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Introduction: Bedtime procrastination (BP) has a close relationship with one’s chronotype,
from a biological perspective on time. However, it remains unknown whether there is an
association between BP and psychological time. Therefore, the aim of the present study was
to evaluate the relationship between time perspective (TP) and BP and the effect of TP on the
relationship between BP and chronotype by examining a sample of college students pre- and
post-COVID-19 outbreak.

Methods: A total of 628 Chinese students (267 in pre-outbreak and 361 in post-outbreak)
validly completed the Chinese version of the Bedtime Procrastination Scale, the Zimbardo
Time Perspective Inventory (ZTPI), and the Morningness—Eveningness Questionnaire.
Results: Students with more BP behaviors exhibited greater deviation from a balanced TP,
especially after the COVID-19 outbreak. Hierarchical regression analyses revealed that the past-
negative and future orientations, as operationalized by the ZTPI, contributed independently to BP
behaviors. The structural equation modeling analyses further demonstrated that morningness was
significantly related to a more future-oriented TP, which in turn decreased BP in pre- and post-
COVID-19 outbreak samples, while morningness was associated with a less past-negative-
oriented TP, which in turn decreased BP only in the post-COVID-19 outbreak sample.
Conclusion: This study indicated that TP in students with BP predominantly focused on
future orientation and that TP can mediate the relationship between chronotype and BP
behaviors. However, the COVID-19 pandemic may disrupt the time flow and change the role
of chronotype-TP in BP. These findings explain how individual differences in TP are
associated with BP, which may be helpful in designing effective interventions to avoid BP,
from the viewpoint of time perspective therapy.

Keywords: bedtime procrastination, deviation from balanced time perspective, future time

perspective, morningness, past negative time perspective, COVID-19

Introduction

Bedtime procrastination (BP) is a type of health behavior procrastination' that has
many negative consequences, such as sleep disturbances™® and mood disorders.*
Kroese et al defined BP as “failing to go to bed at the intended time while no

] .
> Some studies have

external circumstances prevent a person from doing so.’
indicated that BP is most likely to occur because of mindless delay, characterized
by losing track of time due to immersive activities before sleeping (eg using
electronic media).” Therefore, BP may be associated with a variety of time-related

variables.
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A growing body of studies supports the assumption
that time influences people’s behaviors, and it has been
recognized as an important factor generating individual
differences in behaviors.” From traditional biological
approaches, chronotype is usually used to investigate the
impact of time on behaviors.® Prior studies have shown
that evening-type persons (“owls”) tend to report more BP
behaviors than morning-type ones (“larks”), especially on

working days,”'”

which is consistent with expectations of
BP from a chronobiological perspective.

From a psychological perspective, however, it remains
unknown whether there is an association between BP and
time. Given its temporal nature, some studies have demon-
strated that procrastination is linked to time perspective
(TP),"! which is a conceptual model developed by
Zimbardo and Boyd'? and refers to the individual temporal
orientation related to a person’s experiences and concep-
tions of the past, present, and future. Zimbardo’s TP theory
usually refines the three major time zones of the past,
present, and future and disintegrates them into five tem-
poral orientations: past-positive, past-negative, present-
hedonistic, present-fatalistic, and future.'> The previous
study has suggested that trait procrastination reflects
a disjunction between the present and future with respect
to cognitive temporal focus.'" Specifically, it is known to
have a positive relationship with a present-hedonistic time
orientation (an orientation toward present pleasure with
little concern for future consequences) and a negative cor-
relation with a future time orientation (a broad orientation
toward the future goal-setting and forward-thinking, often
at the expense of present enjoyment).'!

In particular, in recent years, the concept of procrasti-
nation has been extended to the field of health behaviors.'?
Studies have increasingly demonstrated that TP predicts
a number of important health behaviors and outcomes,
such as smoking cessation, dieting, and exercise.'*!
However, existing knowledge regarding the association
between sleep outcomes and TP is very limited. The first
direct evidence on sleep quality and TP was a short report
based on a sample of students, and only a weak correlation
was found.'® Recently, Ronnlund and Carelli proposed that
a predominant past-negative orientation (an orientation
toward the focus on negative, aversive experiences of the
past) is positively associated with poor sleep quality, while
future orientation is negatively related to poor sleep
quality.®

Previous studies have revealed that people with greater
BP behaviors were more likely to exhibit general

procrastination and poor sleep quality."” Thus, we
hypothesized that TP could be associated with BP and
might be an important factor causing individual differ-
ences in BP behavior. It is worth noting that researchers
have previously revealed a close relationship between TP
and chronotype.'”'* Chronotype is significantly correlated
with some dimensions in the theoretical framework of
Zimbardo’s TP,12 as well as with the Deviation from
Balanced Time Perspective (DBTP).'” DBTP is an indica-
tor that assesses the degree of deviation from a balanced
TP, integrating different TPs into a balanced profile and
emphasizing that individuals have the mental ability to
switch flexibly between temporal orientations.° It is com-
monly believed that larks are associated with being more
future-oriented and owls with being more present- and/or
past-oriented.'”'” However, no study has discussed the
possible chronotype-TP relationship in BP behaviors.
Therefore, we also hypothesized that TP might affect the
relationship between chronotype and BP behaviors.

In addition, the coronavirus disease 2019 (COVID-19)
in health
behaviors.?! Some studies have repeatedly reported that

pandemic has caused profound changes
COVID-19-related sleep disruptions and changes in sleep
patterns are common in the general population.”*** For
example, Lee et al found that during the COVID-19 pan-
demic quarantine, sleep onset on weekdays was delayed
by nearly 30 min among Chinese people,?? suggesting that
BP behaviors may be more evident than usual due to
unprecedented  restrictions during the COVID-19
pandemic.

In light of the description given above, the present
study was aimed at evaluating the effects of TP on BP,
as well as on the relationship between chronotype and BP
behaviors. In particular, the study also attempted to com-
pare the influence of the chronotype-TP relationship on
BP pre- and post-COVID-19 outbreak. These results are
expected to provide evidence for formulating BP interven-

tions based on individuals’ TPs.

Materials and Methods

Participants and Procedure

A total of 674 Chinese college students in public univer-
sities volunteered to participate in the survey. Nearly 40%
of the respondents (267/674) were recruited through online
and offline advertisements in one university between April
and December 2019 and received monetary compensation
after completing the survey in the lab. The remaining 60%
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(407/674) were enrolled from the other two universities
between May 11, 2020 and June 4, 2020, and were given
no monetary compensation after completing the online
survey at home. During this period, all schools in China
were shut down, and students were quarantined to study at
home to prevent the spread of COVID-19. No COVID-19
patients or close contacts were included in the post-
COVID-19 outbreak sample.

In addition, all participants were engaged in non-shift
work or study for the preceding one month, had not under-
taken any cross-time-zone travel in the preceding three
months and had no diagnosed sleep disorder. They were
informed about all relevant aspects of the study and gave
verbal or written informed consent. The informed consent
process was approved by the Ethics Committee of
Liaoning Normal University, and this study was conducted
in accordance with the Declaration of Helsinki.

Participants needed to complete a series of web-based
questionnaires about demographic characteristics (age,
sex, and years of education), BP, TP and chronotype. Of
the 674 students who responded, 46 were excluded due to
their careless responses. The final statistical analysis
included 628 valid respondents (93.2% effective response
rate).

Measures

Bedtime Procrastination Scale (BPS)

The Chinese version of the BPS is adapted from Kroese’s
English version of the BPS' and has been used to assess BP
behaviors among Chinese university students.”* The scale
consists of nine items, each rated on a 5-point Likert scale
ranging from 1 (never) to 5 (always). Among these, four
items (Items 2, 3, 7, and 9) are reverse scored. The BPS
score was computed by taking the average scores of the nine
items, with a higher score indicating more BP behaviors. In
the current study, the Cronbach’s a for pre- and post-COVID-
19 outbreak samples were 0.867 and 0.833, respectively.

Morningness—Eveningness Questionnaire (MEQ)

The MEQ was developed by Horne and Ostberg and con-
sists of 19 items in a 4- or 5-Likert type response format to
assess an individual’s chronotype.?” The score is obtained
by totalling the item scores, and ranges from 16 (extreme
eveningness) to 86 (extreme morningness). The Chinese
version of the MEQ has been revised by Zhang et al and is
considered a reliable and valid measurement of circadian
rhythm.?® The Cronbach’s a for pre- and post-COVID-19
outbreak samples were 0.738 and 0.763, respectively.

Zimbardo Time Perspective Inventory (ZTPI)

TP was measured using the validated Chinese version of
the ZTPI,?” which was originally developed by Zimbardo
and Boyd,'? and has been used to assess TP in the Chinese
population.?®° This scale contains 56 items assessing five
dimensions of TP: past-negative—a generally negative
view of the past; past-positive—a warm and nostalgic
attitude to past events; present-hedonistic—attraction
toward immediate pleasure with little consideration of
future consequences; present-fatalistic—a feeling of help-
lessness regarding the present, and considering the future
as predestined; and future—a broad orientation toward the
future.'? Each item is answered on a 5-point Likert scale,
ranging from | (very uncharacteristic) to 5 (very charac-
teristic). The Cronbach’s a coefficients for the five dimen-
sions ranged from 0.656 to 0.835 in the pre-COVID-19
outbreak sample and from 0.660 to 0.850 in the post-
COVID-19 outbreak sample. A composite score for each
subscale was computed by averaging the responses for
each item, with higher scores reflecting stronger orienta-
tions towards a temporal frame.

Balanced TP integrates different TPs into an even
profile, and was proposed to emphasize the importance
of an individual’s TP profile.”” The DBTP, as an indicator
of the balanced TP, was calculated using a specific for-
mula, to reflect individuals’ ability to switch between TPs
and to determine the extent to which scores deviated from
zero (the balanced ideal).*® The optimal values for each
dimension of ZTPI are: 1.95 for past-negative, 3.9 for
present-hedonism, 4.0 for future, 4.6 for past-positive
and 1.5 for present-fatalism. Higher DBTP scores indicate
low levels of balanced TPs. Well-balanced individuals are
those with a DBTP score > 1 SD below the mean.*'

Statistical Analysis

IBM SPSS Statistics version 21.0 for Windows and Amos
version 24.0 (SPSS Inc., Chicago, IL, USA) was used for
data processing. There were no missing values in the final
statistical analyses. The distribution of each variable was
determined by the one-sample Kolmogorov—Smirnov test.
Data with normal distribution were expressed as mean and
standard deviation (SD), while data with non-normal dis-
tribution were expressed as median and interquartile range.
The categorical variables were expressed as frequency and
proportion. Group comparisons in demographic character-
istics, BP, MEQ, and ZTPI scores were evaluated with the
Mann—Whitney U-test for continuous variables with non-
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normal distribution and Chi-square test for categorical
variables. Pearson’s (for variables with normal distribu-
tion) or Spearman’s (for variables with non-normal distri-
bution) correlation coefficients were calculated to assess
the associations of BP with demographic characteristics,
chronotype, and TP in pre- and post-COVID-19 outbreak
groups, respectively. Bonferroni corrections were used to
adjust for multiple corrections. Hierarchical regression
analyses further investigated the effects of demographic
characteristics, chronotype and TP on BP in pre- and post-
COVID-19 outbreak groups, respectively. The BPS score
was used as the dependent variable; demographic charac-
teristics were used as covariates in step 1; the MEQ score
was included in step 2; and the ZTPI dimensions were
used as independent variables in step 3. Sex, age, and
years of education were assessed as covariates owing to
their significant correlation with BP, MEQ, and/or TP in
the current correlation analyses, as well as in previous
studies.>*” Variance inflation factor values exceeding 5
were used to indicate multicollinearity. To further explore
the mediating role of TPs in the relationship between BP
and chronotype, structural equation modeling (SEM) was
established by Amos in pre- and post-COVID-19 outbreak
groups, respectively. The independent variable was the

MEQ score, and the mediators were the dimensions of
ZTPIL, which might have statistical significance in hier-
archical regression analyses. The BPS score was the
dependent variable and demographic variables were
entered as covariates. The model fit was judged using y*/
df, root mean square error of approximation (RMSEA),
goodness fit index (GFI), comparative fit index (CFI),
normed fit index (NFT), Tucker-Lewis fit index (TLI) and
incremental fit index (IFI). The statistical significance of
path was evaluated using 5000 bootstrap resamples and
bias-corrected and accelerated 95% confidence intervals
(BCa 95% CI) excluding zero. Complete or partial media-
tion was assessed by testing whether the z-score was
statistically significant (absolute value larger than 1.96).
Parallel mediation analysis was used to evaluate which
dimensions of ZTPI might show significant mediating
effects. Differences were considered to be statistically
significant at p < 0.05.

Results
Descriptive Statistics and Group

Differences
Table 1 presents the descriptive statistics of the demo-
graphic variables, BPS, MEQ, and ZTPI in the overall

Table | Differences in Demographic Characteristics, BP, Chronotype and TP Between Pre- and Post-COVID-19 Outbreak Groups

Variables All Sample Pre-COVID-19 Outbreak | Post-COVID-19 Outbreak | Ul P
Demographic characteristics
n 628 267 361
Sex 2.930 0.087
Male 182 (29.0)° 87 (32.6)° 95 (26.3)°
Female 446 (71.0)° 180 (67.4)° 266 (73.7)°
Age, years 20.00 (2.00)° 20.00 (3.00)° 19 (1.00)° 34,105.000 | <0.001
Education, years 12.00 (2.00)° 14.00 (3.00)° 12 (0.00)° 14,289.000 | <0.001
BPS 2.89 (1.00)° 2.76 (0.83) 3.00 (0.89)° 56,776.500 | <0.001
MEQ 52.00 (11.00)® | 51.84 (8.39) 53.00 (11.00)° 48,831.500 | 0.776
ZTPI
Past-negative 3.15 (0.90)° 3.15 (0.67) 3.10 (0.80)° 46,858.500 | 0.552
Present-hedonistic 3.13 (0.53)° 3.25 (0.47)* 3.07 (0.47)° 38,557.500 | <0.001
Future 3.38 (0.62)° 3.46 (0.62)° 3.38 (0.54)° 40,257.000 | <0.001
Past-positive 3.56 (0.67)° 3.67 (0.56)° 3.44 (0.67)° 36,375.000 | <0.001
Present-fatalistic 2.89 (0.78)° 2.89 (0.78)° 3.00 (0.67)° 49,925.000 | 0.440
DBTP score 2.54 (0.76)° 2.42 (0.86)° 2.65 (0.71)° 56,694.000 | <0.001
Low level of DBTP 82 (13.1) 36 (13.5)° 46 (12.7)° 0.074 0.785

Notes: *Variables are normally distributed. Data are presented as mean and standard deviation. ®Variables are non-normally distributed. Data are presented as median and
interquartile range. “The categorical variables are presented as frequency and proportion. Statistically significant values (p < 0.05) were formatted in bold.
Abbreviations: BP, bedtime procrastination; BPS, Bedtime Procrastination Scale; COVID-19, Coronavirus Disease 2019; DBTP, Deviation from Balanced Time Perspective;
MEQ, Morningness-Eveningness Questionnaire; n, number; TP, time perspective; ZTPI, Zimbardo Time Perspective Inventory.
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sample. Almost 30% of the sample were males (n = 182)
and 70% were females (n = 446). The age of participants
ranged from 17 to 29 years (mean + SD: 20.20 + 1.75) and
years of education ranged from 12 to 19 years (mean +
SD: 13.09 + 1.52). Interestingly, participants, on average,
reported moderate scores for BPS (mean + SD: 2.89 +
0.78, ranging from 1 to 5) and the five ZTPI dimensions
(mean from 2.87 to 3.53, ranging from 1 to 5), suggesting
that these phenomena are commonly experienced in this
sample.

Table 1 also shows differences in demographic variables,
BPS, MEQ, and ZTPI between pre- and post-COVID-19 out-
break samples. There were significant differences in age
(U = 34,105.000, p < 0.001) and years of education
(U = 14,289.000, p < 0.001) between pre- and post-COVID-
19 outbreak samples, except for sex (> = 2.930, p = 0.087).
Moreover, the BPS scores were significantly higher in the
post-COVID-19 outbreak group than in the pre-COVID-19
outbreak group (U = 56,776.500, p < 0.001). Nonetheless,
students in the post-COVID-19 outbreak group had higher
DBTP (U = 56,694.000, p < 0.001) and lower ZTPI subscale
scores of present-hedonistic (U = 38,557.500, p < 0.001),
future (U = 40,257.000, p < 0.001), and past-positive (U =
36,375.000, p < 0.001) orientations, compared to the pre-
COVID-19 outbreak group. However, no significant differ-
ences in MEQ and ZTPI subscale scores of past-negative and
present-fatalistic were found between pre- and post-COVID-
19 outbreak groups (ps > 0.05). Additionally, the proportion of
participants with low levels of DBTP in pre-COVID-19 out-
break (13.5%, n = 36) was similar to that in post-COVID-19

outbreak (12.7%, n = 46), indicated by a DBTP score of <
(mean - 1SD).

Correlations Between BP and TP

Table 2 shows the correlations between BPS and demo-
graphic characteristics, ZTPI, and MEQ in pre- and post-
COVID-19 outbreak groups, respectively. Age and years of
education were negatively associated with the BPS score
(Fage =—0.158, p = 0.010 and regucation = —0.144, p = 0.019),
but positively correlated with the MEQ score (7,5, = 0.182,
p =0.003 and r.gucation = 0.160, p = 0.009), future-oriented
TP (rage = 0.188, p = 0.002 and 7cgycation = 0.173, p = 0.005),
and past-positive-oriented TP (ryg. = 0.141, p = 0.021 and
Feducation = 0-165, p = 0.007) only in the pre-COVID-19
outbreak group. No significant correlation was found
between sex and BP and TPs in both groups. However, in
the post-COVID-19 outbreak group, there was a significant
correlation between the MEQ score and sex (female = 1 and
male = 0; r = —0.125, p = 0.017), suggesting that women
show more “owl”-ish tendencies than men. Additionally,
Table 2 shows that age was negatively associated with
present-hedonistic-oriented TP (» = —0.114, p = 0.030) in
the post-COVID-19 outbreak group.

For the ZTPI in both pre- and post-COVID-19 outbreak,
the past-negative and present-fatalistic orientations were posi-
tively correlated with BPS scores (pre-outbreak: #pai-negative =
0.291, p < 0.001 and 7preent-fatatisic = 0.290, p < 0.001; post-
outbreak: 7pastnegative = 0.194, p < 0.001 and 7present-fatatistic =
0.107, p = 0.043) and negatively associated with MEQ scores

re-outbreak: 7pastnegative = 0. 5 = U and 7present-
break: Figseneg 0.112, p = 0.068 and 7,

Table 2 Correlations Between BP, Demographic Characteristics, Chronotype and TP in Pre- and Post-COVID-19 Outbreak Groups,

Respectively

No Variables 1 2 3 4 5 6 7 8 9 10 1

| Sex? -0.165% | —0.046 | 0.093 —0.125% -0.018 -0.056 0.049 0.088 0.014 -0.031

2 Age 0.029 0.164% | —0.086 -0.150 -0.032 —0.114* 0.041 0.005 -0.014 0.044

3 Education 0.110 | 0.895%* -0.038 0.063 0.026 0.087 ~0.004 -0.021 0.103 0.045

4 BPS 0.098 | —0.158% | —0.144* —0.493%#% | 0,194% | 0035 —0.172%* -0.053 0.107* 0.204%#*
5 MEQ 0.024 0.182%* 0.160% | —0.518™" —0.172%¢ —0.058 0.162%* 0.005 —0.154% | —0.168**
6 Past-negative -0.038 | —0.050 -0.064 | 0.291™" -0.112"® 0.425% | 0016 -0.041 0.546%++ | 057 |4+
7 Present-hedonistic | 0.055 -0.092 -0.094 | 0.158™ -0.116° 0.343""" 0.142%* 0.25 3% 0.420%# | 0017

8 Future 0.035 | 0.188%* 0.173% | —0.389%%* | 0.307* | —0.099 ~0.149% 0.466%+* | —0.140% | —0.436**
9 Past-positive 0.085 | 0.141% 0.165% | —0.158%* 0.148* —0.215%* | 0.145% 0.264%#* -0.070 —0.589%*
10 | Present-fatalistic -0.033 | —0.060 -0.089 | 0.290%* —0.195%* 0.539%%k | 0.455%k | —0,256%* | —0.150% 0.623 %k
1 DBTP score -0.097 | —0.086 —0.105 | 0.323%wx —0.199%* 0.78 1% | 0.]78%* 0317 | —0,526%% | 0,727k

Notes: *A dummy variable is used to recode sex, defined as | for female and 0 for male. ®The correlations between two normally distributed continuous variables using
Pearson’s correlation coefficient. Pre-COVID-19 outbreak group below the diagonal; Post-COVID-19 outbreak group above the diagonal. Bolded correlations remain
statistically significant after Bonferroni corrections. *p < 0.05, **p < 0.01, **p < 0.001.

Abbreviations: BP, bedtime procrastination; BPS, Bedtime Procrastination Scale; COVID-19, Coronavirus Disease 2019; DBTP, Deviation from Balanced Time Perspective;
MEQ, Morningness-Eveningness Questionnaire; TP, time perspective.
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= —0.195, p = 0.001; post-outbreak: rpasenegative =
—0.154, p = 0.003),
while the future orientation was negatively associated with
—0.389, p < 0.001; post-
outbreak: rgpe = —0.172, p = 0.001) and positively correlated
with MEQ scores (pre-outbreak: rqe= 0.307, p < 0.001;
post-outbreak: rge = 0.162, p = 0.002). However, the pre-

fatalistic

_0172: pP= 0.001 and r present-fatalistic —

BPS scores (pre-outbreak: rgype =

sent-hedonistic and past-positive orientations were associated
with BP only in the pre-COVID-19 outbreak group (#present-
hedonistic = 0-158, p = 0.010 and 7pas-positive = —0.158, p =
0.010). Notably, the correlation between BP and DBTP was
also significantly positive in both groups (» = 0.323 and
r=0.204, both p < 0.001), indicating that more BP behaviors
are linked to high levels of non-balanced TP. In addition, the
MEQ scores were negatively correlated with the BPS in both
groups (» =—0.518 and » = —0.493, both p < 0.001).

Independent Relationships Between BP

and TP

To further identify the extent to which TP bias allowed the
prediction of BP independently of demographic factors, the
hierarchical multiple regression analyses were conducted in
both groups (Table 3). For BP, the demographic characteristics
in step 1 explained 3.5% (4F 3, 263) = 3.167, p = 0.025) and
1.3% of the variance (4F (3, 357y = 1.524, p = 0.208) in pre- and

post-COVID-19 outbreak groups, respectively. Adding chron-
otype in step 2 significantly improved the models and
explained an additional 25.3% and 25.8% of the variance in
BP (pre-outbreak: AF(; »¢2) = 26.503, p < 0.001; post-out-
break: AF(;, 356y = 33.080, p < 0.001); hence, MEQ was
a significant predictor (pre-outbreak: Bygq = —0.050, p <
0.001; post-outbreak: Bypg = —0.043, p < 0.001). Similarly,
adding ZTPI scores in step 3 significantly increased the
explained variance by 10.0% (pre-outbreak: AF(s »s7) =
18.073, p < 0.001) and 2.4% (post-outbreak: AF(s 351y =
16.330, p < 0.001), leading to a total explained variance of
38.8% and 29.5% in both groups. Thus, two dimensions of
ZTPI (pre-outbreak: Bpast-negative = 0255, p = 0.001 and Byygyre
=—0.411, p <0.001; post-outbreak: Bpst-negative = 0.168, p =
0.013 and By = —0.188, p = 0.049) were significant pre-
dictors of BP in step 3. When TPs were added to the models,
the effect of chronotype declined, but remained significant
(pre-outbreak: Bygg = —0.041, p < 0.001; post-outbreak:
Bumeg =—0.040, p <0.001).

The Chronotype—TP Relationship in BP

Behaviors
As the reduction in the effect of chronotype suggested
possible mediation upon the introduction of TPs to the
SEM with maximum likelihood

model, analyses

Table 3 Hierarchical Regression Analyses Exploring the Effects of Chronotype and TP on BP in Pre- and Post-COVID-19 Outbreak

Groups, Respectively

Variables BPS

Pre-COVID-19 Outbreak AR? Post-COVID-19 Outbreak AR?

B i} t P B B t p
Step | 0.035 0.013
Sex? 0.206 0.117 1.876 0.062 0.117 0.070 1.311 0.191
Age —0.023 —0.062 —0.487 0.627 —0.052 —0.076 —1.343 0.180
Education —0.046 —0.095 —0.740 0.460 —0.003 —0.002 —0.042 0.966
Step 2 0.253 0.258
MEQ —0.050 -0.511 —9.653 <0.001 —0.043 -0.513 —11.231 <0.001
Step 3 0.100 0.024
Past-negative 0.255 0.208 3.380 0.001 0.168 0.152 2.486 0.013
Present-hedonistic —0.068 —0.039 —0.654 0.514 —0.125 —0.081 —1.361 0.174
Future —0.411 —0.223 —4.020 <0.001 —0.188 —0.103 —-1.978 0.049
Past-positive 0.018 0.011 0.207 0.836 0.072 0.055 0.996 0.320
Present-fatalistic 0.057 0.042 0.629 0.530 —0.005 —0.004 —0.064 0.949
Notes: *Dummies are created for sex (male = 0; female = I). Statistically significant values (p < 0.05) were formatted in bold.

Abbreviations: BP, bedtime procrastination; BPS, Bedtime Procrastination Scale; COVID-19, Coronavirus Disease 2019; MEQ, Morningness-Eveningness Questionnaire;
TP, time perspective; B, Unstandardized regression coefficient; B, Standardized regression coefficient.
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estimation based on 5000 bootstrapped samples were per-  (Bgyure = —0.007, BCa 95% CI from —0.124 to —0.004, p <
formed in pre- and post-COVID-19 outbreak groups, 0.001), accounting for nearly 20% of the mediating effect
respectively. The mediation model had an ideal fit to the (Table 4). However, the indirect effect of past-negative-
data in the pre-COVID-19 outbreak group: y*/df = 1.743,  oriented TP was not significant in the pre-COVID-19 out-
p = 0.065, RMSEA = 0.053, GFI = 0.982, CFI = 0.987, break group (Bpastnegative = —0.002, BCa 95% CI from
NFI = 0.970, TLI = 0.972, IFI = 0.987 (Figure 1). The —0.006 to 0.000, p = 0.072).

analysis confirmed a significant partial indirect effect of The mediation model had an ideal fit to the data in the
chronotype on BP through future orientation in the ZTPI  post-COVID-19 outbreak group: df =1.113, p = 0.347,

Pre-COVID-19 outbreak

Past-negative

, Age
* o
-0.018 (0.063)
Q-
Bedtime . .087)** 3.235
. . R E— Sex (0.302)***
-0.041 (0.005)*** procrastination
‘ "2 0.082 (0.049)
¢ Education

Future

v

Post-COVID-19 outbreak

Past-negative 9,

20(0 p) Age
Z .
Q! -0.081 (0.025)**
Bedtime 0.194
rocrastination | ° Sex (0.032)***
-0.040 (0.004)*** P
“ -0.015 (0.013)
0,
N Education

Future

v

Figure | The results of structural equation modeling of the mediating roles of TPs in the association between BP and chronotype in pre- and post-COVID-19 outbreak
samples. The effect of demographic characteristics (sex, age, and years of education) on BP was controlled in these models. All the coefficients in the figure are
unstandardized. The model fit indices in the pre-COVID-19 outbreak sample: y%/df = 1.743, p = 0.065, RMSEA = 0.053, GFI = 0.982, CFI = 0.987, NFI = 0.970, TLI =
0.972, IFI = 0.987. The model fit indices in the post-COVID-19 outbreak sample: y*/df = 1.113, p = 0.347, RMSEA = 0.018, GFI = 0.991, CFl = 0.994, NFI = 0.946, TLI =
0.987, IFI = 0.994. *p < 0.05, **p < 0.01, **p < 0.001.

Abbreviations: BP, bedtime procrastination; COVID-19, Coronavirus Disease 2019; TP, time perspective.
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Table 4 Unstandardized Direct, Indirect and Total Effects of SEM Models in Pre- and Post-COVID-19 Outbreak Groups, Respectively

Effects Paths Point Estimate Product of Coefficients BaC 95% CI p
SE z Lower Upper

Pre-COVID-19 outbreak

Total effect Chronotype —0.051 0.005 —10.20 —0.061 —0.041 <0.001
!

Indirect effect Future —0.010 0.003 -3.33 -0.016 —0.005 <0.001
!

Direct effect BP —0.041 0.005 —8.20 —0.052 —0.031 <0.001

Post-COVID-19 outbreak

Total effect Chronotype —0.043 0.004 —-10.75 —0.051 —0.035 <0.001
I

Indirect effects Past-negative —0.003 0.001 -3.00 —0.005 —0.001 0.010
Future
I

Direct effect BP —0.040 0.004 -10.00 —0.048 —0.032 <0.001

Notes: Unstandardized estimating of 5000 bootstrap sample. Statistically significant values (p < 0.05) were formatted in bold. Z = Point Estimate/SE. If the absolute value of

the z-score is greater than 1.96, the effect is considered significant.

Abbreviations: BaC 95% Cl, bias-corrected and accelerated 95% confidence intervals; BP, bedtime procrastination; COVID-19, Coronavirus Disease 2019; SE, standard

error; SEM, structural equation modeling.

RMSEA = 0.018, GF1 = 0.991, CFI = 0.994, NFI = 0.946,
TLI = 0.987, IFT = 0.994 (Figure 1). The total effect of
chronotype on BP was significant (B = —0.043, SE =
0.004, p <0.001), the direct effect was significant (Bgjrect =
—0.040, SE = 0.004, p < 0.001) and partial indirect effects
are present (Bjngirect = —0.003, SE = 0.001, p = 0.010)
(Table 4). Parallel mediation analysis confirmed that two
mediators were significantly contributed to the overall
indirect effects, accounting for nearly 7% of the mediating
effect (Figure 1). Specifically, there was as statistically
significant indirect effect of chronotype to BP though
future- (Bgyure = —0.001, BCa 95% CI from —0.003 to
—0.000, p = 0.046) and past-negative-oriented TP (Bas
negative = —0.002, BCa 95% CI from —0.004 to —0.000, p =
0.038), such that greater morningness was significantly
related to a more future and a less past-negative orienta-
tions, which in turn decreased BP.

Discussion

This is the first study we know exploring the relationship
between TP and BP in Chinese college students. In the
beginning, our focus was on the balanced TP profiles
obtained from the DBTP scores, which were based on the
ZTPI subscale scores. The mean scores for each of the five
ZTPI dimensions in this study differed from previously

reported optimal values for DBTP*® and from the normative
sample means reported by Zimbardo and Boyd.?® In the
current study, DBTP scores were significantly higher in the
post-outbreak group than in the pre-outbreak group, indicat-
ing a more significant DBTP after the COVID-19 outbreak.
This is consistent with the view that the COVID-19 pan-
demic may distort the flow of time perception.*

However, there was no significant difference in the
proportion of well-balanced students with a low level of
DBTP pre- and post-COVID-19 outbreak of 13.5% and
12.7%, respectively, which corresponds with the finding of
a previous study using the same method (14.2%, 18/
127),>' but is significantly different from other studies
that reported this as 23% using a hierarchical cluster
analysis®® and 5% (13/260) using the cut-off-point
method.*! Differences in methods for measuring balanced
TP may be responsible for this discrepancy. Furthermore,
Zhang et al have found that the DBTP is the most appro-
priate method to measure balanced TP compared to the
calculation methods mentioned above and can be used to
accurately predict subjective well-being.*?

Further, we found that the degree of non-balanced TP
identified by the DBTP was positively related to BP
among students in pre- and post-COVID-19 outbreak
suggesting that changes

groups, in TP may have

https:
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significant implications for healthy behaviors. Our study
also indicated that all ZTPI dimensions were associated
with BP in the pre-COVID-19
Specifically, students with higher scores on the past-nega-

outbreak group.

tive, present-hedonistic, and present-fatalistic subscales
were more likely to report BP behaviors, contrary to
participants with higher scores on the future and past-
positive subscales. At the same time, our results found
that after the outbreak of COVID-19, students’ past-posi-
tive and present-hedonism TPs rated lower and their BP
behaviors increased significantly. Previous studies have
shown that individuals with high-rating past-positive and
present-hedonism orientations tend to have more life
satisfaction,” and the COVID-19 pandemic has led to
lower life satisfaction.** However, present-hedonistic and
past-positive time orientations were no longer associated
with BP in the post-COVID-19 outbreak group, suggesting
that the weak association between BP and these time
orientations that positively affects well-being may exacer-
bate BP behaviors. Additionally, it indicates that the influ-
ence of changes of TP on BP may be mainly reflected in
other time orientations during the COVID-19 pandemic.

Moreover, we examined which dimensions of ZTPI
caused TP bias that independently influenced BP. The
regression analysis demonstrated that the TP dimensions
capturing past-negative and future orientations were inde-
pendently related to BP behaviors in both pre- and post-
COVID-19 outbreak samples. Our findings are consistent
with previous studies on sleep, which have shown poor
sleep quality to be positively associated with a past-nega-
tive TP and negatively associated with a future TP.** As
a sleep-related procrastination, BP typically leads to poor
sleep quality;2 therefore, such consistent results are
reasonable.

Interestingly, our hierarchical regression analyses
demonstrated that chronotype accounted for a stable addi-
tional 25% of the variance in BP pre- and post-COVID-19
outbreak; whereas, TPs only accounted for an additional
2.4% of the variance in BP beyond chronotype in the
post-COVID-19 outbreak group, which was lower than
10.0% in the pre-COVID-19 outbreak group. As a chronic
and collective trauma, the COVID-19 pandemic has filled
people with profound uncertainty and fear about the
future.>® Future TP is defined as an individual’s future-
oriented cognitive, affective, and behavioral tendencies.
Existing research states that it has a positive impact on
many areas within people’s lives, such as their tendency
to take fewer health risks.*® Our data also showed a low

future TP in the post-COVID outbreak sample. Thus,
these results suggested that disrupting the time flow can
significantly —affect the consequences of healthy
behaviors.

It is noteworthy that future orientation appears to be
a prominent predictor of BP among all ZTPI dimensions,
especially pre-COVID-19 outbreak, providing another
example of future orientation’s critical role in accounting
for health-related behaviors. Our study also supports pre-
vious research that examined the effect of future TP on
perceptions of health status and concluded that there was
a significant association between future orientation and
perceptions of good health.*’

Furthermore, our results also support previous observa-
tions that morningness is associated with being more

d'”'* or less prone to BP,”'® and evening-

future-oriente
ness with being more present- and past-oriented'”'® or
more prone to BP.”'® Altogether, we speculate that TP
may have an indirect effect on the relationship between BP
and the circadian rhythm (chronotype).

Not surprisingly, the results of our subsequent SEM
analyses confirmed this assumption. The analyses demon-
strated that greater morningness was significantly related
to a more future-oriented TP, which in turn reduced the
tendency to delay bedtime pre- and post-COVID-19 out-
break. The findings support and partly account for the link
between chronotype and BP. Some studies have shown
that social jetlag, a misalignment between the biological
and social clocks, was considered an important precipitat-
ing factor of BP to explain the relationship between chron-
otype and BP.° For example, Kuhnel et al found that
morning types tended to have less social jetlag and
reported less BP than the evening types.” Moreover, the
results of Borisenkov et al also showed that people with
a future TP are less likely to have social jetlag.*® Thus, one
plausible explanation is that chronic dysfunction of the
circadian rhythm (social jetlag) can change long-term
planning, which can be assessed by ZTPI, and especially
change future TP in ZTPI*® while people with future TP
tend to display the characteristics of a slow life history
strategy,*® which is characterized by less risky behavior
and increased attention to their own health.*’

In addition, past-negative TP is a negative, aversive,
and ruminative orientation towards the past. Existing
research has shown that owls were more past-oriented
and larks were less past-oriented.*” Our findings also sup-
port this view. Further, the current SEM analysis found
a partial indirect effect of past-negative TP between
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chronotype and BP in the post-COVID-19 outbreak sam-
ple. Some studies have shown that a high orientation
towards the negative past is associated with increased
stress and tension, especially in individuals with posttrau-
matic stress symptoms,>® which may increase the risk of
unhealthy behaviors.*>! Indeed, in the context of trauma
exposure caused by the COVID-19 pandemic, past-nega-
tive-oriented people have a pessimistic view of their lives
and the world.*® Thus, our results linked such constructs
characterized by negative affectivity of past time to BP
and chronotype, demonstrating that greater morningness
was significantly related to a less past-negative-oriented
TP, which in turn reduced the tendency to delay bedtime
post-COVID-19 outbreak.

Our study had several limitations. First, self-report
data on BP are subjective, and more objective tools
from sleep diaries or actigraphs need to be developed
in the future. Second, existing studies have found that
many of the original ZTPI dimensions are confounded
17:32:33 and noted that
the emotional valence of items on the ZTPI might affect
and TPs."
Unfortunately, however, the current study did not

by positive or negative valences

the relationships between chronotype
exclude highly emotional ZTPI items to overcome the
impact of valence on associations between BP, chrono-
type, and TP. Third, the MEQ, which was originally
developed by Horne and Ostberg,> only considers one
dimension of the chronotype, that is, the phase of sleep-
wake cycle. However, it cannot be used to assess other
main parameters describing circadian rhythm, such as
the acrophase, the amplitude, and morning affect/alert-
ness, which have been detected by several multidimen-
sional assessment tools.’*>° Therefore, unfortunately,
the current study cannot suggest whether the observed
results might vary for amplitude of diurnal variation
(distinctness), and morning affect/alertness, irrespective
of morningness—eveningness preference. Fourth, asso-
ciations between individual chronotype and certain per-
sonality traits or negative affect have been well

36.57 1 jkewise,

established from previous studies.
increasing evidence also implies that chronotype is clo-
sely related to sleep quality and social jetlag.®
However, we did not collect the corresponding informa-
tion in the present study. Fifth, only college students
were selected for this study, thus the sample’s general-
izability was limited. Finally, we failed to take self-
regulation into account. Indeed, a solid body of research

has demonstrated significant associations between TP,

chronotype and self-regulation.”**° Given evidence that
BP is robustly associated with chronotype and self-

regulation,”-1*-6!

it appears reasonable for future stu-
dies to consider self-regulation in understanding the link

between TP and BP.

Conclusion

In sum, this study demonstrated that DBTP—particularly,
past-negative and future orientations—was independently
related to more BP behaviors as operationalized by the
ZTPL, in Chinese college students pre- and post-COVID-
19 outbreak. Furthermore, future orientation in ZTPI
mediated the relationship between BP and chronotype
pre- and post-COVID-19 outbreak. However, past-nega-
tive TP mediated the relationship between BP and chron-
otype only post-COVID-19 outbreak. These changes in
perceptions of time may have significant implications for
people’s health and well-being, especially during the
COVID-19 pandemic. In addition, Zimbardo and Boyd
have suggested that TPs are malleable?® and put forward
one new therapeutic approach, time perspective therapy, in
order to be effectively correct and treat health damaging
behaviors and diseases with temporal bias.®*®® Therefore,
based on these findings of the relationship between TP and
BP, which explain how individual differences in TP are
associated with BP, interventions with the potential to
foster a more balanced TP may reduce the occurrence of
BP, and thus must be further explored.
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