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Abstract: Nostalgia, an autobiographically relevant positive emotion, is a

sentimental longing or wistful affection for the past. Autobiographical memory,

which is one of the cognitive bases of nostalgia, includes both abstract semantic

and detailed episodic memories. Recent studies have defined and classified

memories that are located between semantic and episodic memory as personal

semantics. Although autobiographical memory and personal semantics range over

a continuum, past nostalgia research has not focused on or controlled them. In

two experiments, undergraduate students retrieved episodic memory and personal

semantics and rated cognitive and affective items. The intensity of nostalgia

differed according to the types of memory content and temporal distance of the

memory from the present. These results revealed that not only unique events but

also repeated events and autobiographical facts induced nostalgia; furthermore,

repeated events from both the distant and recent past (primary and high school,

respectively) consistently induced relatively greater nostalgia, but in some cases,

they were not significantly different from other types of memory (i.e., unique

events and autobiographical facts). These findings suggest that both episodic

memory and personal semantics are involved in the occurrence of nostalgia.



Keywords: nostalgia; autobiographical memory; episodic memory; personal

semantics

Introduction

Nostalgia has been defined as “a sentimental longing or wistful affection for the past,

typically for a period or place with happy personal associations” in an English dictionary (New

Oxford Dictionary of English, 1998, p.1266). Nostalgia has also been defined as “Remembering

the past favourably and the degree to which it is favourable” in a Japanese dictionary (nostalgia

(natsukashisa); Shogakukan Unabridged Dictionary of the Japanese Language, 2007). Over two

decades, many studies have investigated the emotional profiles, psychological benefits, and

possible clinical applications of nostalgia. Cultural comparison studies have also examined

whether nostalgia is a cross-cultural emotion. Hepper et al. (2014) investigated pancultural

nostalgia in 18 countries. They found greater than moderate correlations for 35 features (Japan:

p =.77), except for some countries in Africa. Hepper et al. (2014) found three factors that

explained nostalgia prototypes for 15 countries (again, excepting African countries): (i)

“longing for the past,” which included both cognitive (e.g., remembering and reminiscence) and

emotional features (e.g., reliving/dwelling and missing/loss); (ii) “negative affect,” which

included negative features (e.g., sadness/depression and pain/anxiety), and (iii) “positive affect,”

which included general (e.g., feeling/emotion) and positive (e.g., comfort/warmth) features. Of

these factors, the present study focuses on aspects of “longing for the past.”



The factor “longing for the past” included memory-relevant features, such as
memory/memories, the past, and fond memories (Hepper et al., 2014, Table 4). In actuality,
many studies have applied memory-driven procedures to induce nostalgia; for example,
Wildschut et al. (2006) used autobiographical narratives, and Barrett et al. (2010) used
autobiographical memory derived from familiar music. The remembered content induced by
these procedures was mainly experienced past events and relationships with others (e.g.,
Wildschut et al., 2006); thus these can be interpreted as autobiographical memory (Evans et al.,
2021). Based on these findings, the present study defines nostalgia as an emotion with the

retrieval of autobiographical memory.

Autobiographical memory and nostalgia

When people retrieve autobiographical memory, they sometimes retrieve detailed episodic
memories and sometimes abstract knowledge and concepts. These phenomena originate from
the hierarchical structure of autobiographical memory, which facilitates retrieval on different
levels, depending on goals (Conway, 2005; Conway & Pleydell-Pearce, 2000). If it is assumed
that retrieval and recollection of autobiographical memory induce nostalgia, then memories that
support the induction of nostalgia should range on a continuum from abstract concepts to
episodic memory.

Various versions of the Event Reflection Task (ERT; Sedikides et al., 2015a), a procedure

based on autobiographical events, have been used to induce nostalgia. Most of these tasks have



followed a common procedure of asking participants to reflect on their most nostalgic events

(e.g., Wildschut et al., 2006). After participants wrote what they remembered of nostalgic

episodes or ordinary episodes, their nostalgic narratives were found to contain both abstract

words (e.g., adjectives) and concrete words (e.g., descriptive action verbs; Stephan et al., 2012).

Based on the demands of the ERT task, participants might tend to recollect and describe the

events that they could remember in detail. Alternatively, the only memory that they could

remember in detail would be the target of the description. Thus, it can be expected that the ERT

procedure is a task that facilitates the retrieval of episodic memory. However, this is unclear

because no studies have analysed the content of memory retrieval.

Nostalgia can also be induced by melodies (Barrett et al., 2010), song lyrics (Routledge et

al., 2011), scents (Reid et al., 2015), and photographs (Oba et al., 2016). In these stimulus-

driven procedures, participants sometimes access highly abstract memory and other times

specific memory; however, these studies have not analysed the retrieved contents. Although past

studies have suggested a broad continuum of memory related to the induction of nostalgia, little

has been reported on the relationship between memory specificity or abstractness and the

arousal and intensity of nostalgia.

Evans et al. (2021) proposed that the simple recall of events in detail is not enough to

evoke nostalgic experiences, because a feeling of reliving (mental time travel) is a central

feature of nostalgia (Hepper et al., 2012). Mental time travel is one of the cognitive features of

episodic memory (Wheeler et al., 1997). However, studies of stimulus-driven nostalgia have



successfully induced nostalgia although they did not explicitly measure or implicate the

involvement of mental time travel and the recollection of episodic memories (Barrett et al.,

2010; Barrett & Janata, 2016; Oba et al., 2016; Reid et al., 2015). Such stimulus-driven studies

suggest that individuals can experience nostalgia without mental time travel and recall of

episodic memory. It is also possible that nostalgia derived from stimulus-driven versus memory-

driven procedures may differ in emotional intensity. Thus, the present study focuses on

memory-driven procedures.

Personal semantics

Personal semantics (for a review, see Renoult et al., 2012) is a memory classification that

has improved on the episodic-semantic dichotomy by including a continuum of four types of

personal declarative memory that are located between episodic and semantic memory. These

memories are autobiographically significant concepts, repeated events, autobiographical facts,

and self-knowledge (Renoult et al., 2012).

Autobiographically significant concepts (e.g., This flower is a cherry blossom; I ate cherry

blossom jam for the first time in primary school when I was in third grade and it was tasty)

include important facts and related episodes (Renoult et al., 2012; Westmacott & Moscovitch,

2001, 2003). Repeated events (e.g., [ rode a bicycle with my sister every day) include repeatedly

experienced events (e.g., summarized/general events; Barsalou, 1988) with spatiotemporal

contexts (Renoult et al., 2012). Autobiographical facts include personal semantic information



(Brewer, 1986; Renoult et al., 2012). Renoult et al. (2012) pointed out that contents reported in

the Autobiographical Memory Interview (Kopelman et al., 1989) corresponded to

autobiographical facts (i.e., school names, friend/teacher names, and living places). Self-

knowledge, which is a summary of self-image, includes personality-relevant information

(Brewer, 1986; Neisser, 1988; Klein & Lax, 2010; Renoult et al., 2012). Neisser (1988)

proposed that social roles are part of the conceptual self, which is a kind of self-knowledge.

Personal semantics is not the only model distinguishing personal episodic and semantic

memory. Similar perspectives have been expressed in the model of autobiographical memory of

Martinelli et al. (2013) and the experience-near/far model of Grilli and Verfaellie (2014, 2016).

Martinelli et al. (2013) identified three types of systems of declarative self: (i) episodic

autobiographical memory (EAM), which is episodic memory with unique contexts for

individuals’ lives; (ii) semantic autobiographical memory (SAM), which is semantic memory

for personal events such as extended and repeated events, and for personal information

comprising of autobiographical facts, faces of familiar or famous people, familiar places, and

familiar names; and (iii) conceptual self (CS), which contains conceptual semantic information

about the self, such as beliefs and personality. In this model, a section of SAM corresponds to

the repeated events and autobiographical facts of Renoult et al. (2012), and likewise part of CS

corresponds to the self-knowledge of Renoult et al. (2012). The models of Martinelli et al.

(2013) and Renoult et al. (2012) are similar in that both depict the declarative aspects of self-

representation, and they differ in that the framework of Martinelli et al. (2013) has a perspective



on autobiographical memory, while Renoult et al. (2012) has a perspective on episodic-semantic

memory.

In line with previous studies (Conway & Pleydell-Pearce, 2000; Martinelli et al., 2013),

Grilli and Verfaellie (2014) proposed to differentiate autobiographical facts in terms of whether

they are related to spatio-temporal and perceptual details. They suggested that the contribution

of the medial temporal lobe (MTL) during retrieval might differ depending on how far

autobiographical facts are from unique experiences. Grilli and Varfaellie (2016) proposed the

following classification of autobiographical facts based on the proposal by Grilli and Verfaellie

(2014); experience-near content includes lifetime period derived facts (e.g., I lived in Tokyo

when [ was a child), repeated event derived facts (e.g., I play soccer every Saturday), and

unique event derived facts (e.g., I went to the flea market and bought a flower vase last

Saturday). Experience-far content does not have spatiotemporal context (e.g., I have a son and a

daughter; Grilli & Verfaellie, 2016). The repeated events and autobiographically-significant

concepts of the model of Renoult et al. (2012) may be similar to experience-near content, and

self-knowledge may be similar to experience-far content. Autobiographical facts differ from

repeated events, autobiographically-significant concepts, and self-knowledge, some of which

are experience-near content, and otherwise are experience-far content (Grilli & Verfaellie, 2016;

Renoult et al., 2020).

In comparisons of personal semantics subtypes in terms of the episodic-semantic

distinction, autobiographically significant concepts and repeated events are similar to episodic



memory, autobiographical facts are similar to semantic memory, and self-knowledge is
dissimilar to both (Renoult et al., 2012; Renoult et al., 2016). Unique events, or single incidents
with spatiotemporal context (equivalent to episodic memory; Renoult et al., 2012), repeated
events, autobiographical facts, and self-knowledge are targets of the present study.
Autobiographically significant concepts were excluded from the present study for two reasons.
Firstly, most previous studies of personal semantics have not directly compared
autobiographically significant concepts, other personal semantics subtypes, and episodic
memory (e.g., Renoult et al., 2016; Tanguay et al., 2018). Secondly, autobiographically
significant concepts, such as combinations of semantic knowledge and vivid episodes, were
inappropriate because the present study aimed to manipulate the specificity/abstractness of a
single memory as a trigger of nostalgia.

The types of memories that induce nostalgia remain unclear, because no previous studies
have adopted a personal semantics framework to identify nostalgia triggers. The following
section presents the rationale for the stance that repeated events, autobiographical facts, and

self-knowledge are each related to nostalgia.

Personal semantics and nostalgia

Kusumi et al. (2010) analysed descriptions of nostalgic events with cluster analysis and
found that effective event-related triggers of nostalgia were visiting old schools and friends,

remembering school days, and looking at children in a park (e.g., primary school, junior high



school, high school, sports festivals, children). They also found that media-related nostalgia

triggers included visual information, such as monochrome colours, and music repeatedly

listened to in the past. Based on these findings, Kusumi et al. (2010) argued that frequent

repetition of a nostalgic object and a long-time lag from the present are important for generating

nostalgia. They considered that this model was related to the mere exposure effect (Zajonc,

1968). Zizak and Reber (2004) discussed that repeated exposure to sentimental items might be

associated with positive emotions and familiarity, which form emotional memories and comfort

related to those items that help elicit nostalgia. Additionally, intensity of nostalgia was

significantly predicted by familiarity towards stimuli (e.g., Barrett et al., 2010; Reid et al.,

2015). Therefore, the present study predicted that memories referring to repeated events are

involved in the occurrence of nostalgia.

Nostalgia supports the access of self-concepts (e.g., Vess et al., 2012). Grilli and Verfaellie

(2015) investigated the network of personal semantic memory that supports the self. They found

that memories associated with defining participants' personality traits were most often personal

semantic memories, such as traits/roles, beliefs, and autobiographical facts. In short, these

personal semantic memories are frequently referred to in defining the self. This result suggests

that abstract memories are highly available as resource for defining the self; that is, episodic

memories are not always dominant. In addition, Grilli (2017) found that memories associated

with defining oneself ten years ago included more experience-far personal semantic memory,

but those associated with oneself one year ago included more experience-near personal semantic
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memory, which is similar to episodic memory, such as facts derived from unique events,
repeated events, and lifetime periods (Grilli, 2017). This indicates that memories supporting the
self are not always detailed and that memories may be abstracted and used over time. Based on
these findings, the present study explored whether memories with higher levels of abstraction
(self-knowledge, autobiographical facts) would be involved in the occurrence of nostalgia, a

self-relevant emotion.

Temporal distance and self-discontinuity

It has been theorized that nostalgia arises in transition, due to subjective discontinuity in the
desire for continuity between the past and present (Davis, 1979). Consistent with this proposal,
Kusumi et al. (2010) demonstrated that TV advertisements and music with a long-time lag tended
to be evaluated as being nostalgic. Stephan et al. (2012) showed that nostalgic events were more
temporally and spatially distant than ordinary events, but there was no significant difference
between nostalgic and positive events. Similarly, events that participants felt as if happened
recently made them feel more nostalgic than the events that they felt as if they had happened a
long time ago (van Tilburg et al., 2019).

When we consider that temporal distance as the factor which enhances nostalgia, it is unclear
whether nostalgia is further enhanced by increasing temporal distance. According to Davis's
(1979) theory however, temporal distance and nostalgia probably do not have a simple linear

relationship. It might be essential that the temporal distance is sufficiently far apart to give a sense

11



of discontinuity. Thus, the present study established and manipulated three types of temporal

distances.

Overview, hypothesis, and prediction

The present study investigated the relationships between memory specificity/abstractness
of autobiographical memory, temporal distance, and the intensity of nostalgia, with a focus on
the personal semantics framework. In Experiment 1, participants reported their episodic
memories and events or facts derived from personal semantics on the first day. After a one-week
interval, on the second day, participants rated the intensity of nostalgia when they remembered
memories by looking at stimulus sentences that an experimenter reconstructed from the
descriptions of the first day. We hypothesized that the intensity of nostalgia would differ
depending on remembered memory content, and that repeated events would produce a higher
intensity of nostalgia than other types of memory content (unique events, autobiographical facts,
and self-knowledge), because the model of nostalgia evocation proposes that repetition is an
important factor in nostalgia (Kusumi et al., 2010). Furthermore, we explored whether the
intensity of nostalgia differed for each temporal distance of memory. In Experiment 2, the
procedure was modified so that memory retrieval and rating were performed without an interval.
Based on the results of Experiment 1, we examined the effects of memory contents and
temporal distance, and whether there was an interaction effect between the two factors. Each

memory might be involved in the arousal of nostalgia, therefore, we examined the intensity
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differences among the other memories (i.e., unique events, autobiographical facts, and self-

knowledge) in an exploratory manner in Experiments 1 and 2.

Experiment 1: materials & methods

Design

Experiment 1 employed a two-factor, within-participant design. Independent variables
were memory content (4 levels: unique events, repeated events, autobiographical facts, and self-
knowledge) and temporal distance (3 levels: primary school grades 1-3, secondary or high
school grades 10-12', one month ago). The dependent variable was the intensity of nostalgia

(ratings on a scale of 1-7).
Participants

Thirty-five Japanese undergraduate students participated”. Data from one participant were
excluded from the analysis because of a technical problem. Thus, the final number of
participants was 34 (M= 20.8, SD = 0.9, male = 12). Because the number of lifetime periods
varies depending on educational background, work experience, and age, Japanese university

students, who tend to have a uniform educational background, were recruited. Each received an

! In Japan, students attend primary school for six years (grades 1-6), junior high school for three
years (grades 7-9) and high school for three years (grades 10-12). The data were collected with
reference to the first half of primary school (grades 1-3) and all of high school (grades 10-12).

2 Sample size was determined based on the result of G*Power (Faul et al., 2007, 2009).
Assuming a one-way analysis of variance (with four levels) to examine the main effect of
contents of memory, with effect size /= 0.25, a= .05, and power = .90, the number of
participants required for the pre-test was calculated to be 30.

13



Amazon gift card with a value of 1000 JPY as a reward for participation. The Ethical Review
Board for Experimental Psychology Research of the Graduate School of Education at Kyoto

University approved both Experiments 1 and 2.
Procedure

This experiment was conducted on two days separated by a one-week interval. On day 1,
participants reported their memories of events, facts, and personalities on a Google Form (see
Day 1 - description task). Day 2 took place one week after day 1 (see Day 2 - experimental
task). jsPsych ver. 6.1.0 (de Leeuw, 2015) was used for the presentation of instructions, stimuli,
and rating materials. Participants accessed the URL for the experiment from their homes using
their PCs. They were instructed to remember and mentally picture events or facts when a
stimulus sentence was presented on the screen. Subsequently, they were instructed to rate using
3- or 7-point Likert scales what they felt when a stimulus was presented (see Rating task). After
two practice trials in which sample stimulus sentences were presented, the experimental task
was performed. A fixation cross was presented in the centre of participants’ screens for 1000 ms,
and then a stimulus sentence was presented for 7000 ms. One trial was considered as the set of
events from the stimulus presentation to the rating task. After all 24 trials were completed,

questionnaires were administered with using Google Forms (see Questionnaire survey).
Day 1 - description task

Participants remembered and wrote events or facts in six categories: (a) Social role (as a

subtype of self-knowledge; Neisser, 1988), (b) Personality traits representing themselves at that
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time (as a subtype of self-knowledge; Renoult et al., 2012), (¢) Nicknames of close friends (as a

subtype of autobiographical fact; Kopelman et al., 1989; Renoult et al., 2012) (d) Frequency

and content of habits (as a subtype of autobiographical fact; Renoult et al., 2016) (e) Time,

place, and content of a single positive or neutral event (as unique events; Renoult et al., 2016)

and (f) Time, frequency, place, and content of repeatedly occurring positive or neutral events (as

repeated events; Renoult et al., 2016). For (a) to (d), participants were asked to provide one

response for each of three temporal distances: for grades 1-3 (primary school condition), for

grades 10-12 (high school condition), and for one month ago (one month condition). For (e) and

(f), participants were asked to describe two school-related events each for grades 1-3 and grades

10-12, and two events that occurred at home one month ago. Participants were asked to limit the

valence of recalled events to positive or neutral in order to avoid recall of painful events. Only

category (b) used a multiple-choice response format, based on Hayashi and Horiuchi (1997).
Day 2 - experimental task

Stimulus sentences were created by the experimenter based on day 1 answers. The content

of these sentences differed for each participant, because the content of autobiographical memory

and the intensity of nostalgia were intended to correspond. The sentence structure was

determined with reference to Renoult et al. (2016). The category of stimulus sentences

corresponded to the day 1 description task: Unique events (e.g., In December of the year I was

in grade 2, a neighbouring classmate fell down while performing a traditional dance as part of a

sports festival on the primary school playground), repeated events (e.g., When [ was a freshman
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in secondary school (high school), I practiced singing six times a week in the music room),

autobiographical facts/friends (e.g., Mr. A was my good friend from a month ago to the present),

autobiographical facts/habits (When I was in the second year of high school, I drank milk six

times a week), self-knowledge/personality (e.g., | am an outgoing person from a month ago to

the present), self-knowledge/social role (e.g., When I was a sophomore in high school, I was a

rabbit keeper). These categories formed the experimental conditions. Friends and habits were

averaged and treated as the autobiographical condition, and personality and social roles were

similarly treated as the self-knowledge condition. The statement “I was a primary school student

12 years ago” was substituted as a general statement when the statements “I was a primary

school student” or “I do not remember/Nothing in particular” were obtained during the Day 1’s

description task, after confirming that the relevant participant was indeed a primary school

student 12 years ago, based on his/her age at the time of the experiment.
Rating task

Participants rated ten items with reference to the situation at the time the stimulus sentence

was presented: (i) comfort (1: Very uncomfortable, 7: Very comfortable), (ii) arousal (1: Not

aroused at all, 7: Very aroused), (ii1) nostalgia (1: I do not feel nostalgia at all, 7: I feel

nostalgia very strongly) (iv) happiness (1: I do not feel happy at all, 7: I feel very happy), (V)

sentimentality (1: [ am not sentimental at all, 7: I am very sentimental), (vi) frequency of

recollection (1: I rarely remember or think about it, 2: Once or twice in five years, 3: Once or

twice in three years, 4. Once or twice a year, 5: Three or four times a year, 6: Once a month, 7.

16



More than once a week), (vii) subjective distance (1: [ feel very close to it, 7: I feel very distant
from it), (viii) importance (1: Not important at all, 7: Very important), (ix) vividness of imagery
(1: Not vivid at all, 7: Very vivid), and (X) perspective (1: First-person perspective, 2: Neither, 3:
Third-person perspective). The definition of perspective was based on Nigro and Neisser
(1983), and the experimenter instructed participants that a first-person perspective meant that
they were looking at the events/facts from their own perspective at the time, while a third-
person perspective meant that they were looking at the events/facts from an observer's
perspective (behind, in front of, above, etc.). Rating items (i)-(v), (vii)-(ix) were selected and
developed with reference to nostalgia-related studies (Barrett et al., 2010; Hepper et al., 2012,
2014; Oba et al., 2016; Stephan et al., 2012; Wildschut et al., 2006). Items (vi) were selected

and developed with reference to an autobiographical memory study (Rathbone et al., 2015).
Questionnaire survey

To measure participants’ trait nostalgia, they completed the Positive-Negative Nostalgia
Proneness Scale® (PN-NP; nostalgia proneness - positive: NP-P; nostalgia proneness - negative:
NP-N; nostalgia proneness - reminiscence: NP-R; Kusumi, 2021) and seven items from the
Japanese version of the Southampton Nostalgia Scale* (SNS; Barrett et al., 2010; Kusumi,

2021; Routledge et al., 2008). For exploratory research, empathy, which is related to trait

3 Kusumi (2021) has developed an 18-item structure of this scale. However, we used the original 22-
item version.

4 When collecting SNS responses, the experimenter mistakenly typed “Three to four days a week”,
even though the correct choice was “Three to four times a week”. Second, it was mistakenly stated
as “Approximately two days a week”, even though the correct choice was “Approximately two times
a week”. This error was corrected in Experiment 2.
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nostalgia (e.g., Juhl et al., 2020), was measured using the Japanese version of the Interpersonal
Reactivity Index (IRI; Davis, 1980; Himichi et al., 2017). Subsequently, participants were asked
to indicate their levels of satisfaction with themselves at the three past temporal distances and
the present time (1: Not satisfied at all, 7: Very satisfied) as well as the environmental changes
and other important changes between the three past periods and the present time (1: Changed, 2:
Not changed). These items were intended to evaluate the discontinuity hypothesis that nostalgia
occurs with a discontinuity of past and present that derives from present anxiety and fears

(Davis, 1979).
Reliability

Cronbach’s alpha was .91 for SNS, ranged from .81 to .90 for PN-NP, and ranged from .56
to .83 for IRI. These analyses were conducted the /tm package (v.1.1.1; Rizopoulos, 2006) in R

(v.4.1.1; R Core Team, 2021).

Experiment 1: results

In the Day 1 description task in the primary school condition, participants were asked to
describe events and facts from grades 1-3, but in 13 cases (7 students), they were unable to
remember these and provided events from grades 4-6 instead. Thus, these data were excluded
from the analysis (remaining data: 803 cases). The means and standard deviations of nostalgia

ratings for each condition are shown in Figure 1.
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Memory contents with higher intensity of nostalgia

A one-way ANOVA was performed on nostalgia ratings for the types of memory content
(unique events, repeated events, autobiographical facts, and self-knowledge). All ANOVA in the
present study were conducted using the anovakun function (Iseki, 2021) and the effsize package
(v.0.8.1; Torchiano, 2020). The main effect of memory content was significant (F(2.91, 95.88) =
21.17, MSE = 0.32, p < .001, 0’6 = .24)°. Multiple comparisons® showed that nostalgia ratings
were significantly higher for unique events, repeated events, and autobiographical facts than for
self-knowledge (#s(33) = 7.15, 5.85, 5.03; ps <.001; Hedges’ gs = 1.42, 1.20, 1.02). There was
no difference in the remaining pairs.

Subsequently, we conducted an additional two-way ANOVA for the types of memory
content and temporal distance (primary school, high school, and one month ago) to consider the
effects of temporal distance and the interaction between the two factors. This procedure enabled
us to test whether repeated events produced a higher intensity of nostalgia than other types of
memory content for each temporal distance level. Data for three participants who could not
retrieve any events in the primary school condition were excluded from this analysis because the
numbers at each level should be equally matched (participant-wise deletion; N = 31; the
remaining 738 data points were summarized to 372 data points for the repeated ANOVA). The

main effect of memory content was significant (F(2.82, 84.7) =23.76, MSE = 0.94, p < .001,

5 Greenhouse-Geisser correction was used to adjust the degrees of freedom for F statistic in repeated
measures. This correction was applied to all ANOVA in this study.

6 p values were adjusted with Holm’s method. This adjustment was applied to all post-hoc ¢-tests in
ANOVA in this study.

19



n’6=.14). Multiple comparisons showed that nostalgia ratings for unique events, repeated
events, and autobiographical facts were higher than for self-knowledge (#s(30) = 7.58, 5.86,
4.63; ps <.001; Hedges’ gs = 1.63, 1.31, 1.02). Unique events received significantly higher
nostalgia ratings than autobiographical facts (#30) = 3.73, p =.002 , Hedges’ g = 0.67). There
was no significant difference between unique and repeated events or between repeated events
and autobiographical facts (#s(30) = 1.87, 1.49; ps = .142, 147; Hedges’ gs = 0.37, 0.31). The
main effect of temporal distance was also significant (F(1.78, 53.32) = 172.71, MSE =2.23, p
<.001, n’6=.63). Multiple comparisons revealed that nostalgia ratings were higher for events
from both primary and high school than for those from one month ago (#s(30) = 14.04, 15.67; ps
<.001; Hedges’ gs = 3.60, 4.32), and the primary and high school ratings did not differ
significantly (#(30) = 1.26, p = .218, Hedges’ g = -0.26). Given the significant interaction of
memory content and temporal distance (F(4.82, 144.74) = 10.39, MSE = 0.94, p < .001, 0’
=.11), a simple effects test for memory content revealed a significant main effect at each
temporal distance (primary school, high school, one month ago: Fs =18.11, 6.10, 20.08; MSEs
=0.96,0.72, 0.98; ps < .001; n’gs= .23, .10, .27). Multiple comparisons for the primary school
data showed significantly higher nostalgia ratings for unique events, repeated events, and
autobiographical facts than for self-knowledge (#s(30) = 3.69, 5.34, 6.25; ps < .01; Hedges’ gs =
0.70, 1.20, 1.24). Unique events were lower in nostalgia than repeated events and
autobiographical facts (¢s(30) = 2.57, 3.02; ps < .05; Hedges’ gs = -0.53, -0.55). These results

indicate that participants remembered repeated events and autobiographical facts with a high
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intensity of nostalgia in the primary school condition. Multiple comparisons for the high school

data revealed significantly higher nostalgia ratings for unique events than for autobiographical

facts and self-knowledge (zs(30) = 3.24, 3.41; ps <.05; Hedges’ gs = 0.71, 0.76), and for

repeated events than for self-knowledge (#(30) =2.91, p =.027, Hedges’ g = 0.58). Ratings of

unique events and repeated events did not differ significantly (#(30) = 0.42, p = 1.000, Hedges’ g

=0.08).

These results indicate that participants remembered unique and repeated events with a high

intensity of nostalgia in the high school condition. In the one month condition, multiple

comparisons revealed that unique events were rated significantly higher than repeated events,

autobiographical facts, and self-knowledge (z5(30) = 4.96, 5.27, 6.10; p <.001; Hedges’ gs =

1.02, 1.06, 1.49); however, mean nostalgia ratings for all events were below the mid-point (one

sample t-test; unique events, repeated events, autobiographical facts, self-knowledge,

respectively, ts(30) =-2.16, -9.62, -9.97, -13.21; ps < .05; Hedges’ gs =-0.38, -1.68, -1.74, -

2.31). It cannot be concluded that nostalgia has arisen from the fact that nostalgia ratings at or

below the mid-point (i.e. 1: I do not feel nostalgia at all, 2: I do not feel nostalgia, 3: 1

somewhat do not feel nostalgia, and 4: Neither-1 cannot say whether or not I feel nostalgic).

Thus, there was no memory content which induced higher nostalgia in the one month condition.

[Insert Figure 1 here]
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Experiment 1: discussion

The results of the one-way ANOVA showed a significant main effect of memory contents.
Multiple comparisons indicated that the nostalgia intensity was higher when participants
remembered repeated events than self-knowledge. However, there were no differences between
repeated events and unique events, repeated events and autobiographical facts. Therefore, the
Experiment 1’s results partially support the hypothesis that the intensity of nostalgia would
differ depending on remembered memory content and that repeated events would produce a
higher intensity of nostalgia than other types of memory content. An exploratory performed
two-way ANOVA showed that repeated events and autobiographical facts evoked higher
intensity of nostalgia in the primary school condition, and unique and repeated events evoked
higher nostalgia intensity in the high school condition. Therefore, analysing the interaction
between types of memory content and temporal distance revealed different tendencies from the
one-way ANOVA. Nevertheless, remembering repeated events did not evoke the greatest
nostalgia.

In the model of Renoult et al. (2012), the abstractness of the memory content of personal
semantics changes in which abstractness is lowest for repeated events, moderately abstract for
autobiographical facts, and the most abstract for self-knowledge. Unique events are less
abstracted than repeated events because unique events are captured in episodic memory. This

continuum of abstraction of episodic and personal semantics was not directly related to the high
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or low intensity of nostalgia in Experiment 1. Instead, the result that repeated events and
autobiographical facts were accompanied by a high intensity of nostalgia in the primary school
condition, and unique and repeated events were accompanied by a high intensity of nostalgia in
the high school condition, suggests that the influence of memory abstraction on the intensity of
evoked nostalgia depends on the temporal distance from the present. This possibility is relevant
to the results of Grilli (2017), in which the strength of association between subtypes of personal
semantics and self-representation of identity differed corresponding to the temporal distance of
the acquisition or formation of semantic knowledge. Grilli’s study and the results of Experiment
1 imply that autobiographical facts, such as habits and knowledge of friends, may support the
remotely formed self (the self of ten years ago), and this relationship can be interpreted as the
types of memory content that supports a high intensity of nostalgia. However, it should be noted
that this does not explain the low intensity of nostalgia associated with the retrieval of self-

knowledge.

Effects of temporal distance on the intensity of nostalgia

The exploratory comparison of nostalgia ratings at the three temporal distances
demonstrated that nostalgia was lower in the one month condition than in the primary and high
school conditions (Figure 1). At the same time, there were no significant differences between
the primary school and high school conditions. Thus, the results partially support the proposals

that a long time lag triggers nostalgia (Kusumi et al., 2010) and that nostalgic events have a
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greater temporal distance than non-nostalgic events (Stephan et al., 2012). If the relationship
between distance in time and intensity of nostalgia is linear, nostalgia should be higher in the
primary school condition than in the high school condition. However, such a result was not
obtained. One possible reason is the difficulty of memory retrieval. Missing data in the primary
school condition and participants’ reports reflected the difficulties of retrieval of unique events
and social roles (e.g., school committees) in the early primary school years. By contrast,
retrieval of events in the high school condition should have been relatively easy because of the
large number of retrieval cues, such as school festivals and club activities. Because successful
remembering is misattributed as a positive evaluation of memory content (Leboe & Ansons,
20006), it is possible that the difficulty of retrieval lowered nostalgia in the primary school
condition, resulting in higher ratings in the high school condition for unique events. In order to
confirm this, it would be necessary to present categories that do not involve difficulties in
retrieval, such as having the participants report events from the upper grades as well as the

lower grades of primary school.

Experiment 2

The exploratory analyses of Experiment 1 suggested a relationship between nostalgia, the
abstractness of autobiographical memory, and temporal distance. However, we need to

reconfirm this relationship using an additional study with a proper sample size to retest the
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interaction between the types of memory content and temporal distance from the present.

Additionally, several methodological limitations remain to be addressed. First, the two sessions

raised the possibility that the memory description task in Day 1 may have caused nostalgia, but

nostalgia may have decreased by the time of the rating task on Day 2. Thus, we designed

Experiment 2 to be completed in one day. Second, it is unclear whether the only the memory

contents’ description presented on the screen functioned as a trigger for nostalgia. Therefore, we

observed whether involuntary memories associated with autobiographical memory remembered

by cue words were reported for the trials. If the participants in Experiment 2 retrieved

involuntary memories, they were asked to report and rate the associated nostalgia. A third

possibility was an overlap between repeated events and autobiographical facts in the retrieved

content. In Renoult et al. (2016), autobiographical facts were defined as habits that were usually

performed behaviours, and repeated events were defined as behaviours that had been repeated

within the past one year. Although it can be argued that the different temporal distances of the

references ensure that there is a difference between the two, the stimuli in the present study that

related to habits and repeated events were each presented at three temporal distances, thus

possibly obscuring the difference defined by Renoult et al. (2016). Thus, in Experiment 2,

school names were used as autobiographical facts instead of habits, with reference to

Autobiographical Memory Interview examples (Kopelman et al., 1989). A fourth concern is that

continuity from past to present may have functioned as a confounding factor. As mentioned in

the Introduction, Experiment 1 controlled for the temporal distance because temporal distance

25



might be associated with self-discontinuity. In addition, participants were asked to report
differences between time periods in terms of "environmental change" as a question’. However,
those measures were insufficient to capture the actual (dis)continuity, and continuity would have
been different for each memory. For example, some items may have been stable between the
past and present; for instance, more than 70% of consistency in the trait ratings between present
and five years ago is found for participants aged 18-49 years (Rutt & Lockenhoft, 2016, Figure
2). In addition, the perception of self-discontinuity between past and present enhances state-
level nostalgia (Sedikides et al., 2015b). Thus we considered the presence or absence of
continuity to be a confounding factor.

In addition to modifying the procedures, we also revised the hypothesis. In a comparison of
nostalgia evoked by retrieval of unique events versus common events that happened repeatedly,
van Tilburg et al. (2019) found that nostalgia was greater for unique events. However, the
temporal distance may have worked as a confounding factor in their study because it was
manipulated as a different dimension. Similarly, although Kusumi et al. (2010) proposed that
repeated exposure to objects was crucial in enhancing nostalgia, they did not manipulate the
types of memory content and temporal distance with simultaneous timing. Nostalgic events are
more distant than that of ordinary events (Stephan et al., 2012). Moreover the types of
autobiographical memories likely to be retrieved depend on temporal distances (Grilli, 2017).

Therefore, it might be possible to evaluate the influence of memory content characteristics (i.e.,

7 This data is presented in supplemental material.
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uniqueness or repetition) on the intensity of nostalgia by testing the interaction between
temporal distance and memory content. Indeed, the interaction between memory content and
temporal distance was significant in Experiment 1. As a result, we hypothesised that the effect
of memory contents on the intensity of nostalgia would differ with the temporal distance from
the present.

The aim of Experiment 2 was to address the four methodological issues above and to
examine whether the interaction results obtained in Experiment 1 could be replicated. Based on
the results of Experiment 1, we hypothesised that the types of memory content involved in
evoking a greater intensity of nostalgia would differ with the temporal distance from the
present. More specifically, we predicted the following results: In the primary school condition,
which represents the remote past, repeated events and autobiographical facts would induce
greater nostalgia than other types of memory content. In the high school condition, which
represents the recent past, unique and repeated events would induce higher nostalgia than other

types of memory content.

Experiment 2: materials & methods

Participants

Fifty-five Japanese undergraduate students participated (28 male, Mage = 20.4, SDjge =
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0.9)%. Participants received an Amazon gift card with a value of 1200 yen as a reward for

participation.
Procedure

This experiment, which lasted 50-70 minutes, was conducted individually and online.
jsPsych ver. 6.1.0 (de Leeuw, 2015) was used for all procedures. Participants received an email
that included the URL for the experiment and participated at a time of their choice. The
experiment included three procedures. First, a memory description task and a rating task were
conducted for 24 trials (see Memory description task and Rating task). Second, an associated
(involuntary) memory description task and a rating task were conducted (see Associated
memory description task). Third, a questionnaire survey was administered (see Questionnaire

survey).
Memory description task

Participants were instructed to retrieve a memory that matched two cue words presented on
the PC screen. Participants pressed the space key as soon as they retrieved the matching
memory. After the screen switched, they typed and described the retrieved memory content.

There were two types of cue words: temporal distance (primary school, high school, and one

8 The sample size was determined based on a PANGEA analysis (Westfall, 2016;
https://jakewestfall.shinyapps.io/pangea/). The experiment used a two-factor (memory content,
temporal distance) within-participant design, and the main focus of the analysis was to test the
interaction. Thus, the fixed effects for which we wanted to calculate power were set as the
interaction between the memory content factor [0.75, -0.25, -0.25, -0.25] and the temporal
distance factor [0.666, -0.333, -0.333]. With a moderate effect size d = .45, two replicates, and
variance partition coefficients var (error) = .333, var (participant x factor 1 x factor 2) =.083
(initial value), the resulting power was .80 for 51 participants. Based on the possibility that the
number of analysable data points may be reduced due to failure to follow the instructions and
technical problems, 55 participants were recruited and were included in the analysis.
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month ago) and memory content (unique event that occurred in school or at home (i.e., unique
events), repeated events that occurred repeatedly in school or at home (i.e., repeated events),
school name that they attended, name of close friends, personalities, social roles). Unique and
repeated events were intended to retrieve positive or neutral content in Experiment 1, but this
experiment did not set limits on emotional valence because of the risk that only positive
nostalgia would be observed. For school names, the answer “I can/cannot retrieve the school
name” was adequate. For friends, an answer that provided the initials was adequate. These two
types of memory content were analysed as autobiographical facts. Personalities and social roles
were the same as in Experiment 1, and they were analysed as self-knowledge. According to the
types of memory content, there were sections that participants fill in their answers. When
describing unique events, they filled in the blanks regarding the time, place, and content of
events; when describing repeated events, they filled in the time, frequency, place, and content of
events; and when describing autobiographical facts (school names and friends) and self-
knowledge (personalities and social roles), they filled in the time and content. Each combination
of temporal distance and unique/repeated events was presented twice, while the subtypes of

autobiographical facts and self-knowledge were presented once for each temporal distance.
Rating task

There were eight rating variables. Participants rated these items with reference to the
situation during retrieval. Item (i) assessed the presence or absence of an associated memory

(Were any other memories retrieved spontaneously, using the events or facts you described as
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cues? 1: Yes, 2: No). Rating items that were the same as those in Experiment 1 were as follows:
(i1) comfort, (iii) nostalgia, (iv) frequency of recollection, (v) importance, (vi) sentimentality,
and (vii) subjective distance. Questions about the continuity of (i) and (viii) were newly added
to address issues raised by Experiment 1 (How long did the events or facts you described
continue to persist? 1: Not continuous, as it was a single event, 2: Continued until more than 10
years ago, 3: Continued until 8-9 years ago, 4: Continued until 6-7 years ago, 5: Continued
until 4-5 years ago, 6: Continued until 2-3 years ago, 7: Continued until half a year-1 year ago,

8: Continued until 1-5 months ago, 9: Continued to the present).
Associated memory description task

Participants described associated memory content derived from the first memory
description task. As a cue, the description that participants had provided together with the
associated memory was presented at the top of the screen. This procedure was designed with
reference to Brown and Schopflocher (1998). After the description, the rating task was
conducted in the same manner as the first memory description task. There were seven rating
items: (ii)-(viii). One trial was defined as a cycle of the associated memory description task and
the rating task. The average number of trials was 13.40 (SD = 6.63, min = 0, max = 24) because

the number of involuntary memories differed depending on the individual.’
Questionnaire survey

Participants completed the Positive-Negative Nostalgia Proneness Scale (PN-NP; Kusumi,

% Statistics were calculated based on all data (N = 737).
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2021) and a 7-item Japanese version of the Southampton Nostalgia Scale (SNS; Barrett et al.,
2010; Kusumi, 2021; Routledge et al., 2008). As in Experiment 1, participants also completed a
questionnaire about their levels of satisfaction with themselves at the past three temporal
distances and at the present time, as well as the environmental changes and other important

changes between the three past points in time and the present time.

Data analytic strategy

In analyses of the responses according to the types of memory content, the mean of the two
unique events and the mean of the two repeated events from the same temporal distance were
treated as representative values respectively. The mean rating for school names and friends was
treated as the representative value of autobiographical facts, and the mean rating for
personalities and social roles for the same temporal distance was treated as the representative
value of self-knowledge.

In analyses of the description data'’, when the same memory was judged to have been
described more than once, only the first response was included and the other responses were
excluded. A total of 20 trials (1.5% of the total) were excluded. All 729 data points (i.e., data
associated with 1300 valid responses) were included in calculations of the frequency of
occurrence of the associative memories and in developing a model with the presence or absence

of associations as an independent variable. In analyses of the ratings of the associative

10 There were 24 descriptions that differed slightly from the instructions in their specifications of
place and time (e.g., writing about an event that happened a week ago when instructed to write about
an event a month ago, or writing about an event at a building near the school when asked to retrieve
an event that happened at school). However, these were included in the analysis.
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memories, 15 cases in which the participants reported that they had forgotten the associative
content and eight cases in which the associations were based on duplicate descriptions were

excluded. A total of 23 data points (3.1% of the total) were excluded.
Reliability

Cronbach’s alpha was .91 for SNS, ranged from .82 to .87 for NP-P, NP-N, and NP-R.

Experiment 2: results

Memory contents with higher intensity of nostalgia

A four (types of memory content: unique events, repeated events, autobiographical facts,
and self-knowledge) x three (temporal distance: primary school, high school, and one month
ago) ANOVA was performed. The mean and SD of each condition is shown in Figure 2. The
main effect of memory content was significant (F(2.8, 151.25) = 21.86, MSE = 0.80, p <.001,
n’¢=.05). Multiple comparisons showed that nostalgia intensity was significantly higher for
unique events than for repeated events, autobiographical facts, and self-knowledge (¢s(54) =
3.01, 4.74, 7.58; ps < .05; Hedges’ gs = 0.26, 0.54, 0.80); nostalgia intensity was significantly
higher for repeated events than for autobiographical facts and self-knowledge (¢s(54) = 2.68,
4.94; ps < .05; Hedges’ gs = 0.29, 0.57); and nostalgia intensity was significantly higher for
autobiographical facts than for self-knowledge (#(54) =2.49, p =.020, Hedges’ g = 0.31). The
main effect of temporal distance was also significant (¥(1.63, 87.86) = 248.60, MSE =3.01, p

<. ,NGc=. . Multiple comparisons revealed that the intensity of nostalgia was
001, n%¢=".55). Multipl pari led that the i ity of lgi
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significantly higher in the primary school and high school conditions than in the one month
condition (#s(54) = 16.44, 20.19; ps < .001; Hedges’ gs = 3.01, 3.07), but the primary and high
school conditions did not differ significantly (#54) =1.57, p = .123, Hedges’ g = 0.18). The
interaction between memory content and temporal distance was significant (#(5.22, 282.08) =
6.80, MSE = 0.93, p < .001, n’°6=.03). A simple main effect test of temporal distance at the level
of each memory content was significant (with unique events, repeated events, autobiographical
facts, and self-knowledge in ascending order; F's = 73.04, 166.92, 175.83, 106.85; MSEs = 1.33,
1.31, 1.18, 1.57; ps < .001, n?gs = .40, .61, .65, .51); and the simple main effect test of memory
content at each level of each temporal distance was also significant (with primary school, high
school, and one month ago in ascending order; Fs = 6.16, 10.98, 16.96, MSEs = 0.88, 0.71, 1.00;
ps <.001; n’as=.04, .07, .14).

Based on these results, multiple comparisons of memory content were conducted on the
intensity of nostalgia in the primary and high school conditions''. In the primary school
condition, nostalgia intensity was significantly higher for autobiographical facts than for self-
knowledge (#(54) = 3.69, p = .003, Hedges’ g = 0.49), and nostalgia intensity was significantly
higher for repeated events than for self-knowledge (#(54) = 3.50, p = .005, Hedges’ g = 0.41).

There was no difference in the remaining pairs. In the high school condition, nostalgia intensity

' In one month condition, mean nostalgia ratings for all events were below the mid-point (one
sample t-test; unique events, repeated events, autobiographical facts, self-knowledge, respectively, ts
(54)=-6.02, -12.07, -15.17, -13.37; ps < .001; Hedges’ gs = -0.80, -1.60, -2.02, -1.78). Therefore,
we considered the data from one month condition as not to be nostalgic responses, and detailed
results of ANOVA were not reported, and they were excluded from the GLMM analysis.
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was significantly higher for unique and repeated events respectively than for self-knowledge
(ts(54) = 4.56, 5.10; ps <.001; Hedges’ gs = 0.61, 0.60) and for autobiographical facts (¢s(54) =
3.21, 2.98; ps < .05; Hedges’ gs = 0.42, 0.40). These results were partially consistent with the
prediction that repeated events and autobiographical facts would produce greater nostalgia in
conditions representing the remote past (the primary school condition), and consistent with the
prediction that unique and repeated events would induce greater nostalgia in conditions
representing the more recent past (the high school condition). Thus our hypothesis was partially

supported. [Insert Figure 2 here]

Involuntary memory associated with cued retrieval

Associated memories were spontaneously retrieved in 729 cases out of the 1300 that excluded
duplicate memories, or approximately 56% of the total. An ANOVA on frequency found a
significant main effect of temporal distance (F(1.98, 106.81) = 20.00, MSE = 0.46, p < .001, n’
=.04). Multiple comparisons indicated no significant difference between primary and high
school conditions (#(54) = 1.12, p = .269, Hedges’ g = -0.09), but significantly more associated
memories in primary and high school condition than in the one month condition (¢s(54) = 4.81,
5.72; ps <.001; Hedges’ gs = 0.39, 0.48). The main effect of memory content was not
significant (F(2.52, 136) = 0.32, MSE = 0.55, p=.775, 0’ = .00). Further, the interaction
between memory content and temporal distance was significant (£(4.92, 265.78) = 3.61, MSE =

0.34, p = .004, n>6=".01), and a simple main effects test revealed significant main effects of
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memory content in the high school and one month conditions (£(2.74, 147.85) = 2.80, F(2.75,
148.38) = 3.76; MSEs = 0.32, 0.36; ps = .047, .015; 11st= .02, .03), as well as significant main
effects of temporal distance for repeated events, autobiographical facts, and self-knowledge, F's
=28.60, 5.75, 4.83; MSEs = 0.31, 0.25, 0.40; ps < .05; n’s = .14, .03, .03). Multiple
comparisons showed that the frequency of occurrence of associated memory was significantly
greater for repeated events than for autobiographical facts in the high school condition (#(54) =
3.03, p =.022, Hedges’ g = 0.38). Unique events induced significantly more associated
memories than repeated events in the one month condition (#54) = 3.83, p = .002, Hedges’ g =
0.46). These results revealed a bias in the types of memory content that triggered the associated
memories, so additional analyses were conducted (see Relationships between memory contents,

temporal distance, and nostalgia ratings after controlling for continuity and associated memory).
Continuity of events and facts

Events and facts with continuity from the past to the present are less likely to induce
nostalgia because self-discontinuity (especially when negative) triggers high state nostalgia
(Sedikides et al., 2015b), although these events and facts occurred in the distant past. Therefore,
rules were used to code whether events or facts from primary school and high school continued

t12

to the present.”© Of the 870 primary and high school data points that were considered to arouse

12" First, only participants aged 20-22 years (including 19-year-olds who were due to turn 20 until
March 2022) were recruited for this experiment. Because the last year of primary school, grade 6
(age 12), was approximately 8 years ago for the 20-year-old participants and approximately 10 years
ago for the 22-year-old participants, /. not continuous as it was a single event, 2: continued until
more than 10 years ago, or 3: continued until 8 or 9 years ago were defined as not continuous
primary school events. As an exception, 4. continued until 6 or 7 years ago was defined as not
continuous primary school events only for 19-year-old participants, as it was possible for them to
have been in primary school 7 years ago. High school events were defined as not continuous if the
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nostalgia, 674 were not continuous (i.e., they happened only at that time). This led us to
consider that the presence or absence of continuity may have influenced the analysis of the
content of memories that enhanced nostalgia, and we therefore conducted additional analyses
(see Relationships between memory contents, temporal distance, and nostalgia ratings after

controlling for continuity and associated memory).

Relationships between memory contents, temporal distance, and nostalgia ratings after

controlling for continuity and associated memory

As noted above, the presence of associated memories and the continuity of events or facts
may have functioned as confounding factors. Therefore, additional analyses using a generalized
linear mixed effects model (GLMM) were conducted using SAS software (v.9.4)"3'.

SAS PROC GLIMMIX fitted multinomial distributions for the Likert scale of nostalgia
(intensity of nostalgia: 1-7) with a cumulative logit link. Explanatory variables were memory
content (applicable: 0.5, not applicable: -0.5), temporal distance (primary school: 0.5, high
school: -0.5), the interaction between memory content and temporal distance, continuity

(absence: 0.5, presence: -0.5), and associated (involuntary) memory (absence: 0.5, presence: -

memory was chosen as either /: not continuous, as it was a single event, 4: continued until 6 or 7
years ago, 5: continued until 4 or 5 years ago, or 6. continued until 2 or 3 years ago (only for 19-21
years-old participants). The basis for determining this number of years was that grade 12 (age 18),
the final grade of high school, was approximately two years ago for the 20-year-old participants and
approximately four years ago for the 22-year-old participants. The first grade of high school, grade
10 (age 16), was approximately four years earlier for the 20-year-old participants and approximately
six years earlier for the 22-year-old participants.

13 However, because the calculation of sample size was conducted for ANOVA, it is possible that
GLMM analyses may lack statistical power.

14 The data analysis for this section was generated using SAS software. Copyright © 2012-2020,
SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered
trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.
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0.5). The participant was a random intercept, and as a random slope, the model assumed that the
interaction effects between memory content, temporal distance, and the two factors differed for
each participant. As there were four levels of memory content in total, four similar models with
different reference levels'® for the dummy coding were constructed to test the differences
between each pair of memory contents. Table 1 shows the GLMM results.

Tests of the model referred to unique events for dummy coding and demonstrated a
significant interaction between autobiographical facts (difference from unique events) and
temporal distance. However, the model which referred to self-knowledge and repeated events
for dummy coding of memory content did not demonstrate significant interactions between
autobiographical facts and temporal distance. Further, events or facts which were not continuous
had a higher intensity of nostalgia, as did those that caused associated (involuntary) memories.

These results indicate that the statistical significance of the hypothesized interaction effect
partially remained even after controlling for possible confounding factors such as the presence
or absence of continuity and associated memory.

[Insert Table 1 here]

Experiment 2: discussion

Experiment 2 was conducted on one day only to replicate the results of Experiment 1 by

modifying of the experimental procedure. Participants completed cued retrieval and rated the

15 Each model has slightly different statistics. Please see Table 1 and the SAS file uploaded to OSF
for more information.
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presence or absence of events or fact-associated (involuntary) memories, the continuity of

events or facts, and other cognitive and affective items, including the intensity of nostalgia. The

hypothesis that the types of memory content involved in evoking greater intensity of nostalgia

would differ depending on temporal distance from the present was partially supported.

Similarly, the result of Experiment 1 was partially replicated; more specifically, the prediction

that repeated events and autobiographical facts would induce greater nostalgia than other types

of memory content in the primary school condition was partially consistent with the results.

However, unlike Experiment 1, the intensity of nostalgia for unique events was not significantly

different from the other three types of memory content in the primary school condition. This

difference may be attributed to the change in temporal distance. Temporal distance from the

present was shorter in Experiment 2 than in the primary school condition of Experiment 1, in

which only grades 1-3 were considered, because grades 4-6 were added to the possible retrieval

period. It is possible that this addition reduced the difficulty of remembering unique events from

primary school, resulting in a non-significant difference between unique events and repeated

events.

As predicted, in the high school condition, which represented the recent past, unique and

repeated events induced a higher intensity of nostalgia than other types of memory content. A

temporal distance effect was also found, with greater nostalgia in primary and high school

conditions than in the one month condition, supporting the results and proposals of previous

studies (Kusumi et al., 2010; Stephan et al., 2012, van Tilburg et al., 2019). Additional analyses

38



using GLMM with the continuity of events or facts and the presence of associated (involuntary)
memory as explanatory factors found that the interaction between memory content and temporal

distance partially remained after controlling for these confounding variables.
Comparison of experiments 1 and 2

In Experiment 1, there was a time lag of one week between memory retrieval and rating
task, so the validity of the emotional intensity was unclear. However, similar results were
produced in Experiment 2 when rating tasks were completed immediately after cued retrieval.
From this perspective, the influence of the one-week interval may be considered negligible,
such that the interpretation of the results of Experiment 1 remains valid. Further, the source of
nostalgia was unknown in Experiment 1. In Experiment 2, nostalgia was high when associated
memories involuntarily occurred. However, as mentioned earlier, it became clear that the trends
in differences in the intensity of nostalgia for each memory content pair generally remained
even when the presence or absence of associated memories was controlled. These results
suggest that the network of autobiographical memories increases the intensity of nostalgia, and
that it is necessary to control involuntary associations in the future. In the present study,
approximately 56% of the overall memories produced associations, a higher occurrence of
associations than in previous studies (Mace, 2006; Mace & Kruchten, 2021), which had shown
that 39% - 40% of voluntary memories triggered involuntary memories. Although the results
cannot be simply compared due to differences in experimental methods and objectives, it is

possible that the ease of generating associations depends on the level of abstraction of the
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memory content, as the previous experimental tasks required the retrieval of specific memories

(Mace, 2006; Mace & Kruchten, 2021), whereas the present task included the retrieval of both

episodic and semantic memories.

We were concerned that habits, which were one of the subtypes of autobiographical facts,

and repeated events in Experiment 1 were similar because both memories referred to repeated

actions. However, the results of the ANOVA in Experiment 2 indicated similar trends to

Experiment 1 when school names were used instead of habits. Nevertheless, we could not

exclude the possibility that the continuity of events and facts were confounding factors in

Experiment 1. Therefore, in Experiment 2, a rating item on continuity was added, and an

additional analysis was conducted using GLMM. The analysis produced significant main effects

of memory content and a significant interaction between memory content and temporal distance

even when the presence or absence of continuity was controlled. Critically, even though the

original two-way ANOVA showed significant differences between repeated events and

autobiographical facts, and between self-knowledge and autobiographical facts varied with

temporal distance, additional analysis using GLMM showed that the only significant interaction

between unique events and temporal distance in the model with reference to autobiographical

facts (as well as in the model with reference to unique events). This means that autobiographical

facts are particularly sensitive to the intensity of nostalgia depending on the presence or absence

of the continuity and associated memory, suggesting that these factors need to be controlled for

in future studies.

40



General discussion

To the best of our knowledge, this is the first study of nostalgia that manipulated both the
abstraction level of retrieved autobiographical memories and temporal distance. In particular,
we consider the present study to be novel in its application of the taxonomy of personal
semantics (Renoult et al., 2012) and the methodology of autobiographical memory (Brown &
Schopflocher, 1998) to nostalgia research. The present study focused on the relationship
between memory content, temporal distance, and emotional intensity, which traditional
nostalgia research has not investigated, and examined the content of memories that support the
generation of nostalgia. Experiments 1 and 2 clarified that memory contents evoking a greater

nostalgia differed depending on the temporal distance (primary versus high school).

Implications for nostalgia research

In the primary school condition, nostalgia was greater for repeated events and
autobiographical facts than for self-knowledge, while the other pairs of memory content did not
show coherent differences. In the high school condition, unique events and repeated events were
more nostalgic than the other memories. These results suggest that the retrieval of more specific
memories (unique events and repeated events) that occurred in the recent past tends to be

accompanied by greater nostalgia than more abstract memories (autobiographical facts and self-
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knowledge), but that abstraction and uniqueness levels might not be crucial in the remote past.

If the uniqueness of an event is an essential factor in inducing nostalgia, then unique events

should have induced the greatest nostalgia in all temporal distance conditions, but this did not

happen. Therefore, nostalgia can occur even in the absence of episodic uniqueness. Other types

of memory content should also be considered, although this inference is consistent with the

model that frequent repetition triggers nostalgia (Kusumi et al., 2010).

Previous nostalgia research suggested a variety of mechanisms for the occurrence of

nostalgia, with claims that nostalgic experience is supported by episodic memory with reliving

(e.g., Evans et al., 2021) and that assumptions about the type of such memories are not needed

(e.g., Barrett et al., 2010). Thus, it was unclear what type of memories participants were

referring to when they experienced nostalgia. However, the results of the present study have

shown that the memories supporting the occurrence of nostalgia are not only episodic memories

but also include self-relevant knowledge. This finding suggests that nostalgia can occur not only

when accessing the lowest level of episodic memory in the structure of autobiographical

memory (Conway, 2005), but also when simply accessing the conceptual self.

The present study also showed that when other memories spontaneously occurred,

nostalgia was higher than when such other memories did not occur. Because this experiment

only assumed the intrusion of involuntary retrieval as a confounding factor, the interpretation of

this result must remain at the correlational level and does not indicate a causal relationship with

nostalgia. With this in mind, there is a mechanism whereby involuntary memory is more likely
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to occur due to a nostalgia-prone situation (e.g., watching a nostalgic movie, listening to
nostalgic music, or instructions for reminiscence) after remembering a voluntary memory. This
possibility is supported by the present findings that retrieval from the primary and high school
years caused more involuntary memories than retrieval from one month ago, and by the results
of Rasmussen et al. (2021), in which talking about one's memories before watching a nostalgic
movie caused more recall of event memories and spontaneous remembering of autobiographical
memories than watching the movie alone. This possibility needs to be evaluated in future

experiments.

Effects of continuity

The continuity measured in Experiment 2 was found to be negatively related to the
intensity of nostalgia. These results were partially consistent with the hypothesis that nostalgic
recollection occurs with self-discontinuity due to present dissatisfaction and anxiety (Davis,
1979) and with experimental findings that negative self-discontinuity enhances nostalgia
(Sedikides et al., 2015b). The reason for the "partial" consistency is that the present study did
not provide data indicating that dissatisfaction with the present, or negative changes that
occurred between the past and the present, directly triggered nostalgia. In other words, nostalgia
may occur even when people consider the past to be the good old days and the present to be a
good situation. In sum, the results of this study suggest that events or facts that continue to the

present are not strong triggers of nostalgia. This supports the model that frequent repetition
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during a specific period in the past with a long time lag from the present trigger nostalgia

(Kusumi et al., 2010).

Limitations

The present study has several limitations. The first is that we considered the content of

memory as a separate category rather than as a gradient. For example, autobiographical facts are

considered relatively abstract in the abstraction model of Renoult et al. (2012), but meta-

analytic reviews showed that autobiographical facts partially depend on the medial temporal

lobe (MTL) (Grilli & Verfaellie, 2014), especially in parahippocampus (Martinelli et al., 2013).

That is, episodic memory and autobiographical facts have partially common retrieval

mechanisms in some cases, although the levels of involvement with MTL will differ. Whether or

not they have the same retrieval mechanisms would depend on the content and importance of

the autobiographical fact, and only the facts with a strong link to the event would also have a

strong MTL contribution. Therefore, rather than taking the correspondence between categories

of memory content and emotional intensity as a single category, evaluating the details of the

recalled memories will be necessary.

Similarly, repeated events are likely to have better or worse connectivity with the unique

events (i.e., recollective experiences; Renoult et al., 2016). To examine the mechanism by which

repeated exposures enhance nostalgia, it will be necessary to determine how detailed the

repeated events are (e.g., Holland et al., 2011), to identify whether one of the events that
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occurred multiple times can be retrieved as a single incident (episodic memory), and to

characterize each pattern. Thus, future studies are required to elucidate the relationship between

personal semantics and nostalgia while capturing personal semantics in a continuous manner.

Despite the above problems, the present study was able to show that both episodic memory and

personal semantics are involved in the occurrence of nostalgia as the trigger, as a first step.

A second limitation is that we cannot reject the possibility that the particularity of the

temporal distance played a role as a confounding factor. The present study defined the primary

school years as the remote past and the high school years as the recent past and argued that there

is an interaction between temporal distance and the content of memory. However, the high

school years are likely to contain more remarkable events for college students, such as

preparation for college entrance exams and club activities. In order to control these confounding

factors, future studies with different age groups and different temporal distances will be

necessary. For example, when participants of different ages reminisce about their high school

years, it would be possible to differentiate and sort cases with longer or shorter temporal

distances.

Third, the age of the participants was limited. As mentioned in the Introduction, the

balance of dependence on episodic and semantic memory tends toward the latter in older age

groups (e.g., Levine et al., 2002). This study showed that personal semantics is involved in and

supports the generation of nostalgia, even among college students. On this basis, it is necessary

to elucidate the predominance of each type of memory and the differences in subjective
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experience in older participants.

Finally, because unique events produced levels of nostalgia similar to repeated events in

the high school condition, it should be noted that the occurrence of nostalgia is not explained by

a single factor such as the uniqueness or repetition of the episode. Instead, it appears to be

determined by a combination of multiple factors, such as the meaningfulness of the event, the

comfort of the event, among others (e.g., Routledge et al., 2011; van Tilburg et al., 2019).

Despite these problems, this study has shown that the uniqueness of an episode may not be the

one and only factor in the occurrence of nostalgia.

Conclusion

The present study clarified the relationship between the level of abstraction (types of

memory content), temporal distance, and nostalgia in autobiographical memories. When

participants retrieved memories from different periods (primary school and high school),

repeated events were associated with high nostalgia in both periods. Moreover, autobiographical

facts were associated with high nostalgia in the primary school (remote) period, and unique

events were associated with high nostalgia in the high school (recent) period. These results

indicate that less abstract memories such as unique events and repeated events in the remote

past are retrieved with greater nostalgia, whereas no such relationship is found during the

retrieval of memories in recent past condition. Exploratory analysis revealed that the interaction

between memory contents and temporal distance was maintained even when the continuity of
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events and facts and the presence of involuntary memory were controlled. Previous nostalgia

research has focused mainly on event memory retrieval triggered by memory-based procedures

(ERT), but not on memory abstraction and specificity levels. The results of the present study

suggest that both episodic memory and personal semantics support the occurrence of nostalgia.

The investigation of cognitive features of nostalgia with reference to memory study

findings is significant, because focusing on the level of abstraction and detail of memory

involved in the occurrence of nostalgia should maximize the intervention effects of nostalgia

(e.g., Dennis & Odgen, 2022; Ismail et al., 2018). This is because the difficulty of memory

retrieval and recall changes with aging; specifically, older adults recall fewer episodic memories

and more semantic details than younger adults (Levine et al., 2002) and also recall more

personal semantics (Acevedo-Molina et al., 2020; Renoult et al., 2020). Given that the

beneficiaries of nostalgia interventions (e.g., reminiscence) are mainly the older population, it is

important to know the level of memory abstraction involved in the occurrence of nostalgia.

Therefore, the present study has contributed to the investigation of the actual correspondence

between nostalgia and types of memory content and the content of memories that evoke high

intensity of nostalgia, at least in younger subjects. The application of findings from

autobiographical memory studies to the theoretical and methodological development of

nostalgia research provides scaffolding for future research.
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Figure 1.

Mean Ratings of Nostalgia (1-7 points) = SD in Each Condition (Experiment 1)
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Figure 2.

Mean Ratings of Nostalgia (1-7 points) = SD in Each Condition (Experiment 2)
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Table 1

Results of generalized linear mixed effects model of the relationship between types of memory contents,

temporal distance, and nostalgia ratings, after controlling for continuity and associated memory.

Model Effects Estimate = SE df t p

Model with

reference to

unique events Repeated events 0.01 18 54 0.07 948
Autobiographical facts 0.06 .19 54 0.31 757
Self-knowledge -0.85 20 54 433 <.001
Temporal distance 0.89 .30 54 2.92 .005
Repeated events x Temporal distance 0.31 37 54 0.85 397
Autobiographical facts x Temporal distance 0.99 37 54 2.69 .009
Self-knowledge x Temporal distance 0.27 .38 54 0.71 479
Continuity 0.85 19 423 453 <.001
Associated memory -0.92 A7 423 547 <.001

Model with

reference to

repeated events  Unique events -0.01 18 54 -0.06 953
Autobiographical facts 0.05 .19 54 0.25 .801
Self-knowledge -0.87 .19 54 -4.50 <.001
Temporal distance 0.57 31 54 1.87 .067
Unique events x Temporal distance -0.33 38 54 -0.87 390
Autobiographical facts x Temporal distance 0.68 .36 54 1.87 .067
Self-knowledge x Temporal distance -0.04 38 54 -0.10 925
Continuity 0.85 19 423 452 <001
Associated memory -0.92 A7 423 544 <.001
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Model with

reference to

autobiographical

facts Unique events -0.06 19 54 -0.30 762
Repeated events -0.05 .19 54 -0.25 .800
Self-knowledge -0.92 .19 54 -4.776 <.001
Temporal distance -0.11 31 54 -0.36 17
Unique events x Temporal distance -1.01 38 54 -2.66 .010
Repeated events x Temporal distance -0.68 .36 54  -1.88 .066
Self-knowledge x Temporal distance -0.72 38 54 -1.90 .063
Continuity 0.85 19 423 453 <.001
Associated memory -0.92 A7 423 544 <.001

Model with

reference to

self-knowledge  Unique events 0.84 .19 54 4.46 <.001
Repeated events 0.86 A8 54 4.65 <.001
Autobiographical facts 0.90 18 54 4.89  <.001
Temporal distance 0.60 31 54 1.96 .055
Unique events x Temporal distance -0.28 38 54 -0.76 452
Repeated events x Temporal distance 0.04 .36 54 0.10 922
Autobiographical facts x Temporal distance 0.71 36 54 1.98 .052
Continuity 0.82 A8 423 448 <001
Associated memory -0.90 A7 423 542 <.001

Note. N = 870.
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