HC’s recall of external details (includ-
ing personal semantic information) on autobiographical mem-
ory tasks was intact (Kwan et al., 2010; Rosenbaum et al., 2011).
HC’s memory retrieval has been shown to benefit normally from
repetition when the items are spaced instead of presented in
immediate succession (Green et al., 2014; Kim et al., 2018). Table 1
summarizes HC'’s performance on a range of standardized tasks
of episodic and semantic memory.

HC’s working memory is impaired for previously unfamiliar
words but preserved for famous faces and familiar words (Rose



Table 1. HC’s performance on standardized memory tasks as docu-
mented in Rosenbaum et al. (2011)

Test Normed score Percentile rank

Episodic memory
Wechsler Memory Scale-III

Logical Memory I, immediate 4 2nd
recall (scaled score)
Logical Memory I, delayed 1 <1st

recall (scaled score)
California Verbal Learning

Test-II
Total trials 1-5 (T-score) 38 12th
Short delay free recall -4 <1st
(z-score)
Long delay free recall (z-score) -3 <1st
Rey Osterreith Complex Figure Test
Immediate recall (T-score) <20 <1st
Delayed recall (T-score) <20 <1st
Semantic memory
WASI Similarities (T-score) 50 50th
WASI Vocabulary (T-score) 68th
WAIS-III Information (scaled 12 73rd
score)

Note. WASIL: Wechsler Abbreviated Scale of Intelligence; WAIS: Wechsler Adult
Intelligence Scale.

et al., 2012). She has impaired memory for public events (Rosen-
baum et al, 2011) and has difficulty imagining close others’
experiences (Rabin et al., 2013), although the extent to which
she is able to imagine details of her own future experiences is
unclear (cf. Kwan et al., 2010; Hurley et al., 2011). In contrast,
her theory of mind on standard tests (Rabin et al., 2013), ability
to imagine unfamiliar people’s experiences (Rabin et al., 2013)
and future-oriented decision-making on tests of intertemporal
choice appear to be intact (Kwan et al., 2013). HC is also character-
ized by a strong Past-Positive time orientation on the Zimbardo
Time Perspective Inventory (Zimbardo and Boyd, 1999), reflecting
her warm and sentimental attitude towards the past (Kwan et al.,
2013).

A group of 24 (18 female) age-matched (M =28.30, s.d.=2.79)
controls with no known history of neurological or psychiatric
conditions was recruited for the study from the participant pools
at Baycrest Health Sciences and York University. The control
group had on average 16.48 years of education (s.d. = 2.27), which
is not significantly different from HC, t(23) = —1.06, P=0.30. Par-
ticipants signed informed consent forms and received course
credit for participating in the study in accordance with the ethics
boards of Baycrest Health Sciences and York University.

Measures and procedure. Testing was conducted in the labora-
tory. Participants completed paper-and-pencil versions of the
questionnaires in the order presented below. For both measures,
the order of time periods was randomized.

Ten item personality inventory (Gosling et al., 2003). Participants
rated their Big Five personality traits (i.e. conscientiousness,
agreeableness, emotional stability, openness to experience, and
extraversion) by indicating how strongly they agree with each
item on a 7-point scale from 1 (strongly disagree) to 7 (strongly
agree). Similar to the temporally extended procedure described
in Quoidbach et al. (2013), participants were asked to complete
the measure three times, rating their personality in the present,
5 years ago, and 5 years from now.
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Social competence scale (Ross and Wilson, 2002). Participants rated
their social competence during five life periods: elementary
school, high school and the present (as in the original version;
Ross and Wilson, 2002), as well as 5 and 10 years from now. For
each time period, participants rated themselves on 11 attributes
(e.g. popular, lonely) on a 7-point semantic differential scale (e.g.
from 1=unpopular to 7=popular). Composite social compe-
tence scores were calculated by averaging responses across the
11 items of the scale. Participants then indicated the subjective
distance of their past/future selves by placing two marks on each
of two 190 mm lines to indicate the degree of closeness (first line:
0 =feel very close to my past/future self; 190 = feel very distant
from my past/future self) and nearness (second line: 0=my
past/future self feels very near; 190 =my past/future self feels
far away) to their current self. Distances were highly correlated (r
ranged from 0.50 to 0.72) and thus we derived a single subjective
distance (averaged across closeness and nearness) for the past
self and for the future self. Lastly, participants were asked to
judge objective temporal distance for the two past time periods
(as these time periods were not defined as a specific temporal
distance) by reporting how long it had really been since the last
year of elementary school and high school.

Results

For the Ten Item Personality Inventory (TIPI), the Big Five com-
posite variables (i.e. emotional stability, extraversion, openness,
agreeableness, and conscientiousness)! were constructed for
the past, present and future time periods. Absolute differences
between past and present, and between present and future were
summed across all traits to quantify the amount of change in
personality reported in the past 5 years and anticipated in the
next 5 years. The control group reported having changed more
in the past 5 years (M =13.54, s.d.= 6.39) than they anticipated
changing in the next 5 years (M=9.54, s.d.=2.92), t(23)=3.01,
P=0.006, d=0.61, 95%CI [1.25, 6.75]. Crawford’s t-test for single
case studies (Crawford and Howell, 1998) showed that the dif-
ference between HC'’s reported change for the past 5 years and
her predicted change for the next 5 years was not significantly
different from that of controls (see Fig. 2), t(23) =1.35, P= 0.189.
Before comparing social competence judgements in HC to
control participants, we first examined these judgements in the
control group. The Social Competence Scale (SCS) showed high
internal consistency for all time periods (« > 0.85). To determine
whether control participants perceived improvements in
social competence over time, we constructed a mixed model
with social competence regressed on time period and with
participant as the random intercept (see Table 2). A likelihood
ratio test showed that time period accounted for significantly
more variance in social competence than the null model,
x%(4)=18.46.82, P= 0.001. Specifically, social competence in
elementary school (M=4.45, s.d.=1.34) was rated significantly
lower than in the present (M=5.06, s.d.=0.95), 5 years from
now (M=5.36, s.d.= 0.82), and 10 years from now (M=5.28,
s.d.=0.91). This pattern is consistent with a social improvement
illusion. However, no differences in social competence ratings
were observed between other time periods in the control group,
including the predicted increase between high school and

1 TIPI has shown adequate levels of convergence with widely used Big
Five measures in self, observer and peer reports; test-retest reliability;
patterns of predicted external correlates and convergence between self
and observer ratings (Gosling et al., 2003).
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Table 2. Model with social competence regressed on time period in
controls in Experiment 1

Social competence

b SE t(92) P
Fixed effects
Elementary school to present  —0.606 0.23 —-2.62 0.010
High school to present -0.174 0.23 -0.75 0454
Five years from now to 0.304 0.23 1.31 0.193
present
Ten years from now to 0.216 0.23 0.93 0.354
present
Five years from now to 0910 0.23 3.93 <0.001
elementary school
Ten years from now to 0822 0.23 355 <0.001
elementary school
Five years from now to high 0478  0.23 2.06 0.042
school
Ten years from now to high 0390 0.23 1.68 0.096
school
High school to elementary 0432 0.23 1.87 0.065
school
Ten years from now to 5 -0.08 0.23 -0.38  0.705
years from now
Random effects b s.d.
Participants
Intercept error variance 0.397 0.63
Residual 0.644  0.80
18
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Fig. 2. Self-reported absolute changes in personality scores from 5 years ago to
the present (left) and from the present to 5 years from now (right), in Experiment
1. The control group reported having changed more in the past 5 years than
they anticipated changing in the next 5 years, constituting the typical temporal
personality bias. HC's difference in scores for the past 5 years and for the next
5 years did not significantly differ from that of controls. Error bars represent SE.

the present that is usually evident in neurotypical adults. To
examine these data in HC, we compared the change score for
each set of time periods to that of controls using Crawford’s
t-test for single case studies. HC showed a different pattern
of results (see Fig. 3); specifically, her change in self-appraised
social competence from high school to present was significantly
greater than that of controls, t(23)= 2.37, P=0.027. Finally, we
compared judgements of objective and subjective temporal
distance made by HC and control participants and found no
significant differences (see Table 3).

Discussion

The results of Experiment 1 did not support the hypothesis that
self-appraisal of personality and social competence requires a
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Fig. 3. Self-reported social competence scores across five time periods for HC
and controls in Experiment 1. In controls, social competence ratings in elemen-
tary school were significantly lower than in the present and future, and self-
appraisals were significantly more positive for 5 years from now than for high
school. HC's reported social improvement between high school and the present
was significantly greater than that reported by controls. Error bars represent SE.

typically developed episodic memory. Specifically, the analyses
revealed no significant differences between HC and controls
on TIPI over time, providing no evidence to suggest that past
and future self-appraisal of personality relies on constructing
detailed past or future autobiographical episodes. Surprisingly,
the only significant difference between HC and control partici-
pants on self-appraisal of social competence was in the opposite
direction to our hypothesis. HC exhibited a large change in
social competence ratings between high school and the present,
consistent with the social improvement illusion, while unex-
pectedly, control participants did not (although they did exhibit
perceived improvement between other time periods). Thus, HC’s
pattern of responses, unlike that of the control group, was con-
sistent with previous findings in neurotypical controls (Wilson
and Ross, 2003). One possible explanation is a difference in self-
esteem between HC and the control group, given previous find-
ings that self-esteem moderates self-appraised temporal social
competence (Ross and Wilson, 2002).

Therefore, we conducted Experiment 2 to re-examine our
original hypothesis while also exploring whether self-esteem
could explain the findings of Experiment 1. In an online version
of the first experiment, we tested a new, larger control group;
we retested HC in this online format, expecting that although
she would be unlikely to recall much about the previous testing
session, her responses should be consistent. We also included
a measure of self-esteem to enable us to examine whether the
moderating effect of self-esteem might explain why the control
participants in Experiment 1 did not exhibit the social improve-
ment illusion. We predicted that higher self-esteem would be
associated with a more negative appraisal of past as compared to
present social competence (cf. Ross and Wilson, 2002). Critically,
we compared HC’s social improvement illusion (i.e. perceived
improvement from high school to the present) to a subsample of
control participants who matched her high level of self-esteem.
If our original hypothesis—that typically developed episodic
memory supports social improvement illusion—is correct and
we have now accounted for the moderating effect of self-esteem
on the social improvement illusion, then this bias should be
reduced in HC relative to the matched control group. Finally, if
the ability to mentally travel in time contributes to the temporal
extension of the self, we hypothesized that episodic memory
and future imagining abilities should predict controls’ social
improvement illusion for the past and the future, respectively.
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Table 3. Results of the Crawford t-tests, comparing the judgements of objective and subjective temporal distance between HC and controls

across past and future time periods in Experiment 1

Controls
Measure M s.d. HC t(23)* P
Objective temporal distance
Elementary school 16.65 3.52 18 0.40 .692
High school 10.91 3.19 12 0.36 719
Subjective temporal distance
Elementary school 118.88 45.03 124.50 0.12 .904
High school 102.23 44.22 145.50 0.95 .353
Five years from now 71.81 37.19 44.50 -0.72 479
Ten years from now 101.21 41.28 49.50 -1.23 232

Note. *These analyses were conducted using Crawford’s t-test for single case studies.

Thus, our online study also included a self-report measure of
these episodic abilities.

Experiment 2
Method

Participants. The sample size was determined a priori by con-
ducting a power analysis in G*Power (Faul et al., 2007) with two
groups, five measurements, « =0.05, a medium ES f =0.25, and
80% power, N=78. We oversampled and recruited 102 partici-
pants, online via Prolific (www.prolific.ac), in order to be able to
eliminate random responders, as well as to have a large enough
subset of participants with the same level of self-esteem as HC
Two participants were identified as random responders by the
conscientious responder scale (Marjanovic et al., 2015) and their
data removed from the analysis, yielding a total sample of 100 (98
female) participants, age- (M=31.68, s.d.=2.96) and education-
matched (M=16.24, s.d.=2.78) to HC, with no known history of
neurological or psychiatric conditions. There were no significant
differences in the years of education between HC and controls,
t(99) = —0.80, P=0.42. HC completed Experiment 2 6 months after
she participated in Experiment 1; as expected, her responses on
the two administrations were strongly correlated (TIPL: r=0.81,
P <0.001; SCS: r=0.97, P <0.001).

Measures

All of the measures used in Experiment 1 were used in Exper-
iment 2, with the addition of the following questionnaires to
assess ratings of episodic memory, future imagining and self-
esteem.

Survey of autobiographical memory. Participants rated their
agreement with each of the 26 items of the Survey of Autobi-
ographical Memory (SAM) (Palombo et al., 2013) on a scale from
1 (strongly disagree) to 5 (strongly agree), indicating their self-
reported naturalistic autobiographical memory abilities across
four domains: episodic memory, semantic memory, spatial
memory and future imagining. A moderate correlation was
previously established between the subjective ratings of episodic
memory on the SAM and objective measures of episodic memory
(Palombo et al., 2013).

Rosenberg self-esteem scale (Rosenberg, 1965). Participants com-
pleted this 10-item measure of positive and negative feelings
about the self by indicating the degree of agreement with each
item from O (strongly disagree) to 3 (strongly agree).

Conscientious responder scale. We distributed these five items
(e.g. To answer this question, please choose option three, ‘neither
agree nor disagree’; Marjanovic et al., 2015) throughout the survey
to identify random responders.

Procedure. Participants accessed the study online via Qualtrics.
After providing informed consent, participants completed the
questionnaires in the following order: Rosenberg self-esteem
scale (RSES), TIPI, SAM and SCS. As in Experiment 1, the order of
time periods for the TIPI and SCS was randomized. Participants
received monetary compensation for participatingin accordance
with the ethics boards of Baycrest Health Sciences and York
University.

Results

For the TIPI, the composite variables were constructed as per
Experiment 1. The control group, on average, reported having
changed more in the past 5 years (M =9.36, s.d.= 5.49) than they
anticipated changing in the next 5 years (M=7.60, s.d.=4.51),
t(99) =3.21, P <0.001, d=0.32, 95%CI [0.67, 2.85], reproducing the
results of Experiment 1. The sample size of Experiment 2 was
sufficiently large to conduct an order effect regression analysis;
the order of presentation of time periods (i.e. past, present and
future) had no significant effect on the results, F(5,94)=2.18,
P=0.062, R?=0.10. HC also reported having changed more in the
past 5 years (absolute difference = 14) than anticipated changing
in the next 5 years (absolute difference =4; see Fig. 4). Crawford’s
t-test showed that the difference between H.C’s reported change
over the past 5 years and predicted change in the next 5 years
was not significantly different from that of the control group,
t(99) =1.49, P= 0.138, reproducing the findings in Experiment 1.
The SAM episodic memory and future imagining subscales
showed high internal consistency («=0.86 and 0.81, respec-
tively). The full control sample, reported that, on average, they
are better at remembering the past (M=132.93, s.d.=57.95)
than imagining the future (M=126.45, s.d.=48.47), t(99)=4.96,
P <0.001, d=0.50, 95%CI [4.54, 10.59]. On the other hand, HC
reported being better at imagining the future (94.32) than
remembering the past (80.27). We ran two regressions in the con-
trol group to determine whether self-reported episodic memory
and future imagining scores predicted changes in personality
ratings over the past 5 years and the next 5 years, respectively.
Contrary to our hypotheses, neither episodic memory or future
imagining scores predicted differences in personality ratings in
the past and the present, b=-0.07, SE=0.04, P=0.068, R?=0.03,
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Fig. 4. Self-reported absolute changes in personality scores from 5 years ago to
the present (left) and from the present to 5 years from now (right), in Experiment
2. Reproducing results of Experiment 1, HC and controls reported having changed
more in the past 5 years than they anticipated changing in the next 5 years. Error
bars represent SE.

or the present and the future, b=-0.002, SE=0.04, P= 0.961,
R?=0.01, respectively. HC’s subjective ratings of her factual
memory (total score =94.74) was not significantly different from
controls (M= 95.65, s.d.=10.07), t(99) = —0.09, P =0.93.

The SCS showed high internal consistency for each time
period (« >0.88). A likelihood ratio test showed no significant
order effect of time period presentation on the pattern of
responses, x%(20) =17.32, P= 0.632. RSES showed high internal
consistency («=0.89). We tested the hypothesized moderating
effect of self-esteem on control participants’ social competence
ratings across time periods using a linear mixed-effects analysis
in R package lme4 (Bates et al., 2012). Time period (relative to
the present, which was the reference condition), self-esteem
ratings and their interaction were entered as fixed effects in
the model, with social competence ratings as the dependent
variable. We included subject as a random intercept in the
model. A likelihood ratio test showed that the model (see
Table 4) with the self-esteem by time period interaction accounts
for significantly more variance in social competence than the
null model without the interaction term, x?(4)=9.82, P= 0.044.
Specifically, individuals with high self-esteem tend to rate
themselves significantly more negatively in high school relative
to the present than those with low self-esteem.

The regression results above suggest that it is indeed neces-
sary to control for the level of self-esteem when comparing SCS
scores between HC who has a high score in self-esteem (scoring
28 out of 30) and control participants who range widely in self-
esteem (M =19.06, s.d.=4.91). Thus, we selected a subset of indi-
viduals with self-esteem scores equal to or higher than 21.2 This
high self-esteem subsample was composed of 36 participants
with an average age of 32.08 (s.d.=3.09), an average education
of 16.36 years (s.d.=2.52), and an average self-esteem rating
of 23.86 (s.d.=2.52). Regression analysis (see Table 5) showed
that, relative to the present and future time periods (5 and
10 years from now), these high self-esteem participants rated
their social competence more negatively in elementary school
(replicating Experiment 1) and high school (see Fig.5). As in
Experiment 1, social competence ratings both 5 and 10 years
into the future did not show significant differences relative to
the present. Crawford’s t-test showed that HC’s changes in self-
appraised social competence did not differ from that of high self-
esteem control participants, and importantly, this was the case

2 The self-esteem scores were approximately normally distributed, with
a mean of 19.06 (s.d. = 4.91) and median of 20.

Table 4. Model with social competence regressed on time period by
self-esteem interaction in Experiment 2

Social competence

b SE t P
Fixed effects
Intercept 2.581 0.46  5.66 <0.001
Elementary school 1.192 045 2.63 0.009
High school 1.416 045 221 0.028
Five years from now 0.779 045 172 0.087
Ten years from now 1.300 045 287 0.004
Self-esteem 0.101 0.02 435 <0.001
Self-esteem x elementary —0.064  0.02 —2.79 0.006
school
Self-esteem x high school =~ —0.052 0.02 -2.28 0.023
Self-esteem x 5 years from —0.022 0.02 -0.95 0.344
now
Self-esteem x 5 years from —0.040 0.02 -1.75 0.081
now
Random effects b s.d.
Participants
Intercept error variance  0.646 0.80
Residual 0.635 0.80

Note. Present time period was used as the reference condition in this analysis.
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Fig. 5. Social competence scores across five time periods for HC and a high
self-esteem subsample of controls in Experiment 2. HC and controls reported
lower social competence in elementary and high school relative to the present.
No differences were found between other life periods. Error bars represent SE.

for the differences between the present and both past time peri-
ods where the control subsample showed significant changes
(elementary school and the present, t(35) =0.88, P= 0.387; high
school and the present, t(35) = 1.53, P = 0.134). Thus, by controlling
for self-esteem, HC'’s social improvement illusion is not greater
than that of control participants as it was in Experiment 1, not
because of any change in HC’s response patterns across the two
experiments (she exhibited the bias in both experiments), but
because the high self-esteem control participants in Experiment
2 exhibit the perceived social improvement from high school to
the present that is typical in adults (Ross and Wilson, 2002).
Based on the SAM scores from the full control sample, we
ran a series of mixed models to estimate whether self-reported
episodic memory and future imagining abilities in the full con-
trol sample predicted past and future appraisals of social compe-
tence, respectively, controlling for self-appraisal in the present.
These analyses showed that episodic memory was not a signif-
icant predictor for participants’ ratings of social competence in
elementary school, b=0.01,SE=0.01,t(97) =1.20,P=0.23,R? =0.01,
or high school, b=-0.01, SE=0.01, t(97) = —0.84, P= 0.41, R =0.01.
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Table 5. Model with social competence regressed on time period in high self-esteem controls in Experiment 2

Social competence

Fixed effects b SE t(140) P
Fixed effects
Elementary school to present —-0.322 0.16 -1.99 0.048
High school to present —0.375 0.16 -2.32 0.022
Five years from now to present 0.224 0.16 1.39 0.168
Ten years from now to present 0.274 0.16 1.69 0.093
Five years from now to elementary school 0.547 0.16 3.38 <0.001
Ten years from now to elementary school 0.597 0.16 3.68 <0.001
Five years from now to high school 0.600 0.16 3.70 <0.001
Ten years from now to high school 0.649 0.16 4.01 <0.001
High school to elementary school —0.053 0.16 -1.75 0.747
Five years from now to 10 years from now 0.049 0.16 0.31 0.761
Random effects b s.d.
Participants
Intercept error variance 0.606 0.78
Residual 0.473 0.69

Table 6. Results of the Crawford t-tests, comparing the judgements of subjective temporal distance between HC and high self-esteem controls

across past and future time periods in Experiment 2

Controls
Measure M s.d. HC t(35) P
Objective temporal distance
Elementary school 18.94 4.26 20 0.24 0.808
High school 14.47 3.81 13 -.38 0.705
Subjective temporal distance
Elementary school 120.03 45.87 139 0.41 0.686
High school 115.03 47.53 141 0.539 0.593
Five years from now 85.93 38.92 37 -1.24 0.223
Ten years from now 94.96 43.50 16.5 -1.78 0.084

Although future imagining was not a significant predictor of
participants’ ratings of their future selves 5 years from now,
b=0.01,SE=0.01,t(97)=0.82,P=0.42,R? =0.01, it was a significant
predictor of future social competence ratings 10 years from now,
b=0.01, SE=0.01, t(97) = 2.18, P=0.03, R? =0.02.

Finally, as in Experiment 1, we examined participants’ sub-
jective distance for their past and future selves (see Table 6). The
larger sample size of Experiment 2 enabled us to run a regression
analysis comparing subjective distances from the present for
the past and the future time periods that were most similar in
objective distance at the group level, while controlling for differ-
ences in objective distance. This varied across participants for
the past time period ‘high school’ (M =14.47 years ago, s.d.=3.81)
but was constant for the future time period (5 and 10 years from
now). Crawford’s t-tests confirmed that HC's ratings of subjective
temporal distance for the past and the future time periods were
not significantly different from that of control participants (see
Table 6), contrary to our original hypothesis but consistent with
the findings in Experiment 1.

Discussion

HC showed similar temporal self-appraisal biases when thinking
about her past and future selves to those evident in control
participants. For the end-of-history illusion, we reproduced the
findings of Experiment 1, with both HC and the control group
reporting having changed more in the past than they expected

changing in the future. The subsample of controls selected to
match HC’s high self-esteem showed the same temporal bias as
HC did in both experiments, rating themselves more positively in
the present than in the past. Importantly, HC’s biases in temporal
self-appraisal were clearly evident, reflecting her perception of
herself changing over time. These biases were present despite
impaired episodic memory in HC, and were not predicted by self-
reported episodic memory or future imagining abilities in control
participants. The findings contribute to cognitive explanations
of the temporal self-appraisal theory in particular, and the theo-
retical link between autobiographical memory and self-appraisal
more generally.

General discussion

Using two measures of temporal self-appraisal (personality and
social competence), across two experiments that compared the
developmental amnesic case HC with independent samples of
controls (student and non-student) assessed in distinct testing
contexts (laboratory, online), our results did not support the
hypothesis that typically developed episodic memory is essen-
tial for temporal self-appraisal.

These findings call into question several memory-related
explanations for temporal self-appraisal biases. First, Quoidbach
et al. (2013) proposed that the end-of-history illusion may reflect
the relative ease of remembering past events compared to
imagining future events. However, our results suggest that the
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ease of episodic retrieval is unlikely to account for people’s
tendency to report having changed more in the past than
they anticipate changing in the future. In Experiment 2, we
found that even though control participants reported their
episodic memory was better than their future imagining
abilities, these scores did not predict control participants’ self-
appraised personality changes in the past or next 5 years,
respectively. Furthermore, HC reported that her future imagining
ability is better than her episodic memory, which is opposite
to that reported by controls (but accurate with respect to
objective assessments of HC'’s abilities in these domains; Hurley
et al, 2011; Kwan et al, 2013). Yet, she, too, showed typical
temporal self-appraisal biases, including the end-of-history
illusion. Interestingly, control participants’ future imagining
abilities predicted the degree to which they expected their
social competence to have improved 10 years from now. It
is possible that being able to imagine the future in detail is
necessary for appraising the self in relatively distant future time
periods. However, additional research is needed to determine
how this finding fits with other research suggesting decreased
involvement of concrete information, such as episodic events,
as temporal distance increases (e.g. Trope and Liberman, 2003).

Second, it has been previously proposed that an ‘illusion
of change’ in self-appraisal (e.g. social improvement illusion)
from the past to the present might be explained by people’s
reconstructions of their memories of self (Conway and Ross,
1984). In line with this idea, a presentism hypothesis suggests
that people tend to reconstruct and interpret their past on
the basis of their present knowledge and motives (Cameron
et al., 2004). However, our results do not support the notion
that one has to ‘(re)construct’ past and future selves in order
to appraise the attributes of these selves. Although individuals
with episodic amnesia may retain their narrative construction
abilities, provided that relevant story details are made available
to them (Keven et al., 2018, but see Race et al., 2011, 2015), their
deficits in constructing past and future personal episodes are
well-established (Hassabis et al., 2007; Schacter and Addis, 2007).
It is possible that HC uses her present self as a prototype for
constructing a more negative version of herself in the past.
Indeed, her perceived improvement in social competence over
time was similar to control participants who, like HC, hold their
present self in high esteem, consistent with evidence that self-
esteem moderates this social improvement illusion (Ross and
Wilson, 2002). Nevertheless, we view the possibility that HC uses
her present self as a prototype as unlikely because her past
self-appraisal was only weakly to moderately correlated with
her present self-appraisal, yet her appraisals of her past self
were strongly correlated between the two testing sessions that
occurred 6 months apart.

We extended previous research on the present self in indi-
viduals with amnesia (e.g. Tulving, 1993; Klein et al., 2002; Picard
et al,, 2013) by assessing knowledge of past and future selves,
and found that in addition to being able to describe her traits
in the present, HC was also able to reflect on what she was
like in the past and how she might change in the future. The
findings are consistent with a model of the self in which the tem-
porally extended self-concept is supported primarily by seman-
tic autobiographical memory (D’Argembeau et al., 2008, 2010;
Prebble et al., 2013), and with recent reports that even in con-
ditions characterized by episodic memory impairment, such
as Alzheimer’s disease, strong beliefs in the continuity of the
self are maintained by semantic knowledge, such as cultural
life scripts (Tippett et al., 2018). These results further support
the notion that despite her episodic memory deficit, HC has
likely developed the capacity to construct a semantic temporal

chronology (Grilli et al., 2018) of her life chapters. Nevertheless,
if both past and future self-appraisal rely on semantic memory,
then personality changes may take longer to incorporate into
self-appraisals in individuals with developmental amnesia than
healthy controls, akin to their delayed updating of other forms
of semantic knowledge (Gardiner et al., 2008).

Because we were assessing the hypotheses that the end-of-
history illusion and social improvement illusion rely on episodic
memories, we had to consider the possibility that without spe-
cific memories on which to base self-ratings, HC’s ratings may
not be stable over time. HC was tested on both self-appraisal
tasks (personality ratings and social competence ratings) on two
separate occasions spaced 6 months apart, and her ratings were
highly correlated across time. If individuals with amnesia have a
consistent and stable sense of self, it may explain why they show
the same benefit as controls on some tasks (e.g. describing future
events involving self) that draw on self-knowledge (i.e. beliefs
about one’s attributes, whether or not those beliefs are accurate
by objective standards) to a greater degree than other tasks
(e.g. describing future events involving familiar others; Verfaellie
et al., 2019). Our findings may also contribute to refining the Self
Memory System model (Conway et al., 2004) by demonstrating
that stability of self-knowledge can be achieved even in the face
of impaired episodic memory.

Findings that HC’s temporal sense of personality and
social competence appear to be intact, and her appraisals
are consistent across testing sessions despite her deficient
episodic memory, raise the possibility that HC’s residual episodic
memory is sufficient to support her temporally extended self-
concept. However, this seems unlikely when the nature of
her lifelong episodic memory impairment is considered. Like
other developmental amnesic cases, HC’s episodic learning and
memory is largely atypical, not reaching the levels attained by
age- and education-matched counterparts (Kwan et al.,, 2010;
Rosenbaum et al., 2014). Data from two independent labs have
demonstrated that HC’s episodic memory is significantly worse
than that of control participants on multiple laboratory and real-
world (autobiographical) measures, both in terms of number
of details retrieved and quality of memories (Vargha-Khadem
et al., 2003; Rosenbaum et al., 2011). A more likely explanation is
that her intact semantic abilities are sufficient to support her
temporally extended self-concept. However, it is important that
an episodic contribution to these biases cannot be completely
ruled out solely on the basis of HC’s performance not being
significantly different from that of the two control groups.
We note that Crawford’s t-test for case studies is necessarily
conservative (to account for the absence of across-subject
variance when comparing a single case to a control group
that naturally has variance). Thus, possibility remains that
HC’s temporal self-appraisals, while not statistically different
from those of control participants, may not be typical. There is
evidence to suggest that some aspects of HC’s self-appraisals
are compromised by her lack of rich episodic memories. For
example, when asked to describe herself in her own words after
formal testing, she reported her traits (e.g. friendly, empathic)
without contextualizing them. By contrast, neurotypical adults
tended to contextualize their traits (e.g. ‘introverted, especially
in new situations’; e.g. Addis and Tippett, 2004), thought to
rely on the ability to recall specific autobiographical events
and remember how they demonstrated their traits in those
situations. This finding is consistent with work showing that
individuals with hippocampal amnesia experience deficits in
generating episodic-near autobiographical facts that provide
spatiotemporal context to their narratives (Grilli and Verfaellie,
2016). It also supports a tenet of Prebble et al’s (2013) model



that abstract conceptual self-knowledge does not rely on
episodic memory, but that episodic memory may afford a more
nuanced and contextualized self-understanding by providing
the necessary detail. Notably, although the SCS used more
specific contexts (e.g. elementary school) than the TIPI, neither
task used here required retrieval of specific memories or
concrete exemplars of trait-relevant behaviour in order to
complete the self-ratings.

Taken together, our results do not provide support for the
hypothesis that a richly detailed episodic memory is necessary
for appraising how the self changes and improves over time,
contrary to many theories implicating a role for episodic mem-
ory in the temporally extended self-concept. Our findings that,
despite a lifelong episodic memory impairment, HC exhibits
the same temporal biases as other adults her age indicate that
she is able to represent past and future self-knowledge. More-
over, this self-knowledge appears to be relatively stable over
a period of 6 months. Nevertheless, these results cannot fully
rule out episodic contributions to the temporally extended self.
Further research should explore whether a normally functioning
episodic memory is necessary for more subtle qualities of the
temporally extended self. These might include grounding trait
self-knowledge in the experiences of past and future selves,
and the efficient updating of the self-concept with changes
to personality and other attributes and abilities as one moves
through life.
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