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We examined the relationship between sleep and the affective components of subjective
well-being as well as psychological well-being, and between sleep and academic
performance, of full-time undergraduate students in a residential college at the National
University of Singapore. The aspects of sleep considered were self-reported sleep
duration, sleep efficiency, frequency of sleep disturbances, daytime dysfunction, sleep
latency and overall sleep quality, as measured by the Pittsburgh Sleep Quality Index.
Academic performance was measured using self-reported cumulative average point
scores, typically known as grade point average in other institutions. Psychological well-
being and the affective components of subjective well-being were assessed using the
Flourishing Scale and the Scale of Positive and Negative Experience, respectively. With
the exception of sleep latency, our univariate analysis revealed significant associations
between the abovementioned facets of sleep, and the affective components of
subjective well-being. The analysis also revealed significant associations between the
above sleep variables and psychological well-being, except sleep latency and frequency
of sleep disturbances. Only daytime dysfunction was found to be significantly correlated
with academic performance in our univariate analysis. In addition, our multivariate
analysis shows that psychological well-being, affect balance and academic performance
each has a direct effect on overall sleep quality. The relationship between overall sleep
quality and psychological well-being is U-shaped, while that between overall sleep
quality and affect balance is linear and moderated by psychological well-being. The
relationship between overall sleep quality and academic performance is either U-shaped
or an inverted-U, depending on the level of psychological well-being, which moderates
the relationship. These nonlinear relationships indicate that individuals with the highest
levels of psychological well-being are not the best sleepers (in terms of overall sleep
quality), neither are the highest academic achievers necessarily the best sleepers.

Keywords: psychological well-being, positive/negative affect, overall sleep quality, academic performance,
university students
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INTRODUCTION

It is known that sleep/wake timing shifts later due to pubertal
changes of the circadian timing and homeostatic sleep systems
during the second decade of life. Consequently, adolescents and
young adults can experience sleep loss and excessive daytime
sleepiness as they attempt to synchronize their natural delayed
schedule with the requirements of everyday societal schedules
such as school and office hours (Crowley et al., 2007; Alfonsi
et al, 2020). University students living in halls of residence
face additional challenges that can further affect their quality of
sleep. Problems in their sleep environment may include noise
and roommates different habits (Qin and Brown, 2017). The
demands to contribute to the communal life of the hall and to
integrate socially in its high-density living environment (Zhai
et al., 2018), the stress from short-term academic workload and
long-term anxiety related to independent adult life (Lemma et al.,
2012; Laidlaw et al., 2016), and the lack of knowledge and practice
of good sleep hygiene (Suen et al.,, 2010; Dinis and Braganca,
2018), further add to these problems. Not surprisingly, university
students are viewed as being chronically sleep-deprived (Curcio
et al., 2006; Fonseca and Genzel, 2020).

Sleep and Well-Being

Since the 90, psychological research has highlighted the
fundamental subjective nature of well-being. Subjective well-
being is defined as “a person’s cognitive and affective evaluations
of his or her life” (Diener et al, 2009) and comprises three
components: satisfaction with life, presence of positive emotions
and moods, and absence of negative emotions and moods.
An individual is said to have high subjective well-being if
she experiences high satisfaction with life, frequent positive
affect and infrequent negative affect. Within the conceptual
framework of well-being, the idea of psychological well-being
emerged as a state in which an individual realizes her own
potential, relating to the social and physical environment
satisfactorily and being able to cope with stressors (Ryan and
Deci, 2001; Keyes et al., 2002; Hernandez-Torrano et al., 2020).
Given the U-shaped relationship between sleep duration and
morbidity and mortality established in epidemiological studies
(Ikehara et al., 2009; Kronholm et al., 2011; Li et al., 2015), a
nonlinear relationship between sleep and well-being is expected
(Hamilton et al., 2007b).

Richter (2015) found sleep deprivation to be negatively
correlated with psychological well-being within a university
student population. Zhai et al. (2018), taking into exam the
role of sleep quality in the psychological well-being of final
year undergraduate students, reported that poor sleep quality
is associated with high levels of negative psychological well-
being. Similarly, in a study involving subjects of age 18 and
above (the majority being students), Freitag et al. (2017) found
that sleep disturbances were related to decreased levels of
psychological well-being. In addition, from a large sample of
university students from 16 countries, Allgower et al. (2001)
found that excessive (>9 h) or insufficient (<7 h) sleep was linked
to increased risk in social isolation, thus implying an inverted
U-shaped relationship between psychological well-being and

sleep duration. Several studies have found sleep quantity and/or
quality to be related to the affective components of subjective
well-being. For example, Pilcher et al. (1997) found that average
sleep quality was better related to affect balance than average
sleep quantity among college students who slept an average of
7 h a night. Lemma et al. (2012) and Lund et al. (2010) found
poor sleep quality among university students to be associated
with higher degrees of negative affect including anger, confusion,
depression and tension. Similarly, Li et al. (2020) found that both
poor sleep quality and insufficient sleep were associated with
depression in university students. Fulgini and Hardway (2006)
found that shorter sleep was associated with more negative and
less positive moods. Interestingly, Lima et al. (2018) reported
a U-shaped relationship between happiness-which constitutes
positive affect-and sleep duration in adults aged 20 and older,
with a prevalence of unhappy individuals among short (<6 h) and
excessively long (>9 h) sleepers.

Sleep and Academic Achievement

In the last decade, a number of studies on the interaction between
subjective sleep and academic achievement of university students
have emerged. Ahrberg et al. (2012), Baert et al. (2015), and
Toscano-Hermoso et al. (2020) reported a positive relationship
between sleep quality and academic scores. Gomes et al. (2011)
found poor sleep quality and insufficient sleep to be significantly
associated with poorer academic performance. Zeek et al. (2015)
and Raley et al. (2016) similarly found that longer sleep the night
prior to an examination was associated with higher course grades.
Academic performance has also been found to be negatively
correlated with sleep latency (Chiang et al., 2014; Leak et al,,
2020). In addition, Datta et al. (2019) reported a substantially
higher proportion of students with disturbed sleep among those
with average exam marks compared to students with good marks.
Similarly, Maheshwari and Shaukat (2019) found a negative
association between frequency of sleep disturbances and GPA
scores. They also reported that most students with low GPAs
had sleep efficiencies of only 75-84% and experienced daytime
dysfunction almost every day. Departing from these studies,
Okano et al. (2019) found that both objective sleep quantity and
quality for the month and week before a test positively correlated
with academic grades.

There are nevertheless studies that report contrary findings.
For example, Dokuka and Smirnov (2020) found high academic
performance to be associated with shorter sleep among young
adults between 20 and 21 years of age including university
students. Also, Hangouche et al. (2018) did not find excessive
daytime sleepiness (i.e., uncontrollable dozing off and drowsiness
during the daytime) to be related to academic performance.
At the other end of the spectrum, a few studies have reported
no association between sleep and academic achievement. For
example, Sweileh et al. (2011) and Jalali et al. (2020) found no
significant difference in sleep quality between students with high
grades and those with low grades. In addition, Eliasson et al.
(2010) found that total sleep duration (from daytime naps plus
nocturnal sleep) does not correlate with academic performance.
In another objective sleep study, King et al. (2018) reported
no difference in project grades between students who averaged
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at least 8 h of sleep for five nights leading up to the projects
due date and those who did not. In short, recent findings
reported in the literature on the relationship between sleep and
academic performance have not fully converged to a consensus,
as noted by Jalali et al. (2020).

The Present Study

The present study had two main objectives. The first was
to understand how psychological well-being, the affective
components of subjective well-being, and academic performance
are related to self-reported sleep of full-time undergraduate
students residing at the College of Alice and Peter Tan (CAPT)
at the National University of Singapore. The targeted endpoint
was a model for subjective sleep quality that would reveal the
nature of these relationships (e.g., linear versus quadratic) and
how the different dependent variables might interact. The second
objective was to compare how CAPT students fair compared to
university students in other countries in terms of subjective sleep
quality as well as psychological and affective well-being.

MATERIALS AND METHODS

Instruments

The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989)
is a self-rated questionnaire which assesses sleep quality and
disturbances over a 1-month time interval. It measures seven
dimensions of sleep: subjective sleep quality, sleep latency,
sleep duration, sleep efliciency, frequency of various sleep
disturbances, frequency of usage of sleep medication, and
frequency and severity of daytime dysfunction. Each subscale is
scored on a 4-point scale ranging from 0 to 3. Summing the
score of all seven subscales yields the Global PSQI score which
represents overall sleep quality. The Global PSQI score therefore
ranges between 0 and 21. A higher Global PSQI indicates poorer
overall sleep quality. A higher score for each subscale is likewise
a poorer score. An individual with a Global PSQI score greater
than 5 is viewed to be a poor sleeper (Buysse et al., 1989).
Conversely, an individual with a Global PSQI score not exceeding
5is considered a good sleeper. The PSQI questionnaire consists of
10 questions of which Q.1-Q.9 are designed for self-assessment
while Q.10 is to be completed by a roommate or bed partner,
based on sleeping patterns over the past month. The rooms at
the residential college considered in this study are all individual
rooms and, as such, Q.10 was not scored, and only Q.1-Q.9 were
used in our survey.

In the PSQI scoring procedure, the scores assigned to Q.5b—
Q.5j are added together and the sum, which ranges between 0
and 27, is then mapped to a final score ranging between 0 and
3 to represent the frequency of sleep disturbances. Since this
mapping causes us to lose the granularity of the information
inherent in the original sum (e.g., distinct sums such as two and
eight become indistinguishable once mapped to one), we used
the sum and not the final score as the measure of this sleep
dimension. Larger sums represent higher frequencies of sleep
disturbances. For the same reason, we used the sum of scores
assigned to Q.8 and Q.9 and not the final score derived from the

sum, to represent the extent of daytime dysfunction experienced.
Similarly, a larger sum represents more frequent and/or more
severe daytime dysfunction.

The Scale of Positive and Negative Experience (SPANE;
Diener et al., 2010) is a 12-item questionnaire designed to assess
subjective feelings of well-being and ill-being, that is to measure
the affective components of well-being. Six items measure the
frequency of experiencing a range of positive feelings over the
past four weeks, while the other six measure the frequency of
experiencing a range of negative feelings over the same period.
Each item is scored using a 5-point scale ranging from 1 to
5, with larger scores representing higher frequencies. Summing
the scores for the six items measuring positive (respectively,
negative) affect yields the overall positive (respectively, negative)
affect score, denoted SPANE-P (respectively, SPANE-N), which
ranges between 6 and 30. Larger SPANE-P (respectively,
SPANE-N) scores represent higher frequencies of experiencing
positive (respectively, negative) affect. Subtracting SPANE-N
from SPANE-P yields the affect balance score, denoted SPANE-
B, which ranges between -24 and +24. Increasingly positive
(respectively, negative) SPANE-B scores represent increasingly
higher (respectively, lower) frequencies of experiencing positive
affect compared to negative affect. For both the positive and
negative items, three of the items are general (e.g., positive and
negative) and three per subscale are more specific (e.g., joyful and
sad). Because of the general items included in the scale, it can
assess not only the pleasant and unpleasant emotional feelings
that are the focus of most scales, but also reflect other states such
as interest, flow, positive engagement, and physical pleasure.

The Flourishing Scale (FS; Diener et al., 2010), is a brief 8-
item summary measure of the respondent’s self-perceived success
in important areas such as relationships, self-esteem, purpose,
and optimism. The scale provides a single psychological well-
being score. The survey comprises several items on satisfaction
with social relationships (having supportive and rewarding
relationships, contributing to the happiness of others, and being
respected by others), an item on having a purposeful and
meaningful life, and one on being engaged and interested in
one’s activities, and one on feeling competent and capable in
the activities that are important to the respondent. Finally two
items are included tapping self-respect and optimism. Thus, FS
assesses major aspects of social-psychological functioning from
the respondent’s own point of view. Each item is scored using a
7-point scale ranging from 1 to 7 to represent strongly disagree
to strongly agree. Summing the scores yields the (overall) FS
score which ranges between 8 and 56. An individual with a
high FS score has many psychological resources and strengths
(Diener et al., 2010).

Participants and Bad Data Points

As previously mentioned, the subjects of our study were full-
time undergraduate students from the College of Alice and Peter
Tan (CAPT), a residential college within the National University
of Singapore. In any given semester, the college is home to
approximately 500 students. The gender ratio in the population is
close to 50-50 with a slight predominance of female students. The
age range of female students is 18-22 while that of male students
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is 18-24. The wider age range among male students is due to the
national service obligations that Singaporean males have to fulfill
prior to entering university. In total, 144 students participated in
the survey. Demographic data, such as age and gender, was not
captured in the survey.

Upon inspecting the completed questionnaires, we found
meaningless responses from four participants pertaining to Q.1-
Q.4 in the PSQI questionnaire, which we believe to be mainly due
to the open-ended nature of these four questions. Two of these
participants answered “all the time” and “Yes” in response to
Q.3 instead of stating their typical waking times, thus rendering
the data they provided incomplete. The other two participants
provided answers to Q.1, Q.2, and Q.4 that resulted in sleep
efficiencies (i.e., the percentage of hours slept of the total time
in bed) that did not make sense, such as 133%. These four
participants were therefore removed from our sample, reducing
our sample size to 140.

Note, however, that not all the participants had a CAP at
the time the survey was conducted. This is due to the fact that
some respondents were freshmen in their first semester at NUS
and therefore had not yet obtained any grade. Consequently, for
analyses involving academic performance, the sample size had to
be further reduced to 106.

Statistical Methods

In our univariate analyses, we examined the strength of
association between sleep and psychological well-being, as well
as between sleep and CAP scores, using the Spearman rank
correlation coeflicient as well as the Kendall rank correlation
coefficient (As both correlation measures resulted in the same
set of statistically significant associations, we report our findings
in terms of the former measure for brevity). We did not use
the Pearson product-moment correlation coefficient for cases
where the variables were both continuous to take into account
the possibility of nonlinear relationships between such variables.

For our multivariate analysis, we used moderated linear
regression to model overall sleep quality. The dependent variable
is Global PSQI while the linear terms among the independent
variables are SPANE-B, FS, and CAP. As we believed that the
relationship between overall sleep quality, and SPANE-B, FS, and
CAP, could be nonlinear, we included quadratic terms SPANE-
B2, FS?, and CAP?. As we also believed that these 6 explanatory
variables may interact, the following second and third order
product terms were included: SPANE-B x FS, SPANE-B x FS?,
SPANE-B? x FS, CAP x SPANE-B, CAP x SPANE-B?,
CAP? x SPANE-B, CAP x FS, CAP x FS% and CAP? x FS.
Consequently, we had a total of 15 explanatory variables to
begin with. To reduce multicollinearity, we adopted the standard
practice of mean-centering the linear terms (Iacobucci et al,,
2016). For example, each FS score was transformed by subtracting
the sample mean mgs of the FS scores. Squaring the transformed
linear terms then yielded the corresponding quadratic terms.
From the six transformed linear and quadratic terms, the
corresponding second and third-order product terms were then
generated. The resulting transformed variables are distinguished
from the original ones by adding the prefix “c” to each variable’s
label. For instance, the transformed versions of FS, FS?, and

FS? x CAP are denoted cFS, cFS?, and cFS? x cCAP, respectively.
Finally, backward elimination was applied on the transformed
explanatory variables. That is, starting with all 15 of them,
the least significant variable was discarded one by one until
only significant variables remain-a variable is viewed to be
insignificant if its p-value is 0.05 or greater.

To compare the sleep quality and well-being of CAPT students
to that of other student populations, we used a two-tailed Welch’s
t-test to conduct two (independent) sample means tests with
unequal variance. The sample means involved in these tests were
the mean SPANE-P, SPANE-N, FS, and Global PSQI scores.
Even though the frequency distributions of these variables are
skewed, there are sound reasons to use Welch’s t-test instead of
a non-parametric test. Firstly, due to the Central Limit Theorem,
the f-test is increasingly robust to deviations from normality
as sample size increases, and is robust even to heavily skewed
distributions when the sample size is 200 (Fagerland and Sandvik,
2009). In addition, Fagerland (2012) compared the rejection rates
of the Wilcoxon rank sum test and Welch’s ¢-test for samples
drawn from pairs of Gamma and lognormal distributions of
increasing sizes. For both distribution types, it was observed that
the rejection rate of the Wilcoxon rank sum test increases rapidly
with sample size whereas the rejection rate of the ¢-test remains
stable at roughly the expected rejection rate of an unbiased test.
Consequently, Fagerland (2012) asserts that non-parametric tests
are most useful for small studies but for large sample sizes, t-tests
should be used, even for heavily skewed data. Lumley et al. (2002)
similarly showed that the ¢-test can perform well in moderately
large sample sizes even for very non-normal distributions.

Procedure

College of Alice and Peter Tan students were invited via email
to participate in an online survey comprising the above three
instruments plus a question to indicate their CAP score if they
had one. The online survey was accessible to students for a
period of three weeks, during which they could complete the
different questionnaires at their own pace. To mitigate the risk
that students do not complete the survey within the 3-weeks
time frame, several student leaders within CAPT were engaged
to help promote the survey among their peers. Each participant
was given a $5 supermarket voucher as a token of appreciation
for completing the survey.

In particular, they received information that their
participation in the present study was voluntary and that
they could withdraw at any moment without any consequence in
which case, their collected data would be discarded immediately.
The study obtained the approval of the National University of
Singapore’s Institutional Review Board.

RESULTS

The Relationship Between Sleep and

Well-Being/Academic Performance
Recall, the different aspects of sleep considered were (i) overall
sleep quality, i.e., the Global PSQI score, (ii) sleep duration (in
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TABLE 1 | Spearman’s correlation between different sleep and well-being measures and the corresponding p-values.

Global PSQl Sleep Duration Sleep Efficiency

Freq. of Sleep Disturbance Daytime Dysfunction Sleep Latency

SPANE-P  —0.441 (4.96E-8") 0.189 (0.025") 0.245 (3.46E-3")
SPANE-N 0.348 (2.55E-5") ~0.120 (0.157) —0.078 (0.359)
SPANE-B  —0.454 (1.71E-8") 0.169 (0.046") 0.176 (0.038")
FS —0.374 (5.24E-6™)  0.253 (2.53E-3") 0.177 (0.037%)
CAP —0.114 (0.245) —0.019 (0.85) —0.082 (0.402)

~0.211 (0.012%) ~0.354 (1.75E-5* —0.046 (0.587)
0.190 (0.025") 0.384 (2.85E-6™) 0.044 (0.607)
~0.232 (5.76E-3") —0.421 (2.25E-7") ~0.073 (0.388)
~0.074 (0.388) ~0.291 (4.91E-4") ~0.047 (0.581)
—0.156 (0.111) —0.240 (0.013% —0.166 (0.089)

*Denotes p < 0.05. **Denotes p < 0.01.

hours), (iii) sleep efficiency, (iv) frequency of sleep disturbances,
(v) daytime dysfunction, and (vi) sleep latency (in minutes).
Table 1 summarizes the resulting correlation coefficients and
corresponding p-values (two-tailed).

Both Global PSQI and daytime dysfunction correlate
moderately with the four well-being measures (All eight
correlation indices are significant at the 0.01 level). Sleep
duration and sleep efficiency, on the other hand, correlate weakly
with SPANE-P, SPANE-B, and FS (All eight correlation indices
in this case are significant at the 0.05 level or lower). Similarly,
the correlation indices of frequency of sleep disturbance and
SPANE-P, SPANE-N, and SPANE-B are weak but statistically
significant at the 0.05 level or lower. Sleep duration and sleep
efficiency, and frequency of sleep disturbance, do not appear to
be related to SPANE-N and FS, respectively.

Turning to academic performance, we see that daytime
dysfunction correlates weakly with CAP scores (The correlation
index is significant at the 0.05 level). There is, however,
insufficient evidence of any association between CAP scores and
the other sleep variables including Global PSQI.

A Model for Overall Sleep Quality

In this section, we present a model-called the full model-
for overall sleep quality obtained through moderated linear
regression. Table 2 summarizes the results of the final iteration
of the backward elimination procedure. From this table, we have
the following regression equation:

Global PSQI = by + bycFS* + (by + bycFS
+ bscFS?) cSPANE-B + (b3 + bscFS) cCAP?,

The left-hand side of the equation should be understood
to mean the fitted value of Global PSQI for a given set
of values for cFS, cSPANE-B, and cCAP. Evidently, all six
explanatory variables in the equation are significant. We see
that psychological well-being is quadratically related to overall
sleep quality, after controlling for the other variables in the
model, ie., when the other variables-in their original form-
assume their respective mean values. In addition, there is a linear
relationship between overall sleep quality and affect balance,
after controlling for the other variables in the model, and this
relationship is moderated by psychological well-being. Further,
there is a quadratic relationship between overall sleep quality and
academic performance, after controlling for the other variables,

TABLE 2 | Effects of the Scale of Positive and Negative Experience (SPANE)-B,
Flourishing Scale (FS), and Cumulative Average Point (CAP) on Global Pittsburgh
Sleep Quality Index (PSQ)) in the full, reduced, and reduced-plus models.

Full model
Independent variables Slope, b; Std. error t-statistic  p-value
(0) Constant 6.608
(1) cSPANE-B —0.148 0.032 —4.704 8.27E-6**
(2) cFS? —2.62E-3 1.22E-3 —2.147 0.034*
(3) cCAP? 2.369 0.755 3.139 2.24E-3*
(4) cFS x cSPANE-B 5.11E-3 2.06E-3 2.484 0.015*
(5) cFS? x cSPANE-B 2.66E-4 1.33E-4 1.992 0.049*
(6) cFS x cCAP? —0.532 0.118 —4.490 1.93E-5*
R? =0.411
Std. Error =1.787
F-statistic =11.508
p-value of F =9.80E-10**
Reduced model
Independent variables Slope Std. error  t-statistic  p-value
(0) Constant 6.535
(1) cSPANE-B —-0.122 0.024 —5.081 1.70E-6**
(2) cFS? 3.03E-5 0.001 0.030 0.976
(3) cCAP? 1.854 0.835 2.221 0.029*
R? =0.241
Std. Error =1.998
F-statistic =10.817
p-value of F =3.13E-6**
Reduced-plus model
Independent variables Slope Std. error  t-statistic  p-value
(0) Constant 7.021
(1) cSPANE-B -0.073 0.026 —2.796 6.19E-3**
(2) cFS —0.098 0.026 —3.761 2.84E-4*
(3) cFS? —3.96E-3 1.42E-3 -2.788 6.34E-3**
(4) cCAP? 1.708 0.787 2.172 0.032*
R?2 =0.335
Std. Error =1.881
F-statistic =12.693
p-value of F =2.09E-8**

*Denotes p < 0.05. **Denotes p < 0.01.

and this relationship is also moderated by psychological well-
being. The constant, by, is the expected value of Global PSQI
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FIGURE 1 | Relationship between global Pittsburgh Sleep Quality Index (PSQI) and Flourishing Scale (FS) scores in panel (A), and that between Global PSQl and
Cumulative Average Point (CAP) scores in panel (B), after controlling for the other variables in the full model.

when SPANE-B, FS, and CAP assume their mean values of 4.264,
41.123, and 4.269, respectively.

The abovementioned quadratic relationship between Global
PSQI and FS, which is inverted U-shaped, is shown in Figure 1A,
while that between Global PSQI and CAP is shown in Figure 1B.
The turning points of these curves coincide with the mean FS
score and mean CAP score, respectively. Although the latter
relationship is depicted as being U-shaped, note that this is not
always the case. One readily checks that the sign of the coefficient
(b3 +b6cFS) of ¢cCAP? in the above regression equation is
negative for FS scores 46 and above (i.e., > mgs+ 0.45spg
where sgg denotes the standard deviation of the FS scores), and
positive otherwise.

If we remove the interaction terms from our full model
(other than the quadratic terms) to obtain a reduced model,
the effects of the remaining independent variables on overall
sleep quality are as shown in Table 2. The change in R?
between the full and reduced model is 0.170, for which the
associated p-value is 1.43E-5. This provides evidence that
there is significant interaction between psychological well-being
and affect balance, and between psychological well-being and
academic performance.

The slope corresponding to cFS? in the reduced model is
nevertheless not significant. Beginning with cSPANE-B, cFS,
cCAP, cSPANE-B2, cFS?, and cCAP? and applying backward
elimination, however, yields a model that also contains the three
independent variables in the reduced model, plus the linear term,
cFS. Table 2 summarizes the effects of these four variables on
overall sleep quality in this model, which we refer to as the
reduced-plus model. The change in R? between the full model
and the reduced-plus model is 0.076, for which the corresponding
p-value is 2.40E-3. The full model therefore provides a significant
improvement over the reduced-plus model in the quality of fit as
measured by R%.

A visualization of the contrasting effects on overall sleep
quality at low and high levels of psychological well-being
in our full model is provided by the interaction plots in
Figures 2A,B. The plots in Panel A (respectively, B) correspond
to SPANE-B = mgp + ssg = 12.596 (respectively, SPANE-B =

mgsg — ssg = —4.067) where mgg and ssg denote the mean and
standard deviation of SPANE-B scores, respectively. Similarly,
we take FS = mpg + sgs = 51.967 and FS = mpg — spg =
30.279 to represent high and low levels of psychological well-
being, and refer to these values as high FS and low FS, respectively.

The linear relationship between Global PSQI and SPANE-
B is negative with a steeper (respectively, gentler) slope at
low (respectively, high) levels of psychological well-being, as
depicted by the interaction plot in Figure 2C for which CAP is
held constant at the mean. At low (respectively, high) FS, the
slopeis by — bysps + b55§5 = —0.172 (respectively, by + basps +
b55§s = —0.062). In other words, the expected increase in Global
PSQI for a unit decrease in SPANE-B is 0.17 at low FS and 0.06
at high FS. A drop from high to low affect balance therefore
translates to an expected increase in Global PSQI of 2.87 at low
FS and 1.03 at high FS.

Finally, observe that for a given CAP score (other than the
mean CAP), the instantaneous rate of change in overall sleep
quality differs at low and high levels of psychological well-being.
It is specified by the partial derivative of the regression equation
with respect to cCAP, which by the chain rule, can be rewritten as

d Global PSQI

TCAP = 2 (b3 + bscFS) cCAP.

Figure 2D shows the instantaneous rate of change for low and
high levels of psychological well-being.

The expected change in Global PSQI for a unit increase in CAP
is then given by:

2 (b3 + becFS) cCAP + 2 (bs + becFS) (cCAP + 1)
2
= (b3 + becFS) (2cCAP + 1)

Similarly, the expected change in Global PSQI for a unit decrease
in CAP is
(b3 + becFS) (2cCAP — 1).

For example, at low FS, the expected change in Global
PSQI corresponding to an increase in CAP from 3.0 to 4.0

Frontiers in Psychology | www.frontiersin.org

May 2021 | Volume 12 | Article 672238


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Armand et al.

Sleep, Well-Being and Academic Performance

A B L)
20 20
°
18 @ 18
°
16 L ] 16 °
5 ° High Affect Balance ®LowFs 5 o Low Affect Balance ®Low FS
0 <19 ° ® High FS L 12 L m o HighFS @
- [ ] - [
e
S . ® S 1 ®e ® ¢
o 3 ® o o 3 ® o000 ®
O [ (G)
6 [ ] ) 6 o © e 0 ® 0 0 o o o °
e080833300,, °® * .
4 ® 4 ® ®
°® Pl
2, 24
0oe 0
3 35 4 4.5 5 3 35 4 4.5 5
CAP CAP
c 12 D 15
[}
® [ ]
® . i i5 ® Low FS gan 10 o Py
®e ® High Fs ] e, 5
@ £ 5 ] ®
— ®e 3 [} o, °
QY% e e, [) P LIPS °
H o9 °e ® [ ] P o 0 [ ]
a ®ess, 8 °
= 6 8ge04¢, © 3 3.5 4 @ 459 @ o _ 5
2 © ®eees £ 5 o ® o
o °, @ o2
= = e, 8 -10 e
o c
°
2 2 (]
£ 15 ®
3 o ®LowFS
17 °
0 € -20 ¢ 3
= ©® High FS
-24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24 .
SPANE-B CAP
FIGURE 2 | Interaction plots of Global PSQI versus cumulative average point (CAP) scores for high affect balance in panel (A); Interaction plots of Global PSQI
versus CAP scores for low affect balance in panel (B); Interaction plot of Global PSQI versus Scale of Positive and Negative Experience (SPANE)-B scores in panel
(C); Instantaneous rate of change in Global PSQI for low and high levels of psychological well-being in panel (D).

is (b3 — b65FS) (2 x (3—=mcap) +1) = —12.52 where mcap
denotes the mean CAP. At high FS, however, the expected change
is (b3 + besgs) (2 x (3 — mcap) +1) =5.23.

Global PSQI, SPANE, and FS Scores of
Other Student Populations

The overall sample mean, SD, median and interquartile range
(IQR) of the Global PSQI, SPANE, and ES scores for the 140
CAPT students surveyed are presented in Table 3. For the
purpose of comparison, we present in Table 4 the mean and
standard deviation of the SPANE-P and SPANE-N scores of n
university students in seven countries: United States (Diener
et al,, 2010), Canada (Howell and Buro, 2015), Germany (Rahm
et al., 2017), Portugal (Silva and Caetano, 2013), Japan (Sumi,
2014), Singapore (Diener et al, 2010), and South Africa (du
Plessis and Guse, 2016). The students in Singapore were from the
Singapore Management University (SMU). Where available, we
also include in Table 4 the mean and standard deviation of the FS
scores of these student populations.

The last 3 columns of Table 4 summarizes the p-values
resulting from the application of Welch’s ¢-test to compare the
means presented in Table 3 and their counterparts in Table 4

TABLE 3 | Descriptive statistics of Global Pittsburgh Sleep Quality Index (PSQI),
Scale of Positive and Negative Experience (SPANE), and Flourishing Scale (FS)
scores for College of Alice and Peter Tan (CAPT) students.

Mean (SD) Median (IQR)
Global PSQI 6.86 (2.25) 7 (5-8)
SPANE-P 21.17 (4.60) 22 (18-24)
SPANE-N 16.89 (4.49) 17 (14-20)
SPANE-B 4.28 (8.08) 4.5 (-1-10)
FS 41.58 (10.12) 44 (38-48)

(Note that infinitesimally small p-values are denoted by ¢). For
SPANE-P scores, the differences in the mean between CAPT
students and students in United States, Canada, Germany and
Portugal are significant at the 0.05 level or lower. On the other
hand, the differences are not significant when comparing with
students in Japan, South Africa, and not surprisingly, SMU. For
SPANE-N scores, only the differences in the mean between CAPT
students and students in Japan and SMU are not significant.
Finally, to determine if CAPT students also have poorer
overall sleep quality compared to student populations elsewhere,
we summarize in Table 5 the mean and standard deviation of the
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TABLE 4 | Mean and standard deviation of Scale of Positive and Negative Experience (SPANE) and Flourishing Scale (FS) scores of other university student populations.

n SPANE-P SPANE-N FS SPANE-P SPANE-N FS
Mean (SD) Mean (SD) Mean (SD) p-value p-value p-value

United States 168 23.10 (3.20) 14.50 (3.60) 48.10 (4.90) 3.90E-5* 7.00E-7** e
Canada 478 22.49 (4.08) 15.78 (4.07) 46.69 (6.73) 2.50E-3"* 9.27E-3** 8.00E-8**
Germany 498 22.25(3.88) 14.31 (4.24) 0.012* e
Portugal 194 23.51 (4.03) 13.30 (4.66) 4451 (4.86) 2.28E-6** e 1.77E-3**
Japan 520 21.01 (4.50) 16.61 (4.87) 36.63 (8.05) 0.714 0.521 2.60E-7**
Singapore 181 20.80 (3.60) 17.00 (4.00) 42.60 (6.40) 0.434 0.820 0.299
South Africa 992 21.91 (3.81) 15.96 (3.94) 0.071 0.021*

*Denotes p < 0.05. *Denotes p < 0.01.

TABLE 5 | Mean and standard deviation of Global Pittsburgh Sleep Quality Index
(PSQI) scores of other university student populations.

n Global PSQI p-value
Mean (SD)

United States 243 6 (3.4) 1.73E-5*
Brazil 710 5(2.6) 0.094
Belgium 621 4.802 (2.228) e
Luxembourg and Germany 2831 7.22 (3.70) 0.077
Taiwan 4318 0(2.5) 1.77E-5"
Indonesia 450 8.40 (3.64) ol
Nigeria 520 4.43 (2.67) e
This study 140 6.86 (2.25)

*Denotes p < 0.01.

Global PSQI scores of n university students in eight countries:
United States (Carney et al., 2006), Brazil (Mesquita and Reimao,
2010), Belgium (Baert et al., 2015), Luxembourg and Germany
(Schlarb et al., 2017), Taiwan (Cheng et al., 2012), Indonesia
(Herawati and Gayatri, 2019), and Nigeria (Aloba et al., 2007).
For easy visual comparison, the last row of Table 5 presents the
corresponding numbers for CAPT students. The last column of
the table presents the p-values resulting from the application
of Welch’s t-test to compare the mean Global PSQI score of
CAPT students and that of these other student populations.
Evidently, only the differences in the means between CAPT
students and students in Brazil, and Luxembourg and Germany
are not significant.

DISCUSSION

In the following discussion, it is convenient to interpret sleep
duration as sleep quantity, and sleep efficiency, frequency of
sleep disturbance, daytime dysfunction and sleep latency as
individual measures of sleep quality (since they contribute to
the overall sleep quality measure, i.e., the Global PSQI score).
Also, since higher Global PSQI scores represent poorer overall
sleep quality, the direction of the relationships presented in
Section “A Model for Overall Sleep Quality” involving Global
PSQI will have to be flipped when speaking in terms of
overall sleep quality.

Reconciling Inconsistency Between the

Univariate and Multivariate Analyses

It is interesting to note that despite Global PSQI and FS having
a non-monotonic relationship as revealed by our multivariate
analysis, we obtained a significant, negative Spearman correlation
between the two variables, as reported in Table 1. We believe
that this is due to the frequency distribution of FS scores
which has a skew of -1.15 and so is highly left-skewed. In
other words, the left-tail of the distribution is very long and
thin, with the majority of the values falling to the right of
the mean, as shown in Figure 3A. The relationship between
Global PSQI and CAP is likewise non-monotonic. However,
Spearman’s correlation between Global PSQI and CAP is not
significant, as highlighted in Section “The Relationship Between
Sleep and Well-Being/Academic Performance”. We believe that
there are two main reasons. Firstly, the frequency distribution
of CAP scores is apparently bimodal with one mode falling on
each side of the mean, which implies that both the left and
right shoulders of the distribution are pronounced, as shown
in Figure 3B. Secondly, and as a consequence of the first
reason, the distribution has a skew of -0.58 and therefore is only
moderately left-skewed.

Sleep and Psychological Well-Being

Contrary to the findings of Freitag et al. (2017), our univariate
analysis did not reveal any relationship between frequency of
sleep disturbances and psychological well-being. Our analysis,
however, revealed that sleep duration has a positive association
with psychological well-being, a result that is consistent with
the findings of Richter (2015). Similarly, just as Zhai et al
(2018) found a strong relationship between sleep quality and
psychological well-being, our univariate analysis showed that
sleep efficiency and overall sleep quality are significantly and
positively correlated with the same.

Our multivariate analysis nevertheless informs that
the positive association between overall sleep quality and
psychological well-being is only true for above average levels of
the latter. Specifically, it showed that psychological well-being
has a direct, U-shaped quadratic relationship with overall
sleep quality. The turning point of this quadratic relationship
coincides with the mean level of psychological well-being. Thus,
for above (respectively, below) average levels of psychological
well-being, overall sleep quality improves with increasing

Frontiers in Psychology | www.frontiersin.org

May 2021 | Volume 12 | Article 672238


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Armand et al.

Sleep, Well-Being and Academic Performance

>

I e

o N b
L |

Frequency

o N S a [o4]
L

@®
[
a

|

2ok B
o N b
I

Frequency

o N B OO
L

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Flourishing Scale (FS)

3 31 32 33 34 35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5

FIGURE 3 | Frequency distribution of Flourishing Scale (FS) scores in panel (A); frequency distribution of Cumulative Average Point (CAP) scores in panel (B).

CAP

(respectively, decreasing) levels of psychological well-being.
This curvilinear relationship suggests that attaining increasingly
greater psychosocial prosperity up to a certain point comes at the
price of deteriorating overall sleep quality. Beyond that point,
however, overall sleep quality starts to improve, meaning that
above average levels of psychological well-being may be viewed
as a resource for regulating overall sleep quality.

To provide a speculative explanation for this curvilinear
relationship, we tap on recent findings pertaining to the
relationship between perceived stress and sleep quality. Firstly,
resilience has been found to be highly and positively correlated
with psychological well-being among university students
(Pidgeon and Keye, 2014). Secondly, it moderates (i.e., weakens)
the relationship between perceived stress and sleep quality (Li
et al., 2019; Du et al., 2020). We also extend the notion of sleep
quality affording a protective value on subjective well-being
(Weinberg et al., 2016), to psychological well-being. Finally, we
make use of the fact that among the Big Five personality traits,
neuroticism has been consistently found to be related to poorer
psychological well-being (Brown and Ryan, 2003).

With that, we hypothesize that as an individual with poor
psychological well-being starts to strengthen or expand her
network of social relationships, find more purpose and meaning
in her life and so on, the perceived stress engendered in the
process, grows in intensity. Her level of resilience at this stage is,
however, too low to negate the negative effects of the perceived
stress on her overall sleep quality. On the other hand, the decrease
in sleep quality is not enough to suppress the protective value
it affords on her psychological well-being, thus enabling her to
perceive an elevated level of the same. This trend of deteriorating

overall sleep quality (but improving psychological well-being)
continues until a certain level of psychological well-being unique
to the individual is reached. At this point, the individual’s
increased level of resilience is sufficiently high to negate the effects
of the perceived stress on sleep. This paves the way for the trend to
reverse, with the achieved higher level of psychological well-being
now serving to promote better sleep (Steptoe et al., 2008).

We expect this reversal to take place gradually, since
Figure 1A shows an inverted “U” rather than an inverted “V”. In
other words, the transition from overall sleep quality protecting
psychological well-being, to the latter promoting the former, is a
gradual process.

Sleep and the Affective Components of
Subjective Well-Being

Our univariate analysis revealed that sleep quantity and the
aforementioned sleep quality measures correlated significantly
with positive affect and affect balance, with the exception of
sleep latency which did not appear to have any association with
the affective components of subjective well-being. These results
are consistent with the findings of other studies, for instance,
Steptoe et al. (2008), which reported a negative association
between sleep problems and positive affect, Pilcher et al. (1997),
which found both sleep quantity and quality to be related to
affect balance, and (Fulgini and Hardway, 2006), which found
shorter sleep to be associated with less positive moods. Congruent
with findings by Lund et al. (2010), Lemma et al. (2012), and
Li et al. (2020), we also found that an increase in negative
affect significantly correlates with increasing frequency of sleep
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disturbance and daytime dysfunction. Overall, these results are
consistent with the theoretical model due to Zohar et al. (2005)
and Hamilton et al. (2007a) in which sleep is a resource for
regulating emotional responses to goal-disruptive/-enhancing
events including stressful situations.

Adding to the literature that affect balance is a resource
for regulating overall sleep quality, our multivariate analysis
further showed that overall sleep quality decreases linearly
with affect balance, and that this relationship is moderated by
psychological well-being; at lower (respectively, higher) levels
of psychological well-being, the decline in overall sleep quality
with affect balance is faster (respectively, slower). To provide a
speculative explanation for this moderating effect, we tap on a
recent finding by Ding et al. (2020) that neuroticism moderates
the direct effect of trait mindfulness on sleep quality in a
university student population. A higher level of trait mindfulness
is associated with less sleep disturbance and hence better sleep
(Garland et al., 2013). Individuals high in neuroticism, however,
tend to pay more attention to negative stimuli which contributes
to the maintenance of sleep disturbances (Ding et al., 2020).
Thus, neuroticism serves to weaken the positive effect of trait
mindfulness on sleep quality. Since neuroticism is consistently
found to be associated with lower levels of psychological well-
being (Brown and Ryan, 2003), we can expect that as a
consequence of a negative experience (resulting in a decrease
in affect balance), an individual with poor psychological well-
being will have more sleep disturbance compared to one who is
high in the same.

Sleep and Academic Performance

Consistent with the findings of other studies (Barahona-Corea
et al., 2018; Maheshwari and Shaukat, 2019), our univariate
analysis showed that daytime dysfunction was significantly
correlated with CAP scores. Taking CAP to be indicative of
academic performance for the semester that our survey was
conducted, this result is not surprising since one would expect
higher academic achievement with the absence of excessive
daytime sleepiness and presence of enthusiasm to study,
complete assignments and so on. Due to inconsistencies in
the literature concerning the relationship between excessive
daytime sleepiness and academic performance (Hangouche
et al, 2018), we hypothesize that impaired sleep negatively
impacts academic performance more through the consequential
loss of enthusiasm to get things done-including academic
motivation-than excessive daytime sleepiness. Our univariate
analysis, however, did not reveal any association between sleep
quantity and the other sleep quality measures with CAP.
These results are consistent with the findings of Eliasson
et al. (2010), Sweileh et al. (2011), Jalali et al. (2020),
and King et al. (2018).

Our multivariate analysis revealed that academic performance
is quadratically related to overall sleep quality, and this
relationship is moderated by psychological well-being such that
at low levels of psychological well-being, this relationship is an
inverted-U while at high levels, it is U-shaped. Together, these
U-shaped and inverted U-shaped relationships indicate that poor
sleepers can have good CAPs and good sleepers can have poor

CAPs. Indeed, such students were found within our sample. For
example, the top student with the highest CAP among the poor
sleepers typically went to bed at 3.30 a.m. and had 4.5 h of sleep
out of the total time of 6 h in bed, which translates to a poor
sleep efficiency of 75%. With 1.5 h of remaining awake in bed on
average each night, that student clearly suffered from pronounced
sleep disturbances. Not surprisingly, that student had a severe
Global PSQI score of 11. Yet, he or she had a CAP of 4.92 (or
1.72 standard deviations above the mean). In contrast, the student
with the lowest CAP among the good sleepers had a good Global
PSQI score of 4, but a CAP of 3.63 (or 1.69 standard deviations
below the mean).

The interaction plots shown in Figures 2A,B suggest that
among CAPT students with low levels of psychological well-
being, those with low affect balance will, on average, have
substantially poorer overall sleep quality than those with the
same CAP score but high affect balance. Among CAPT students
with high levels of psychological well-being, however, those with
low affect balance only have slightly poorer overall sleep quality
compared to those with the same CAP but high affect balance,
on average. These observations are congruent with the differing
slopes shown in Figure 2C.

The remainder of this subsection serves to provide a
speculative explanation for the trends shown in Figures 2A,B.
For brevity, we focus on the “middle ground” of the two scenarios
depicted, i.e., the case of mean affect balance. In this case, the
two quadratic curves meet precisely at their turning points.
Since the turning points coincide with the mean CAP score,
we can speak of four types of students: those with low levels
of psychological well-being and below average CAPs (Type 1)
versus above average CAPs (Type 2), and those with high levels of
psychological well-being and below average CAPs (Type 3) versus
above average CAPs (Type 4).

Sutin et al. (2020) summarized that among the Big
Five personality traits, lower levels of extraversion and
conscientiousness and higher levels of neuroticism are
associated with poorer sleep, while openness to experience and
agreeableness are not associated consistently with sleep quality.
Moreover, Duggan et al. (2014) found that low conscientiousness
and high neuroticism are the best predictors of poor sleep. Thus,
we expect Type 1 and 2, and Type 3 and 4 students to be higher
in neuroticism and conscientiousness, respectively. Hakimi et al.
(2011) found that all the Big Five personality traits were related
to GPA scores; conscientiousness was positively correlated and
was the strongest predictor, followed by neuroticism which was
negatively correlated.

Next, we turn to the concept of flow, known colloquially
as being “in the zone”. Flow is a state of deep absorption
in an activity wherein the individual functions at her fullest
capacity and the experience itself is intrinsically rewarding
such that the individual seeks to replicate it (Shernoff et al.,
2003). Scholars have reported experiencing flow when engaged
in their best work (Csikszentmihalyi, 1996). Hager (2015)
concluded that individuals higher in extraversion, openness and
conscientiousness have a greater disposition to experience flow,
while high neuroticism hinders an individual from having such
experiences. We therefore expect that Type 3 and 4 students have
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more flow experiences than Type 1 and 2 students while engaged
in learning activities.

Sumaya and Darling (2018) reported that students who
experienced flow while working on a particular assignment
scored significantly higher grades than students who did not.
Ozhan and Kocadere (2019) concluded that flow increases
academic success through increased motivation. We therefore
hypothesize that for Type 3 and 4 students, conscientiousness
provides the initial motivation to improve their CAPs, which is
subsequently strengthened by flow experiences. We further posit
that the increased motivation leads Type 3 students to engage
in longer night-time study to the detriment of their sleep. Type
4 students on the other hand, are better able to replicate flow
experiences and leverage these experiences to maximize their
learning efficiency. As a result, these students are able to improve
their CAPs without negatively impacting their sleep.

Turning to Type 1 and 2 students, Komarraju et al. (2009)
suggested that anxiety provides students high in neuroticism the
motivation to do better. Bratko et al. (2006) similarly suggested
that anxiety and perfectionism in such students could lead to
improved academic performance. On this note, we hypothesize
that anxiety provides the motivation for Type 1 students to do
better while both anxiety and perfectionism motivate Type 2
students. As the CAPs of Type 1 students improve, their level
of anxiety falls, leading to improved sleep. For Type 2 students,
however, we speculate that improved CAPs further fuel their
desire for “perfect grades”, leading to increased anxiety and in
turn poorer sleep.

Well-Being and Academic Performance

The significant interaction between psychological well-being
and CAP scores that our multivariate analysis revealed is
consistent with observations made by Richter (2015) that
students with higher GPAs had increased levels of certain facets
of psychological well-being.

Both simple linear regression and polynomial regression
(involving up to third order terms) would, however, fail to
detect any association between psychological well-being and
CAP scores. In fact, both the Spearman and Kendall rank
correlation coeflicient would also fail in this regard. This suggests
that academic performance, as measured by CAP, does not
have a direct effect on psychological well-being. For the same
reasons, academic performance does not appear to have a
direct effect on the affective components of subjective well-
being as well. Therefore, contrary to what one might expect,
well-being cannot mediate the relationship between academic
performance and overall sleep quality. Academic performance
can possibly only moderate the relationship between the affective
components of subjective well-being, and psychological well-
being. The present study, however, did not examine academic
performance in such a role.

Comparisons With Other Student

Populations
Based on the results in Section “Global PSQI, SPANE, and
FS Scores of Other Student Populations”, we conclude that

CAPT students have lower affective well-being compared to
their counterparts in America, Canada, Germany, Portugal,
and South Africa, but similar affective well-being compared to
students in Japan and SMU. For FS scores, only the differences in
the mean between CAPT and SMU students are not significant.
Thus, CAPT students apparently have lower psychological well-
being compared to their overseas counterparts with the exception
of students in Japan who are not doing as well in this regard.
On the other hand, CAPT and SMU students have comparable
psychological well-being. We also conclude that CAPT students
have poorer overall sleep quality compared to their counterparts
in United States, Belgium, Taiwan, and Nigeria, similar overall
sleep quality compared to students in Brazil, Luxembourg,
and Germany, and better overall sleep quality compared to
students in Indonesia.

Limitations and Future Directions
The present study has several key limitations. First, a wider
sample would have allowed for more robust results to be
generated. Secondly, the availability of additional pertinent data
would have enabled a better model for overall sleep quality
to be obtained and more in-depth analyses to be made. This
includes student demographics such as gender and year of
study, and other sleep-related information such as frequency and
duration of daytime naps, chronotype, consistency of sleeping
patterns, as well as objective sleep measures (e.g., actigraphy-
based recordings). Greater sleep consistency has been linked to
better academic performance and may have a greater impact
on GPA than sleep duration (Hershner, 2020). Napping has
been shown to improve logical reasoning and moods, reduce
subjective levels of daytime sleepiness (Milner and Cote, 2009),
and improve overall sleep quality (Wang and Biro, 2021).
Chronotype preference toward eveningness has been found to
be associated with poorer academic performance (Gomes et al.,
2011; Hershner, 2020). Thirdly, the inclusion of the Satisfaction
with Life Scale by Diener et al. (1985) would have provided
a more complete view of the levels of subjective well-being
of our subjects. Fourthly, we believe that the inclusion of an
instrument to assess the Big Five personality traits, e.g., the Big
Five Inventory (John and Srivastava, 1999), would have improved
the quality of fit of our model, given the growing evidence of
the influence of personality traits on subjective sleep (Sutin et al.,
2020). Finally, CAP is a partial measure of academic performance
and achievement. Complementing it with other quantitative
and qualitative measures would have provided more extensive
information about the academic experience of the participants.
A future direction would be to develop separate models for
objective and subjective sleep quality, taking into account the
above limitations. This would allow for an in-depth investigation
into the direct and indirect effects that academic achievement,
well-being, personality traits and other individual differences
such as chronotype preference, have on subjective and objective
sleep quality. As it has been recognized that sleep and well-
being affect each other (Steptoe et al., 2008; Lau et al., 2015;
Zou et al., 2020), we would also include in the proposed study,
an investigation into the effects of subjective and objective sleep
quality on well-being. Libman et al. (2016) pointed out that sleep
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quality is a construct often measured but never defined. Ness
and Saksvik-Lehouillier (2018) similarly stated that sleep quality
“seems to lack an established definition”. Taking the cue from
these authors, a key objective of the proposed study would be to
determine the extent to which the proposed two models concur,
in the pursuit of establishing a holistic understanding of what it
means to have quality sleep, both objectively and subjectively, as
well as its antecedents and consequences. Libman et al. (2016) and
Harvey et al. (2008) have made a start in this direction with their
findings that the daytime experience of feeling refreshed versus
nonrefreshed in the morning, and the night-time experience of
good versus impaired sleep continuity, characterizes perceived
good versus poor sleep. Nevertheless, that still leaves much to be
desired in our opinion.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board, National University
of Singapore. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

AC and FB conceptualized the present study. FB took charge
of the well-being instruments to be used, helped to refine

REFERENCES

Ahrberg, K., Dresler, M., Niedermaier, S., Steiger, A., and Genzel, L. (2012). The
interaction between sleep quality and academic performance. J. Psychiatric Res.
46, 1618-1622. doi: 10.1016/j.jpsychires.2012.09.008

Alfonsi, V., Scarpelli, S., D’Atri, A., Stella, G., and De Gennaro, L. (2020). Later
school start time: the impact of sleep on academic performance and health
in the adolescent population. Int. J. Environ. Res. Public Health 17:2574. doi:
10.3390/ijerph17072574

Allgower, A., Wardle, J., and Steptoe, A. (2001). Depressive symptoms, social
support, and personal health behaviors in young men and women. Health
Psychol. 20, 223-227. doi: 10.1037/0278-6133.20.3.223

Aloba, O. O., Adewuya, A. O., Ola, B. A, and Mapayi, B. M. (2007). Validity of the
pittsburgh sleep quality index (PSQI) among Nigerian university students. Sleep
Med. 8,266-270. doi: 10.1016/j.sleep.2006.08.003

Baert, S., Orney, E., Verhaest, D., and Vermeir, A. (2015). Mister Sandman, bring
me good marks! On the relationship between sleep quality and academic
achievement. Soc. Sci. Med. 130, 91-98. doi: 10.1016/j.socscimed.2015.02.
011

Barahona-Corea, J. E., Aristizabal-Mayor, J. D., Lasalvia, P., Ruiz, A. J., and
Hidalgo-Martinez, P. (2018). Sleep disturbances, academic performance,
depressive symptoms and substance use among medical students in Bogota,
Colombia. Sleep Sci. 11, 260-268. doi: 10.5935/1984-0063.20180041

Bratko, D., Chamoro-Premuzic, T., and Saks, Z. (2006). Personality and school
performance: incremental validity of self- and peer-ratings over intelligence.
Pers. Individ. Differ. 41, 131-142. doi: 10.1016/j.paid.2005.12.015

sections “Introduction”, “Instruments” and contributed to
section “Procedure,” the preamble of section “Discussion,”
“Sleep and Psychological Well-Being,” and the discussion on
limitations in section “Limitations and Future Directions.” MA
processed the raw data, performed the statistical analyses, and
wrote all sections of the manuscript including developing all
the hypotheses and speculations in section “Discussion.” AC
wrote the background of the college at the start of section
“Participants and Bad Data Points” and contributed to section
“Procedure”. AC suggested in part for the section “Global
PSQI, SPANE, and FS Scores of Other Student Populations.”
All authors contributed to the article and approved the
submitted version.

FUNDING

This work was funded by the College of Alice and Peter
Tan at the National University Singapore under the CAPT
Aspire Fund C-506-000-010-511, with additional support
from the Faculty of Engineering, Faculty Board Fund
C-397-000-055-001.

ACKNOWLEDGMENTS

The authors would like to thank Mr. Chan Keng Wee and
Mr. Jacob Chew for their valuable help in running the
survey. The authors are also grateful to Adeline Seow for
insightful discussions during the initial phase of the project.
Finally, the authors wish to thank the reviewers for their
insightful comments and suggestions which helped improve the
quality of this article.

Brown, K. W., and Ryan, R. M. (2003). The benefits of being present: mindfulness
and its role in Psychological Well-Being. J. Pers. Soc. Psychol. 84, 822-848.
doi: 10.1037/0022-3514.84.4.822

Buysse, D. J., Reynolds, C. F. III, Monk, T. H., Berman, S. R., and Kupfer, D. J.
(1989). The Pittsburgh Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res. 28, 193-213. doi: 10.1016/0165-1781(89)
90047-4

Carney, C. E., Edinger, J. D., Meyer, B, Lindman, L., and Istre, T. (2006). Daily
activities and sleep quality in college students. Chronobiol. Int. 23, 623-637.
doi: 10.1080/07420520600650695

Cheng, S. H., Shih, C.-C,, Lee, I. H., Hou, Y.-W., Chen, K. C, Yang, Y. K,, et al.
(2012). A study on the sleep quality of incoming university students. Psychiatry
Res. 197, 270-274. doi: 10.1016/j.psychres.2011.08.011

Chiang, Y.-C., Arendt, S. W., Zheng, T., and Hanisch, K. A. (2014). The effects
of sleep on academic performance and job performance. College Student ]. 48,
72-87.

Crowley, S. J., Acebo, C., and Carskadon, M. A. (2007). Sleep, circadian rhythms,
and delayed phase in adolescence. Sleep Med. 8, 602-612. doi: 10.1016/j.sleep.
2006.12.002

Csikszentmihalyi, M. (1996). Creativity: Flow and the Psychology of Discovery and
Invention. New York, NY: HaperCollins.

Curcio, G., Ferrara, M., and De Gennaro, L. (2006). Sleep loss, learning capacity
and academic performance. Sleep Med. Rev. 10, 323-337. doi: 10.1016/j.smrv.
2005.11.001

Datta, A., Nag, K., Karmakar, N., Chakrabarty, T., Tripura, K., and Bhattacharjee,
P. (2019). Sleep disturbance and its effect on academic performance among

Frontiers in Psychology | www.frontiersin.org

May 2021 | Volume 12 | Article 672238


https://doi.org/10.1016/j.jpsychires.2012.09.008
https://doi.org/10.3390/ijerph17072574
https://doi.org/10.3390/ijerph17072574
https://doi.org/10.1037/0278-6133.20.3.223
https://doi.org/10.1016/j.sleep.2006.08.003
https://doi.org/10.1016/j.socscimed.2015.02.011
https://doi.org/10.1016/j.socscimed.2015.02.011
https://doi.org/10.5935/1984-0063.20180041
https://doi.org/10.1016/j.paid.2005.12.015
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1080/07420520600650695
https://doi.org/10.1016/j.psychres.2011.08.011
https://doi.org/10.1016/j.sleep.2006.12.002
https://doi.org/10.1016/j.sleep.2006.12.002
https://doi.org/10.1016/j.smrv.2005.11.001
https://doi.org/10.1016/j.smrv.2005.11.001
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Armand et al.

Sleep, Well-Being and Academic Performance

students of a medical college of Tripura. Int. J. Commun. Med. Public Health
6,293-298. doi: 10.18203/2394-6040.ijcmph20185261

Diener, E., Emmons, R. A., Larson, R. J., and Griffin, S. (1985). The satisfaction
with life scale. J. Pers. Assess. 49, 71-75. doi: 10.1207/s15327752jpa4
901_13

Diener, E., Oishi, S., and Lucas, R. E. (2009). “Subjective well-being: the science of
happiness and life satisfaction,” in The Oxford Handbook of Positive Psychology,
2nd Edn, eds S. J. Lopez and C. R. Snyder (New York, NY: Oxford University
Press). doi: 10.1093/0xfordhb/9780195187243.013.0017

Diener, E., Wirtz, D., Tov, W., Kim-Prieto, C., Choi, D. W., Oishi, S., et al.
(2010). New well-being measures: short scales to assess flourishing and positive
and negative feelings. Soc. Indic. Res. 97, 143-156. doi: 10.1007/S11205-009-
9493-Y

Ding, X., Wang, X., Yang, Z., Tang, R., and Tang, Y.-Y. (2020). Relationship
between trait mindfulness and sleep quality in college students: a conditional
process model. Front. Psychol. 11:576319. doi: 10.3389/fpsyg.2020.5
76319

Dinis, J., and Braganca, M. (2018). Quality of sleep and depression in college
students: a systematic review. Sleep Sci. 11, 290-301. doi: 10.5935/1984-0063.
20180045

Dokuka, S., and Smirnov, I (2020). High academic performance is
associated with shorter sleep and later bedtimes for young adults. arXiv
[Preprint] Available online at: https://arxiv.org/abs/2005.07806 (Accessed
November 9, 2020).

Du, C, Zan, M. C. H, Cho, M. J., Fenton, J. 1, Hsiao, P. Y., Hsiao, R,
et al. (2020). Increased resilience weakens the relationship between perceived
stress and anxiety on sleep quality: a moderated mediation analysis of higher
education students from 7 countries. Clocks Sleep 2, 334-353. doi: 10.3390/
clockssleep2030025

du Plessis, G. A., and Guse, T. (2016). Validation of the scale of positive and
negative experience in a South African student sample. South Afr. J. Psychol.
47,184-197. doi: 10.1177/0081246316654328

Duggan, K. A., Friedman, H. S., McDevitt, E. A., and Mednick, S. C. (2014).
Personality and healthy sleep: the importance of conscientiousness
and neuroticism. PLoS One 9:¢90628. doi: 10.1371/journal.pone.009
0628

Eliasson, A. H., Lettieri, C. J., and Eliasson, A. H. (2010). Early to bed, early to rise!
Sleep habits and academic performance in college students. Sleep Breath. 14,
71-75. doi: 10.1007/s11325-009-0282-2

Fagerland, M. W. (2012). t-test, non-parametric tests, and large studies — A paradox
of statistical practice? BMC Med. Res. Methodol. 12:78. doi: 10.1186/1471-2288-
12-78

Fagerland, M. W., and Sandvik, L. (2009). Performance of five two-sample location
tests for skewed distributions with unequal variances. Contemp. Clin. Trials 30,
490-496. doi: 10.1016/j.cct.2009.06.007

Fonseca, A. G., and Genzel, L. (2020). Sleep and academic performance:
considering amount, quality and timing. Curr. Opin. Behav. Sci. 33, 65-71.
doi: 10.1016/j.cobeha.2019.12.008

Freitag, L., Ireland, J. L., and Niesten, L. J. M. (2017). Exploring the relationship
between sleep quality, emotional well-being and aggression levels in a European
sample. J. Aggress. Conflict Peace Res. 9, 167-177. doi: 10.1108/JACPR-08-2016-
0239

Fulgini, A. J., and Hardway, C. (2006). Daily variation in adolescents’ sleep,
activities and psychological well-being. J. Res. Adolesc. 16, 353-378. doi: 10.
1111/j.1532-7795.2006.00498.x

Garland, S. N., Campbell, T., Samuels, C., and Carlson, L. E. (2013). Dispositional
mindfulness, insomnia, sleep quality and dysfunctional sleep beliefs in post-
treatment cancer patients. Pers. Individ. Differ. 55, 306-311. doi: 10.1016/j.paid.
2013.03.003

Gomes, A. A., Tavares, J., and de Azevedo, M. H. P. (2011). Sleep and
academic performance in undergraduates: a multimeasure, multi-predictor
approach. J. Biol. Med. Rhythm Res. 28, 786-801. doi: 10.3109/07420528.2011.6
06518

Hager, P. L. (2015). Flow and the Five-Factor Model (FFM) of Personality
Characteristics. Doctoral thesis. Kansas, MO: University of Missouri.

Hakimi, S., Hejazi, E., and Lavasani, M. G. (2011). The relationship between
personality traits and students’ academic achievement. Soc. Behav. Sci. 29,
836-845. doi: 10.1016/j.sbspro.2011.11.312

Hamilton, N. A., Catley, D., and Karlson, C. (2007a). Sleep and the affective
response to stress and pain. Health Psychol. 26:288. doi: 10.1037/0278-6133.26.
3.288

Hamilton, N. A., Nelson, C. A., Stevens, N., and Kitzman, H. (2007b). Sleep and
psychological well-being. Soc. Indic. Res. 82, 147-163. doi: 10.1007/s11205-006-
9030-1

Hangouche, A.J. E,, Jniene, A., Aboudrar, S., Errguig, L., Rkain, H., Cherti, M., et al.
(2018). Relationship between poor quality sleep, excessive daytime sleepiness
and low academic performance in medical students. Adv. Med. Educ. Pract. 9,
631-638. doi: 10.2147/AMEP.S162350

Harvey, A. G., Stinson, K., Whitaker, K. L., Moskovitz, D., and Virk, H. (2008).
The subjective meaning of sleep quality: a comparison of individuals with and
without insomnia. Sleep 31, 383-393. doi: 10.1093/sleep/31.3.383

Herawati, K., and Gayatri, D. (2019). The correlation between sleep quality and
levels of stress among students in Universitas Indonesia. Enfermeria Clin. 29,
357-361. doi: 10.1016/j.enfcli.2019.04.044

Hernandez-Torrano, D., Ibrayeva, L. Sparks, ], Lim, N. Clementi, A.,
Almukhambetova, A., et al. (2020). Mental health and well-being of university
students: a bibliometric mapping of the literature. Front. Psychol. 11:1226. doi:
10.3389/fpsyg.2020.01226

Hershner, S. (2020). Sleep and academic performance: measuring the impact of
sleep. Curr. Opin. Behav. Sci. 33, 51-56. doi: 10.1016/j.cobeha.2019.11.009

Howell, A. J., and Buro, K. (2015). Measuring and predicting student well-being:
further evidence in support of the flourishing scale and the scale of positive and
negative experiences. Soc. Indic. Res. 121, 903-915. doi: 10.2147/NSS.562907

Tacobucci, D., Schneider, M. J., Popovich, D. L., and Bakamitsos, G. A. (2016). Mean
centering helps alleviate “micro” but not “macro” multicollinearity. Behav. Res.
Methods 48, 1308-1317. doi: 10.3758/s13428-015-0624-x

Ikehara, S., Iso, H., Date, C., Kikuchi, S., Watanabe, Y., Wada, Y., et al. (2009).
Association of sleep duration with mortality from cardiovascular disease and
other causes for Japanese men and women: the JACC study. Sleep 32, 295-301.
doi: 10.1093/sleep/32.3.295

Jalali, R., Khazaei, H., Paveh, B. K., Hayrani, Z., and Menati, L. (2020). The effect
of sleep quality on students’ academic achievement. Adv. Med. Educ. Pract. 11,
497-502. doi: 10.2147/AMEP.S261525

John, O. P., and Srivastava, S. (1999). “The big-five trait taxonomy: history,
measurement, theoretical perspectives,” in Handbook of Personality: Theory and
Research, 2nd Edn, eds L. A. Pervin and O. P. John (New York, NY: Guilford
Press), 102-128.

Keyes, C. L. M., Shmotkin, D., and Ryff, C. D. (2002). Optimizing well-being:
the empirical encounter of two traditions. J. Pers. Soc. Psychol. 82, 1007-1022.
doi: 10.1037/0022-3514.82.6.1007

King, E., Mobley, C., and Scullin, M. K. (2018). The 8-hour challenge: incentivizing
sleep during end-of-term assessments. J. Interior Design 44, 85-99. doi: 10.1111/
joid.12135

Komarraju, M., Karau, S. J., and Schmeck, R. R. (2009). Role of the big five
personality traits in predicting college studens academic motivation and
achievement. Learn. Individ. Differ. 19, 47-52. doi: 10.1016/j.1lindif.2008.07.001

Kronholm, E., Laatikainen, T., Peltonen, M., Sippola, R., and Partonen, T. (2011).
Self-reported sleep duration, all-cause mortality, cardiovascular mortality and
morbidity in Finland. Sleep Med. 12, 215-221. doi: 10.1016/j.sleep.2010.07.021

Laidlaw, A., McLellan, J., and Ozakinci, G. (2016). Understanding undergraduate
student perceptions of mental health, mental well-being and help-seeking
behaviour. Stud. High. Educ. 41, 2156-2168. doi: 10.1080/03075079.2015.
1026890

Lau, E. Y. Y., Hui, C. H, Cheung, S. F,, and Lam, J. (2015). Bidirectional
relationship between sleep and optimism with depressive mood as a mediator:
a longitudinal study of Chinese working adults. J. Psychosom. Res. 79, 428-434.
doi: 10.1016/j.jpsychores.2015.09.010

Leak, R. K., Weiner, S. L., Chandwani, M. N., and Rhodes, D. C. (2020). Long
weekend sleep is linked to stronger academic performance in male but not
female pharmacy students. Adv. Physiol. Educ. 44, 350-357. doi: 10.1152/advan.
00005.2020

Lemma, S., Gelaye, B., Berhane, Y., Worku, A., and Williams, M. A. (2012). Sleep
quality and its psychological correlates among university students in Ethiopia: a
cross-sectional study. BMC Psychiatry 12:237. doi: 10.1186/1471-244X-12-237

Li, W,, Yin, J., Cai, X., Cheng, X., and Wang, Y. (2020). Association between
sleep duration and quality and depressive symptoms among university students:

Frontiers in Psychology | www.frontiersin.org

May 2021 | Volume 12 | Article 672238


https://doi.org/10.18203/2394-6040.ijcmph20185261
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1093/oxfordhb/9780195187243.013.0017
https://doi.org/10.1007/S11205-009-9493-Y
https://doi.org/10.1007/S11205-009-9493-Y
https://doi.org/10.3389/fpsyg.2020.576319
https://doi.org/10.3389/fpsyg.2020.576319
https://doi.org/10.5935/1984-0063.20180045
https://doi.org/10.5935/1984-0063.20180045
https://arxiv.org/abs/2005.07806
https://doi.org/10.3390/clockssleep2030025
https://doi.org/10.3390/clockssleep2030025
https://doi.org/10.1177/0081246316654328
https://doi.org/10.1371/journal.pone.0090628
https://doi.org/10.1371/journal.pone.0090628
https://doi.org/10.1007/s11325-009-0282-2
https://doi.org/10.1186/1471-2288-12-78
https://doi.org/10.1186/1471-2288-12-78
https://doi.org/10.1016/j.cct.2009.06.007
https://doi.org/10.1016/j.cobeha.2019.12.008
https://doi.org/10.1108/JACPR-08-2016-0239
https://doi.org/10.1108/JACPR-08-2016-0239
https://doi.org/10.1111/j.1532-7795.2006.00498.x
https://doi.org/10.1111/j.1532-7795.2006.00498.x
https://doi.org/10.1016/j.paid.2013.03.003
https://doi.org/10.1016/j.paid.2013.03.003
https://doi.org/10.3109/07420528.2011.606518
https://doi.org/10.3109/07420528.2011.606518
https://doi.org/10.1016/j.sbspro.2011.11.312
https://doi.org/10.1037/0278-6133.26.3.288
https://doi.org/10.1037/0278-6133.26.3.288
https://doi.org/10.1007/s11205-006-9030-1
https://doi.org/10.1007/s11205-006-9030-1
https://doi.org/10.2147/AMEP.S162350
https://doi.org/10.1093/sleep/31.3.383
https://doi.org/10.1016/j.enfcli.2019.04.044
https://doi.org/10.3389/fpsyg.2020.01226
https://doi.org/10.3389/fpsyg.2020.01226
https://doi.org/10.1016/j.cobeha.2019.11.009
https://doi.org/10.2147/NSS.S62907
https://doi.org/10.3758/s13428-015-0624-x
https://doi.org/10.1093/sleep/32.3.295
https://doi.org/10.2147/AMEP.S261525
https://doi.org/10.1037/0022-3514.82.6.1007
https://doi.org/10.1111/joid.12135
https://doi.org/10.1111/joid.12135
https://doi.org/10.1016/j.lindif.2008.07.001
https://doi.org/10.1016/j.sleep.2010.07.021
https://doi.org/10.1080/03075079.2015.1026890
https://doi.org/10.1080/03075079.2015.1026890
https://doi.org/10.1016/j.jpsychores.2015.09.010
https://doi.org/10.1152/advan.00005.2020
https://doi.org/10.1152/advan.00005.2020
https://doi.org/10.1186/1471-244X-12-237
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Armand et al.

Sleep, Well-Being and Academic Performance

a cross-sectional study. PLoS One 15:¢0238811. doi: 10.371/journal.pone.
0238811

Li, X, Lin, L, Ly, L, Pang, X,, Du, S., Zhang, W,, et al. (2015). U-shaped
relationships between sleep duration and metabolic syndrome and metabolic
syndrome components in males: a prospective cohort study. Sleep Med. 16,
949-954. doi: 10.1016/j.sleep.2015.03.024

Li, Y., Gu, S., Wang, Z., Li, H., Xu, X., Zhu, H,, et al. (2019). Relationship between
stressful life events and sleep quality: rumination as a moderator and resilience
as a moderator. Front. Psychiatry 10:348. doi: 10.3389/fpsyt.2019.00348

Libman, E., Fichten, C., Creti, L., Conrod, K., Tran, D.-L., Grad, R., et al. (2016).
Refreshing sleep and sleep continuity determine perceived sleep quality. Sleep
Disord. 2016:7170610. doi: 10.1155/2016/7170610

Lima, M. G., Barros, M. B. A,, Ceolim, M. F., Zancanella, E., and Cardoso,
T. A. M. O. (2018). Sleep duration, health status, and subjective well-being: a
population-based study. Rev. Saude Publica 52:82. doi: 10.11606/S1518-8787.
2018052000602

Lund, H. G, Reider, B. D., Whiting, A. B., and Prichard, J. R. (2010). Sleep patterns
and predictors of disturbed sleep in a large population of college students.
J. Adolesc. Health 46, 124-132. doi: 10.1016/j.jadohealth.2009.06.016

Lumley, T., Diehr, P., Emerson, S., and Chen, L. (2002). The importance of the
normality assumption in large public health data sets. Ann. Rev. Pub. Heal. 23,
151-169. doi: 10.1146/annurev.23.100901.140546

Maheshwari, G., and Shaukat, F. (2019). Impact of poor sleep quality on the
academic performance of medical students. Cureus 11:e4357. doi: 10.7759/
cureus.4357

Mesquita, G., and Reimao, R. (2010). Quality of sleep among university students:
effects of nighttime computer and television use. Arquivos Neuro Psiquiatria 68,
720-725. doi: 10.1590/s0004-282x2010000500009

Milner, C. E., and Cote, K. A. (2009). Benefits of napping in healty adults: impact of
day, age, and experience with napping. J. Sleep Res. 18, 272-281. doi: 10.1111/].
1365-2869.2008.00718.x

Ness, T., and Saksvik-Lehouillier, I. (2018). The relationships between life
satisfaction and sleep quality, sleep duration and variability of sleep in university
students. J. Eur. Psychol. Stud. 9, 28-39. doi: 10.5334/jeps.434

Okano, K., Kaczmarzyk, J. R,, Dave, N., Gabrielli, . D. E., and Grossman, J. C.
(2019). Sleep quality, duration, and consistency are associated with better
academic performance in college students. Sci. Learn. 4:16. doi: 10.1038/
541539-019-0055-z

Ozhan, S. C., and Kocadere, S. A. (2019). The effects of flow, emotional
engagement, and motivation on success in a gamified online learning
environment. J. Educ. Compu. Res. 57, 2006-2031. doi: 10.1177/
0735633118823159

Pidgeon, A. M., and Keye, M. (2014). Relationship between resilience, mindfulness,
and psychological well-being in university students. Int. J. Liberal Arts Soc. Sci.
2,27-32.

Pilcher, J. J., Ginter, D. R., and Sadowsky, B. (1997). Sleep quality versus sleep
quantity: relationships between sleep and measures of health, well-being and
sleepiness in college students. J. Psychos. Res. 42, 583-596. doi: 10.1016/s0022-
3999(97)00004-4

Qin, P., and Brown, C. A. (2017). Sleep practices of university students living in
residence. Int. J. High. Educ. 6, 14-25. doi: 10.5430/ijhe.vén5p14

Rahm, T., Heise, E., and Schuldt, M. (2017). Measuring the frequency of emotions -
Validation of the scale of positive and negative experience (SPANE) in
Germany. PLoS One 12:¢0171288. doi: 10.1371/journal.pone.0171288

Raley, H., Naber, J., Cross, S., and Perlow, M. (2016). The impact of duration of
sleep on academic performance in university students. Madridge J. Nurs. 1,
11-18. doi: 10.18689/mjn-1000103

Richter, M. A. (2015). Estimated Effects of Perceived Sleep Deprivation on
Psychological Well-Being During College. Doctoral thesis. Iowa City, IA:
University of Iowa.

Ryan, R. M., and Deci, E. L. (2001). On happiness and human potentials: a review
of research on hedonic and eudaimonic well-being. Annu. Rev. Psychol. 52,
141-166. doi: 10.1146/annurev.psych.52.1.141

Schlarb, A. A., Claben, M., Grunwald, J., and Vogele, C. (2017). Sleep disturbances
and mental strain in university students: results from an online survey in
Luxembourg and Germany. Int. J. Mental Health Syst. 11:24. doi: 10.1186/
s13033-017-0131-9

Shernoff, D. J., Csikszentmihalyi, M., Schneider, B., and Shernoff, E. S.
(2003). Student engagement in high school classrooms from the perspective
of flow theory. Sch. Psychol. Q. 18, 158-176. doi: 10.1521/scpq.18.2.158.
21860

Silva, A. J., and Caetano, A. (2013). Validation of the flourishing scale and scale
of positive and negative experience in Portugal. Soc. Indic. Res. 110, 469-478.
doi: 10.1007/s11205-011-9938-y

Steptoe, A., O’Donnell, K., Marmot, M., and Wardle, J. (2008). Positive affect,
psychological well-being, and good sleep. J. Psychos. Res. 64, 409-415. doi:
10.1016/j.jpsychores.2007.11.008

Suen, L. K. P., Tam, W. W. S, and Hon, K. L. (2010). Association of sleep hygiene-
related factors and sleep quality among university students in Hong Kong.
Hong Kong Med. ]. 16, 180-185.

Sumaya, I. C., and Darling, E. (2018). Procrastination, flow, and academic
performance in real time using the experience sampling method. J. Genet.
Psychol. 179, 123-131. doi: 10.1080/00221325.2018.1449097

Sumi, K. (2014). Reliability and validity of Japanese versions of the flourishing scale
and the scale of positive and negative experience. Soc. Indic. Res. 118, 601-615.
doi: 10.1007/s11205-013-0432-6

Sutin, A. R, Stephan, Y., and Terracciano, A. (2020). Facets of conscientiousness
and objective markers of health status. Psychol. Health 33, 1100-1115. doi:
10.1080/08870446.2018.1464165

Sweileh, W. M., Ali, I. A., Sawalha, A. F., Abu-Taha, A. S., Zyoud, S. H., and Al-Jabi,
S. W.(2011). Sleep habits and sleep problems among Palestinian students. Child
Adolesc. Psychiatry Mental Health 5:25. doi: 10.1186/1753-2000-5-25

Toscano-Hermoso, M. D., Arbinaga, F., Fernandez-Ozcorta, E. J., Gomez-Salgado,
J., and Ruiz-Frutos, C. (2020). Influence of sleeping patterns in health and
academic performance among university students. Int. J. Environ. Res. Public
Health 17:2760. doi: 10.3390/ijerph17082760

Wang, F., and Biro, E. (2021). Determinants of sleep quality in college students: a
literature review. Explore 17, 170-177. doi: 10.1016/j.explore.2020.11.003

Weinberg, M. K., Noble, J. M., and Hammond, T. G. (2016). Sleep well feel well: an
investigation into the protective value of sleep quality on subjective well-being.
Aust. . Psychol. 68, 91-97. doi: 10.1111/ajpy.12098

Zeek, M. L., Savoie, M. J., Song, M., Kennemur, L. M., Qian, J., Jungnickel,
P. W, et al. (2015). Sleep duration and academic performance among student
pharmacists. Am. J. Pharm. Educ. 79:63. doi: 10.5688/ajpe79563

Zhai, K., Gao, X,, and Wang, G. (2018). The role of sleep quality in the
psychological well-being of final year undergraduate students in China. Int. J.
Environ. Res. Public Health 15:2881. doi: 10.3390/ijerph15122881

Zohar, D., Tzischinsky, O., Epstein, R., and Lavie, P. (2005). The effects of sleep
loss on medical residents’ emotional reactions to work events: a cognitive-
energy model. Sleep J. Sleep Sleep Disord. Res. 28, 47-54. doi: 10.1093/sleep/28.
1.47

Zou, P., Wang, X,, Sun, L., Liu, K., Hou, G., Yang, W., et al. (2020). Poorer
sleep quality correlated with mental health problems in college students: a
longitudinal observational study among 686 males. J. Psychos. Res. 136:110177.
doi: 10.1016/j.jpsychores.2020.110177

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Armand, Biassoni and Corrias. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

May 2021 | Volume 12 | Article 672238


https://doi.org/10.371/journal.pone.0238811
https://doi.org/10.371/journal.pone.0238811
https://doi.org/10.1016/j.sleep.2015.03.024
https://doi.org/10.3389/fpsyt.2019.00348
https://doi.org/10.1155/2016/7170610
https://doi.org/10.11606/S1518-8787.2018052000602
https://doi.org/10.11606/S1518-8787.2018052000602
https://doi.org/10.1016/j.jadohealth.2009.06.016
https://doi.org/10.1146/annurev.23.100901.140546
https://doi.org/10.7759/cureus.4357
https://doi.org/10.7759/cureus.4357
https://doi.org/10.1590/s0004-282x2010000500009
https://doi.org/10.1111/j.1365-2869.2008.00718.x
https://doi.org/10.1111/j.1365-2869.2008.00718.x
https://doi.org/10.5334/jeps.434
https://doi.org/10.1038/s41539-019-0055-z
https://doi.org/10.1038/s41539-019-0055-z
https://doi.org/10.1177/0735633118823159
https://doi.org/10.1177/0735633118823159
https://doi.org/10.1016/s0022-3999(97)00004-4
https://doi.org/10.1016/s0022-3999(97)00004-4
https://doi.org/10.5430/ijhe.v6n5p14
https://doi.org/10.1371/journal.pone.0171288
https://doi.org/10.18689/mjn-1000103
https://doi.org/10.1146/annurev.psych.52.1.141
https://doi.org/10.1186/s13033-017-0131-9
https://doi.org/10.1186/s13033-017-0131-9
https://doi.org/10.1521/scpq.18.2.158.21860
https://doi.org/10.1521/scpq.18.2.158.21860
https://doi.org/10.1007/s11205-011-9938-y
https://doi.org/10.1016/j.jpsychores.2007.11.008
https://doi.org/10.1016/j.jpsychores.2007.11.008
https://doi.org/10.1080/00221325.2018.1449097
https://doi.org/10.1007/s11205-013-0432-6
https://doi.org/10.1080/08870446.2018.1464165
https://doi.org/10.1080/08870446.2018.1464165
https://doi.org/10.1186/1753-2000-5-25
https://doi.org/10.3390/ijerph17082760
https://doi.org/10.1016/j.explore.2020.11.003
https://doi.org/10.1111/ajpy.12098
https://doi.org/10.5688/ajpe79563
https://doi.org/10.3390/ijerph15122881
https://doi.org/10.1093/sleep/28.1.47
https://doi.org/10.1093/sleep/28.1.47
https://doi.org/10.1016/j.jpsychores.2020.110177
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Sleep, Well-Being and Academic Performance: A Study in a Singapore Residential College
	Introduction
	Sleep and Well-Being
	Sleep and Academic Achievement
	The Present Study

	Materials and Methods
	Instruments
	Participants and Bad Data Points
	Statistical Methods
	Procedure

	Results
	The Relationship Between Sleep and Well-Being/Academic Performance
	A Model for Overall Sleep Quality
	Global PSQI, SPANE, and FS Scores of Other Student Populations

	Discussion
	Reconciling Inconsistency Between the Univariate and Multivariate Analyses
	Sleep and Psychological Well-Being
	Sleep and the Affective Components of Subjective Well-Being
	Sleep and Academic Performance
	Well-Being and Academic Performance
	Comparisons With Other Student Populations
	Limitations and Future Directions

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


