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The COVID-19 pandemic led to lockdowns in countries across the
world, changing the lives of billions of people. The United Kingdom'’s
first national lockdown, for example, restricted people’s ability to so-
cialize and work. The current study examined how changes to social-
izing and working during this lockdown impacted ongoing thought
patterns in daily life. We compared the prevalence of thought pat-
terns between two independent real-world, experience-sampling co-
horts, collected before and during lockdown. In both samples, young
(18 to 35 y) and older (55+ y) participants completed experience-
sampling measures five times daily for 7 d. Dimension reduction
was applied to these data to identify common “patterns of thought.”
Linear mixed modeling compared the prevalence of each thought
pattern 1) before and during lockdown, 2) in different age groups,
and 3) across different social and activity contexts. During lockdown,
when people were alone, social thinking was reduced, but on the rare
occasions when social interactions were possible, we observed a
greater increase in social thinking than prelockdown. Furthermore,
lockdown was associated with a reduction in future-directed problem
solving, but this thought pattern was reinstated when individuals
engaged in work. Therefore, our study suggests that the lockdown
led to significant changes in ongoing thought patterns in daily life
and that these changes were associated with changes to our daily
routine that occurred during lockdown.
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n March 23, 2020, the United Kingdom entered a nation-

wide lockdown to curb the spread of COVID-19. This first
national lockdown required people to stay at home and not meet
with anyone outside their household. Social gatherings were banned,
and “nonessential” industries were closed, reducing opportunities for
work (1). There were also large economic changes (2), and death
rates increased substantially (3). Studies show the lockdown had
widespread psychological and behavioral consequences including
elevated anxiety and depression levels (4), overall deterioration of
mental health (5), changes to diet and physical activity (6-8), high
levels of loneliness (9), and increasing suicidal ideation (10). Our
study used experience sampling to measure patterns of ongoing
thoughts before and during lockdown in the United Kingdom, with
the aim of understanding how specific features of the stay-at-home
order impacted people’s thinking in daily life, and to use this data to
inform contemporary theoretical views on ongoing thought.

Our investigation served three broad goals. First, the lockdown
led to changes in opportunities for socializing, and contemporary
theories of ongoing thought suggest that social processing is an
important influence on our day-to-day thinking (11, 12). For ex-
ample, previous research indicates that individuals spend a lot of
time thinking about other people in daily life (13, 14) or when
performing tasks dependent on social cognition in the laboratory
(15). Importantly, spontaneous social thoughts decline following
periods of solitude and increase following periods of social

PNAS 2021 Vol. 118 No. 40 €2102565118

interaction in the laboratory (11). They can also facilitate socio-
emotional adjustment during important life transitions, such as
starting university (16). Furthermore, ongoing thought patterns
with social features are associated with increased neural responses
to social stimuli (in this case, faces) (17). Such evidence suggests
that the social environment can shape ongoing thought, leading to
the possibility that changes in opportunities for socialization fol-
lowing the stay-at-home order could have changed the expression
of social thinking in daily life.

Second, lockdowns also disrupted individuals’ normal working
practices, forcing people to reassess their goals. Prior work high-
lights that ongoing thought content is linked to an individual’s
current concerns and self-related goals (18-21) and that experi-
mentally manipulating an individual’s goals can prime ongoing
thought to focus on these issues (21-23). In particular, a sub-
stantial proportion of ongoing thoughts are future directed (14, 18,
21, 24-26), and this “prospective bias” is thought to support the
formation and refinement of personal goals for future behavior
(18, 21, 27, 28). Notably, this type of thought is also important in
maintaining mental health through associations with improved
subsequent mood (24) and reduced suicidal ideation (29, 30).

Significance

Since the emergence of COVID-19, lockdowns have been im-
posed across the globe. These lockdowns change daily life
considerably, reducing opportunities to socialize and work. The
current study investigated how these changes may impact
people’s ongoing thought patterns by examining experience-
sampling data gathered before and during the United King-
dom'’s first national lockdown. We found that socializing and
working were significant predictors of ongoing thought in
daily life and that limiting these activities during lockdown
contributed to changes in ongoing thought patterns. Our
findings highlight how ongoing thought patterns are shaped
by the daily activities we engage in, both during lockdowns
and in more normal times.
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Changes to opportunities for working during the lockdown,
therefore, provide a chance to understand whether prospective
features of ongoing thought are altered when important external
commitments change.

Third, previous work indicates that the contents of thought vary
across the life span. For example, during periods of low cognitive
demand, younger adults report significantly more future-directed
thoughts, while older adults report significantly more past-related
thoughts (31). At rest, older adults report more “novel” and
present-oriented thoughts compared to younger adults (32). In daily
life, older adults tend to report fewer “off-task” thoughts than
younger adults, and their thoughts are rated as more “pleasant,”
“interesting,” and “clear” (33). Finally, aging is associated with a
decline in daydreaming, particularly a reduction in topics such as
the future, fear of failure, or guilt (34). However, the degree to
which these age-related changes are explained by lifestyle differ-
ences between young and older individuals is unclear. The lock-
down may have altered key contextual factors that, under normal
circumstances, differ systematically between younger and older
adults. For example, increasing age is associated with more inter-
actions with family members and fewer with “peripheral partners”
(e.g., coworkers, acquaintances, and strangers) (35), a pattern that
may be common in younger people during lockdown. With all this
in mind, the lockdown provided an opportunity to examine whether
changes to daily life during the lockdown differentially impacted
ongoing thought patterns in younger and older individuals.

Our study used an experience-sampling methodology in which
people are signaled at random times in their daily lives to obtain
multiple reports describing features of their ongoing thoughts and
the context in which they occur (e.g., social environment, activity,
and location) (36). To examine the contents of people’s thoughts,
we used multidimensional experience sampling (MDES) (37). In
this method, participants describe their in-the-moment thoughts
by rating their thoughts on several dimensions (e.g., temporal
focus or relationship to self and others) (38). Dimension reduction
techniques can then be applied to use covariation in the responses
to different questions to identify “patterns of thought” (37, 39).
Previous studies have used MDES to identify common patterns of
ongoing thought, varying in both form and content, often with
distinct neural correlates (27, 37, 39-43). For example, a pattern
of episodic social cognition is associated with increased activity
within regions of the ventromedial prefrontal cortex associated
with memory and social cognition (41), while a pattern of external
task focus is associated with increased activity in the intraparietal
sulcus (42). In addition, at rest, visual imagery is associated with
stronger interactions between the precuneus and lateral fronto-
temporal network (44), while detailed task focus is high during
working memory tasks (15) and other complex tasks (45) and
linked to activity in the default mode network during working
memory maintenance (46).

In summary, our study set out to examine whether ongoing
thought patterns experienced during lockdown differed from those
normally reported in daily life, focusing on the consequences of
changes in opportunities for socialization and work. The pre-
lockdown sample was an existing dataset used to provide a base-
line for ongoing thought patterns in daily life before lockdown
restrictions. In both samples, young (18 to 35 y) and older (55+ y)
participants completed surveys five times daily over 7 d. Each
sampling point obtained in the moment measured key dimensions
of ongoing thought using MDES (37). Participants also provided
information regarding the social environment in which the expe-
rience occurred. Dimension reduction was applied to both sam-
ples’ thought data to identify common patterns of thought. We
then used linear mixed modeling (LMM) to explore the preva-
lence of each thought pattern 1) before and during lockdown, 2) in
different age groups, and 3) across social contexts. In the lock-
down sample, participants provided additional information re-
garding their current activity (e.g., working or leisure activities)

20f9 | PNAS
https://doi.org/10.1073/pnas.2102565118

and virtual social environment, which we used to explore how
specific features of daily life during lockdown corresponded with
patterns of thought.

Results

Changes to Daily Life during Lockdown. In both samples, after first
assessing the contents of their thoughts, participants were asked
about their social environment immediately before being signaled.
We expected that the percentage of responses for which partici-
pants reported being alone would be higher in the lockdown
sample than the prelockdown sample. To test this, we calculated
the percentage of each participant’s responses in which they said
they were 1) alone, 2) around people but not interacting, and 3)
around people and interacting. Sample means for each of the
three percentages, for young and older participants, are shown in
Fig. 14. A two-way ANOVA confirmed that during lockdown, the
“alone” percentage was significantly higher compared to pre-
lockdown [F(1) = 12.03, P < 0.001, ’1p2 = 0.06] and significantly
higher for younger compared to older participants across both
samples (pre- and during lockdown) [F(1) = 13.25, P < 0.001,
r]PZ = 0.06]. Participants in the lockdown sample also reported
their location immediately before completing the survey. Overall
percentages for each option are shown in Fig. 1B, revealing that
85% of responses were “inside at home.” These analyses establish
that people spent more time alone during lockdown and most of
their time inside at home.

Patterns of Thought. To identify common patterns of thought
across both samples, we combined the thought data from both
samples (SI Appendix, Table S1) and decomposed these in a
single principal components analysis (PCA). Based on eigen-
values >1, five components—accounting for 53% of the total
variance—were retained for further analysis (see SI Appendix,
Fig. S1 for scree plot): 1) “future-directed problem solving”—
describing patterns of thought with the highest loadings on
“problem solving,” “future goals,” “controlled,” and “rehearsing
future”; 2) “pleasant engagement”—with the highest loadings on
“positive,” “wanted,” “current goals,” and “task”; 3) “episodic
social cognition”—with the highest loadings on “close others,”
“important,” “self,” and “future”; 4) “imagery”—with the highest
loadings on “vivid,” “images,” and “detailed”; and 5) “detailed
task focus”—with the highest loadings on “words,” “task,” “de-
tailed,” and “current goals.” Item loadings on these components
are presented as word clouds in Fig. 1C (see SI Appendix, Table
S2 for exact component loadings). To ensure that the thought
patterns identified across samples were present in both samples,
we ran a PCA on each sample separately (specifying five com-
ponents for extraction) and correlated each participant’s PCA
score from this analysis with their PCA score from the combined
analysis, revealing a high correspondence between patterns seen
in the two samples (see SI Appendix, Fig. S2 for scatterplots).

Comparing Thought Patterns between 1) Pre- and during Lockdown
Samples, 2) Age Groups, and 3) Social Environments. Having iden-
tified five patterns of thought, we examined the influence that
lockdown, and changes to social interactions during lockdown,
had on ongoing thought by comparison with the baseline group.
We performed a series of LMMs in which each of the five
thought patterns was the outcome measure (see Materials and
Methods). These models included three explanatory variables
and their interactions: 1) whether the sample was pre- or during
lockdown, 2) whether the individual was young or older, and 3)
the nature of the social environment in which the experience
occurred (alone, with others not interacting, or with others and
interacting). For each model, alpha was set to <0.01 (two tailed)
to account for family-wise error emerging from conducting five
models (i.e., 0.05/5). The reported alpha levels in our paper
are unadjusted; main effects and interactions are considered
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Fig. 1. Changes to daily life during lockdown and patterns of ongoing thought identified across both experience-sampling datasets (pre- and during
lockdown). (A) Bar chart comparing the mean percentage of experience-sampling responses in which participants said they were 1) alone, 2) around other
people but not interacting, or 3) around people and interacting, between age groups and samples, demonstrating that during lockdown, both age groups
reported being alone more than prelockdown. Error bars represent 95% Cls (N observations = 4,955). (B) The pie chart shows the percentage of responses for
each location option in the lockdown sample, demonstrating that the majority (85%) of responses were “inside at home” (N observations = 1,865). (C) Word
clouds representing the item loadings on the five patterns of thought identified in the thought data from both samples (pre- and during lockdown)
(N observations = 4,876) using PCA. Each word represents an experience-sampling item (22 items; S/ Appendix, Table S1). Font size represents the magnitude of
the loading, and the color describes the direction. Warm colors reflect positive loadings, while cool colors reflect negative loadings (see S/ Appendix, Table S2

for exact component loadings).

significant only at the P < 0.01 level. When probing these sig-
nificant main effects and interactions using pairwise comparisons,
the alpha level was Bonferroni adjusted to account for the number
of tests being conducted; here, the adjusted alpha levels are
reported in parentheses. Estimates are unstandardized and reflect
the difference between each factor level and the intercept (grand
mean of all conditions). These results are summarized in Fig. 2
(see SI Appendix, Tables S3-S5 for ANOVA output, parameter
estimates, and the variance explained by random effects).

Model 1: Future-directed problem solving. There was a significant main
effect of sample (pre- versus during lockdown) [F(1) = 16.19, P <
0.001]. Future-directed problem solving was lower in the lockdown
sample (b = —0.15, 95% CI (—0.23, —0.08), #(191) = —4.02, P <
0.001). There was also a significant main effect of age group
[F(1) = 6.33, P = 0.013], with future-directed problem solving
higher in younger participants [b = 0.10, 95% CI (0.02, 0.17),
1(188) = 2.52, P = 0.012]. There was also a significant main effect
of social environment [F(2) = 31.36, P < 0.001], with future-
directed problem solving lower when interacting with other peo-
ple [b = —0.17, 95% CI (-0.21, —0.12), #(4850) = -7.52, P <
0.001]. Therefore, the lockdown was associated with a reduction in
future-directed problem solving regardless of social environment
or age group.

Model 2: Pleasant engagement. Levels of pleasant engagement sig-
nificantly varied by age group [F(1) = 19.82, P < 0.001] and were
lower in younger participants [b = —0.19, 95% CI (-0.27, —0.10),
1(191) = —4.45, P < 0.001). There was a significant main effect of
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social environment [F(2) = 5.43, P = 0.004], with pleasant en-
gagement highest when participants were interacting with others
[b = 0.07, 95% CI (0.03, 0.11), #(4833) = 3.29, P < 0.001] and
lowest when around people but not interacting [b = —0.05, 95%
CI (-0.10, —0.00), #(4802) = —1.99, P = 0.046]. There was also a
significant interaction between age group and social environment
[F(2) = 5.60, P = 0.004]. Pairwise comparisons at each level of
social environment split by age group (Bonferroni adjusted for
six tests) revealed that for younger participants, pleasant en-
gagement was significantly higher when interacting with other
people compared to when alone [b = 0.20, 95% CI (0.09, 0.31),
£(4808) = 4.90, P < 0.001] or when around other people but not
interacting [b = 0.22, 95% CI (0.09, 0.36), #(4786) = 4.43, P <
0.001]. For older participants, however, pleasant engagement did
not significantly vary across social environments (P > 0.05).
Regardless of the lockdown, therefore, social situations were
characterized by higher levels of pleasant engagement for
younger individuals.

Model 3: Episodic social cognition. There was a significant main effect
of social environment [F(2) = 35.20, P < 0.001] with episodic
social cognition highest when interacting with others [b = 0.19,
95% CI (0.14, 0.23), #(4840) = 8.37, P < 0.001] and lowest when
around people but not interacting [b = -0.11, 95% CI
(-0.16, —0.06), #(4815) = —4.35, P < 0.001). There was a sig-
nificant main effect of age group [F(1) = 6.10, P = 0.014]. Epi-
sodic social cognition was higher in younger participants [b =
0.10, 95% CI (0.02, 0.18), #(193) = 2.47, P = 0.014]. There was
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Fig. 2. A summary of the LMMs’ results comparing the prevalence of each thought pattern between 1) pre- and during-lockdown samples, 2) age groups,
and 3) social environments. On the left-hand side, there are the word clouds representing each thought pattern. Each word represents an experience-
sampling item (S/ Appendix, Table S1). Font size represents the magnitude of the loading, and the color describes the direction. Warm colors reflect positive
loadings, while cool colors reflect negative loadings. The y-axis of each graph shows the predicted means for each thought pattern. The x-axis shows the social
environment options: 1) alone, 2) around people but not interacting, and 3) around people and interacting. White bars represent the prelockdown sample,
and gray bars represent the lockdown sample. Each bar graph is split by age group, with young participants on the left and older on the right. Error bars
represent the 95% Cls for each predicted mean. In total, 195 participants (4,870 observations) were included in this analysis.

also a significant interaction between sample (pre- versus during
lockdown) and social environment [F(2) = 6.06, P = 0.002]. This
interaction indicated that although episodic social cognition was
most prevalent when interacting with others in both samples, the
increase in episodic social cognition between “interacting” with
both “alone” [unadjusted, b = 0.25, 95% CI (0.11, 0.39), #(4844) =
3.44, P < 0.001] and “not interacting” [unadjusted, b = 0.17, 95%
CI (0.01, 0.34), #(4795) = 2.03, P = 0.042] was greater in the
lockdown sample. During lockdown, therefore, although social
interactions were less frequent, when they did occur, they were
associated with greater evidence of episodic social cognition.

Model 4: Imagery. There was a significant three-way interaction
between sample, age group, and social environment [F(2) = 5.85,
P = 0.003]. Pairwise comparisons at each level of social envi-
ronment, split by sample and age group (Bonferroni adjusted for
12 tests), revealed that for younger participants, the direction of
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the effect of social environment on levels of imagery differed
between samples. Prelockdown, younger participants reported less
imagery when they were alone compared to when they were
interacting with others [b = -0.14, 95% CI (-0.27, —0.01),
1(4745) = -2.98, P = 0.035], and during lockdown, younger par-
ticipants reported more imagery when they were alone compared
to when they were interacting with others [b = 0.20, 95% CI (0.01,
0.38), 1(4855) = 3.05, P = 0.028]. A comparison of these contrasts
confirmed that this difference was significant [unadjusted,
b = -0.33, 95% CI (-0.49, —0.18), #(4845) = —4.21, P < 0.001].
Therefore, during lockdown, younger participants reported more
imagery when they were alone compared to when interacting
with others.

Model 5: Detailed task focus. There were no significant main effects
or interactions (P > 0.05). Therefore, the lockdown had no sig-
nificant impact on the overall prevalence of detailed task focus.
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Comparing Thought Patterns between 1) Current Activities and 2) Age
Groups during Lockdown. To understand how changes to people’s
daily routine, including changes to working, influenced patterns
of ongoing thought during lockdown, we next explored the links
between ongoing thought patterns and ongoing activities. In the
baseline sample, we had not obtained information about concur-
rent activities; however, in the lockdown sample, we asked par-
ticipants to describe the primary activity they were performing (see
Materials and Methods). The 24 options were condensed into five
categories for analysis: 1) working, 2) leisure activities, 3) social
interactions, 4) media consumption, and 5) essential tasks (S/
Appendix). We conducted a series of models examining whether
patterns of thought varied significantly between activity categories
and whether there were age-related differences (see Materials and
Methods). As before, the alpha level was set to <0.01 (two tailed)
to account for family-wise error emerging from conducting five
models. These results are summarized in Fig. 3 (see SI Appendix,
Tables S7-S9 for ANOVA output, parameter estimates, and the
variance explained by random effects).

Model 1: Future-directed problem solving. There was a significant
main effect of activity [F(4) = 33.67, P < 0.001]. Future-directed
problem solving was higher when participants were working
during lockdown [b = 0.62, 95% CI (0.48, 0.77), t(1689) = 8.62,
P <0.001] and lower when consuming media [b = —0.36, 95% CI
(—0.44, —-0.28), #(1743) = —-8.92, P < 0.001] or engaging in es-
sential tasks [b = —0.22, 95% CI (-0.30, —0.14), £(1727) = -5.59,
P < 0.001]. Therefore, while future-directed problem solving was
significantly lower in the lockdown sample, this pattern of
thought was reinstated when individuals engaged in work.
Model 2: Pleasant engagement. There was a significant main effect
of activity [F(4) = 18.93, P < 0.001]. Pleasant engagement was
higher during leisure activities [b = 0.27, 95% CI (0.19, 0.36),
1(1712) = 6.36, P < 0.001] and lower when participants consumed
media [b = —0.21, 95% CI (-0.29, —0.13), £(1730) = =5.14, P <
0.001] or during social interactions [b = —0.12, 95% CI
(-0.23, —0.00), #(1719) = —2.03, P = 0.043]. There was also a
significant interaction between activity and age group [F(4) =
5.71, P < 0.001]. Pairwise comparisons at each level of age group
split by activity (Bonferroni adjusted for five tests) revealed that
pleasant engagement was higher for older participants when
working compared to younger participants [b = 0.78, 95% CI
(0.19, 1.37), t(350) = 3.43, P = 0.003].

Model 3: Episodic social cognition. There was a significant main effect
of activity [F(4) = 25.58, P < 0.001]. Episodic social cognition was
higher during social interactions [b = 0.52, 95% CI (0.40, 0.64),
1(1738) = 8.72, P < 0.001] and lower when consuming media
[b=-023,95% CI (-0.31, —0.14), #(1752) = —=5.42, P < 0.001] or
working [b = —0.35, 95% CI (-0.50, —0.20), #(1696) = —4.68,
P < 0.001].

Model 4: Imagery. There was a significant main effect of activity
[F(4) = 6.52, P < 0.001]. Imagery was higher when participants
consumed media [b = 0.17, 95% CI (0.09, 0.26), t(1719) = 4.21,
P < 0.001] and lower when engaging in essential tasks [b = —0.09,
95% CI (—0.17, —0.01), #(1,700) = —2.30, P = 0.022].

Model 5: Detailed task focus. There was a significant main effect of
activity [F(4) = 13.38, P < 0.001]. Detailed task focus was higher
when working [b = 0.39, 95% CI (0.25, 0.53), #(1,656) = 5.44, P <
0.001] or during social interactions [b = 0.13, 95% CI (0.02, 0.24),
#(1730) = 2.30, P = 0.021] and lower when engaging in essential
tasks [b = —0.16, 95% CI (-0.24, —0.09), #(1,733) = —4.13, P <
0.001], leisure activities [b = —0.19, 95% CI (-0.27, —0.11),
#(1,731) = —4.48, P < 0.001), or when consuming media (b = —0.17,
95% CI (—0.25, —0.09), #(1,741) = —4.23, P < 0.001). There was
also a significant interaction between activity and age group [F(4) =
5.04, P < 0.001]. Pairwise comparisons at each level of age group
split by activity (Bonferroni adjusted for five tests) revealed that
detailed task focus was higher when older participants engaged in
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Fig. 3. A summary of the LMMs’ results comparing the prevalence of each
thought pattern between 1) current activities and 2) age groups in the
lockdown sample. On the left-hand side, there are the word clouds repre-
senting each thought pattern. Each word represents an experience-sampling
item (S/ Appendix, Table S1). Font size represents the magnitude of the
loading, and the color describes the direction. Warm colors reflect positive
loadings, while cool colors reflect negative loadings. The y-axis of each
graph shows the predicted means for each thought pattern. The x-axis shows
the five activity categories: 1) working, 2) leisure activities, 3) social inter-
actions, 4) media consumption, and 5) essential tasks (see S/ Appendix for
details). White bars represent young participants, and gray bars represent
older participants. Error bars represent the 95% Cls for each predicted mean.
In total, 81 participants (1,777 observations) were included in this analysis.
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social interactions compared to younger participants [b = 0.48,
95% CI (0.02, 0.93), #(308) = 2.72, P = 0.034].

Comparing Thought Patterns between 1) Virtual and Physical Social
Interactions and 2) Age Groups during Lockdown. During lockdown,
while people were unable to socialize in person with people
outside of their household, they could still interact virtually. In
the baseline group, we did not collect information regarding
whether social interactions were virtual. However, in the lock-
down sample, participants reported on both their physical and
virtual interactions. To examine the effects of virtual social in-
teraction on thoughts in the lockdown sample, we conducted a
series of models in which each thought pattern was the outcome
measure, and interaction type and age group were the explana-
tory variables (SI Appendix). Interaction type had four levels: 1)
no interaction at all, 2) virtual interaction only, 3) physical in-
teraction only, and 4) both virtual and physical interaction (see
SI Appendix, Table S10 for how this variable was coded). As
before, the alpha level was set to <0.01 (two tailed) to account
for family-wise error emerging from conducting five models.
These results are summarized in SI Appendix, Fig. S3; see
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SI Appendix, Tables S11-S13 for ANOVA output, parameter
estimates, and variance explained by random effects.

We found that future-directed problem solving was less ap-
parent when participants were physically compared to virtually
interacting, while episodic social cognition was more apparent
across all forms of interaction when compared to not interacting at
all. In addition, although the effects did not pass the Bonferroni
correction, patterns of imagery were less apparent when physically
interacting compared to virtually interacting, particularly for
younger participants. Finally, detailed task focus was more ap-
parent when virtually interacting compared to when interacting
both virtually and physically and not interacting at all. Notably, for
older participants, detailed task focus was more apparent during
virtual interactions compared to all other forms of interaction and
when not interacting at all. However, it is worth noting that the
cells of this analysis were unbalanced, with fewer observations for
interacting—particularly virtually—compared to not interacting at
all (see SI Appendix, Table S14 for number of observations per
factor level by age group), so these results should be interpreted
with caution.

Relationship to Affect. Finally, we conducted an exploratory
analysis to understand whether the lockdown-related changes in
ongoing thought identified in our prior analysis were indepen-
dent of changes in affect (SI Appendix). Importantly, including
affect did not substantially change the lockdown-related results
reported in models 1, 3, and 4 comparing thought patterns be-
tween samples, age groups, and social environments. However,
the main effects of age group for models 1 through 3 no longer
reached significance (SI Appendix). In addition, we ran a parallel
analysis in which we compared the prevalence of negative and
positive affect between samples, social environments, and age
groups to examine how state affect may have changed during
lockdown (see SI Appendix for further details).

Discussion

Our study set out to determine how specific features of the
United Kingdom’s first lockdown corresponded with changes in
ongoing thought patterns in daily life, focusing on changes to
socializing and working. The contents of ongoing thoughts were
assessed using MDES (37), an established method with docu-
mented neural (e.g., refs. 40, 41, 43, 46) and behavioral corre-
lates (e.g., refs. 27, 47). Our analysis identified five thought
patterns: future-directed problem solving, pleasant engagement,
episodic social cognition, imagery, and detailed task focus. Im-
portantly, these five thought patterns are consistent with previ-
ous research using this method (15, 17, 40, 41, 45, 46).

One goal of our study was to assess how changes in sociali-
zation during lockdown impacted patterns of social thought in
daily life. Across both samples, in-person social interaction was
associated with increased episodic social cognition, reduced
future-directed problem solving, and greater pleasant engagement
in younger individuals. During lockdown, opportunities for social
interactions were reduced, but when social interactions did occur,
episodic social cognition was especially prevalent. So, although
participants were less able to engage in in-person social interac-
tions during lockdown, when those interactions were possible, they
promoted greater increases in social thinking than would normally
occur. Furthermore, during lockdown, all types of interaction—
both virtual and in person—were associated with increased epi-
sodic social cognition, suggesting that online interactions may
partly ameliorate the consequences of lockdown on social cogni-
tion. Importantly, since the lockdown was a natural experiment in
how changes in socialization affect our thinking in daily life, our
findings provide real-world confirmation of laboratory evidence
linking social thinking to the availability of social interactions (11)
and are consistent with the possibility that ongoing thought helps
facilitate interactions either in the moment or in the future
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(11, 48). Our study, therefore, provides ecologically valid evidence
to support theoretical perspectives that highlight how social in-
teractions shape social thought patterns in daily life (11, 12).

The second goal of our study was to understand how changes
in opportunities for working during lockdown influenced ongo-
ing thought patterns in daily life. Future-directed problem solv-
ing, something generally prevalent in younger individuals, was 1)
significantly reduced during lockdown relative to prelockdown
but 2) was highest during lockdown when individuals were
working. Our results, therefore, suggest that when external
commitments are disrupted (in this case, via lockdown), future-
directed problem solving is reduced unless people are working.
Thus, our data support theories suggesting that the “prospective
bias” in ongoing thought is related to goal-related processes,
since it was disrupted by lockdown unless people were actively
engaged in work (18, 25-28, 49). Moreover, given research
showing goal-directed planning is reduced in dysphoric individ-
uals (50) and that future thinking is important for maintaining
mental health (24, 29, 30), our study raises the possibility that
reduced opportunities for work may contribute to the negative
emotional changes documented during lockdown (4, 5, 10) via a
reduction in future-related thinking—an important question for
future work to explore.

Our final goal was to understand whether lockdown differen-
tially impacted thinking patterns in older and young individuals.
Consistent with prior research (31-33), we found evidence for age
differences in ongoing thought patterns. For example, younger
individuals reported higher levels of future-directed problem
solving and episodic social cognition and lower levels of pleasant
engagement during activities than older adults. We also found that
before lockdown, younger individuals reported more imagery
when interacting with others, whereas during lockdown, imagery
was higher when younger individuals were alone. This thought
pattern was associated with media consumption during lockdown,
so it is plausible that this increased imagery in younger adults
when alone was related to an increase in media usage (51). Finally,
for older participants, virtual interactions during lockdown were
linked to increased detailed task focus, a pattern that might reflect
the effort required when interacting online, possibly capturing the
phenomenon of “Zoom fatigue” (52).

In summary, the restrictions introduced during the United
Kingdom’s first national lockdown brought reduced opportunities
for socialization and working. In parallel with these changes in
daily routine, we found changes in the patterns of thinking asso-
ciated with these activities. Specifically, during lockdown, social
interactions promoted a greater increase in episodic social think-
ing than prelockdown and while future-directed problem solving
was significantly reduced during lockdown, this thought pattern
increased when individuals engaged in work. Therefore, on the
limited occasions that individuals were able to socialize or work
during lockdown, these activities had a significant effect on rele-
vant thought patterns, highlighting the important role that our
daily routine has in shaping our thinking.

Although our study sheds light on how lockdown changed
ongoing thought patterns in daily life, several limitations should be
considered when interpreting these results. First, our study capi-
talized on an existing dataset to provide a baseline to understand
how thought patterns changed during lockdown. While this design
feature was unavoidable given the pandemic’s unforeseen nature,
conclusions regarding the impact of lockdown would have been
stronger if we could have examined within-person changes in the
same participants over time. Importantly, however, we established
that the underlying structure of ongoing thought was almost
identical in both samples (SI Appendix, Fig. S2), supporting the
validity of the prelockdown sample as a baseline. Future work
should aim to track people’s thoughts in the moment longitudi-
nally, through periods of lockdown and during periods of lock-
down relaxation. Second, our analyses of the relationship between
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current activities (e.g., working) and ongoing thought are based
only on the lockdown sample. Therefore, while our data allow the
determination of how changes in working opportunities contrib-
uted to cognition during lockdown, it is unclear how working in-
fluences thought patterns in a more normal context. Finally, it is
important to note that there are other influences on people’s
ongoing thoughts during lockdown beyond those assessed in our
study. For example, the current study did not account for eco-
nomic changes, fear of illness, whether an individual (or close
friend/family member) contracted COVID-19 during the study, or
bereavements. Nonetheless, our study suggests that in addition to
other changes in life circumstances, changes to socialization and
opportunities for work are important contributors to how lock-
downs influence the contents of people’s thoughts in daily life.

Our examination of how broad, naturally occurring changes in
society influence cognition also raises important questions for future
investigations of ongoing thought. Emerging evidence highlights the
lockdown’s consequences on mental health (4, 5, 10), so future
studies should examine relationships between risk factors such as
anxiety and depression and ongoing thought in daily life and during
lockdowns. Furthermore, our data indicate that both younger and
older adults reported being alone more in the lockdown sample
than prelockdown. However, we could not make an equivalent
comparison of changes in specific daily activities (including work).
Therefore, it remains unclear the extent to which different daily
routines in younger and older adults may contribute to age differ-
ences in thought patterns. Finally, although studies conducted be-
fore the pandemic show that features of ongoing thoughts (e.g., a
focus on the future) are prevalent across cultures (14), our study
used a UK sample, so it is important to understand how lockdowns
change ongoing thought patterns across cultures.

We close by considering the implications of our study for
understanding ongoing thought patterns in daily life. Prior studies
investigating ongoing thought have focused on assessing thought
within laboratory and neuroimaging contexts, revealing links be-
tween thought content and neural activity (e.g., refs. 37, 41, 43, 47,
53), cognitive ability (e.g., refs. 54, 55), affective style (e.g., refs. 15,
56, 57), and task and social contexts (11, 15). Our study comple-
ments these findings by highlighting the role that aspects of our
daily routines—particularly social interactions and work—play in
shaping our cognition. It is perhaps unsurprising that ongoing
thought patterns are shaped by these activities since 1) we spend a
large proportion of our lives interacting with others (11) and
working and 2) that successful adaptation within both of these
domains is critical for well-being. For example, loneliness in-
creases the likelihood of death by 26% (58), while unemployment
is associated with reduced psychological and physical well-being
(59). In this way, our study illustrates that features of a person’s
daily routine are important in scaffolding their ongoing thought
patterns and highlights that experience sampling in naturalistic
contexts is an important way to understand when and how what we
do influences ongoing human cognition both during lockdowns
and in more normal times.

Materials and Methods

Participants. The full study protocol was approved by the Psychology De-
partment ethics committee at the University of York. All participants gave
informed consent (either written or online) before taking part and were
debriefed upon completion. In the prelockdown sample, younger partici-
pants were recruited between October 2016 and March 2017 from under-
graduate and postgraduate student bodies and were either paid or given
course credits. A total of 78 younger participants completed experience-
sampling surveys (female = 57, male = 21; age: M = 19.64; SD = 1.62; and
range = 18 to 27). These data have been analyzed and reported previously
by Ho et al. (17). In the prelockdown sample, older participants were
recruited between August 2016 and November 2016 and were paid for their
time. A total of 35 older participants completed experience-sampling surveys
(female = 20, male = 15; age: M = 66.80; SD = 6.88; and range = 55 to 87). In
the lockdown sample, all participants were invited to participate in the daily-
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life experience sampling after completing an initial survey, as part of a larger
project, on Prolific (https://www.prolific.co). All participants were paid for
their time. A total of 91 participants completed experience-sampling surveys
between April 29, 2020 and May 13, 2020. Two participants were removed
from the study on day 1, as they were not currently residing in the United
Kingdom, and their data were excluded. Two participants were excluded for
having missing age data. Five participants were excluded because they did
not fall into either the young (18 to 35 y) or older (55+ y) age groups. The
final sample comprised 59 younger participants (female = 40, male = 17, self-
described = 1, and prefer not to say = 1; age: M = 24.22; SD = 4.07; and
range = 18 to 35) and 23 older participants (female = 13, male = 9, and self-
described = 1; age: M = 63.91; SD = 7.06; and range = 55 to 78).

Procedure. Participants received a text message with a link to an online
Qualtrics survey five times daily for 7 d at quasirandom intervals between 9:00
AM and 9:00 PM (9:45 in the lockdown sample) administered via SurveySignal
(60). Each survey link expired after 2 h. In the prelockdown sample, seven older
participants completed up to eight surveys a day for 10 d. However, this
procedure was shortened after participant feedback that the procedure was
too intensive. Rerunning our analyses after removing these additional obser-
vations did not substantially change the results. Additionally, in the prelock-
down sample, 23 older participants and one younger participant opted to
complete the study on paper. They were provided with a phone on which texts
acted as signals (see SI Appendix for comparison of completion type). Partici-
pants in both samples also completed daily diary questionnaires, and partici-
pants in the lockdown sample completed an exit questionnaire at the end of
the study. These questionnaires did not sample ongoing thought and are
therefore not reported here.

Experience-Sampling Surveys. The experience-sampling survey first asked
participants to consider the contents and form of their thoughts immediately
before being signaled on various dimensions using a 1 to 5 Likert scale. We
sought to compare thought patterns observed across both samples, so we fo-
cused on the 22 items present in both (S/ Appendlix, Table S1). The survey then
asked participants to rate their emotions and feelings on various dimensions
using a 1 to 5 Likert scale (see S/ Appendix, Table S15 for the 12 affect items
present in both samples that were included in supplementary analyses). Partici-
pants were also asked “Were you alone or with other people just before taking
this survey?” (in the lockdown sample, the question specified “physically and not
virtually”). Response options were: “Alone,” “Around people but NOT inter-
acting,” or “Around people and interacting.” In the lockdown sample, partici-
pants were also asked “Virtually, were you alone or with other people just
before taking this survey?” Response options were the same as those for the
physical interaction question. Additionally, in the lockdown sample, participants
were asked to indicate their location (seven options; see Fig. 1B) and primary
activity (24 options; SI Appendix) immediately before answering the survey. The
activity options were based on those used in the “day reconstruction method”
(61) and modified to include activities that were likely to be prevalent during
lockdown. In both samples, participants were also asked several other questions
about their ongoing experience (e.g., whether they had recently accessed new
information regarding COVID-19), which are not the focus of this paper. All
experience-sampling survey questions and response options included in the
current study are available in S/ Appendix, Tables S1, S15, and S23.

Analysis.

Data and code availability statement. For details of the R packages used in
analysis, see S/ Appendix. All code used in the analysis and preparation of
figures is available online at https:/github.com/Bronte-Mckeown/pre_vs_
during_lockdown_ESQ_analysis (62). All anonymized data used in the prep-
aration of this manuscript is openly available via Mendeley data (http:/dx.doi.
org/10.17632/n3wz7y8mhs.1) (63).

Assessing changes to daily life during lockdown. To assess whether the per-
centage of responses for which participants reported being alone was higher in
the lockdown sample than the prelockdown sample, we first calculated the
percentage of each participant’s responses in which they said they were 1)
alone, 2) around people but not interacting with them, or 3) around people
and interacting with them. We then ran a two-way ANOVA with each par-
ticipant’s “alone” percentage as the outcome variable and sample (pre- versus
during lockdown) and age group (young versus older) as the predictors. To
examine where participants were located in the lockdown sample, we calcu-
lated the overall percentage of responses for each “location” option.
Preparing data for PCA. Two experience-sampling questions (“positive” and
“deliberate”) in the prelockdown sample were measured on 7- rather than
5-point scales. All questions were therefore rescaled using the following
computation: (observed score — 1)/(highest possible score on that scale — 1).
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The rescaled questions were then z-scored before applying PCA to the
combined data.

PCA. To identify common patterns of thought between both samples, PCA
with varimax rotation was applied to the combined thought data from both
samples (22 items; S/ Appendix, Table S1) using IBM SPSS Statistics (version
26). PCA was applied at the observation level in the same manner as in our
previous studies (e.g., refs. 15, 24, 43). The Kaiser-Meyer-Olkin measure of
sampling adequacy was 0.84, above the commonly recommended value of
0.6, and Bartlett’s test of sphericity was significant [¥2(231) = 28737.22, P <
0.001]. Five components, with an eigenvalue >1, were retained for inclusion
as outcome variables in the LMMs. To ensure that the thought patterns
identified across samples were present in both samples separately, we ran a
PCA on each sample separately (specified five components for extraction)
and correlated each participant’s PCA score from this analysis with their PCA
score from the combined analysis (see S/ Appendix, Fig. S2 for scatterplots).
LMMs. LMMs were fitted by restricted maximum-likelihood estimation in R
[4.0.2 (64)] using the Ime4 package [1.1.26 (65)]. We used the ImerTest
package [3.1.3 (66)] to obtain P values for the F- and t tests returned by the
Ime4 package. For each set of models, the alpha level was set based on 0.05
divided by the number of models (i.e., Bonferroni-corrected alpha level). De-
grees of freedom were calculated using the Satterthwaite approximation. For
F-tests, type 3 sum of squares was chosen because imbalances in the data are
assumed to occur randomly and not due to differences in the population (67).
Contrasts were set to “contr.sum,” meaning that the intercept of each model
corresponds to the grand mean of all conditions and that when a factor has
two levels, the parameter estimate is equal to half of the difference between
the two levels (67). Estimated marginal means were calculated using the
emmeans package [1.5.3 (68)]. Post hoc pairwise comparisons were also calcu-
lated using the emmeans package (68) and corrected for multiple comparisons
using the Bonferroni adjustment, which adjusts both the Cls and P values as-
sociated with each estimate and test. For contrasts of contrasts, custom con-
trasts were set manually and so could not be adjusted for multiple comparisons.
Across all models, to account for multiple observations per participant, day
number was nested within participant as a random intercept.

Comparing thought patterns between 1) pre- and during lockdown samples, 2) age
groups, and 3) social environments. \We ran five LMMs—one with each thought
component as the outcome variable modeling the following fixed factors
and their interactions: 1) “sample” (two levels: pre- and during lockdown), 2)
“age group” (two levels: younger and older), and 3) “social environment”
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