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ABSTRACT

Objective: The importance of good sleep for energy recovery and overall physical and mental health cannot be overstated.
However, the increasing competitiveness of society, diversifying lifestyles, and the rapid spread of the internet and electronic
devices have significantly impacted people’s sleep patterns, particularly through bedtime procrastination. Therefore, this study
aims to investigate the relationship and underlying mechanisms between sleep determination, anxiety, and bedtime
procrastination among the Chinese population. Method: The study utilized data from a national survey—the China Residents’
Sleep Condition Survey (November 2021, with 6,037 participants). By constructing mediation and moderation models, it
analyzed the relationship and mechanisms between sleep determination and bedtime procrastination, highlighting the dual role
of anxiety: as a mediator between sleep determination and bedtime procrastination, and as a moderator of their relationship.
Results: There was a negative correlation between sleep determination and bedtime procrastination; anxiety was related to an
increase in bedtime procrastination behaviors; In the interplay between sleep determination and pre-bedtime procrastination,
the regulatory effect of anxiety is found to be more pronounced than its intermediary role, with anxiety significantly
diminishing the inverse relationship between sleep determination and procrastination before bedtime. Conclusion: Bedtime
procrastination can lead to sleep issues, thus reducing sleep quality. Enhancing sleep determination or alleviating pre-sleep
anxiety can help inhibit bedtime procrastination behaviors. Intervening and reducing bedtime procrastination is one of the
effective measures to improve sleep quality.
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Introduction

Sleep, a fundamental human need and a key physiological
factor in regulating homeostasis [1], plays a critical role in
cognitive functioning and overall physical and mental health
[2–4]. Adequate sleep duration is an essential indicator of
sleep quality, which has been extensively studied [5,6].
Persistent poor sleep quality can lead to numerous
physiological and psychological issues, such as impaired

bodily functions [7], depression, anxiety, and reduced brain
activity and functionality [8]. However, with increasing
societal competition, diversification of lifestyles, and the
rapid proliferation of the internet and electronic devices,
bedtime procrastination has emerged as a prevalent
phenomenon in the sleep process. Smartphone addiction, in
particular, has been shown to have a significant positive
correlation with bedtime procrastination [9,10]. The
relationship between bedtime procrastination and sleep
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quality and health is intimately connected. Existing research
has linked bedtime procrastination with poorer subjective
and objective sleep metrics, higher daytime fatigue, poorer
mental health, and shorter sleep duration [11,12]. Bedtime
procrastination, a widespread issue of self-regulation failure,
leads to insufficient sleep, thereby compromising sleep
quality. Therefore, this study, conducted in November 2021
with a national sample, regards bedtime procrastination as a
contributing factor to insufficient or poor sleep quality [13].
It aims to investigate its influencing factors and underlying
mechanisms, with the goal of proposing targeted
interventions to reduce bedtime procrastination behaviors
and enhance sleep quality.

Bedtime procrastination
Bedtime procrastination, defined as the voluntary delay of an
intended course of action despite expecting to be worse off for
the delay, has been introduced into the field of health behavior
by Kroese as a specific type of procrastination associated with
insufficient sleep, thereby impacting physical health [14].
Kroese defines bedtime procrastination as ‘failing to go to
bed at the intended time while no external circumstances
prevent a person from doing so [13].’ This definition
specifically refers to procrastination before going to bed, not
after getting into bed. Subsequent measures used in studies
inquire about the respondents’ intentions and specific
behavioral routines but exclude related activities like using
smartphones, gaming, or reading. Procrastination, including
bedtime procrastination, involves a gap between intention
and action and can indicate a failure in self-regulation due
to poor behavioral self-control [14]. Bedtime procrastination
is negatively correlated with self-regulation [9,13].
Numerous studies support this, with most researchers
agreeing that bedtime procrastination is a result of poor
self-control leading to self-regulatory failure [13–15]. They
conceptualize self-control as a finite resource. In daily life,
each act requiring self-control depletes this ability, and the
depleted self-control resource continues to govern
subsequent behaviors, making one more susceptible to
impulses and temptations. This depleted state is termed ego
depletion [16,17]. Since the decision to go to sleep typically
occurs at the end of the day when self-control is weakest
and psychological energy is low, this often leads to self-
regulation failure and delayed sleep, making bedtime
procrastination likely [18]. Kamphorst’s research supports
this notion, showing that individuals who resist temptations
throughout the day are more prone to bedtime
procrastination. He explains this relationship through the
‘cumulative effect’ of resisting desires, leading to the
‘depletion of self-regulatory resources,’ meaning after
resisting these temptations, individuals lack sufficient self-
regulatory resources to resist entertainment temptations
before bed [15]. Baumeister emphasizes self-regulation as a
behavioral capacity, while Kamphorst views it as a resource
[17]. Though their perspectives slightly differ, both
ultimately agree that bedtime procrastination results from
an inability to resist temptations (i.e., unintentional bedtime
procrastination behaviors).

The influence of variables related to self-regulation on
bedtime procrastination has been substantiated. Boredom, a

variable associated with self-regulation failure, exacerbates
procrastination and negatively impacts sleep quality [19–21].
Boredom triggers impulses to escape the feeling, leading to
situations where tired individuals refuse to go to bed and
instead seek engaging activities [22]. Furthermore, research
has demonstrated a positive correlation between physical
activity and self-regulation [23]. Thus, physical activity may
connect to bedtime procrastination through self-regulation.
Additionally, physical activity has been shown to enhance
sleep quality [24,25]. In the context of the mechanisms
linking self-regulation and bedtime procrastination,
Kadzikowska-Wrzosek suggests that poor self-regulatory
capabilities may lead to delays in the sleep-wake rhythm,
consequently increasing the tendency towards bedtime
procrastination [12].

Bedtime procrastination and anxiety
Bedtime procrastination is linked to emotional self-regulation.
Sirois and colleagues have suggested that failures in self-
regulation might relate to short-term emotional repair and
emotion regulation [26]. When individuals prioritize short-
term goals such as emotional repair over long-term
objectives, they are more likely to postpone tasks.
Unpleasant emotional states often shift focus towards
managing one’s negative emotions. This form of emotion
regulation, specifically short-term emotional repair,
represents unsuccessful self-regulation and can perpetuate
procrastinatory behaviors. In other words, negative
emotions lead to procrastination [27,28]. Building on this,
Sirois et al. proposed that self-compassion is associated with
less bedtime procrastination, with low negative emotions
being more critical than high positive emotions in this
relationship. The impact of self-compassion on bedtime
procrastination is partly mediated by cognitive reappraisal,
an adaptive emotional regulation strategy [29]. Bedtime
procrastination is also related to anxiety and depression.
Empirical studies have shown that negative emotions
significantly predict individual bedtime procrastination
behaviors, with anxiety being a manifestation of negative
emotions [30]. In essence, the more anxiety experienced, the
more severe the bedtime procrastination. Chung et al.
confirmed a positive correlation between bedtime
procrastination and depressive symptoms [31]. Furthermore,
Cui and colleagues collected survey data from 1,181 Chinese
university students at two time points 12 months apart,
covering problematic smartphone use, bedtime
procrastination, sleep quality, and depressive symptoms.
They employed a cross-lagged model to examine the
longitudinal relationships among these variables. The study
found that bedtime procrastination unidirectionally predicts
subsequent depressive symptoms [32]. Given the close
association between anxiety or stressors and the occurrence
of depressive symptoms [33], it is posited that there is a
correlative relationship between bedtime procrastination and
anxiety.

Bedtime procrastination and sleep determination
In addressing the gap between intention and behavior in sleep
behaviors, Kroese introduces the concept of ‘self-regulation
failure’ and identifies three reasons for the divergence
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between intentions and actions: 1. Lack of required skills or
resources; 2. A tendency towards immediate gratification
over long-term benefits, leading to impulsive tendencies; 3.
Compensatory health beliefs (e.g., ‘I plan to diet tomorrow,
so I can overindulge today’), where the original intention is
neither implemented nor abandoned but remains intact for
other occasions [34]. However, our study posits a different
perspective from most research on bedtime procrastination:
the discrepancy between intention and action might simply
be due to insufficient strength of intention. Therefore, a
variable that can substitute for behavioral intention and
possesses a stronger motivational force is needed to explain
behavior realization. Sleep determination refers to the strong
desire and resolve an individual develops in the pursuit of
good sleep. It can replace behavioral intention to explain
individual actions. Sleep determination places greater
emphasis on the individual’s internal willingness and
resolve, reflecting the importance and firmness they
attribute to good sleep and can motivate individuals to take
proactive actions to reduce bedtime procrastination and
improve sleep habits. Compared to behavioral intention in
traditional theory of planned behavior, sleep determination
is more stable and enduring, less susceptible to external
influences and others. Hence, sleep determination serves as
a significant factor in explaining individual behavior. The
intensity and stability of sleep determination help explain
why some people maintain good sleep behaviors, while
others fall into bedtime procrastination and poor sleep
habits. This understanding is crucial for improving
individual sleep behaviors.

The moderating role of anxiety
The Theory of Reasoned Action [35], proposed by American
scholars Fishbein and Ajzen in 1977, posits that individual
behavior is driven by behavioral intentions, which are in
turn determined by two factors: the individual’s attitude
towards the behavior and subjective norms regarding the
behavior. It assumes that personal intention is the primary
prerequisite for behavior; the stronger the intention to
perform a behavior, the greater the likelihood of its
execution. This theory presupposes a critical assumption:
individuals are rational and, prior to engaging in a behavior,
they consider the significance and consequences of their
actions by integrating various pieces of information, and the
behaviors they perform are within their control. However,

in real life, people are often influenced by various factors
such as material conditions and living environments.
Therefore, the practical applicability of this theory is
significantly reduced when faced with situations or external
objective factors beyond personal control. Given this special
premise of the Theory of Reasoned Action, and the fact that
in the real world, people’s behaviors are often subject to
many external influences [36], Ajzen introduced the Theory
of Planned Behavior in 1985 [37]. This theory incorporated
a new variable, ‘perceived behavioral control,’ referring to an
individual’s perception of their control capabilities, such as
information control and resource control. However, the
Theory of Planned Behavior also has its limitations. While it
considers the level of perceived behavioral control, building
upon its predecessor, it fails to account for the emotional
aspects of the individual. See Fig. 1. Based on this, we
wished to explore whether there are differences in the effect
of behavioral intention (sleep determination) on behavior
(bedtime procrastination) across anxiety states.

Therefore, this study divides the Theory of Planned
Behavior into two stages: the formation of behavioral
intention and the transformation of behavioral intention. It
focuses on verifying whether the transformation stage of this
theory is applicable in the domain of sleep behavior within
the field of health behavior (see Fig. 2). Specifically, the
study examines whether an individual’s sleep determination
has any impact on bedtime procrastination behaviors.
Additionally, considering the influence of individual
emotional states on behavior, the study introduces anxiety—
a common negative emotion in modern society—as a
mediating factor between sleep determination and bedtime
procrastination. On the one hand, we aim to explore the
role of anxiety in the transformation process from intention
to behavior; on the other hand, we seek to explain the gap
between the strength of intention and behavior through
different pathways. This approach aims to enrich the
research on the influencing factors and mechanisms of
bedtime procrastination.

In summary, this study approaches from a psychological
perspective, focusing firstly on exploring the relationship
between sleep determination and bedtime procrastination
based on the Theory of Planned Behavior. Secondly,
following the research logic of how emotions affect the
intention-behavior process, we conduct a multi-faceted
exploration of the mechanisms by which sleep

FIGURE 1. Conceptual diagram of the theory of reasoned action.
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determination influences bedtime procrastination. Based on
the foregoing discussion, this study proposes three
hypotheses:

Hypothesis 1: There is a negative correlation between
sleep determination and bedtime procrastination.

Hypothesis 2: Anxiety mediates the relationship between
sleep determination and bedtime procrastination.

Hypothesis 3: Anxiety negatively moderates the
relationship between sleep determination and bedtime
procrastination.

Methodology

Sample design and participants
This study utilizes data from the China Residents’ Sleep
Condition Survey conducted in November 2021 by the
Institute of Sociology, Chinese Academy of Social Sciences.
This research was sanctioned by the academic board of the
Institute of Sociology at the Chinese Academy of Social
Sciences. All participants signed the informed consent in
this study. Using a probability proportionate to size (PPS)
sampling method and based on the population and
economic development levels of each province as detailed in
the ‘China Statistical Yearbook (2021)’ (National Bureau of
Statistics, 2021), sampling quotas for each province were
determined. The survey sampled adults aged 18 to 71, with
the final sample covering 27 provinces, autonomous regions,
and municipalities, excluding Tibet, Ningxia, Qinghai,
Hainan, and Hong Kong, Macao, and Taiwan. Before
completing the online questionnaire, respondents were
presented with a page of text explaining the survey’s
purpose and significance, assuring confidentiality of their
information, and requesting honest responses based on their
actual situations. Trap questions and logic tests were
incorporated to ensure data quality. After excluding invalid
questionnaires, a total of 4,196 valid samples were obtained.

Measurement method
The dependent variable in this study is bedtime
procrastination. The assessment of bedtime procrastination
behavior is systematically performed utilizing the Bedtime
Procrastination Scale (BPS) [13], a validated instrument
developed by Kroese et al. [38]. This scale comprises nine
items, such as “I go to bed later than I had intended,” “Even

if I don’t have to get up early the next day, I will still go to
bed early,” “If it’s time to turn off the lights and go to sleep,
I do it right away,” “I often do other things when it’s time
to sleep,” “Even if I am very sleepy, I can easily get
distracted by other activities,” “I do not go to bed at a
regular time,” “I have a regular bedtime,” “I want to go to
bed on time, but I just can’t seem to do it,” and “If it’s time
to sleep, I can easily stop what I’m doing.” Responses range
from “almost never” to “always,” scored as 1, 2, 3, 4, and 5
respectively. Items 2, 3, 7, and 9 are scored in reverse. Given
that previous research suggests the scale has a unifactorial
structure, the average score of these nine items is often used
as the overall scale score. The questionnaire’s Cronbach’s
alpha coefficient is 0.853, indicating good internal
consistency. The scale ranges from 1 to 5, with higher scores
indicating more frequent bedtime procrastination behaviors.
Bedtime procrastination is treated as a continuous variable
in this paper.

The independent variable is sleeping determination. In
this study, we measured the intensity of behavioral
intentions related to sleep actions using three items: “I am
willing to sacrifice sleep time for work or study,” “I am
willing to sacrifice sleep time for leisure activities,” and “I
am not willing to sacrifice sleep time for any reason.” These
items are designed to reflect the participants’ perceived
importance of sleep and their determination to safeguard
their sleep time. A Likert 5-point scoring method is
employed, where “1 = Strongly agree, 2 = Somewhat agree,
3 = Neutral, 4 = Somewhat disagree, 5 = Strongly disagree.”
Scores for each item range from 1 to 5. The third item of
the scale is reverse-scored, and behavioral intention is
represented by the average score of three items, ranging
from 1 to 5. Higher scores indicate stronger sleep
determination, that is, a more intense intention to ensure
adequate sleep. Sleep determination is also considered as a
continuous variable in this study.

The mediating/moderating variable is anxiety. In this
study, we employed the revised General Health
Questionnaire (GHQ-20) by Li et al. [39], tailored to the
psychological characteristics of the Chinese population. The
questionnaire comprises 20 items divided into three
dimensions: depression, anxiety, and self-affirmation. Each
item is answered with a binary choice: “yes” or “no.” The
total score is calculated by summing the item scores,
resulting in a psychological health score ranging from 0 to
20. Additionally, the depression dimension contains six
items, with scores ranging from 0 to 6; the anxiety
dimension has five items, with scores from 0 to 5; and the
self-affirmation dimension includes nine items, with scores
from 0 to 9. Higher scores indicate higher levels of
depression, anxiety, and self-affirmation. The questionnaire’s
Cronbach’s alpha coefficient is 0.752, indicating good
internal consistency. Research suggests that daily emotional
states are remarkably stable over time, and half of the
variability in daily emotions can be attributed to trait-level
qualities [40], which supports the questionnaire and
measurement approach we used for assessing anxiety. In our
study, we only utilized the anxiety dimension and is treated
as a continuous variable.

FIGURE 2. Structural framework of the current study.
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Statistical analysis
Descriptive statistical analysis was utilized to conduct an
overall assessment of bedtime procrastination, sleep
determination, and anxiety among participants. The
relationship between these three primary variables was
examined through correlational analysis. Multivariate linear
regression and hierarchical regression were employed to
analyze the effects of sleep determination and anxiety, both
individually and collectively, on bedtime procrastination
after controlling for demographic characteristics. The
mediating effect of anxiety was tested using a Bootstrap
sampling method with 1,000 iterations. Additionally,
hierarchical regression analysis was used to examine the
mediating effect of anxiety. In this study, the threshold for
statistical significance was set at p < 0.1.

Result

Demographic characteristics of the participants
The participants in this study had an average age of 29.17 ±
0.14 years, with 2,422 males (57.72%) and 1,774 females
(42.28%). Educational levels (N = 4,196) were categorized as
follows: junior high school or below (3.32%), high school
(5.65%), vocational/technical school (7.84%), junior college
(23.09%), undergraduate (50.45%), graduate or above
(9.65%). Marital status (N = 4,170) was divided into single
(52.09%), first marriage with a spouse (42.64%), remarried
with a spouse (1.68%), divorced (1.41%), widowed (0.38%),
and cohabiting (1.80%). Household registration (N = 4,141)
was classified into local non-agricultural (42.84%), local
agricultural (27.65%), non-local non-agricultural (12.22%),
and non-local agricultural in urban areas (17.29%).
Subjective social class (N = 4,196) was distributed as lower
(1.36%), lower-middle (12.82%), middle (44.16%), upper-
middle (30.41%), and upper (11.25%). Furthermore,
participants’ personal monthly income, family income,
employment, and work status were also detailedly
differentiated. In subsequent data analyses, these
demographic characteristics were controlled as covariates to
eliminate the influence of extraneous variables on the
research outcomes.

Descriptive statistics and correlation analysis
As indicated in Table 1, the average score for bedtime
procrastination is slightly above the median, suggesting the
presence of bedtime procrastination behaviors among the
public, though not to a severe extent. The average score for

sleep determination is slightly below the median. The
average score for anxiety is below the median, indicating a
generally low level of anxiety among the public. However,
the large standard deviation in anxiety scores (SD = 1.92)
suggests a polarization in the population, with some
individuals experiencing little to no anxiety and others
experiencing high levels of anxiety. Additionally,
correlational analysis reveals that sleep determination is
significantly negatively correlated with bedtime
procrastination (r = −0.282), anxiety is significantly
positively correlated with bedtime procrastination (r =
0.376), and there is a significant negative correlation
between sleep determination and anxiety (r = −0.093).

Analysis of regression
Upon examination, the Variance Inflation Factor (VIF) for
anxiety and sleep determination was found to be 1.01, well
below the threshold of 10, indicating that there is no
significant collinearity between sleep determination and
anxiety. This result validates the feasibility of constructing
subsequent models and testing hypotheses. Consequently, a
multiple regression analysis was conducted on the variables.

As shown in Table 2, Model 1, which incorporates
control variables (gender, age, education level, marital status,
household registration, individual and family monthly
income, employment, work, and subjective economic class),
accounts for 7.6% of the variance in bedtime
procrastination. Model 2, which adds sleep determination to
Model 1, explains 14.4% of the variance in bedtime
procrastination, indicating that sleep determination
independently explains 6.8% of this variance. Model 3 adds
anxiety to Model 1 and accounts for 18.9% of the variance,
with anxiety independently explaining 11.3% of the variance
in bedtime procrastination. Model 4, which includes both
sleep determination and anxiety, explains 24.3% of the
variance in bedtime procrastination, indicating a combined
explanatory power of 16.7% for these factors. This is less
than the sum of their individual explanatory powers
(18.1%), suggesting an interference effect between sleep
determination and anxiety. It is hypothesized that anxiety
might weaken the negative correlation between sleep
determination and bedtime procrastination.

The mediating role of anxiety
As shown in Table 3, the direct effect of sleep determination
on bedtime procrastination (β = −0.264, 95% CI = [−0.300
to −0.231]) and the indirect effect (β = −0.030, 95% CI =
[−0.041 to −0.020]) are both significant. The total effect

TABLE 1

Descriptive statistical analysis and correlation analysis of key variables

Variables Obs Mean SD Min Max Bedtime procrastination Sleep determination Anxiety

Bedtime procrastination 4,196 3.1098 0.833 1 5 1

Sleep determination 4,196 2.9608 0.748 0 5 −0.282*** 1

Anxiety 4,196 1.8994 1.923 1 5 0.376*** −0.093*** 1

Note: ***p < 0.01.
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(β = −0.294) indicates a mediating role of anxiety in the
relationship between sleep determination and bedtime
procrastination. The direct effect (−0.264) and the mediating
effect (−0.030) respectively account for 89.80% and 10.20%
of the total effect (−0.294), the indirect effect is significantly
lower than the direct effect.

The modulating effect of anxiety
Table 4 shows that Model 2, built upon Model 1, adds the
interaction term between sleep determination and anxiety.

For ease of interpretation, Model 3 incorporates the
centered variables of sleep determination and anxiety and
their interaction term. The results of Models 2 and 3 are
largely consistent. In Model 1, anxiety (B = 0.1529)
significantly affects bedtime procrastination. However, in
Model 2, the effect of anxiety on bedtime procrastination is
no longer significant, while the interaction term has a
significant effect. This indicates that anxiety has a
moderating effect, and the latter part of the previously
validated mediation pathway of anxiety (anxiety −> bedtime

TABLE 2

Multivariate linear regression analysis

Variables Model 1 Model 2 Model 3 Model 4

Constant 2.470*** 3.270*** 2.229*** 2.960***

(21.10) (26.47) (19.94) (25.01)

Gender 0.173*** 0.190*** 0.154*** 0.170***

(6.60) (7.55) (6.29) (7.21)

Age −0.010*** −0.006*** −0.007*** −0.004***

(−6.12) (−4.06) (−4.76) (−2.85)

Educational level 0.020* 0.013 0.035*** 0.028***

(1.88) (1.27) (3.45) (2.83)

Marital status −0.012 −0.018 −0.022* −0.026**

(−0.85) (−1.30) (−1.67) (−2.06)

Household registration 0.013 0.011 0.009 0.007

(1.19) (1.04) (0.86) (0.73)

Individual monthly income −0.020** −0.015** −0.018** −0.014*

(−2.54) (−2.03) (−2.40) (−1.91)

Family monthly income −0.002 −0.003 −0.000 −0.001

(−0.33) (−0.48) (−0.06) (−0.20)

Employment and occupation 0.018** 0.019*** 0.007 0.010

(2.51) (2.70) (1.11) (1.40)

Subjective economic class 0.166*** 0.164*** 0.117*** 0.118***

(11.60) (11.90) (8.57) (8.94)

Sleep determination −0.294*** −0.264***

(−15.81) (−14.92)

Anxiety 0.149*** 0.140***

(24.93) (24.01)

R-squared 0.076 0.144 0.189 0.243

Note: t-statistics in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 3

Test of the mediating effect of anxiety

Pathway influence mechanism Coefficient 95% CI

Low High Effect size

Direct effect Sleep determination—bedtime procrastination −0.264 −0.300 −0.231 89.80%

Indirect effect Sleep determination—anxiety—bedtime procrastination −0.030 −0.041 −0.020 10.20%

Total effect −0.294 100.00%
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procrastination) is no longer valid at this point. Additionally,
the correlation coefficient between sleep determination (B =
−0.2729) and the interaction term of centered sleep
determination and anxiety (B = 0.0449) is significantly
opposite in sign. This indicates that anxiety significantly
weakens the impact of sleep determination on bedtime
procrastination. The statement “I am unwilling to sacrifice
sleep for anything” can be seen as a strong behavioral
intention against bedtime procrastination. The data show
that in the absence of other disturbances, there is a negative
correlation between sleep determination and bedtime
procrastination, meaning the stronger the determination to
ensure sleep, the less the bedtime procrastination behavior.
However, this relationship is disrupted by anxiety,
suggesting that the stronger an individual’s anxiety, the
weaker the inhibitory effect of sleep determination on
bedtime procrastination.

Discussion

Firstly, the findings of this study validate the consistency
observed in the field of health behavior concerning the
enhancement of sleep determination and the reduction of
bedtime procrastination. A negative correlation exists
between sleep determination and bedtime procrastination.
Sleep determination is a tangible manifestation of the
behavioral intention to sleep, and the intensity of this
intention can be measured by sleep determination.
According to Maslow’s hierarchy of needs, the most basic
level of physiological needs includes necessities like food,
water, sleep, air, and shelter. If these needs are not met,
individuals develop motivations to satisfy their current
needs, driving their behavior—thus creating a need-
motivation-behavior link. Similarly, sleep determination
relates to the individual’s physiological need for sleep,
influenced by factors like the biological clock, fatigue, and
daily activities, fostering a stronger motivational force for
behavior. The intensity of this motivation is a crucial
determinant of behavioral outcomes [41]. Successful

self-regulators do not rely solely on willpower to transform
intentions into actions but utilize adaptive, effortless
strategies (such as habits) [42] that are immune to variable
mindsets or states. Possessing good sleep habits, including
regular bedtimes and wake times, can reduce the risk of self-
regulation failure. Habit formation can be supported
through self-regulation, such as the realization of intentions.
Loft and colleagues have found that implementing intention
interventions can improve sleep behaviors, thereby
enhancing sleep quality in workers [43]. Therefore, the
study’s results are grounded in rational behavior theory and
enhance the explanatory power and credibility of behavioral
intention on bedtime procrastination by incorporating sleep
determination as an operationalizable variable reflecting the
strength of sleep-related behavioral intentions, thus offering
new insights into the previously observed inconsistency
between intention and behavior [14,44]. In addition, in the
realm of sleep, behaviors related to sleep, along with
perceptions and cognitions of these behaviors, play a
significant role in regulating nocturnal sleep [45]. Numerous
findings indicate that distorted beliefs and perceptions may
be important psychological factors determining sleep
quality, demonstrating that beliefs not only transform into
related behaviors but also significantly influence actual
physiological responses to emotions [46–48]. The perception
of the importance of sleep is negatively correlated with
bedtime procrastination, suggesting that individuals who
devalue sleep are more likely to procrastinate before
bedtime. This aligns with earlier findings on academic
procrastination, where the perceived importance of
performing well in a subject seldom correlates with high
procrastination in that subject [49]. This suggests that
changing personal views on the importance of sleep can also
alter bedtime procrastination behaviors. Increasing clinical
and experimental studies have also validated the
effectiveness of cognitive approaches in treating insomnia
and circadian rhythm disorders, such as correcting
misconceptions, raising sleep hygiene awareness, and
rectifying misconceptions about sleep deprivation [50,51]. In

TABLE 4

Test of the moderating effect of anxiety

VARIABLES Model 1 Model 2 Model 3

Constant 3.6394*** 3.8857*** 3.6330***

(0.0494) (0.0660) (0.0492)

Sleep determination −0.2770*** −0.3582*** −0.2729***

(0.0154) (0.0211) (0.0154)

Anxiety 0.1529*** 0.0200 0.1531***

(0.0060) (0.0245) (0.0060)

Sleep determination * anxiety 0.0449***

(0.0080)

Sleep determination * anxiety (Centered) 0.0449***

(0.0080)

adj. R2 0.2025 0.2082 0.2082

Note: Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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this study, although sleep determination is not entirely
equivalent to sleep cognition, an individual’s cognition and
beliefs about sleep influence their needs and decisions
regarding sleep. This is manifested in the form that stronger
cognition of sleep importance leads to stronger sleep
determination, weaker anxiety, and reduced bedtime
procrastination behaviors.

Secondly, this research finds a correlation between
increased anxiety and increased bedtime procrastination,
aligning with prior studies. Research by Guo et al. [52] and
Türkarslan et al. [53] has demonstrated associations
between bedtime procrastination and depression and
anxiety, respectively. Sirois et al. [29] found that delaying
sleep time is linked to individuals’ ability to regulate
emotions, suggesting that lower negative emotions are
conducive to reducing bedtime procrastination. Rubin [54]
reported that individuals who procrastinate bedtime exhibit
higher levels of depression and anxiety symptoms and
poorer sleep quality. Geng et al. [55] also posited that
anxiety and depressive symptoms can predict bedtime
procrastination. Collectively, these findings indicate a
vicious cycle between anxiety and bedtime procrastination,
with anxiety leading to difficulty in falling asleep and
bedtime procrastination further delaying sleep onset,
increasing anxiety. This cycle can deteriorate sleep quality
and negatively affect daily functioning and mental health.
Therefore, maintaining a positive emotional state before
sleep is crucial. Techniques such as relaxation, deep
breathing, progressive muscle relaxation, meditation, and
mindfulness can help alleviate anxiety. Additionally,
learning to manage negative thoughts and worries, cognitive
restructuring strategies can be employed to attempt and
adjust other procrastination-reinforcing (irrational)
cognitions into more positive evaluations. Cognitive
restructuring can alter negative emotional and thinking
patterns, aiding individuals in viewing problems from a
positive and realistic perspective, thereby finding strategies
to address anxiety issues [56,57].

Thirdly, In the association between sleep determination
and pre-bedtime procrastination, the moderating effect of
anxiety is found to be more significant than its mediating
effect. While sleep determination can reduce pre-bedtime
procrastination behaviors by decreasing individuals’ anxiety
levels, the link between sleep determination and pre-bedtime
procrastination is more susceptible to interference from
individuals’ pre-existing levels of anxiety. Although this
study confirms a partial mediating effect of anxiety within
the relationship between sleep determination and pre-
bedtime procrastination—that is, sleep determination can
reduce pre-bedtime procrastination behaviors by lowering
anxiety levels—this mechanism appears to be more evident
in individuals with higher anxiety levels. In contrast, it holds
less explanatory power for individuals with lower anxiety
levels. Furthermore, given that individual anxiety levels are
influenced by a myriad of factors, this uncertainty also
diminishes the credibility of anxiety’s mediating effect in the
relationship between sleep determination and pre-bedtime
procrastination. However, as a moderating variable, anxiety
weakens the negative correlation between sleep
determination and bedtime procrastination. This means that

when the strength of sleep determination is constant,
individuals with higher levels of anxiety exhibit increased
bedtime procrastination compared to those with lower levels
of anxiety. Implementation intentions like Mental
Contrasting with Implementation Intentions (MCII) can
reduce bedtime procrastination caused by self-regulation
failure [58], as they do not require significant cognitive
resources [59,60]. However, this approach may not be
effective in different contexts, such as in states of anxiety.
However, these may not be effective in other situations,
such as states of anxiety. The study’s results indicate that
the negative explanatory power of sleep determination on
bedtime procrastination is less than the positive explanatory
power of anxiety on the same. In other words, although
sleep determination can reduce bedtime procrastination, this
effect is significantly weakened in states of high anxiety.
Therefore, it is believed that sleep determination needs to be
in a more positive emotional context to effectively reduce
bedtime procrastination. This finding supplements Kroese’s
interventions for bedtime procrastination based on failures
in self-regulation. Consequently, this study offers practical
suggestions to reduce bedtime procrastination. Firstly,
recognizing the importance of sleep can subconsciously
reduce the intention to procrastinate before going to bed,
thus strengthening sleep determination. On workdays, as
people’s school or work hours are typically fixed, this
implies that waking times are also fixed. Choosing to
sacrifice or reduce sleep for other activities often means
delaying bedtime, thus reinforcing sleep determination can
help reduce the spontaneity of procrastination behaviors.
Additionally, regulating emotions before sleep is vital.
Before deciding to go to bed, it is important to ease
emotions and ensure the body is in a relaxed state of
readiness for sleep, rather than rigidly enforcing a set sleep
time. Such unrealistic beliefs could, in fact, trigger anxiety
[61,62], further increasing bedtime procrastination.

Certainly, this study has its limitations. Firstly, although
the sample size is substantial and covers a nationwide scope,
individual-level random variations and personality
differences may have been averaged out, meaning the results
may not be universally applicable to all groups. Secondly,
the study did not exclude individuals with insomnia
disorders or other factors that might cause bedtime
procrastination, such as internet addiction, which could
introduce bias into the results. Future research could
validate the findings across different groups and exclude
other sleep-affecting confounders. Thirdly, the measures in
this study are entirely based on participants’ self-reported
subjective indicators rather than objective ones. Although
self-reported questionnaires are highly correlated with
objective measurements of sleep [63], to enhance the
credibility of the findings, future research could employ
multiple assessment methods, such as sleep diaries and
wearable devices, to obtain more objective data and
strengthen the validity of the conclusions. Fourthly,
although both theoretical construction and empirical
research have confirmed the validity of the hypotheses, the
cross-sectional nature of the data used in the study does not
allow for precise inference of causal relationships between
variables. Future studies should consider using longitudinal
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tracking data or experimental data to verify the causal
relationships between variables.

Conclusion

Strengthening sleep determination effectively reduces bedtime
procrastination; anxiety intensifies bedtime procrastination;
Within the relationship between sleep determination and
pre-bedtime procrastination, the moderating effect of
anxiety surpasses its mediating effect, in that anxiety
attenuates the negative correlation between sleep
determination and pre-bedtime procrastination.
Consequently, we propose specific recommendations to
reduce bedtime procrastination, including reinforcing the
understanding of the importance of sleep, adopting positive
emotional regulation strategies, and formulating moderate
sleep plans. Our research underscores the significance of
enhancing sleep determination and reducing anxiety in
mitigating bedtime procrastination, aiding individuals in
reevaluating bedtime procrastination from diverse
perspectives and adopting proactive coping measures to
improve sleep health.
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