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ABSTRACT

Background: Affect recall is key to psychological assessment and decision-making. However, self-concepts (self-beliefs) may
bias retrospective affect reports such that they deviate from lived experiences. Does this experience-memory gap apply to sol-
itude experiences? We hypothesized that individuals misremember how they feel overall and when in solitude, in line with
self-concepts of introversion, self-determined/not-self-determined solitude motivations, and independent/interdependent self-
construal. A pilot study comparing retrospective to daily affect reports captured over 2weeks (N=104 UK university students)
provided preliminary evidence of introversion and not-self-determined solitude shaping affect recall.

Methods: In the main pre-registered study, participants aged 18-49 in the UK (IN=160) and Hong Kong (N=159) reported their
momentary affective states and social situations 5 times per day over 7days, then recalled how they felt over the week.

Results and Discussion: Individuals higher in self-determined solitude were more prone to retrospectively overestimate their
high- and low-arousal positive affect in solitude and showed less overestimation/more underestimation of negative affect in
solitude. Higher not-self-determined solitude was associated with overestimating loneliness, and higher interdependent self-
construal with overestimating loneliness and energy levels, in solitude. Comparisons based on residence/ethnicity suggest cul-
ture influences solitude-seeking and affective memory. Implications for well-being and affect measurement are discussed.

1 | Introduction this affect recall is not always accurate. Previous research
suggests that self-concepts (beliefs about ourselves, includ-
Recalling our past feelings is key to guiding our daily life be- ing self-reported personality traits) bias our affect recall such

havior—for example, balancing solitary and social activities to that recalled experiences align more with expectations than
maximize well-being (Levine, Lench, and Safer 2009). However, with actual lived experiences (Lay et al. 2017; Robinson and
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Clore 2002). It is unclear, however, to what extent self-concepts
shape our recall of affective experiences in specific social sit-
uations. This study investigates whether individuals misre-
member how they feel in solitude (time without social contact).
Solitude is a ubiquitous experience with significant well-being
impacts (Long and Averill 2003; Lay et al. 2017, 2019; Nguyen,
Weinstein, and Ryan 2021). We examine how self-concepts re-
lated to solitude experiences (introversion, self-determined and
not-self-determined solitude motivation) and to culture (inde-
pendent and interdependent self-construal) shape affect recall
among individuals in the United Kingdom (UK) and Hong Kong
(HK). This Stage 2 Registered Report builds on the Stage 1 study
design pre-registered on the Open Science Framework (OSF) at:
https://osf.io/v4yca.

Affect self-reports capture unique and useful information about
subjective experiences that have important well-being impli-
cations. For example, feelings of loneliness (stemming from
the perception that one's social needs are not being met) have
significant impacts on subsequent behavior and long-term
health, beyond the effects of objective social isolation (Hawkley
and Cacioppo 2010). To capture affective experiences, many
researchers adopt ecological momentary assessments or ex-
perience sampling methods (ESM; e.g., Larson 1990), as these
methods capture fleeting experiences while minimizing the in-
fluence of memory retrieval processes (Schwarz 2007). However,
global assessments of affective experiences over a given period
(retrospective reports) are often needed. For example, clinical
measures of anxiety may involve reporting affective symptoms
over the preceding 2weeks. How accurate are such retrospective
affect measures?

Previous research has shown that individuals systemati-
cally exaggerate certain affective states when recalling how
they had felt over a given period (Barrett 1997; Robinson and
Clore 2002). If we compare retrospective reports of overall af-
fect (e.g., “How happy have you felt, on average, over the past
two weeks?”) with concurrent reports obtained via ESM (e.g.,
“How happy do you feel right now?”, asked repeatedly over
several days), individuals across the adult lifespan have been
shown to retrospectively report higher levels of positive and/
or negative affect than their average concurrent ratings (e.g.,
Colombo et al. 2020; Lay et al. 2017; Neubauer et al. 2020).
Affect circumplex models (e.g., Russell 1980; Tsai, Knutson,
and Fung 2006) define affect in terms of two underlying di-
mensions: valence (positive vs. negative) and activation (high
vs. low arousal). Previous research suggests that individuals
may specifically exaggerate high-arousal positive and negative
affective states (e.g., “excited” and “anxious”) in retrospective
reports, although findings are mixed regarding retrospective
reporting of low-arousal states (e.g., “calm” and “sleepy”; Lay
et al. 2017; Mill, Realo, and Allik 2016).

1.1 | Sources of Affect Recall Bias

How do biases emerge in retrospective affect reports? When
recalling affective experiences over a relatively recent pe-
riod (of several hours or days), reports tend to be biassed in
the direction of peak (high-intensity) and recent experiences
(Fredrickson 2000; Kahneman 2000). Recall in favor of such

emotionally salient experiences may serve important functions
for goal pursuit and coping with challenges (Levine, Lench, and
Safer 2009).

Peak and recency effects fade over time, as memories of the
affective experiences fade (Kahneman 2000; Robinson and
Clore 2002). When recalling affect over longer periods (sev-
eral weeks or more), individuals rely increasingly on abstract
knowledge and heuristics to fill gaps in memory. These may
include situation-specific beliefs (e.g., “summer is a happy
time of year”), and identity-related beliefs or self-concepts
(e.g., “I am a happy person”; Robinson and Clore 2002). A
self-concept may be defined as a stable set of beliefs or knowl-
edge about oneself (e.g., self-schema; Markus 1977) which
links concepts of self with concepts describing personality
(Asendorpf, Banse, and Miicke 2002). For example, someone
with a self-concept of being extraverted (reflected by a high
score on a self-report measure of extraversion) may have a
greater tendency to exaggerate their positive affect and un-
derreport their negative affect in retrospective as compared
to concurrent reports (Barrett 1997; Lay et al. 2017; Mill,
Realo, and Allik 2016). Retrospective report biases may also
be arousal-specific; for example, extraversion has been spe-
cifically linked with overreporting high-arousal positive af-
fective states (e.g., “happy”; Lay et al. 2017; Mill, Realo, and
Allik 2016) and with underreporting low-arousal positive
states (e.g., “calm”; Lay et al. 2017). These recall biases align
with key features of extraversion (positive affectivity, high
energy) captured in personality inventories (e.g., Big Five
Inventory; Costa and McCrae 1980). In general, self-concepts
fill gaps in memory in ways that maintain a coherent sense of
self (Conway and Pleydell-Pearce 2000).

Most previous research linking self-concept with affect recall
biases has focused on recalling overall affect across situations
(e.g., Barrett 1997; Lay et al. 2017; Oishi 2002). However, self-
concept may also shape situation-specific affective beliefs. For
example, previous research has shown that individuals who re-
port being more introverted (less extraverted) tend to underes-
timate how much they will enjoy a social situation when made
to act extraverted (Zelenski et al. 2013). It is unclear, however,
whether such affect recall biases extend to situations of solitude,
which are just as ubiquitous in daily life as social situations, yet
are understudied. The proposed study focuses on self-concepts
as a key information source shaping how individuals recall feel-
ing in solitude.

1.2 | Recalling Affect in Solitude

Working-age adults spend an estimated 30%-40% of their time
in solitude (e.g., Larson 1990; Papp et al. 2013), which is concep-
tualized as “the absence of social interaction” (Burger 1995) or
“communicative separation from others” (Larson 1990). Much
research treats physical aloneness (no one else present) as a pre-
condition for solitude, defining solitude as a complete absence
of social stimuli (e.g., Hatano et al. 2022; Nguyen, Ryan, and
Deci 2018; Pauly et al. 2017). Other research treats solitude and
physical aloneness separately, emphasizing how one can be with
others but not interacting (e.g., Epley and Schroeder 2014; Lay
et al. 2019; Long and Averill 2003; Ratner and Hamilton 2015).
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We define solitude here as the absence of in-person or virtual
social interaction, regardless of whether others are physically
present. This definition accounts for the ways in which mod-
ern digital communication disrupts solitude (Campbell and
Ross 2021) and also for the possibility that one may experience
“solitude alone” and “solitude with others” differently (with the
latter providing a form of ambient sociality or feeling of connec-
tion; McGonigal 2011; Weinstein, Hansen, and Nguyen 2023).

Previous ESM and daily survey studies suggest that spending
time alone or in solitude (versus with others or interacting) has
a deactivating effect on affect, with an overall pattern of find-
ings suggesting reduced high-arousal positive and negative
affect, and increased low-arousal positive and negative affect
(e.g., Nguyen, Ryan, and Deci 2018; Pauly et al. 2017). Hence,
solitude can bring both risks (e.g., loneliness) and benefits (e.g.,
calm), depending in large part on whether this solitude hap-
pens by choice (Lay et al. 2019; Long and Averill 2003; Nguyen,
Ryan, and Deci 2018). Previous research suggests that health
and longevity may be maximized by striking an optimal bal-
ance between solitary and social time (Stavrova and Ren 2021).
Individuals who can accurately remember how solitude feels for
them may be better able to achieve a balance that enhances their
overall health and well-being.

Although no previous research has compared retrospective to
concurrent reports of affect while in solitude, affect forecast-
ing studies offer insight into how people expect to feel. In ex-
periments with US community samples, individuals tended
to overestimate how much they would enjoy keeping to them-
selves in public places (versus talking to a stranger; Epley and
Schroeder 2014). In contrast, a quasi-experimental study of
US university students showed those who were by themselves
(rather than with a companion) were more prone to underes-
timate how much they would enjoy an art gallery (Ratner and
Hamilton 2015). Moreover, Japanese and UK university stu-
dents in a set of experiments underestimated how intrinsically
motivated they would feel while waiting in a quiet room alone
(Hatano et al. 2022). Hence, findings are mixed but suggest over-
all that individuals underestimate how good solitude will feel.

How might self-concept shape recall of solitary experiences?
Introversion is a key personality self-concept related to social
motivation. For example, affect forecasting studies suggest that
individuals with high introversion scores may underestimate the
pleasures of socializing, and even expect it will make them feel
worse, even though most individuals in fact report feeling better
after socializing (Duffy et al. 2018; Zelenski et al. 2013). In these
studies, however, introversion did not consistently predict how
individuals expected to feel when acting introverted or when
keeping to themselves in public (Epley and Schroeder 2014;
Zelenski et al. 2013). This may be because introversion captures
arange of reasons for being in solitude, including genuine enjoy-
ment of quiet and contemplation, but also shyness and low so-
ciability (Zelenski, Sobocko, and Whelan 2021). These different
motivations may have opposing effects on how introverts recall
feeling in solitude. For example, those who enjoy solitude for its
own sake may remember their solitude experiences positively,
whereas those who seek solitude due to shyness may recall sol-
itude experiences tinged with anxiety or regret over lost social
opportunities.

To better understand how self-concepts shape recall of soli-
tude experiences, we need to examine self-concepts that cap-
ture more specific reasons for being in solitude. Drawing on
self-determination theory (Ryan and Deci 2017), Thomas and
Azmitia (2019) refined and validated the Motivation for Solitude
Scale, which measures two distinct motivations. The self-
determined solitude (SDS) subscale captures intrinsic motiva-
tions for solitude, such as self-attunement, contemplation, and
leisure, whereas not self-determined solitude (NSDS) captures
extrinsic motivations, such as peer rejection and social anxiety.
In ESM research across the adult lifespan, self-determined or
autonomous motivations for solitude have been linked with
experiencing solitude more positively in the moment, and not
self-determined motivations such as social anxiety with experi-
encing solitude more negatively (e.g., Lay et al. 2019; Long and
Averill 2003; Nguyen, Ryan, and Deci 2018). To the extent that
self-concepts bias retrospective reports in line with expectations
about social situations, we expect that individuals with higher
SDS would retrospectively exaggerate how good they felt in
solitude.

1.3 | Affect Recall Biases Across Cultures

In addition to personality-related beliefs, culture is a key source
of self-concepts that shape affect recall. We focus here on in-
dependent and interdependent self-construal (SC) (Markus and
Kitayama 1991), primary dimensions on which comparisons are
made across and within cultures. Members of more individu-
alistic cultures (e.g., Western Europe, North America) tend to
have a more independent SC, seeing themselves in terms of more
stable, internal personal attributes that are independent of their
relationships with others (Suh 2002). Members of more collec-
tivistic cultures (e.g., East Asia, Latin America) tend instead to
have more interdependent SC, seeing themselves in terms of
more fluid, context-dependent personal attributes that are de-
fined in relation to social roles (Suh 2002).

Independent SC has been linked with motivation to pursue per-
sonal happiness (e.g., Kitayama, Markus, and Kurokawa 2000)
and to be consistent across social contexts (English and
Chen 2007). Together, these motivations may produce an overall
positivity bias in memory. For example, in a study of US univer-
sity students, European Americans (but not Asians) exaggerated
their positive affect in retrospective as compared to concurrent
reports (Oishi 2002). Moreover, in an adult lifespan sample,
White Americans retrospectively exaggerated their high-arousal
positive affect (HAPA) more than non-White Americans (Lay
et al. 2017). Hence, people with a more independent SC may ret-
rospectively exaggerate how good they felt overall.

Individuals with a more interdependent SC may have a self-
concept that varies more across social contexts, but be mo-
tivated to be consistent within a given context (English and
Chen 2007). For example, East Asian university students in
one study were more likely than American students to report
being both extraverted and introverted (Choi and Choi 2002).
In an ESM study comparing affective experiences when
alone and when with various social partners, Japanese and
Hispanic-American individuals showed more affect variabil-
ity across these different situations compared with a broader
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US sample (Oishi et al. 2004). Hence, among individuals with
a more interdependent SC, affective experiences seem to be
more strongly shaped by social context (e.g., being in solitude
versus being with others), compared with individuals with a
more independent SC. We suggest that this situational speci-
ficity of affective experiences may be magnified in retrospec-
tive reports, such that individuals with a more interdependent
SC will show greater biases when recalling how they felt in
specific social contexts (such as solitude).

1.4 | Affect Recall in Solitude Across Cultures

How might independent/interdependent SC shape affect re-
call for solitude? In line with cultural norms emphasizing
individual autonomy and distinctiveness, individuals higher
in independent SC and lower in interdependent SC might re-
member solitude more positively. Participants in one cross-
sectional study recalled the frequency with which they felt
various emotions; for Japanese undergraduates, positive emo-
tions and interpersonally engaged emotions (e.g., closeness)
were more strongly linked, whereas for US American under-
graduates, positive emotions and interpersonally disengaged
emotions (e.g., pride) were more strongly linked (Kitayama,
Markus, and Kurokawa 2000). This also aligns with previous
research linking unsociability or unsociable behavior (non-
fearful preference for solitude) with maladaptive outcomes
among Chinese but not among North American children (e.g.,
Liu et al. 2015).

However, research using trait self-reports has suggested the
opposite, that there may exist a positive association between
interdependent SC and positive recall of solitude. In one study,
South African adolescents from collectivistic (African) cul-
tures scored higher in SDS than those from individualistic
(European) cultures (van Zyl, Dankaert, and Guse 2018). In
another study, Chinese adolescents reported more positive at-
titudes toward being alone than did Belgian adolescents (Maes
et al. 2016). Such positive evaluations of being alone may be
linked with an appreciation for quiet contemplation which
is rooted in Taoist and Confucian traditions among East
Asians (Averill and Sundararajan 2014). Moreover, solitude is
conducive to low-arousal forms of positive affect, which are
more preferred among East Asians than among European
Americans (whereas European Americans have a stronger
preference for high-arousal positive affect; Tsai, Knutson, and
Fung 2006).

If we turn from retrospective reports to concurrent reports of
how individuals actually feel in moments of solitude, previ-
ous ESM findings are mixed regarding cultural differences. In
a study of university students, Hispanic Americans felt better
when alone, but Japanese felt worse when alone, compared
with a broader US sample (Oishi et al. 2004). In studies com-
paring North American and East Asian older adults, one linked
Chinese culture with feeling less badly in moments of solitude
(Jiang et al. 2019), and one showed no such cultural differences
(Lay et al. 2020). Although no previous research has examined
whether SC shapes how we recall feeling in solitude, on balance,
we may expect individuals with a more interdependent SC to

retrospectively report feeling better in solitude than their con-
current reports would suggest.

1.5 | Present Study

The aim of the present (registered report) study is to examine
biases in individuals' recall of how they feel overall (across
social situations) and in situations of solitude, and the moder-
ating roles of self-concepts (introversion, SDS, NSDS, indepen-
dent SC, and interdependent SC) in recall biases. Individuals
living in the UK and in HK reported their current social sit-
uations and affective states five times daily for 7days and
then retrospectively reported how they felt overall and when
in solitude over this 7-day period. Retrospective reports were
compared with mean concurrent reports to derive indices of
affect recall accuracy. By sampling across these two locations,
we aim to capture a range of self-concepts exhibited among
Western Europeans and East Asians, and to explore whether
place of residence exhibits similar effects as independent/in-
terdependent SC.

We made seven hypotheses (H1-H7). We hypothesized that
individuals would overreport their overall high-arousal posi-
tive affect (HAPA) and high-arousal negative affect (HANA)
in retrospective as compared to concurrent reports (H1), and
we did not hypothesize any overall recall bias for low-arousal
positive and negative affect (LAPA, LANA). We also expected
that self-concepts would moderate overall affect recall bias.
Specifically, we hypothesized that higher introversion (H2)
would be positively associated with underreporting HAPA
and overreporting LAPA, HANA, and LANA, in line with pre-
vious research on introversion and affect retrospection (e.g.,
Lay et al. 2017; Mill, Realo, and Allik 2016). We further hy-
pothesized that higher NSDS (H3) would be positively associ-
ated with underreporting HAPA and LAPA and overreporting
HANA and LANA, given links between NSDS and negative
affectivity (Thomas and Azmitia 2019). We also hypothesized
that higher independent SC (H4) would be positively associ-
ated with overreporting HAPA and underreporting LAPA,
HANA, and LANA overall, given previous research linking in-
dependent SC with positivity bias in recall (and bias specific to
HAPA), preference for high-arousal over low-arousal positive
affect, and motivation for consistency across contexts (English
and Chen 2007; Kitayama, Markus, and Kurokawa 2000; Lay
et al. 2017; Tsai, Knutson, and Fung 2006).

When recalling time in solitude specifically, we hypothe-
sized that individuals would retrospectively underreport their
HAPA and HANA and overreport their LAPA and LANA
(H5), in line with solitude's affect deactivating effects (e.g.,
Nguyen, Ryan, and Deci 2018). We also hypothesized that
higher SDS (H6) and higher interdependent SC (H7) would
be associated with further overreporting of LAPA and un-
derreporting of HANA in solitude, in line with beliefs about
enjoying solitude common to both these traits, and with in-
terdependent SC-related preference for low-arousal positive
affect and motivation for consistency within social contexts
(English and Chen 2007; Thomas and Azmitia 2019; Tsai,
Knutson, and Fung 2006).
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To account for well-established episodic memory influences
on affect recall (i.e., peak and recency effects), models con-
trolled for peak (maximum) affect and recent (last day) af-
fect for all affect measures over the ESM period, and for
time elapsed from the ESM period to the retrospective report
(e.g., Fredrickson 2000; Robinson and Clore 2002). Models
also controlled for current affective states at the time of ret-
rospection, given previous research suggesting affect recall
may be biassed by current affect (Brose, Lindenberger, and
Schmiedek 2013). Finally, models controlled for sociodemo-
graphical variables associated with affect recall accuracy;
for example, older age has been linked with a positivity bias
(or reduced negativity bias) in affect recall (Lay et al. 2017;
Robinson and Clore 2002).

2 | Pilot Study

Prior to our main (pre-registered) study, we conducted a pilot
study (Jan-Apr 2021) with a UK university student sample
whose data partially address our hypotheses. Participants pro-
vided daily time-use reports of positive and negative affective
states and social situations over 14 days. For each affective state,
they then retrospectively estimated (a) their average affect over
the 14 days and (b) how much their affect had differed from this
average on days when they had spent more time in solitude.
Models predicted retrospective affect reports from mean daily
affect reports to assess retrospective report accuracy and exam-
ined whether introversion, SDS, NSDS, independent SC, and
interdependent SC shape retrospective reports. This pilot study
provided initial evidence for the role of self-concepts in affect
recall, linking higher NSDS with recalling lower energy overall
and higher independent SC with recalling higher tiredness over-
all. Higher introversion was also associated with recalling lower
stress on high-solitude days and higher independent SC with re-
calling lower loneliness on high-solitude days. We report the full
pilot study methods, results, and discussion in Supplementary
Materials A. The pilot study led to refinements in the study de-
sign and measures for the main study (reported below), which
uses concurrent assessments administered five times daily in-
stead of daily time-use reports.

3 | Method
3.1 | Sample

For the main study, we recruited community-dwelling partic-
ipants aged 18-49years in the UK (SW England and Scotland,
N=160) and in HK SAR (N=159). This upper age cutoff was
to target working-age adults acquainted with smartphone tech-
nology. Samples were age-stratified (age groups 18-25, 26-33,
34-41, and 42-49) and represent diverse educational and socio-
economic backgrounds reflecting each location's demograph-
ics (Office for National Statistics 2017; Hong Kong Census and
Statistics Department 2017). Participants were recruited via
newspaper, posters, participant databases, and word of mouth.
Participants were excluded if they did not own a smartphone,
were unable to read and write in either English or Chinese, or
had a major psychological or neurocognitive diagnosis (e.g.,
major depression or stroke). Ethics approval was obtained

from the university research ethics committees at our study
sites (University of Exeter, University of Strathclyde, Education
University of Hong Kong, and Lingnan University).

Table 1 reports sociodemographic variables for the UK and HK
samples. Eighty-six participants (27%) were born in a country
other than their current location of residence. Missing data for
sociodemographic covariates (income: N=3, education: N=1,
marital status: N=1) were estimated via multiple imputation
based on the other sociodemographic covariates used in the
planned analyses (10 imputed datasets using mice package in
R; van Buuren and Groothuis-Oudshoorn 2011). Participants
in HK (vs. UK) were more likely to be Asian and reported less
agreement with the statement, “Were your days in the study typ-
ical of your daily life?” when asked in the study post-survey.

3.2 | Procedure

The study was completed online and via participants’ smart-
phones. Interested participants were directed to an online
pre-survey consisting of informed consent and trait measures.
Participants were then instructed how to download the ESM
app (PIEL survey; Jessup et al. 2012) and questionnaire script to
their smartphone. Each day for the next 7 days, the app prompted
participants to complete five questionnaires (of about 5 min in
length) asking about their current affect and social situations.
Questionnaires were administered on a pseudo-randomized
schedule (random time within each of five 2-h blocks through-
out the day, with at least 1h between blocks). To maximize
compliance, participants were offered a choice of schedules to
accommodate their daily routines and were sent two notification
reminders (after 10 and after 20 min) for missed questionnaires.

After the 7-day ESM period, participants emailed their ESM
data to the research team. Participants then completed an online
post-survey consisting of retrospective affect and trait measures,
study feedback, and debriefing. Participants were reimbursed 30
GBP (UK sample) or 300 HKD (HK sample) for completing the
pre-survey, post-survey, and at least 25 of the 35 ESM question-
naires, with pro-rated reimbursement for partial completion.

3.3 | Power Analysis and Data Inclusion

Our a priori power analysis was based on previous research ex-
amining relationships between self-concepts (e.g., Extraversion)
and discrepancies between retrospective and mean momentary
affect reports (e.g., Lay et al. 2017; Mill, Realo, and Allik 2016)
which has reported between-person effect sizes of approxi-
mately 0.1 to 0.3, and likewise for our pilot study. We conducted
a power analysis via simulation in R using a template from
Kirtley et al. (2021), for a linear mixed effects model with auto-
correlation and a correlated random intercept and random slope.
By conducting 10,000 Monte Carlo simulations, we determined
our planned sampling design (300 participants X 35 ESM assess-
ments) was sufficient to detect between-person effect sizes of
B=0.1 (f=0.01) with power=0.8, a, ..;.4=0.05. We exceeded
the planned sample size by recruiting and retaining 319 partic-
ipants; this over-sampling was done to ensure a sufficient sam-
ple size even after participant exclusions (e.g., due to missing
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TABLE1 | Participant sociodemographics for United Kingdom (UK) and Hong Kong (HK) samples.

Sample
UK sample (N=160) HK sample (N=159) comparison
Age M=32.8,SD=9.3, Range=18-49 years M=33.0, SD=38.9, Range=18-49 years t(317)=0.26,
p=0.791
Gender Female: 53.1% Male: 46.9% Female: 61.0%, Male: 39.0% X?(1)=1.71,
p=0.191
Ethnicity European: 68.1%, South Asian: 16.9%, East Asian: 99.4%, Central Asian: 0.6% Asian:
African/Caribbean: 6.9%, East Asian: X?(1)=191.92,
5.0%, Native: 1.3%, Southeast Asian: 0.6% p<0.001
Employment Working FT: 50.0%, Student FT: Working FT: 52.8%, Student FT: Working full-
28.8%, Homemaking/caretaking: 20.1%, Homemaking/caretaking: time: X?(1)=1.06,
8.1%, Furlough: 0.0% 3.8%, Furlough: 9.4% p=0.304
Education Primary/secondary: 1.3%, Secondary Primary/secondary: 8.8%, Secondary Post-secondary:
diploma: 32.0%, Some post-secondary: diploma: 1.9%, Some post-secondary: X?(1)=5.98,
13.8%, Undergrad degree: 46.3%, 28.3%, Undergrad degree: 25.8%, p=0.015
Grad/professional degree: 18.1% Grad/professional degree: 35.2%
Relationship Single: 29.6%, In a relationship: Single: 34.0%, In a relationship: Married:
status 31.4%, Married: 37.1%, Separated/ 27.0%, Married: 39.0%, Separated/ X?(1)=0.55,
divorced: 1.3%, Widowed: 0.3% divorced: 0.0%, Widowed: 0.0% p=0.460
Years in current M=26.6,SD=13.3, Range=0-49 M=29.2,SD=12.0, Range=1-49 t(317)=1.83,
country p=0.069

Living situation With partner: 48.8%, With other
family: 58.1%, With friends/

acquaintances: 18.8%, Alone: 10.0%

Monthly income
before tax

0-2000 GBP: 19.7%, 2001-4000
GBP: 34.5%, 4001-6000 GBP:
23.0%, >6000 GBP: 22.9%

Perceived social M=5.61,SD=1.63, Range=1-10

status
Physical health M=3.31,SD=1.02, Range=1-5
rating
Mental health M=3.01, SD=1.09, Range=1-5
rating
Overall well- M=3.24,SD=0.97, Range=1-5

being rating

Days in study
typical of daily
life?

M=3.99, SD=0.96, Range=1-5

With partner: 38.4%, With other Living alone:

family: 44.2%, With friends/ X?(1)=0.62,
acquaintances: 15.9%, Alone: 6.9% p=0.431
0-8500 HKD: 7.6%, 8501-20,000 At or above
HKD: 18.2%, 20,001-59,999 HKD: median:
51.0%, >=60,000 HKD: 23.2% X2(1)=1.53,
p=0.217
M=5.36, SD=1.60, Range=1-10 t(317)=-1.37,
p=0.172
M=3.21, SD=1.01,Range=1-5 t(317)=-0.92,
p=0.357
M=3.09, SD=1.01, Range=1-5 t(317)=0.75,
p=0.454
M=3.06,SD=0.98, Range=1-5 t(317)=-1.71,
p=0.088
M=3.50, SD=0.99, Range=1-5 t(317) =—4.51,
p<0.001

Note: Bold values indicate statistical significant at p < 0.01.

data on key variables). All participants provided data on the
key person-level variables (retrospective and mean momentary
affect overall and in solitude, self-concepts); hence, none were
excluded.

Participants with missing data for ESM assessments were included
in analyses if they provided data for at least 3 separate days. Of the
319 study participants, 303 (95.0%) completed at least 7days of ESM
assessments. Participants each completed an average of 30.8 of the
35 assessments (SD=11.0) over the ESM period, a completion rate

of 88% (in line with expected completion rates of 88%-93% based
on previous research using similar ESM schedules with adult
lifespan samples; Lay et al. 2017, 2019). A total of 11,941 ESM as-
sessments were collected across the sample; of these, 3193 (26.7%)
captured instances of solitude. Each participant reported an aver-
age of 9.5 solitude instances (SD = 7.3, Range =1-43), slightly lower
than our initial estimate (based on previous adult lifespan studies;
Larson 1990; Pauly et al. 2017) that each participant would be in
solitude at least 30% of the time and hence provide data on at least
10 solitude instances.
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3.4 | Measures

ESM measures were administered during the 7-day study period
via smartphone, and trait measures were administered in the
online pre- and post-surveys. The measures used in the analysis
are described below; in addition to these, the full set of study
measures are listed on the study OSF page. We used validated
English and Hong Kong Chinese versions of each measure when
possible. When Chinese measures did not exist in the literature,
these were translated from English using a standardized for-
ward and backward translation procedure with two bilingual
researchers. Participants had the choice to complete the study in
English, traditional Chinese, or simplified Chinese.

3.4.1 | Experience Sampling Method (ESM) measures

3.4.1.1 | Momentary Affect. Participants were asked, at
each assessment, to report their current affective states (“At
this moment, I feel ____") on a scale from 0 (“not at all”) to
10 (“very much”). Affect items included high-arousal positive
states (“happy” and “energized”), low-arousal positive states
(“calm” and “relaxed”), high-arousal negative states (“irritated”
and “anxious”), and low-arousal negative states (“lonely”
and “tired”), in line with validated cross-cultural measures
based on the affect circumplex model (Russell 1980; Tsai,
Knutson, and Fung 2006). Items were updated from those
used in the pilot study; specific items (e.g., “stressed”) were
removed due to translation difficulties, and items were added
to better differentiate high- and low-arousal affective states.
Composite scores were computed at each assessment by taking
the mean of the respective items for HAPA (M =5.3, SD=1.5),
LAPA (M=5.9, SD=1.5), HANA (M=2.9, SD=1.6), and LANA
(M=3.8, SD=1.4). Between- and within-person reliability
coefficients were computed for each composite (Lai 2021; Shrout
and Lane 2012): HAPA between-person reliability (R,,,)=0.96,
within-person reliability (R ,,)=0.49; LAPA R,,=0.96,
R,,=0.50; HANA R, =097, R,,=0.61; LANA R,,=0.92,
R,,=0.55.

Each participant's mean momentary affect was computed for
HAPA, LAPA, HANA, and LANA by taking the mean of their
momentary affect scores over the 7-day ESM period. Peak affect
for HAPA, LAPA, HANA, and LANA was derived from the par-
ticipant's maximum affect scores over the 7-day period. Recent
affect for HAPA, LAPA, HANA, and LANA was computed as
the mean of the participant's affect scores on the last ESM day
with available data. Descriptive statistics are in Supplementary
Materials B, Table S4.

3.4.1.2 | Current Social Context. At each assessment,
participants were asked, “In the last 15 min, which of these
in-person situations have you been in?” and given the response
options, (a) “Alone (no one nearby, no one you can see),” (b)
“One or more people nearby who you were NOT interacting
with in-person,” and (c) “One or more people nearby who you
WERE interacting with in-person.” Participants could select one
or more responses; instances in which they selected only option
(a) were coded as alone (29.5% of assessments), and instances
in which they selected only (a) and/or (b) as in-person solitude
(45.1% of assessments). Instances in which participants selected

option (c), regardless of whether other options were selected,
were coded as in-person interaction, and a follow-up question
asked who they were interacting with, with response options,
“Spouse/partner,” “Family member,” “Friend,” “Colleague/
classmate,” “Service provider,” “Stranger,” and “Other.”

» e

Participants were then asked, “In the last 15 min, which of these
virtual situations have you been in?”, with the response options,
(@) “Video/phone interaction,” (b) “Texting (e.g., WhatsApp,
WecChat),” (c) “Active social media use (e.g., posting or com-
menting on Facebook, Instagram, Snapchat),” (d) “Passive social
media use (e.g., scrolling or liking others' posts),” and (e) “None
of the above.” Instances in which participants selected only (d)
and/or (e) were coded as virtual solitude (54.4% of assessments).
Selecting either (a), (b), or (c) was coded as virtual interaction,
and a follow-up question was shown asking who they were in-
teracting with virtually (same response options given as for in-
person interaction).

For analyses, instances coded as both in-person and virtual
solitude were considered instances of solitude (no in-person or
virtual interaction; 26.7% of assessments). Proportion of time in
solitude was computed for each participant as the proportion of
ESM beeps when they had been in solitude in the last 15min
(M=28.5%, SD=21.9, Range=0.0-96.3). For each participant,
mean momentary HAPA in solitude was computed by averag-
ing their scores for HAPA across solitude instances (M=4.9,
SD=1.7), and likewise for LAPA (M=5.9, SD=1.7), HANA
(M=2.9, SD=1.9), and LANA (M=3.9, SD=1.6). Peak HAPA
in solitude was derived from the participant’'s maximum HAPA
scores in solitude, and recent HAPA in solitude from their mean
HAPA scores in solitude on the last day of the ESM period (or
the last day with any solitude instances), and likewise for LAPA,
HANA, and LANA. Descriptive statistics are in Table SM4.
Analyses involving affect in solitude exclude 29 participants who
did not report any solitude situations during the ESM period.

3.4.2 | Pre- and Post-Survey Measures

3.4.2.1 | Current Affect at Retrospection. In
the post-survey, participants first reported their affect via eight
items of the form “How [happy] do you feel right now,” from 0
(not at all) to 10 (very much), and likewise for energized, calm,
relaxed, irritated, anxious, lonely, and tired. Affective states
match those used in the ESM measures, and composite scores
were derived for current HAPA (¢ =0.50), LAPA («=0.68), HANA
(x=0.53), and LANA («=0.31).

3.4.2.2 | Retrospective Affect. In the post-survey,
participants were then asked to recall their affective experiences
over the 7-day ESM period. The first eight items were of the form,
“How [happy] did you feel, on average?”, on a 0-10 scale, with
affective states matching those used in the momentary affect
measures. Overall retrospective HAPA (M=5.6, SD=1.2,
a=0.60), LAPA (M=5.9, SD=2.0, a=0.75), HANA (M=3.4,
SD=2.1,x=0.51),and LANA (M=4.2, SD=1.9, ¢ =0.33) scores
were computed by averaging the items in each scale. The next
eight items were of the form, “How [happy] did you feel, on
average, at times when you were not interacting with anyone
in person or virtually?”, with the same set of affective states
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(0-10 scale). A score for retrospective HAPA in solitude (M =5.2,
SD=2.0, a=0.57) was derived by averaging the HAPA items,
and likewise for LAPA (M=6.3, SD=2.2, a=0.76), HANA
(M=2.6, SD=2.1, a=0.62), and LANA (M=3.8, SD=2.3,
a=0.37). Analyses of retrospective irritation in solitude exclude
one participant who skipped this item.

Eight additional items were of the form “How [happy] did you
feel, on average, at times when you were interacting in-person
with someone you are close to” on a 0-10 scale; an aggregate
score was computed for retrospective HAPA close interaction
(M=6.4, SD=1.2, «=0.53) and likewise for LAPA (M =6.6,
SD=2.0, «=0.67), HANA (M=2.3, SD=1.8, a=0.55), and
LANA (M=2.8, SD=1.7,a=0.23). Eight final items were of the
form “How [happy] did you feel, on average, at times when you
were interacting in-person with someone you are NOT close to”
(0-10 scale); a score was computed for retrospective HAPA not-
close interaction (M=4.3, SD=2.0, «=0.65) and likewise for
LAPA (M=4.6, SD=2.2, a=0.63), HANA (M=3.5, SD=2.2,
a=0.49),and LANA (M=3.9,SD=2.1, a=0.42).

We computed retrospective affect report discrepancies by sub-
tracting each participant's mean momentary affect score from
their respective retrospective affect score for each affect scale:
overall HAPA (¢=0.36), overall LAPA (¢=0.47), overall HANA
(x=0.39), overall LANA (a=0.36), HAPA in solitude («¢=0.48),
LAPA in solitude (¢=0.64), HANA in solitude (¢=0.40),
and LANA in solitude (¢=0.27). Descriptive statistics are in
Table SM4.

3.4.2.3 | Introversion. The8-itemExtraversion-Introversion
scale from the Big Five Inventory (John, Donahue, and Kentle 1991)
was administered in the pre-survey. Participants responded on a
5-point scale to items including “I see myself as someone who is
outgoing, sociable.” Responses were reverse-coded and averaged
to derive a score for each participant, with higher scores indicating
greater introversion (M=3.2, SD=0.8, «=0.80).

3.4.2.4 | Self-Determined and Not-Self-Determined
Motivation for Solitude. The Motivation for Solitude
Scale (MSS; Thomas and Azmitia 2019) was administered
in the post-survey to assess two types of solitude-seeking
motivations based on self-determination theory. Items
are of the form “When I spend time alone, I do so because...,” on
a 5-point scale. Eight items assessed SDS, for example, “I enjoy
the quiet” (M=2.7, SD=0.7, «=0.83), and six items assessed
NSDS, for example, “I feel uncomfortable when I'm with others”
(M=1.9, SD=0.7, «=0.87); higher scores indicate higher SDS/
NSDS.

3.4.2.5 | Independent and Interdependent SC. The
Cultural Orientation scale (Triandis and Gelfland 1998) was
administered in the post-survey to capture vertical and horizontal
dimensions of individualism and collectivism. We used
the scale’s individualism and collectivism dimensions to measure
independent and interdependent SC, respectively, at the person
level (Guo, Schwartz, and McCabe 2008). Participants responded
to items on a 6-point scale; eight items assessed independent
SC, for example, “I often ‘do my own thing”” (M=4.2, SD=0.6,
a=0.61),and eight items assessed interdependent SC, for example,
“I feel good when I cooperate with others” (M=4.3, SD=0.7,

a=0.78), with higher scores indicating higher independent/
interdependent SC.

3.4.2.6 | Sociodemographics. Sociodemographic variables
were assessed in the pre-survey: age (years), gender (1=Male,
0=Female), location (1=HK, 0=UK), years lived in current
country, ethnicity (1=Asian, 0=White or other ethnicities),
living situation (1=alone, O=not alone), subjective social
status (same as pilot study; Adler and Stewart 2007), marital
status (1=married, 0=not married), education (1=at least
some post-secondary, 0=no post-secondary), and monthly
income before tax (1=at or above sample median, 0=below
median). Descriptive statistics are provided in Table 1 (for each
sample separately) and in Supplementary Materials B, Table S4
(for the two samples combined).

3.5 | Analysis Plan
3.5.1 | Analytical Approach and Data Checks

We conducted the confirmatory and exploratory analyses de-
scribed below using a significance level alpha of 0.01 to adjust
for multiple tests. Hence, results significant at p<0.01 are re-
ported as main study findings, whereas those significant at
p<0.05 are interpreted only as being suggestive of relationships.
We examined bivariate correlations among all study variables;
when predictors were correlated at r>0.7, we conducted sensi-
tivity analyses by including and excluding each predictor in the
reported models. ESM assessments completed beyond the 7-day
study period were also excluded in sensitivity analyses.

3.5.2 | Planned Confirmatory Analyses

To test Hypothesis 1 (overall retrospective report biases), we
examined regression models predicting retrospective HAPA
minus mean momentary HAPA, and likewise for the other af-
fect scales. If model intercepts () were significantly differ-
ent from 0, this indicated a retrospective report discrepancy,
with positive scores indicating retrospective overreporting,
and negative scores indicating retrospective underreport-
ing, of affective states. We tested Hypotheses 2-4 regarding
self-concept predictors of retrospective report biases by add-
ing self-concept predictors to the models: Introversion (H2),
NSDS (H3), and Independent SC (H4). We also included SDS
and Interdependent SC in models, along with covariates: peak
(maximum) affect, recent affect, and current affect at retro-
spection for the respective outcome (HAPA, LAPA, HANA, or
LANA); days elapsed from last ESM assessment to post-survey,
age, gender, ethnicity, location of residence, years in current
country, living situation, marital status, education, income,
and subjective social status.

To test H5 (retrospective report biases in solitude), we exam-
ined models predicting the difference between retrospective
and mean momentary reports of affect when in solitude for
HAPA, LAPA, HANA, and LANA. Model intercepts (§,) that
were significantly different from 0 indicate a retrospective re-
port discrepancy for affect in solitude. Hypotheses 6-7 per-
taining to self-concepts were tested by adding SDS (H6) and
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Interdependent SC (H7) to the above models, alongside introver-
sion, NSDS, and Independent SC. We included the same covari-
ates used in the models predicting overall affect discrepancies,
except that peak affect and recent affect were computed based
only on instances of solitude, and models also controlled for the
individual's proportion of ESM assessments spent in solitude.

3.5.3 | Planned Exploratory Analyses

We broke down the HAPA, HANA, LAPA, and LANA scales
into their constituent affect items and conducted parallel analy-
ses examining retrospective report discrepancies for each item.
This enabled us to pinpoint which affective states (e.g., “lonely”
versus “tired”) were impacted by retrospection and self-concepts
(e.g., Mill, Realo, and Allik 2016), which can provide important
theoretical insights given solitude's links with specific affective
states. For example, loneliness is a well-documented correlate
of solitude that has negative well-being implications, whereas
tiredness in solitude may reflect a more benign need for rest-
ful reprieve (e.g., Larson 1990). Moreover, the low Cronbach's
alphas for the retrospective report discrepancy scales (ranging
from a=0.27 for LANA in solitude to «=0.64 for LAPA in soli-
tude) suggest that the constituent affect items should indeed be
examined separately in our sample. We also included ethnicity,
location of residence, and years in current country in our mod-
els to disentangle effects of independent and interdependent SC
from effects of ethnicity, British vs. Chinese cultural exposure,
and immigration (e.g., Lay et al. 2020).

Next, we conducted descriptive analyses comparing two sub-
types of solitude—*“solitude alone” (no one physically present)
and “solitude with others” (others present but no social inter-
action)—in terms of their associations with specific affective
states and self-concepts. This enabled us to examine, for exam-
ple, whether solitude with others was experienced more posi-
tively than solitude alone, or was experienced more frequently
among high-extraversion individuals, potentially to maintain
social connection (McGonigal 2011).

Finally, in addition to examining affect recall for situations of
solitude, we examined a parallel set of models for situations
of in-person social interaction, to determine whether findings
were specific to solitude or were related to recall of affect during
social interaction.

4 | Results
4.1 | Descriptive Analyses

Bivariate correlations are presented in Supplementary
Materials B, Table S4. Here, we highlight theoretically mean-
ingful correlations (ps<0.01, with Irls of 0.15-0.36). SDS was
positively correlated with retrospective report discrepancies for
LAPA in solitude. Retrospective discrepancies for LANA in soli-
tude were positively correlated with interdependent SC and neg-
atively correlated with older age and years in current location
of residence, and were higher for individuals living in the UK
(HK M=-0.6, UK M=0.4) and of non-Asian ethnicity (Asian
M=-0.4, Non-Asian M=0.4). Introversion was positively

correlated with NSDS but not with SDS. NSDS and SDS were
positively correlated. Independent SC was positively correlated
with both SDS and NSDS, and interdependent SC was negatively
correlated with both NSDS and introversion. When examining
peak and recent affect overall and in solitude, and current af-
fect at retrospection, not all associations with affect variables
were significant, but overall patterns linked higher introversion,
NSDS, and independent SC with lower positive affect and higher
negative affect, and linked higher SDS and interdependent SC
with higher positive affect and lower negative affect.

Individuals living in HK (vs. UK) had higher introversion (HK
M=3.3 vs. UK M=3.0), SDS (2.9 vs. 2.6), NSDS (2.1 vs. 1.7), and
independent SC (4.3 vs. 4.0), and lower interdependent SC (4.2
vs. 4.5), and they tended to report lower recent HAPA and LAPA
overall, and lower recent HANA in solitude. A similar but less-
consistent pattern was found for individuals of Asian (vs. non-
Asian) ethnicity; they tended to have higher introversion (Asian
M=3.3 vs. Non-Asian M=2.9), SDS (2.9 vs. 2.5), NSDS (2.1 vs.
1.7), and independent SC (4.3 vs. 4.0), and lower recent HAPA and
LAPA overall. Individuals with higher rates of solitude had higher
introversion, lower peak HAPA and LAPA overall, higher peak
HANA and LANA in solitude, and lower recent HAPA in solitude.

4.2 | Data Checks and Planned
Confirmatory Analyses

Regression models predicted retrospective report discrepancies
for overall and solitude-specific affective experiences. Models
included all planned covariates with two exceptions: (1) Because
location of residence and ethnicity (coded 1=East, Southeast,
or South Asian; 0=other ethnicities) were strongly correlated
(r=0.78, with Asian participants mainly residing in HK), we re-
tained only location of residence as a covariate. (2) Because age
and years in current country were strongly correlated (r=10.72),
we retained only age as a covariate. We conducted sensitivity
analyses by replacing location of residence with ethnicity, and
age with years in current country, in study models (findings
reported below). All predictors (including covariates) were
grand mean centered; hence, model intercepts capture overall
retrospective report discrepancies. There were no outliers (>3
SD from the mean) for any variables. Some ESM assessments
(15.1%) were completed after the planned 7-day period, so we
conducted sensitivity analyses to only include each participant's
last 7days of assessments in the models; this did not substan-
tively affect reported findings.

4.2.1 | Retrospective Report Discrepancies
for Overall Affect

We tested Hypotheses 1-4 pertaining to retrospective discrepan-
cies for overall affect using one regression model for each affect
scale (HAPA/LAPA/HANA/LANA), reported in Table 2. Full
results for the eight constituent affective states are reported in
Supplementary Materials B, Tables S5-S12. We first hypothe-
sized that individuals would retrospectively overestimate their
overall HAPA (H1a) and HANA (H1b), but not their LAPA (H1c)
or LANA (H1d). Hla, H1b, and Hlc were confirmed; individ-
uals retrospectively overestimated their HAPA (b=0.28 on a
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0-10 scale) and HANA (b=0.45) and accurately reported their
LAPA (b=-0.09). H1d was not supported, as individuals retro-
spectively overestimated their LANA (b=0.36); examination of
affective constituents of LANA showed this effect was specific
to tiredness and was nonsignificant for loneliness (Tables SM11
and SM12).

Regarding self-concepts, we first hypothesized that introversion
would be positively associated with retrospectively underreport-
ing HAPA (H2a) and overreporting LAPA (H2b), HANA (H2c),
and LANA (H2d). H2a, H2c, and H2d were not supported, but
H2b was supported: Individuals higher in introversion tended to
retrospectively overestimate their LAPA. We next hypothesized
that NSDS would be positively associated with retrospectively
underreporting HAPA (H3a) and LAPA (H3b), and overreport-
ing HANA (H3c) and LANA (H3d). These hypotheses were not
supported; associations were nonsignificant for all affect scales.
Finally, we hypothesized that higher independent SC would be
positively associated with retrospectively overreporting HAPA
(H4a) and underreporting LAPA (H4b), HANA (H4c), and
LANA (H4d) overall. None of these hypotheses were supported.
However, individuals higher in interdependent SC tended to ret-
rospectively overestimate their relaxation (Table SM8).

We next examine cultural variables to inform the study results.
Although location of residence showed no association with ret-
rospective reporting of HAPA, LAPA, or LANA, individuals in
HK (vs. the UK) were more prone to retrospectively overreport
their overall happiness (Table SM5). When residence location
was replaced with ethnicity in sensitivity analyses, Asian (vs.
non-Asian) participants were also more prone to retrospec-
tively overreport their overall happiness (b=0.50, p=0.009).
Individuals in the UK (but not those in HK) overreported their
HANA overall; however, the specific effects for anxiety and irri-
tation were nonsignificant (Tables SM9 and SM10). The associ-
ation with HANA also lost significance when residence location
was replaced with ethnicity in sensitivity analyses.

Higher peak HAPA during the ESM period was associated with
less retrospective overestimation of HAPA, and higher recent
HANA and LANA were associated with less retrospective over-
estimation of HANA and LANA, respectively (Table 2). These
negative associations are due to operationalizing retrospective
discrepancy as retrospective report minus mean of momentary
reports; as peak and recent affect are positively correlated with
mean momentary affect, higher peak/recent affect will result in
smaller retrospective report discrepancies on average. Current
HAPA, LAPA, HANA, and LANA at retrospection were associ-
ated with greater retrospective overestimation of these affective
states.

4.2.2 | Retrospective Report Discrepancies for Affect
in Solitude

We tested Hypotheses 5-7 on affect in solitude using one regres-
sion model for each affect scale (HAPA/LAPA/HANA/LANA),
reported in Table 3. Results for the eight constituent affective
states are in Supplementary Materials B, Tables S13-S20. We first
hypothesized that, when recalling solitude, individuals would
retrospectively underestimate their HAPA (H5a) and HANA

(H5b) and overestimate their LAPA (H5c) and LANA (H5d).
H5b and H5c¢ were supported; participants retrospectively un-
derestimated their HANA (b=-0.39) and overestimated their
LAPA (b=0.53) in solitude. The effect for HANA was specific
to irritation and nonsignificant for anxiety (Tables S17 and S18).
H5a was not supported; participants retrospectively overesti-
mated their HAPA in solitude (b=0.32). This effect was specific
to energized and nonsignificant for happy (Tables S13 and S14).
H5d was also not supported, as participants accurately reported
their LANA in solitude (b=—0.13). However, analysis of affect
constituents showed participants in fact retrospectively overes-
timated their loneliness and underestimated their tiredness in
solitude (Tables S19 and S20).

We next hypothesized that SDS would be positively associated
with retrospectively overreporting LAPA (H6a) and under-
reporting HANA (H6b) in solitude; no associations were ex-
pected for HAPA (Hé6c) or LANA (H6d). H6a, H6b, and H6d
were supported; individuals higher in SDS were more prone
to overreporting their LAPA and underreporting their HANA
in solitude, and SDS showed no association with retrospective
discrepancies for LANA in solitude. Further examination of
LANA items revealed higher SDS was associated with a lesser
tendency to retrospectively overestimate loneliness in solitude,
though there was no association for tiredness (Tables S19 and
S20). Counter to Héc, individuals higher in SDS were more
prone to overestimate their HAPA in solitude. Individuals
higher in NSDS were more prone to retrospectively overes-
timate their loneliness in solitude (Table S19). Introversion
showed no significant associations with retrospective report
discrepancies for solitude.

Finally, we hypothesized that higher interdependent SC would
be associated with retrospectively overreporting LAPA (H7a)
and underreporting HANA (H7b) in solitude; no associations
were expected for HAPA (H7c) and LANA (H7d). H7a and H7b
were not supported. H7c was supported, as interdependent SC
showed no significant association with HAPA report discrep-
ancies. However, examination of HAPA constituents showed
that individuals higher in interdependent SC were more prone
to retrospectively overreport their energy levels in solitude, but
not their happiness (Tables S13 and S14). In support of H7d, in-
dividuals higher in interdependent SC did not significantly over-
estimate their LANA in solitude. Further examination revealed
a significant association with overreporting loneliness, but not
tiredness (Tables S19 and S20). Independent SC showed no asso-
ciations with retrospective report discrepancies for any affective
states in solitude.

An examination of cultural and sociodemographic variables
follows. Individuals living in HK (unlike those in the UK)
tended to retrospectively underestimate their LANA in soli-
tude (Table 3). This effect was specific to tiredness and non-
significant for loneliness (Tables S19 and S20). When location
of residence was replaced with ethnicity, Asian (unlike non-
Asian) individuals tended to underestimate their LANA in sol-
itude. Again, this effect was significant for tiredness (b= —1.43,
p<0.001) but not for loneliness. Older (vs. younger) individu-
als were more prone to underestimate their LANA in solitude
(Table 3), an effect specific to loneliness and nonsignificant
for tiredness (Tables S19 and S20). Replacing age with years in
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current country revealed a similar pattern, with a significant
effect for loneliness (b=—-0.03, p=0.008) but not for tiredness.
Peak, recent, and current affect showed the same pattern of as-
sociations with retrospective discrepancies for solitude as they
had for overall affect, except for peak LAPA (association was
nonsignificant).

4.3 | Planned Exploratory Analyses

We first compared two types of solitude situations: solitude
alone (time spent alone and not engaged in in-person or virtual
interaction; 19.2% of assessments) and solitude with others (time
spent in the physical presence of others but not engaged in in-
person or virtual interaction; 10.4% of assessments). Momentary
affective states reported in each solitude situation are compared
in Table 4, and relationships between person-level variables
and overall time spent in each solitude situation are shown in
Table 5. Individuals reported more calm, relaxation, and loneli-
ness in moments of solitude alone compared with solitude with
others, suggesting aloneness brings more low-arousal affect of
mixed valence. Spending more time in solitude alone was asso-
ciated with living in the UK (vs. HK), whereas spending more
time in solitude with others was associated with living in HK
(vs. the UK), living with others (vs. alone), being male (vs. fe-
male), and being more introverted.

We also examined whether solitude-related self-concepts shape
participants’ recall of how they felt during in-person social
interaction (instead of solitude), in a set of models that paral-
lel our main study models. These analyses are reported in
Supplementary Materials C.

5 | Discussion

Individuals do not always remember their past affective ex-
periences accurately, and this memory-experience gap may
be partially explained by self-concepts (how individuals view
themselves). We discuss the results of our main (registered
report) study, which examined how self-concepts related to
solitude and culture may shape how young and middle-aged
adults in the UK and HK recall feeling over a 7-day ESM pe-
riod. (The results of our initial pilot study, in which university
students recalled their daily affect reported over a 14-day pe-
riod, are discussed in Supplementary Materials A). We expected
that self-concepts of introversion, NSDS, and independent SC
would be associated with inaccurate recall of overall affect
(Hypotheses 1-4), and that SDS and interdependent SC would
be associated with inaccurate recall of affect while in solitude
(Hypotheses 5-7).

5.1 | Self-Concepts Shape the Memory-Experience
Gap for Overall Affect

As hypothesized (H1), individuals retrospectively overestimated
their overall levels of HAPA (happiness, energy) and HANA
(anxiety, irritation) when recalling how they felt over the 7-day
sampling period, and accurately recalled their LAPA (calm, re-
laxation) and loneliness (a form of LANA). Findings align with

1203).

2145) and solitude with others (n=

| Momentary affect states during solitude alone (n

TABLE 4

Solitude alone Solitude with

Momentary

Solitude with

Solitude alone

Momentary

M (SD) others M (SD) Comparison of means

Comparison of means affect (0-10)

M (SD) others M (SD)

affect (0-10)

=1.05, p=0.296

1(3346)

Anxious 2.94 (2.72) 3.04 (2.44)

0.038

1(3347)=-2.07, p

£(3347)
£(3347) = —4.16, p <0.001

5.16 (2.37)

5.34(2.56)

Happy

=0.08, p=0.939

£(3346)

2.54 (2.41)
2.41 (2.34)
5.05 (2.69)

2.53(2.53)
2.84 (2.89)

Irritated

1.92, p=0.055

4.67 (2.48) =

4.49 (2.56)
6.11 (2.51)
5.77 (2.59)

Energized

1(3347) = —4.47, p<0.001

Lonely

5.74 (2.39)

Calm

=0.02, p=0.981

1(3347)

Tired 5.05 (2.88)

0.002

1(3346) = —3.07, p

5.49 (2.44)

Relaxed

Bold values indicate statistical significant at p < 0.01.
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TABLE 5 | Relationships between person-level variables and percentage of assessments in solitude alone and solitude with others (N=319

participants).
Comparing % Comparing %
% Sol with assessments assessments solitude
Variable % Sol alone others Variable solitude alone with others
Introversion r=0.07 r=20.16, Location UK: 22.6%, HK 15.9%, UK: 8.7%, HK 12.1%,
p=0.210 p=0.003 t(310) = —3.10, p=0.002 1(297) =2.70, p=0.007
SDS r=-0.10, r=-0.02, Ethnicity Asian: 21.0%, Other: Asian: 9.4%, Other:
p=0.085 p=0.715 18.1%, t(264)=—1.26, 11.1%, t(286)=1.31,
p=0.209 p=0.190
NSDS r=0.04, r=-0.01, Gender M:17.4%, F: 21.7%, M:12.7%, F: 7.4%,
p=0.437 p=0.897 £(237)=1.83, p=0.068 t(313) =—4.33, p<0.001
Independent SC r=0.10, r=-0.01, Living With others: 18.2%, With others:
p=0.086 p=0.876 situation Alone: 30.5%, 10.8%, Alone: 5.6%,
1(29)=2.49, p=0.019 1(43) =—3.58, p<0.001
Interdependent r=-0.03, r=0.05, Marital Unmarried: 20.7%, Unmarried: 11.2%,
SC p=0.551 p=0.375 status Married: 15.3%, Married: 8.6%,
1(210)=—2.44, p=0.016 1(201)=-1.90, p=0.059
Age r=-0.05, r=0.12, Education Some post-secondary: Some post-secondary:
p=0.378 p=0.034 19.0%, None: 19.7%, 10.6%, None: 9.4%,
t(70)=-0.20, p=0.839 t(74)=0.72, p=0.475
Years in country r=0.00, r=0.07, Income At/above median: At/above median:
p=0.966 p=0.229 16.8%, Below: 22.0%, 11.1%, Below: 9.6%,
t(255)=-2.31, p=0.022 t(310)=1.17, p=0.242
Social status r=-0.12, r=-0.08,
p=0.029 p=0.143

Bold values indicate statistical significant at p < 0.01.

previous research suggesting that people most consistently
overestimate their high-arousal affective states in retrospec-
tive reports (e.g., Lay et al. 2017; Mill, Realo, and Allik 2016).
Individuals also retrospectively overestimated their overall
tiredness, an unexpected finding that was nevertheless in line
with previous research showing that individuals recall feeling
more fatigued/less energetic at end-of-day as compared to mean
momentary reports (sample of rheumatology patients; Broderick
et al. 2009).

Turning to self-concepts, more-introverted individuals ret-
rospectively exaggerated their overall LAPA as hypothe-
sized, but the expected links with HAPA, HANA, and LANA
report discrepancies were not supported (H2). This runs
counter to previous work (based on Western samples) linking
extraversion-introversion with biassed recall of positive and
negative states of both high- and low-arousal (Barrett 1997;
Lay et al. 2017; Mill, Realo, and Allik 2016). It may be that
introversion only shapes recall of certain affective states over
periods longer than the 7-day retrospection period used in the
present study. For example, only one previous study (Mill,
Realo, and Allik 2016) linked introversion with exaggerated
recall of negative affect (fear and sadness), and these effects
only emerged over a 1-month retrospection period. Moreover,
these previous studies have used different affect items in dif-
ferent combinations, leading to conceptual fuzziness that im-
pedes our ability to draw firm conclusions regarding which

affective states or dimensions are recalled inaccurately across
the literature (Weidman, Steckler, and Tracy 2017). Hence,
findings need to be confirmed in future research using a con-
sistent set of affect items. However, our finding that there is a
specific link between introversion and retrospective overesti-
mation of LAPA aligns with previous research showing intro-
version mediates cultural differences in preference for LAPA
but not HAPA (Tsai, Knutson, and Fung 2006). If calm and
relaxed are more salient affective states for introverted people
in our cross-cultural sample, it may explain their exaggerated
LAPA recall. A similar mechanism may explain the unex-
pected link between interdependent SC and exaggerated recall
of feeling “relaxed.” Individuals with higher interdependent
SC tend to prioritize group harmony and adjustment, which
are facilitated by LAPA states such as relaxation (Markus and
Kitayama 1991; Tsai, Knutson, and Fung 2006); hence, they
may more readily recall such affective states. However, fur-
ther work is needed to clarify which affective states are rel-
evant for interdependent SC as our reported association was
significant for “relaxed” but not for “calm.”

Hypotheses linking NSDS (H3) and independent SC (H4) with
retrospective report discrepancies (Lay et al. 2017; Thomas and
Azmitia 2019) were not supported; we found no associations
between NSDS and negative affect reports, nor between inde-
pendent SC and HAPA reports. As a motivation for being in sol-
itude, NSDS may be more relevant to recall of affect in solitude
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than recall of overall affect; this suggestion is supported by as-
sociations of SDS and NSDS with solitude recall reported below.
Our study's ability to detect significant associations with inde-
pendent SC may have been limited by the measure's relatively
low internal consistency (¢ =0.61) compared with our other self-
concept measures. Moreover, previous research on affect recall
has not measured independent and interdependent SC directly,
but has instead found cultural differences based on ethnicity
(e.g., European American vs. Asian American; Oishi 2002); our
findings may differ from previous research as ethnicity is an
imprecise indicator of independent vs. interdependent SC, and
self-construals may also have shifted in recent years due to so-
ciohistorical changes in the UK and HK (Lay et al. 2020).

5.2 | Self-Concepts Shape the Memory-Experience
Gap for Affect in Solitude

Our main aim was to examine how individuals recall feeling
in solitude. As expected (H5), participants retrospectively over-
estimated how calm, relaxed, and lonely they felt in solitude,
and underestimated how irritated they felt, reflecting soli-
tude's established affect deactivation effect (Nguyen, Ryan, and
Deci 2018; Pauly et al. 2017). Counter to hypotheses, however,
participants also retrospectively overestimated how energized
they felt, and underestimated how tired they felt, in solitude.
Recalling solitude as being more energizing than it actually
was may be due to the perception that time to oneself is rejuve-
nating and replenishes energy for later activities (Larson 1990;
Nguyen, Weinstein, and Ryan 2021). Overall, memories of soli-
tude seem to come with a mix of positive and negative states of
high and low arousal, affirming the need to examine individ-
ual differences (i.e., self-concepts) that may shape affect recall
biases.

Generally in line with hypotheses (H6), higher SDS was asso-
ciated with recalling solitude more positively in retrospective
compared with momentary reports—associations were found
for all 8 affective states except for tiredness. Participants higher
in NSDS also retrospectively overreported their loneliness in
solitude. Findings align with these distinct motivations for sol-
itude, suggesting individuals misremember solitude in ways
that reinforce views of themselves as solitude-seekers by choice
(SDS) versus being forced into solitude (NSDS; Lay et al. 2019;
Thomas and Azmitia 2019).

The link between SDS motivation and recalling solitude more
positively aligns with conceptualizations of solitude as a space for
needed reprieve, privacy, and contemplation (e.g., Larson 1990;
Long and Averill 2003). The importance of SDS is now estab-
lished in the literature; both quantitative and qualitative studies
asking participants to recollect previous solitude experiences
suggest that autonomy and choice are key to remembering
solitude positively (e.g., Long and Averill 2003; Weinstein,
Nguyen, and Hansen 2021). NSDS motivation, in contrast, may
reflect social anxiety or perceived social rejection (e.g., “I don't
feel liked when I'm with others”; Thomas and Azmitia 2019),
which are in turn strongly linked with loneliness (Hawkley and
Cacioppo 2010; Ren, Wesselmann, and van Beest 2021). This
may explain why NSDS is associated specifically with recall-
ing solitude as being more lonely. Notably, despite loneliness

and tiredness both being classed as LANA states, self-concepts
shaped recall of loneliness, but not tiredness, in solitude, a fur-
ther testament to the central role of loneliness in individuals'
understanding of their experiences of solitude.

Introversion was positively correlated with NSDS, but showed
no links with how individuals recalled their solitude experi-
ences in regression models. Hence, as expected, introversion
was less consistently linked with solitude recall than were the
more specific self-concepts of SDS and NSDS.

Counter to hypotheses (H7), individuals with higher interde-
pendent SC were more prone to retrospectively overestimate
how energized and how lonely they felt in solitude (rather
than overreporting LAPA and underreporting HANA in soli-
tude, as would be expected if they enjoyed solitude more for
its positive, deactivating effects; Nguyen, Ryan, and Deci 2018;
van Zyl, Dankaert, and Guse 2018). Notably, individuals with
high interdependent SC also overestimated their HAPA when
recalling times of in-person social interaction (Supplementary
Materials C). It may be that those high in interdependent SC
remember solitude as a non-normative situation that feels
lonely due to communal cultural norms but also energizing
due to relief from social expectations (Liu et al. 2015; Long
and Averill 2003). Indeed, individuals with high (vs. low) in-
terdependent SC are more sensitive to social expectations and
obligations (Markus and Kitayama 1991; Kitayama, Markus,
and Kurokawa 2000). Our overall pattern of findings linking
interdependent SC with more inaccurate recall of solitude (and
of social interaction) also aligns with the context-dependent na-
ture of this self-concept (English and Chen 2007). Specifically,
because individuals with high interdependent SC tend to de-
fine themselves in relation to social roles and situations, they
may be more likely to misremember specific social situations
in a way that aligns with expected behaviors or experiences
in these situations (e.g., social interaction as pleasurable; soli-
tude as energizing but lonely; Oishi et al. 2004). We must also
consider the potential role of individual differences within our
sample; for example, among highly interdependent individuals,
some may think of solitude as being energizing, and others may
think of solitude as being lonely, leading to mixed biases in af-
fect recall when taken together. Further research is needed to
test this possibility.

5.3 | Cultural Considerations
in the Experience-Memory Gap

Findings regarding cultural self-construals must be inter-
preted in light of our cross-cultural sample's characteristics.
Counter to prevailing findings that East Asian individuals
are more interdependent and Western individuals more inde-
pendent (e.g., Markus and Kitayama 1991), levels of interde-
pendent SC were higher among our UK (vs. HK) participants,
and levels of independent SC were higher among our HK (vs.
UK) participants and among our Asian (vs. Non-Asian) par-
ticipants. In previous work using multidimensional SC mea-
sures, British university students were shown to be highly
interdependent on 2 of 7 dimensions (connectedness, commit-
ment to others), and both British and Chinese students scored
near the midpoint on the self-reliance dimension (Yang and
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Vignoles 2020). Moreover, in the 2020 Gallup World Poll, in-
dividuals in HK (vs. the UK) scored higher on measures of
self-orientation and self-care, and lower on measures of other-
orientation and caring for (non-kin) others (Lomas et al. 2023).
Although such findings do not fully negate prevailing ideas
about cultural differences, they reaffirm that differences in
independent and interdependent SC cannot be assumed from
individuals' ethnicities or locations of residence.

In our study, HK (vs. UK) and Asian (vs. non-Asian) individu-
als were more prone to retrospectively overestimate their hap-
piness overall (across social situations) and to underestimate
their tiredness in solitude. Notably, although they did not differ
in overall time spent in solitude, individuals in HK spent more
time in solitude with others present, whereas those in the UK
spent more time in solitude alone (no one present). Individuals
across both samples reported feeling less calm, less relaxed,
and less lonely at moments of solitude with others compared
with solitude alone. If solitude with others is more stimulating
than complete aloneness (McGonigal 2011), those who more
often spend solitude with others (i.e., those in HK) may retro-
spectively underestimate how tired they felt. Notably, HK (vs.
UK) individuals were also more prone to underestimate their
irritation and their tiredness when recalling in-person social
interaction (Supplementary Materials C, Tables SM27 and
SM29), in line with interdependent cultural norms (Markus
and Kitayama 1991).

Acculturation processes must also be considered as over a
quarter of our study participants were immigrants. Those who
had lived more years in their current country were more prone
to retrospectively underestimate their loneliness in solitude.
This suggests that greater integration within one's host culture
may help individuals emotionally cope with solitude, regard-
less of their cultural background and current residence (Lay
et al. 2020).

5.4 | Limitations and Future Directions

A key strength of the present study was to assess affect recall
accuracy directly by comparing retrospective reports to concur-
rent affect reports captured during the period of retrospection.
However, participants did not always provide retrospective re-
ports immediately after the 1-week ESM period; reporting delays
may have shaped our findings given that influences of self-
concepts (semantic memory) on affect recall have been shown
to grow with time (Lay et al. 2017; Robinson and Clore 2002).
Although our models did control for time elapsed between ESM
and retrospection, future work should examine how solitude ex-
perience recall may change over different retrospection periods
(e.g., 1week vs. 1 month).

Moreover, our study participants reported their affect over 7 con-
secutive days, including weekdays and weekends, but analyses
made no day of the week distinctions. Previous ESM research
has found that on weekends (vs. weekdays) HAPA during social
interaction is higher, as is overall affective well-being (e.g., de
Vries, Baselmans, and Bartels 2021; White et al. 2022); hence,
future work on affect retrospection should also account for
weekday/weekend effects.

As mentioned, our study also revealed unexpected positive asso-
ciations between East Asian cultural background and indepen-
dent (rather than interdependent) SC. Future research examining
cultural influences on affect retrospection and solitude should
include additional cultures that vary in level and type of individ-
ualism and collectivism to account for a fuller range of partici-
pant self-construals (Lomas et al. 2023). Moreover, as the present
study is limited by its correlational design, future work should
manipulate self-concepts (e.g., by priming independent/interde-
pendent SC; Yang and Vignoles 2020) to establish causal relation-
ships with retrospective affect report biases and solitude recall.

Finally, our study of participants aged 18-49 revealed that older
(vs. younger) individuals were more prone to retrospectively
underestimate their tiredness in solitude, in line with previous
research indicating that negativity biases in memory decreases
with age (e.g., Lay et al. 2017; Mill, Realo, and Allik 2016). As af-
fective experiences in solitude have also been shown to improve
from young to middle adulthood, and even more so in old age
(potentially due to enhanced emotion regulation skills; Pauly
et al. 2017), future research examining affect and solitude recall
should include participants age 50+ to better understand how
these processes unfold in the second half of life.

5.5 | Implications and Conclusion

This study is the first to bridge the experience-memory gap
literature and the solitude literature. Findings align with the
accessibility model of emotional self-report (Robinson and
Clore 2002) and extend it to situations of solitude by suggesting
that self-concepts help guide recall of how one feels in solitude
when information from current experience is no longer accessi-
ble. The information provided by self-concepts is a double-edged
sword. While on the one hand, self-concepts reflect useful self-
knowledge built over a lifetime, on the other hand, self-concepts
may also reflect biases in how one views oneself. We identify
specific self-concepts (SDS, NSDS, and interdependent SC) that
may distort recall of solitude experiences. Hence, our findings
point to potential pitfalls (inaccuracies) of relying on retrospec-
tive reports to assess how individuals feel in solitude, and un-
derscore the utility of ESM for capturing lived experiences of
solitude (e.g., Larson 1990; Schwarz 2007).

If we consider implications for well-being, to what extent is
biassed affect recall adaptive (healthy) versus maladaptive
(unhealthy)? In cases when individuals recall solitude more
positively than they actually experience it in the moment, this
may suggest that they have benefited from engaging in soli-
tary problem-solving or self-reflection that feels difficult at the
time but that ultimately results in personal growth and well-
being (Lay et al. 2019; Levine, Lench, and Safer 2009; Long and
Averill 2003). Moreover, such positive biases in recall may make
people more resilient to adversity (Colombo et al. 2020), includ-
ing the challenges of self-isolation. Future research should pay
attention to potential discrepancies between immediate experi-
ences of solitude and longer-term regulatory benefits of solitude,
given that individuals may report low enjoyment during solitude
but nevertheless benefit from taking time to themselves (e.g., Lay
etal. 2019; Nguyen, Weinstein, and Deci 2022). Moreover, recall-
ing solitude more negatively than it is actually experienced may
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also be useful if it discourages individuals from engaging in un-
healthy self-isolating behaviors (Levine, Lench, and Safer 2009).
However, such negative expectations may also prevent indi-
viduals from pursuing solitude's potential benefits (Ratner and
Hamilton 2015). Future research can explore these possibilities
to examine the adaptiveness of affect recall in solitude.
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