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ABSTRACT

ARTICLE HISTORY

In the absence of an eﬀective vaccine or treatment, the current best defence against COVID-19
is social distancing – staying at home as much as possible, keeping distance from others, and
avoiding large gatherings. Although social distancing improves physical health in terms of
helping to reduce viral transmission, its psychological consequences are less clear,
particularly its eﬀects on memory. In this research, we investigated the eﬀect of social
distancing duration on negative moods and memory. The relation between social distancing
duration and both negative mood and memory errors followed the same U-shaped function:
negative moods and memory errors initially decreased as social distancing duration
increased, and then at approximately 30 days, they began to increase. Subsequent analyses
indicated that memory errors were mediated by lonely mood in particular. Thus, short-term
social distancing might beneﬁt psychological well-being and memory performance, but
extended social distancing has a negative impact on mood and memory.
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During 2020, the world watched as the COVID-19 pandemic made its way around the globe. At the time of
writing this paper, more than 1,000,000 people had lost
their lives (World Health Organization [WHO], n.d.), and
the economic damage has been devastating to even the
most developed economies. Moreover, there is no clear
end in sight, with experts predicting a resurgence of the
virus in many areas that have been successful in slowing
the spread of the disease so far.
In the absence of an eﬀective vaccine or treatment, the
current best defence against COVID-19 is social distancing
– staying at home as much as possible, keeping distance
from others, and avoiding large gatherings. Although
this public health response has proven to be highly
eﬀective in containing the spread of the virus in countries
that have practiced it, it may come with costs, not only in
terms of dollars, but also in terms of psychological wellbeing. Indeed, psychology has a lot to say about the
eﬀects of social isolation (e.g., social exclusion, involuntary
incarceration, ostracism, time out), and the negative
eﬀects on mental health and well-being are well-documented (e.g., Hawkley & Cacioppo, 2010; Holt-Lunstad
et al., 2015; Morgan et al., 2007). However, the type of
social isolation involved in social distancing may be quite
diﬀerent: notwithstanding legal penalties, it is for the
most part, voluntary and practiced for self-protection or
the protection of vulnerable others; it often involves only
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“partial isolation” in instances in which family or close
friends stay together; and there are now many ways to
socialise virtually (social media, videoconferencing, etc.).
Although social distancing in response to a pandemic is
not unprecedented, it is nevertheless rare, and consequently little data exist on the potential consequences
for mental health and cognition. The objective of the
current research is to address some of the unanswered
questions regarding the psychological impact of atypical
social isolation such as social distancing. In particular, we
investigate the eﬀect of social distancing on mood and
memory.
Memory has long been known to be inﬂuenced by
moods, particularly negative moods (for a review, see Kensinger, 2009). The eﬀect of negative moods on memory
does not necessarily manifest in the quantity of memory
(i.e., how much information is remembered), but rather
in the quality of memory (i.e., what type of information is
remembered). For example, experimentally-induced negative moods consistently result in fewer false memories
compared to experimentally-induced neutral and positive
moods (e.g., Bookbinder & Brainerd, 2016; Kensinger &
Schacter, 2006; Storbeck & Clore, 2005). Much of this
research has been based on laboratory research where
mood induction is achieved by exposure to music, text,
or ﬁlm. We know very little about if and how naturally
occurring changes in negative moods due to the global
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pandemic might inﬂuence memory. Current public health
recommendations in response to the Covid-19 pandemic
provides a unique opportunity to explore the impact of
real-life ﬂuctuations in mood due to social distancing on
memory.
How might social distancing be related to mood? One
intuitive possibility is that social distancing leads to
increasingly negative moods, like other forms of social isolation such as social exclusion and ostracism (e.g., Giacco
et al., 2016; Pharo et al., 2011; van Beest & Williams,
2006). Alternatively, social distancing in response to a pandemic is not completely involuntary, and not completely
socially isolating. Thus, it is also plausible that the onset
of social distancing may not have a negative eﬀect on
mood, and could even have possible beneﬁts that result
from an escape from a hectic workplace and increased
opportunities to spend signiﬁcant time with family,
much like a holiday or a vacation (e.g., de Bloom, Geurts
et al., 2012; de Bloom, Ritter et al., 2014). Here, we
explore these possibilities by examining the relation
between social distancing duration and negative moods.
To explore the interrelation between social distancing
duration, negative moods, and memory, we used the
Deese-Roediger-McDermott (DRM) paradigm (Deese,
1959; Roediger & McDermott, 1995). In this paradigm,
people learn word lists in which all of the studied words
(e.g., bed, rest, pillow) are associated with a critical lure
(e.g., sleep) that is semantically related to the words but
not presented as part of the list. On a subsequent recognition test, three types of test words are presented:
studied words, critical lures, and unrelated words (e.g.,
boy). Memory for each type of word corresponds to veridical memory, reconstructive-memory errors, and randommemory errors, respectively. The consistent ﬁnding using
the DRM paradigm is that following exposure to list
words, participants’ reconstructive memory errors are
comparable to their veridical memories, and both are
greater than random-memory errors (Brainerd & Reyna,
2005; Gallo, 2010; Howe et al., 2010).
In the DRM paradigm, why do we commonly see a
diﬀerence between reconstructive-memory errors and
random-memory errors given that both reﬂect the imperfect nature of human memory? Many decades of research
have now shown that these two kinds of memory errors
are fundamentally diﬀerent. According to Activation-Monitoring Theory (Roediger et al., 2001), the generation of
random-memory errors is due to a failure of source monitoring, whereas the generation of reconstructive-memory
errors is due to two processes: spreading activation and
source monitoring. That is, in the DRM paradigm, semantic
activation of studied words spreads to semantically related
but unpresented information (the critical lure). As a result,
the related information is activated even though it was not
part of the original word list. The process of source monitoring helps distinguish between information that has
actually been presented and information that has not,
however, this process is not always successful. When
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spreading activation occurs and source monitoring fails,
false memories occur.
Research has shown that negative moods (compared to
neutral and positive moods) tend to impede the kind of
relational processing that generates a semantic link
between studied words and critical lures in the DRM paradigm. As a result, reconstructive-memory errors are
reduced in negative moods (for a review, see Bookbinder
& Brainerd, 2016). Given this, we would predict a negative
relation between negative moods induced by social distancing and reconstructive-memory errors. In other
memory paradigms, however, negative moods have
been shown to supress information monitoring (e.g.,
Cacioppo, Ernst et al., 2000; Hajcak et al., 2004; Luu et al.,
2000). If this eﬀect also occurs in the DRM paradigm, we
would predict a positive relation between negative
moods and reconstructive-memory errors. Thus, given
that semantic activation and monitoring processes are
diﬀerentially aﬀected by negative moods, it is diﬃcult to
make a clear prediction on the impact of negative
moods on reconstructive-memory errors. In contrast,
given that the generation of random-memory errors is predominantly determined by source-monitoring processes,
we predict that there would be a positive relation
between negative moods and random-memory errors.
In the present study, we used the context of the
ongoing COVID-19 global pandemic to explore how
social distancing duration inﬂuences negative moods
and memory. We measured participants’ social distancing
status and negative mood and tested memory performance using the DRM paradigm.

Method
Participants
In April 2020, during the COVID-19 outbreak, we recruited
participants using the online participant panel, Proliﬁc. We
only recruited participants whose Proliﬁc approval rating
was greater than 95%. Given that we did not have an
ideal reference for determining sample size, we followed
Lindsay’s (2015) and Schönbrodt and Perugini’s (2013) recommendations that sample size should approach 250 for
stable estimates for interpreting correlations. Our sample
consisted of 374 native English speakers (186 men, 188
women; Mage = 29.70 years, SD = 10, range = 18–65) primarily from the U.K. and U.S. The majority of participants
lived in a shared-living arrangement (91.18%) and the
remainder lived alone (8.82%). Each participant received
the equivalent of £2.50 in their local currency for their
participation.

Measures and procedure
Participants answered questionnaires that measured social
distancing, negative moods, and memory. The study took
approximately 15 min to complete.
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The duration of participants’ social distancing was
measured by asking if they were currently practicing
social distancing. Before answering the questions, we provided participants with the following deﬁnition of social distancing: “During the 2019–2020 coronavirus pandemic, the
World Health Organization (WHO) suggested that the
current best public health response is Social Distancing–
staying at home as much as possible, keeping distance from
others, and avoiding large gatherings”. If participants indicated that they were currently practicing social distancing,
we then asked how many days they had been practicing.
We measured participants’ memory performance using
the DRM paradigm. During the study phase, participants
were shown six, semantically related word lists (see Roediger et al., 2001; Zhang et al., 2017). The word lists were presented in a random order for each participant, one word at a
time, with a presentation rate of 2 s per word. To focus participants’ attention between each word, a red cross (“+”)
was presented for 800 ms. Participants were asked to
remember all of the presented words. To clear their shortterm memory, participants then watched a neutral video
clip from a National Geographic documentary about lions
that was 4 mins, 30 s in duration. None of the words in
the word lists were contained in the video. Finally, participants were shown 36 test words and asked to judge
whether each word had been presented during the study
phase (“old”) or not (“new”). There were three types of
test words: studied words that corresponded to veridical
memory (three words from each word list, 18 in total), critical lures that corresponded to reconstructive-memory
errors (1 critical lure was semantically related to each of
the six word lists, 6 in total), and unrelated words that corresponded to random-memory errors (words that had not
been presented during the study phase, 12 in total).
We measured negative moods by asking participants to
rate how lonely, anxious, and depressed they were feeling
(1 = Not at all, 7 = Very). Participants also provided basic
demographic information (age, gender, country of residence, and whether they lived with others).

and publicly available at https://osf.io/yfvw7/?view_only=
93dc4729f54d4da5b508cf4a6ddf8aa7. Given that correlations can be greatly exaggerated by a very few outliers
(Lindsay, 2015), we excluded the data from one participant
because he reported that he had already been experiencing social distancing for 90 days; this duration was more
than 3 standard deviations above the mean social distancing days for the rest of the sample. Descriptive statistics
for the primary variables are presented in Table 1.
Figures 1 and 2 depict scatterplots of individuals’ social distancing duration and negative mood and memory performance, respectively.

Negative mood as a function of social distancing
First, we tested whether social distancing duration
inﬂuenced people’s negative mood. A series of four
linear regressions with social distancing duration (days)
as the independent variable and negative mood (the negative mood composite, lonely mood, anxious mood, or
depressed mood) as the dependent variable, respectively,
did not support a simple positive linear relation between
social distancing duration and negative mood. Detailed
results are shown in Table 2.
Next, we tested whether the inﬂuence of social distancing duration on negative mood was nonlinear. To do this,
we conducted a series of quadratic regressions with social
distancing duration as the independent variable and the
four negative mood variables as the dependent variables.
Detailed results are shown in Table 2. The explanatory
power of the quadratic models was consistently greater
than for the linear models across each of the dependent
variables.1 As shown in Figure 1, the relation between
social distancing duration and negative moods followed
a U-shaped function – negative moods initially decreased
as social distancing duration increased and then at an
inﬂection point occurring between 25 and 35 days, negative moods increased. The same pattern was observed
for the negative mood composite and for each of the
negative moods separately.

Results
We analyzed the data only after we had completed data
collection. All data and stimuli are anonymously posted
Table 1. Descriptive statistics (N = 373).
Variable

M

SD

Min

Max

Social distancing days
24.94
15.43
0
60
Veridical memory
.77
.16
0
1
Reconstructive-memory errors
.73
.27
0
1
Random-memory errors
.15
.19
0
1
Negative mood composite
3.96
1.51
1
7
Lonely mood
3.76
1.91
1
7
Anxious mood
4.25
1.77
1
7
Depressed mood
3.87
1.72
1
7
Note: The negative mood composite variable refers to a composite measure
of lonely mood, anxious mood, and depressed mood (α = .79). Veridical
memory, reconstructive-memory errors, and random-memory errors
refer to the proportion of studied words, critical lures, and unrelated
words recognised as “old”, respectively.

Memory performance as a function of social
distancing
To test the relation between social distancing duration and
memory performance, we ﬁrst calculated the proportion of
studied words, critical lures, and unrelated words, recognised as “old” as indices of veridical memory, reconstructive-memory errors, and random-memory errors,
respectively. Then, we conducted both linear and quadratic regressions to explore the relation between social distancing duration and memory performance. We will only
discuss the results from the model that has a greater explanatory power for each of the dependent variables below.
Full results for the linear and the quadratic models are
shown in Table 3.
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Figure 1. Scatterplots (with best-ﬁtting regression lines) depicting relations between social distancing duration and negative mood. Conﬁdence bands
indicate 95% conﬁdence intervals (CIs). Values in brackets are also 95% CIs.

Figure 2. Scatterplots (with best-ﬁtting regression lines) depicting relationships between social distancing duration and memory performance. Conﬁdence
bands indicate 95% conﬁdence intervals (CIs). Values in brackets are also 95% CIs.

As shown in Figure 2, separate quadratic regressions
with social distancing duration as the independent variable
and reconstructive-memory errors and random-memory
errors as the dependent variables yielded a U-shaped

relation between social distancing duration and memory
errors. That is, for individuals who were at the initial phase
of social distancing (i.e., less than approximately 26 days),
their reconstructive- and random-memory errors decreased
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Table 2. The relation between social distancing duration and negative mood (linear model vs. quadratic model).
DV
Negative mood composite
Negative mood composite
Lonely mood
Lonely mood
Anxious mood
Anxious mood
Depressed mood
Depressed mood

IV

β

SE

t

p

95% CI

R2

ΔR2

SD_Days
SD_Days
SD_Days2
SD_Days
SD_Days
SD_Days2
SD_Days
SD_Days
SD_Days2
SD_Days
SD_Days
SD_Days2

−.009
−.052
.001
−.012
−.067
.001
−.001
−.044
.001
−.014
−.045
.001

.005
.016
.0003
.007
.019
.0004
.006
.019
.0004
.006
.018
.0004

−1.77
−3.23
2.79
−1.91
−3.50
3.12
−.17
−2.27
2.36
−2.40
−2.52
1.81

.077
.001
.006
.057
.001
.002
.87
.024
.019
.017
.012
.071

[−.0191, .0010]
[−.0834, −.0202]
[.0003, .0015]
[−.0251, .0004]
[−.1047, −.0294]
[.0004, .0019]
[−.0126, .0106]
[−.0816, −.0058]
[.0002, .0016]
[−.0251, −.0025]
[−.0796, −.0098]
[−.00006, .0013]

.009
.032

.023

.010
.034

.024

.0001
.017

.017

.015
.025

.010

Note: SD_Days = social distancing days; SD_Days2 = squared social distancing days, SE = robust standard error.

with social distancing duration. For those who had passed
the inﬂection point (i.e., more than 26 days), however,
their reconstructive- and random-memory errors increased
with social distancing duration.
In contrast, linear regression with social distancing duration as the independent variable and veridical memory as
the dependent variable showed that participants who had
experienced social distancing for a longer duration had
higher veridical memory than did those whose duration
of social distancing was shorter, showing a simple positive,
linear relation between social distancing duration and veridical memory.

Lonely mood mediates the eﬀect of social
distancing on memory errors
Finally, following Hayes and Preacher (2010)’s method for
testing indirect eﬀects in simple mediation models when
the constituent paths are nonlinear, we used Hayes’
(2018) PROCESS macro to conduct a series of mediation
analyses (Model 4, 5,000 bootstrap resamples) to test
whether the relation of social distancing duration and
memory was mediated by negative moods. The independent variable was either the linear eﬀect of social distancing duration (controlling for the quadratic eﬀect) or the
quadratic eﬀect of social distancing duration (controlling
for the linear eﬀect). The dependent variable was either
veridical memory, reconstructive-memory errors, or
random-memory errors. Potential mediators were the
four negative mood variables (negative mood composite,
lonely mood, anxious mood, and depressed mood).
Only lonely mood mediated the relation between social
distancing duration and random-memory errors (see Figure
3(a)). Similarly, only lonely mood mediated the relation
between social distancing duration and reconstructivememory errors (see Figure 3(b), marginal signiﬁcance).
None of the other mediation models were signiﬁcant.

Discussion
Here, we explored the impact of social distancing duration
on negative moods and memory. We found that the
relation between social distancing duration and negative

mood was not a simple one. Negative mood decreased
in the initial phase of social distancing. This eﬀect presumably reﬂected the psychological beneﬁts of a brief escape
from a hectic workplace and increased time with family.
Considerable research in industrial and organisational psychology has shown that when people have a sense of
control or autonomy, their stress is reduced (for reviews,
see Ganster & Fusilier, 1989; Sparks et al., 2001). In this
context, working from home as required by social distancing may promote an increased perception of control
over the initiation and speed of work. The ﬁnding that
negative mood declined in the initial phase of social distancing may also reﬂect increased resilience as a result of
spending more time with family–including company,
love, and support–which have been shown to predict resilience (for a review, see Masten et al., 2009). Consistent
with this idea, more than 90% of our sample were living
with their families or others during their social isolation
period. In addition, resilience may have also been
enhanced by virtual social contacts via technologies,
such as Facebook, Skype, and Zoom.
Although social distancing in the short term minimised
negative moods, the right-hand side of the U-shaped functions depicting changes in mood illustrates the importance of broader social interactions for long-term mood.
According to our ﬁndings, after approximately one
month of social distancing, negative moods started to
increase, approaching the mood states of participants at
the initial stages of social distancing. Some moods, such
as an anxious mood, even outstripped the original level
from Day 50 of practicing social distancing, showing an
increasing trend to Day 60. In other words, long-term
social distancing may create persistent negative moods
which may become an issue of concern. Moreover, compared to short-term social distancing, long-term social distancing is more likely to elicit perceived social isolation,
which has serious consequences for moods and behaviour
(e.g., Hawkley & Cacioppo, 2010; Wilson et al., 2007).
Importantly, perceived social isolation is determined by
our subjective experience, regardless of objective circumstances (Cacioppo & Hawkley, 2009). In other words,
even though people are not literally alone during the
period of social distancing, their perceived social isolation
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Table 3. The relation between social distancing duration and memory performance (linear model vs. quadratic model).
DV
Veridical memory
Veridical memory
Reconstructive-memory errors
Reconstructive-memory errors
Random-memory errors
Random-memory errors

IV

β

SE

t

p

95% CI

R2

ΔR2

SD_Days
SD_Days
SD_Days2
SD_Days
SD_Days
SD_Days2
SD_Days
SD_Days
SD_Days2

.001
.002
−.00001
−.0002
−.005
.0001
−.001
−.009
.0002

.0005
.002
.00003
.0009
.002
.00004
.0008
.002
.00005

2.51
1.24
−.44
−.26
−1.90
2.07
−.98
−3.90
3.31

.013
.21
.66
.80
.058
.039
.33
.0001
.001

[.0003, .0024]
[−.0012, .0051]
[−.00007, .00005]
[−.0019, .0015]
[−.0093, .0002]
[.00001, .0002]
[−.0024, .0008]
[−.0136, −.0045]
[.00007, .0003]

.016
.017

.001

.0002
.008

.0078

.004
.06

.056

Note: SD_Days = social distancing days; SD_Days2 = squared social distancing days; SE = robust standard error.

may become stronger with extended social distancing,
contributing to a rise in negative mood.
To the best of our knowledge, the present study is the
ﬁrst to explore how false memories naturally change with
the strength of negative moods which are due to a global
public health event (i.e., the Covid-19 pandemic). Consistent with research using the same DRM word lists, we
observed a strong false memory eﬀect; participants
falsely recognised the critical lures at a rate that was indistinguishable from their recognition of words that had been
on the lists. According to Activation-Monitoring Theory
(Roediger et al., 2001), both spreading activation and
source monitoring are likely to determine the generation

of reconstructive-memory errors, whereas source monitoring alone determines the generation of random-memory
errors. On the one hand, research has shown that negative
moods may impede relational processing (e.g., Storbeck &
Clore, 2005, 2011), which in turn impairs semantic activation of studied words spreading to semantically
related but unpresented information (the critical lure),
reducing reconstructive-memory errors. Accordingly, the
stronger the negative moods, the fewer reconstructivememory errors. On the other hand, negative moods also
suppress the monitoring process (e.g., Hajcak et al., 2004;
Luu et al., 2000), which in turn increases memory errors
regardless of error type. Thus, the stronger the negative

Figure 3. (a) Lonely mood mediates the relation between social distancing duration and random-memory errors (b) Lonely mood mediates the relation
between social distancing duration and reconstructive-memory errors.
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moods, the higher the number of reconstructive- and
random-memory errors. The ﬁndings that reconstructiveand random-memory errors were both positively related
to the strength of naturally-changing negative moods, particularly feelings of loneliness, indicate that the eﬀect of a
negative mood on memory reported here was primarily
due to the impact on source monitoring rather than to
the impact on semantic activation.
Regarding veridical memories, we found that with
social distancing, veridical memories increased, irrespective of changes in mood. The ﬁnding that negative
moods had no eﬀect on veridical memories is consistent
with prior research showing that although negative
moods reduce false memory, they do not necessarily
inﬂuence veridical memory (e.g., Storbeck & Clore, 2005,
2011). Furthermore, the ﬁnding that veridical memory
increased as a function of social distancing duration
suggests that some of our cognitive processes, such as
semantic activation of information per se, may actually
beneﬁt from an escape from the outside world.
We acknowledge that all of the participants in the
present study came from developed countries (U.K. or
U.S.), and that we did not request demographic information regarding variables that may or may not have
increased the probability that participants practiced
social distancing including socioeconomic, employment,
or marital status or pre-existing medical conditions or
mental health concerns, which might, in turn also
inﬂuence memory performance. For example, it is possible,
that participants who reported extra-long social-distancing days (i.e., 60 days) in our study could be those who
had had other negative pre-conditions (e.g., unemployment, medical conditions, etc.), that might inﬂuence
their memory performance. Although we cannot rule out
this possibility, it seems highly unlikely that these pre-conditions can account for the current data, given that veridical memory increased (rather than decreased) as a
function of social distancing days.
Similarly, we did not collect information regarding participants’ basic cognitive ability. As such, we are not sure if
the participants who reported self-quarantine at the early
stage of the Covid-19 pandemic (i.e., 26 days by the time of
testing) in our study might be those with higher cognitive
skills (Xie et al., 2020). For example, Xie and colleagues
found that during the early stage of the Covid-19 pandemic in the U.S., people who tended to comply with
the oﬃcial social-distancing guidelines had better
working memory capacity than those who did not
comply. Although higher working memory capacity may
be associated with better social-distancing compliance,
prior research with the DRM paradigm has shown that
working memory ability is not uniformly related to reconstructive-memory errors, particularly in the absence of
external help (e.g., explicit warnings; see Watson et al.,
2005). Thus, although we did not measure individual diﬀerences in working memory, it seems unlikely that these
diﬀerences would account for the social-isolation related

diﬀerences in veridical and false memory that we report
here.
Despite these potential limitations, we would argue
that the ﬁndings of the current study have important practical implications for current social distancing policies
during pandemics such as COVID-19. Our ﬁndings
suggest that short-term social distancing (< ∼4 weeks)
might beneﬁt people’s psychological well-being (by relieving their negative moods). With extended social distancing, however, the tables begin to turn and any of the
psychological and cognitive advantages of a brief break
from the world, begin to recede. It is important to note
that the maximum duration of social distancing in the
present study was 60 days. As the pandemic continues, it
will be important to chart the impacts of even longer
social distancing periods as well as the impacts of a
requirement to return to social distancing after a brief
period of re-entry into the world. Sadly, until a vaccine is
developed, the ongoing presence of COVID-19 will
provide ample opportunity to explore these important
psychological questions.

Note
1. We also conducted a series of linear and quadratic regressions
controlling for participants’ age and gender. The results are
consistent with the regression results without controlling for
age and gender. The same consistency was also observed
for the analyses in the following sections.
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