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Abstract

University students commonly experience sleep problems which have implications for daily

functioning and academic achievement. For this reason, research is needed to identify mod-

ifiable individual difference variables that may contribute to better sleep in this population.

Temperament and sleep hygiene may be two such factors. As part of a larger study, 167 uni-

versity students (61.7% female) completed online questionnaires that inquired about tem-

perament (the Adult Temperament Questionnaire; ATQ), sleep hygiene behavior (the Sleep

Hygiene Index; SHI), global sleep quality (the Pittsburgh Sleep Quality Index; PSQI), and

insomnia severity (the Insomnia Severity Index; ISI). Correlations amongst the included

measures were in the predicted direction: effortful control was negatively associated with

the SHI composite, PSQI global scores, and ISI scores; extraversion was negatively related

to PSQI global scores; and negative affect was positively associated with the SHI composite

and ISI scores. In addition, the SHI composite mediated the association between effortful

control and the PSQI global scores as well as the association between negative affect and

PSQI global scores; similar patterns of mediation were found when considering ISI scores,

although the direct effects differed. That is, negative affect was directly associated with ISI

scores but not PSQI global scores. These findings suggest that interventions designed

enhance effortful control, reduce negative affect, and improve sleep hygiene may contribute

to better global sleep quality and decrease insomnia in university students.

Introduction

University students commonly experience sleep problems, including poor global sleep qual-

ity and insomnia, with negative consequences for daytime functioning academic achieve-

ment. For this reason, research is needed to identify modifiable individual difference

variables that may contribute to better sleep in this population. Temperament is one set of

individual difference variables that has been associated with sleep in university student sam-

ples [1,2]. Given the small number of studies conducted to date, however, as well as the
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potential implications of improving sleep and daytime functioning in this population, the

present research was conducted to (1) examine associations among temperament, sleep

hygiene behavior, and insomnia severity in university students as compared to analyses

focused on temperament, sleep hygiene behavior, and global sleep quality, to (2) identify the

mediating and moderating role of sleep hygiene behavior in explaining the observed rela-

tions [1,2], and to (3) replicate previous research documenting correlations between temper-

ament and global sleep quality.

Temperament refers to a constellation of biologically-based individual differences in reac-

tivity and regulation that emerge and develop within the broader cultural context [3]. Whereas

reactivity relates to the manner and extent to which one reacts behaviorally and physiologically

to environmental stimuli, regulation refers to the ability to alter or modulate those responses

[4]. Temperament has been conceptualized as a precursor or contributor to later personality

[5], and specific dimensions of adult temperament are significantly associated with particular

aspects of personality [4]. One of the most widely used measures of adult temperament is the

Adult Temperament Questionnaire, which includes 77 questions that are reduced into 13

scales and four factor scores, including effortful control (e.g., activational, attentional, and

inhibitory control), extraversion (e.g., high intensity pleasure, positive affect, sociability), nega-

tive affect (e.g., discomfort, fear, frustration, and sadness), and orienting sensitivity (e.g., affec-

tive, associative, and neutral sensitivity to environmental stimuli) [6]. Additional information

about this measure, including brief definitions of each of the included scales, can be found

here.

Although a sizeable literature has documented relations between temperament and sleep in

infants and young children [7], limited research has examined whether and to what extent

temperament is associated with sleep problems in adults. Such research may be particularly

informative when considering university student samples, as previous research has revealed

poorer sleep quality in this population relative to community samples [8], with recent esti-

mates indicating that over 60% of students report poor quality sleep [9]. In addition, approxi-

mately 25% of students report symptoms associated with a diagnosable sleep disorder [10].

This finding is of particular importance when considering insomnia, as a recent meta-analysis

[11] indicated that university students are disproportionately affected by this sleep disorder

in particular (approximately 19% prevalence rates) relative to community samples (approxi-

mately 7%; although estimates vary significantly in relation to how insomnia is operationa-

lized; see reference [12]). Efforts to remedy these sleep problems are particularly important in

university student samples, given documented relations between sleep problems, mental health

issues [13–15], and poorer academic achievement [16–18].

Two studies conducted to date have examined associations between sleep and temperament

in university students. The first study to our knowledge examined these relations in a sample

of university students who reported relatively good sleep habits [1], whereas the second study

included university students recruited more broadly [2]. The correlational findings were quite

consistent across these two studies, with results indicating that effortful control and negative

affect were related to global sleep quality in opposite directions (i.e., greater effortful control

was related to better quality sleep, whereas increased negative affect was associated with poorer

sleep quality). The findings from the study of students with generally good sleep habits also

found that orienting sensitivity was related to poorer sleep quality [1], although this finding

was not replicated in the study with students recruited more broadly [2].

In addition to examining associations between temperament and global sleep quality, previ-

ous research has also focused on the role of sleep hygiene behavior [2]. Sleep hygiene behavior

is evaluated by asking participants about the frequency with which they engage in sleep-pro-

moting versus sleep-hindering activities, such as including taking lengthy daytime naps or
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playing video games or watching television before bed [19]. University students commonly

report engaging in activities that are associated with poor sleep hygiene despite demonstrating

adequate sleep hygiene awareness [20]. By extension, poorer sleep hygiene behavior has been

associated with reduced GSQ in university students [2,21,22]. Poor sleep hygiene behavior is

not likely directly responsible for the onset of significant sleep problems such as insomnia,

however, but may be involved in their maintenance. That is, individuals experiencing night-

time sleep problems may engage in activities associated with poorer sleep hygiene behavior

when they wake during the night (e.g., watching television or using technology), thereby per-

petuating the problem [23].

Previous research focused on sleep, temperament, and sleep hygiene behavior has indicated

that sleep hygiene behavior mediates the association between both effortful control and global

sleep quality on the one hand, as well as the relation between negative affect and global sleep

quality on the other [2]; effortful control was also directly associated with global sleep quality.

Evidence of mediation was not found when considering measures of extraversion or orienting

sensitivity, and the results of the conducted moderation analyses were not statistically signifi-

cant. These findings indicate that variability in effortful control and negative affect in particu-

lar impact global sleep quality through sleep hygiene behavior. The potential implications of

these findings warrant additional research in other samples of students as well as extension to

other types of sleep problems, such as insomnia, that may have significant implications for

daily functioning and academic achievement in this population.

As mentioned previously, the goals of this study were to (1) examine associations among

temperament, sleep hygiene behavior, and insomnia severity in university students as com-

pared to analyses focused on temperament, sleep hygiene behavior, and global sleep quality to

(2) identify the mediating and moderating role of sleep hygiene behavior in explaining the

observed relations [1,2], and to (3) replicate previous research documenting correlations

between temperament and global sleep quality. We predicted that effortful control would be

negatively associated with insomnia severity and that negative affect would be positively asso-

ciated with insomnia severity. When considering the mediation analyses, we anticipated that

effortful control would be directly associated with insomnia severity, and that effortful control

would also impact insomnia severity through sleep hygiene behavior. We made the same pre-

dictions for negative affect, as previous research has indicated that depression in the absence of

insomnia is a risk factor for developing insomnia over time [24–26]. We did not expect to find

evidence of mediation concerning extraversion or orienting sensitivity; we also anticipated

that the moderation models conducted for the four temperament factor scores would yield

non-significant results.

When considering global sleep quality, we predicted that the findings obtained in this

study would replicate those reported previously [2]. In particular, we anticipated that effort-

ful control would be positively associated with sleep hygiene behavior and global sleep qual-

ity, extraversion would be unassociated with sleep hygiene behavior and global sleep quality,

negative affect would be negatively related to sleep hygiene behavior and unassociated with

global sleep quality, and orienting sensitivity would be unrelated to both sleep hygiene

behavior and global sleep quality. When considering the mediation models, we expected that

sleep hygiene behaviors would mediate the association between effortful control and global

sleep quality as well as associations between negative affect and global sleep quality; we also

predicted that effortful control would be directly associated with global sleep quality. We did

not expect to find evidence of mediation when considering extraversion or orienting sensi-

tivity, and we predicted that the tested moderation models would be non-significant, as has

been reported previously [2].
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Materials and method

Ethics statement

The completion of this study was approved by the Institutional Review Board at the University

of California, Irvine (HS #2018–4872). Students were tested individually and signed informed

consent statements indicating their willingness to participate.

Participants

Students at a large public university in the southwestern United States were recruited to par-

ticipate. Two groups of students, namely college club athletes (n = 70) and non-club athletes

(n = 140), were recruited to fulfill the goals of the second author’s dissertation study [27].

Relative to recreational intramural athletes and elite Division 1 National Collegiate Athletic

Association (NCAA) athletes, college club athletes are likely best characterized as moder-

ately competitive: athletes commonly try out to obtain a position on the team, members

must routinely attend practices and games, and teams compete nationally and regionally

against other universities. College club athletes were recruited by research assistants who

attended practice events, explained the details of the study to potential participants, and

invited athletes to participate. Participants received $40 in cash in appreciation for their

participation.

Non-club athletes were recruited through the university Human Subjects Lab Pool (HSLP)

and through announcements made by research assistants in large lecture classes. Because only

students enrolled in select psychology courses register to participate in research through the

Human Subjects Lab Pool, classroom announcements were also used to diversify the student

population in the non-club athlete sample. In appreciation for their involvement, participants

recruited through the HSLP received one credit of extra credit that they could apply to an eligi-

ble psychology course of their choosing; students recruited through classroom announcements

received $10 in cash.

Across the combined sample of club athletes and non-athletes (n = 210), the data from 43

participants (n = 13 athletes) were excluded from analysis for the following reasons: 11 stu-

dents (n = 2 athletes) took medications that could affect their sleep, 7 students (n = 4 athletes)

were being treated for a sleep problem, 11 students (n = 3 athletes) were being treated for a

sleep problem and were taking medications that could affect their sleep, 12 students (n = 3 ath-

letes) did not complete the sleep inventories or provided data that precluded their analysis,

and 2 participants (n = 1 athlete) were being treated for a sleep problem and provided incom-

plete or unusable sleep data. As such, the final sample (n = 167) included 57 club athletes and

110 non-club athletes.

Demographic information. Participants were asked to provide demographic information

including gender, age, race, and ethnicity, among others. Participants were also asked to indi-

cate whether they were taking any medication for mood or sleep problems at the time of the

study, as well as whether they had a diagnosed sleep condition. Because of formatting differ-

ences for one question on the demographic questionnaire, club athletes entered their age into

a text box, whereas non-club athletes selected their age on a multiple choice question with

response options ranging from 18 years old to over 25 years old. In order to obtain a continu-

ous age variable for all participants, we computed the mean age of the athletes who were over

age 25 at the time of the study (n = 4) and replaced the missing data for the non-athletes

(n = 3) with this value (i.e., 26 years old).

Global sleep quality. Self-reported global sleep quality was assessed using the Pittsburgh

Sleep Quality Index (PSQI) [28]. This questionnaire includes 19 items that inquire about
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various quantitative (e.g., amount of time spent in bed, amount of time spent asleep) and qual-

itative (e.g., perceived sleep quality, enthusiasm for completing daytime activities) aspects of

sleep as experienced over the previous 30 days. The questions are scored to yield seven compo-

nent scores (daytime dysfunction, sleep duration, sleep efficiency, sleep latency, subjective

sleep quality, use of sleep medication) that are scored from 0 to 3, which higher scores indicat-

ing poorer sleep quality. These scores are summed to yield one measure of global sleep quality

(subsequently referred to as PSQI global scores). Higher scores indicate poorer quality sleep;

scores greater than 5 indicate categorically poor sleep quality. This measure has demonstrated

adequate sensitivity and specificity in differentiating between community samples and individ-

uals with suspected or documented sleep problems. Measures of internal consistency were also

acceptable in these studies, although more recent research has reported somewhat lower levels

of reliability for university student samples (α = .61 in reference [1]; α = .52 in reference [2]; α
= .46 in the present research).

Insomnia severity. Self-reported symptoms of insomnia and the extent to which they

interfered with daily life were assessed using the 7-item Insomnia Severity Index (ISI) [29].

The responses to individual items were scored and summed to yield a composite measure

of insomnia severity (subsequently referred to as ISI scores). Higher scores indicate more

severe insomnia symptomatology. Categorically, scores ranging from 0–7 indicate no

insomnia, scores from 8–14 are mild or subthreshold for clinical relevance, scores from 15–

21 indicate moderate clinical insomnia, and scores of 22 or more indicate severe clinical

insomnia. This measure has demonstrated adequate convergent validity with other mea-

sures assessing insomnia in patient populations as well as acceptable internal consistency

(α = .78).

Sleep hygiene behavior. Sleep hygiene behavior was assessed using the 13-item Sleep

Hygiene Index (SHI) [30]. The items inquire as to the extent to which participants generally or

usually engaged in various activities associated with poor sleep hygiene (e.g., napping during

the day, exercising or playing video games shortly before bed, sleeping on an uncomfortable

pillow or bed). Participants rated how frequently they engaged in these behaviors on a 5-point

scale. Responses to the individual items were then summed to yield a composite score of sleep

hygiene behaviors (subsequently referred to as the SHI composite). Higher scores indicate

poorer sleep hygiene (α = .63).

Temperament. Adult temperament was assessed using the short form of the ATQ [6].

Participants completed 77 items that assessed how frequently individuals engaged in various

everyday behaviors on a 7-point scale; an option was included as well for participants to indi-

cate that they did not experience the represented situation. Higher scores indicate greater iden-

tification with the presented statement. The data were reduced to 13 scales that were further

reduced into four factor scores based on previous analyses [6], including effortful control

(α = .78), extraversion (α = .73), negative affect (α = .84), and orienting sensitivity (α = .73).

Procedure

College club athletes were tested during Winter and Spring 2019; due to the goals of the

dissertation study for which these data were collected, their first sessions always occurred on

Tuesdays. Non-athletes were tested during Fall 2019 and Winter 2020; no constraints were

imposed on the day of the week on which testing occurred.

Immediately after providing informed consent, participants reported on demographic

information and completed an online questionnaire packet including the PSQI [28], the ISI

[29], the SHI [30], and the ATQ [6]. Club athletes completed additional tasks and question-

naires that are beyond the scope of this report.
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Data analysis plan

After identifying whether any of the demographic variables should be included as covariates

in the primary analyses of interest, we examined whether the various temperament variables

were associated with the SHI composite, PSQI global scores, and ISI scores. Simple mediation

models were tested using PROCESS Model 4 as described in reference [31]. Each analysis

included a temperament factor score as the predictor (x), the SHI composite as the mediator

(m), and either the PSQI global score or the ISI score as the outcome (y). For each analysis,

mediation was indicated when k = 10,000 bias-corrected bootstrap confidence intervals did

not include zero.

Simple moderation models were tested using PROCESS Model 1 as described in reference

[31]. Each analysis included a temperament factor score as the predictor (x), the SHI compos-

ite as the moderator (w), and either the PSQI global score or the IS score as the outcome (y).

To allow for meaningful interpretation of the resulting coefficients, the temperament factor

scores and the SHI composite were mean-centered before analysis.

Results

Potential covariates

Group differences. Because participants were recruited separately based on their identifi-

cation as club athletes or non-club athletes, we conducted preliminary analyses to examine

whether the groups differed on demographic characteristics, the SHI composite, PSQI global

scores, ISI scores, and temperament factor scores. These data are shown in Table 1.

Examination of other possible covariates. Correlations were also conducted to identify

whether the SHI composite, PSQI global scores, ISI scores, and temperament factor scores

were associated with participant age (coded continuously from 18 to 26 years), sex (0 = male

or 1 = female), and ethnicity (0 = non-Hispanic or 1 = Hispanic). These data are shown in

Table 2. Because participant sex and ethnicity were dichotomously coded for analysis through

correlation, we conducted follow-up analyses of variance (ANOVAs) to confirm their statisti-

cal significance. The same pattern of findings was maintained across the correlations and

ANOVAs. Additional information on these results can be obtained from the corresponding

author.

Because the percentage of Asian students in this sample exceeded the national average at

institutions of higher learning across the United States [32], we also conducted analyses to

identify whether participant race was associated with any of the collected data (see also refer-

ence [2]). In particular, we grouped participants based on whether they identified as Asian,

White, or another race. Participant race was unassociated with the sleep data, including the

SHI composite, PSQI global scores, and ISI scores. When considering temperament factor

scores, participant race was only associated with extraversion: F(1, 144) = 3.53, p = .03, such

that White participants (4.59 ±.10) were more extraverted relative to Asian participants (4.28

±.09); the scores for White and Asian participants did not differ from those for participants of

other races (4.68 ±.23). Participant race was unrelated to effortful control, negative affect, and

orienting sensitivity.

Specification of included covariates. Given the significant differences obtained between

athletes and non-athletes, group is included as a categorical covariate in the following analyses.

In addition, participant age, sex, and ethnicity were included as demographic covariates given

the significant and marginal associations between these variables and the measures of interest.

Finally, two dummy-coded variables were created to code for the three levels of race described
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previously (White, Asian, and other races) given the differential distribution of races by group.

These same variables were included as covariates in previous research [2] examining associa-

tions between the SHI composite, temperament, and PSQI global scores in undergraduate

students.

Table 2. Correlations conducted to identify potential covariates (N = 167).

Questionnaire measures Age Sex Ethnicity

SHI composite -.05 .14˚ -.10

PSQI global scores .15˚ -.05 -.06

ISI scores .15˚ -.02 -.18�

Temperament factor scores

Effortful control .11 -.02 .09

Extraversion .09 -.17� -.21�

Negative affect -.09 .29� .10

Orienting sensitivity .09 .18� .00

Note: The data were coded as follows: Participant age (coded continuously from 18 to 26 years), participant sex

(0 = male or 1 = female), and ethnicity (0 = Hispanic or 1 = non-Hispanic). Significant and marginal findings are

indicated:

� p< .05 and

˚ p< .10.

https://doi.org/10.1371/journal.pone.0251557.t002

Table 1. Examination of group differences for athletes and non-athletes (N = 167).

Measures Overall Athletes Non-Athletes

Demographic information

Sex (% females) 61.7% 59.6% 62.7%

� Race

% White 42.2% 58.8% 33.3%

% Asian 50.3% 23.5% 64.6%

% other races 7.5% 17.6% 2.1%

� Ethnicity (% Hispanic) 28.1% 33.3% 25.5%

Age (years) 20.35 ±.13 20.30 ±.22 20.37 ±.16

Sleep data

SHI composite 20.60 ±.46 20.49 ±.80 20.66 ±.57

PSQI global sleep quality 5.67 ±.17 5.51 ±.29 5.76 ±.21

Categorically poor sleep quality 50.9% 45.6% 53.6%

ISI scores 7.14 ±.32 7.12 ±.55 7.15 ±.40

No clinically significant insomnia 60.5% 61.4% 60.0%

Subthreshold insomnia 34.1% 33.3% 34.5%

Moderate clinical insomnia 5.4% 5.3% 5.5%

Temperament factor scores

Effortful control 4.27 ±.06 4.24 ±.10 4.28 ±.08

� Extraversion 4.48 ±.06 4.73 ±.10 4.36 ±.07

� Negative affect 4.05 ±.06 3.74 ±.10 4.22 ±.07

Orienting sensitivity 4.61 ±.06 4.65 ±.11 4.59 ±.08

Note: None of the study participants reported severe clinical insomnia. Significant and marginal findings are

indicated:

� p< .05 and ˚ p< .10.

https://doi.org/10.1371/journal.pone.0251557.t001
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Partial correlations

Partial correlations among the various measures of interest (temperament factor scores and

scales with measures of sleep, including the SHI composite, PSQI global score, and ISI scores)

are shown in Table 3.

Mediation analyses

Effortful control (Fig 1A). Effortful control was negatively associated with the SHI com-

posite in both tested models, and the SHI composite was negatively related to PSQI global

scores and ISI scores. In addition, the direct effects of effortful control on PSQI global scores

and ISI scores were statistically reliable, as were the indirect effects of effortful control on PSQI

global scores and ISI scores through the SHI composite.

Extraversion (Fig 1B). Extraversion was not associated with the SHI composite in either

tested model, whereas the SHI composite was positively related to PSQI global scores and ISI

scores. The direct effect of extraversion on PSQI global scores was statistically reliable, whereas

the direct effect of extraversion on ISI scores was not. In both models, the indirect effects of

extraversion on PSQI global scores and ISI scores through the SHI composite were not statisti-

cally significant.

Negative affect (Fig 1C). Negative affect was positively associated with the SHI composite

in both tested models, and the SHI composite was positively related to PSQI global scores and

ISI scores. The direct effect of negative affect on PSQI global scores was not statistically signifi-

cant, whereas the direct effect of negative affect on ISI scores was statistically reliable. In

Table 3. Partial correlations between sleep variables and temperament factors and scales.

Temperament SHI composite PSQI global score ISI score

Effortful control -.26� -.32� -.37�

Activation control -.21� -.23� -.22�

Attentional control -.28� -.30� -.37�

Inhibitory control -.10 -.23� -.23�

Extraversion -.08 -.25� -.12

High intensity pleasure .10 -.07 .01

Positive affect -.09 -.28� -.23�

Sociability -.16 -.18� -.04

Negative affect .23� .14 .24�

Discomfort .07 .09 .14

Fear .20� .11 .16

Frustration .17 .11 .21�

Sadness .25� .10 .20�

Orienting sensitivity .05 -.06 .05

Affective perceptual sensitivity -.07 .02 .10

Associative sensitivity .29� .01 .08

Neutral perceptual sensitivity -.10 -.18� -.06

Note: Correlations were conducted controlling for group (0 = athletes or 1 = non-athletes), participant sex (0 = male

or 1 = female), participant age (coded continuously from 18 to 26 years), race (with two dummy-coded variables

indicating White, Asian, or other races), and ethnicity (0 = Hispanic or 1 = non-Hispanic). Significant findings are

indicated:

� p< .05.

https://doi.org/10.1371/journal.pone.0251557.t003
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Fig 1. Panel A. Simple mediation analyses: Effortful control. Simple mediation analyses were conducted to identify

whether the SHI composite mediated associations between (1) effortful control and PSQI global scores as well as (2)

effortful control and ISI scores. Covariates were included in the models as described in the Results section. Significant

effects are indicated: � p< .05. Panel B. Simple mediation analyses: Extraversion. Simple mediation analyses were

conducted to identify whether the SHI composite mediated associations between (1) extraversion and PSQI global

scores and (2) extraversion and ISI scores. Covariates were included in the models as described in the Results section.

PLOS ONE Sleep and temperament

PLOS ONE | https://doi.org/10.1371/journal.pone.0251557 July 15, 2021 9 / 17

https://doi.org/10.1371/journal.pone.0251557


addition, the indirect effects of negative affect on PSQI global scores and ISI scores through

the SHI composite were significant.

Orienting sensitivity (Fig 1D). Orienting sensitivity was not associated with the SHI

composite in either tested model, although the SHI composite was positively related to PSQI

global scores and ISI scores. The direct effects of orienting sensitivity on PSQI global scores

and ISI scores were not statistically significant, nor were the indirect effects of orienting sensi-

tivity on PSQI global scores or ISI scores through the SHI composite.

Moderation analyses

Effortful control (Fig 2A). Effortful control was negatively associated with PSQI global

scores and ISI scores, whereas the SHI composite was positively related to PSQI global scores

and ISI scores. The interaction between effortful control and the SHI composite did not signif-

icantly predict either PSQI global scores or ISI scores.

Extraversion (Fig 2B). Extraversion was negatively associated with PSQI global scores

but was unrelated to ISI scores; the SHI composite was positively related to both PSQI global

scores and ISI scores. The interaction between extraversion and the SHI composite did not sig-

nificantly predict either PSQI global scores or ISI scores.

Negative affect (Fig 2C). Negative affect was not related to PSQI global scores but was

significantly associated with ISI scores; the SHI composite score was positively related to both

PSQI global scores and ISI scores. The interaction between negative affect and the SHI com-

posite did not predict either PSQI global scores or ISI scores.

Orienting sensitivity (Fig 2D). Orienting sensitivity was not related to PSQI global scores

or ISI scores, whereas the SHI composite was positively associated with PSQI global scores and

ISI scores. The interaction between orienting sensitivity and the SHI composite did not predict

either PSQI global scores or ISI scores.

Discussion

The present study was conducted to (1) examine associations among temperament, sleep

hygiene behaviors, and insomnia severity in university students as compared to analyses

focused on temperament, sleep hygiene behavior, and global sleep quality, to (2) identify the

mediating and moderating role of sleep hygiene behavior in explaining the observed relations

[1,2], and to (3) replicate previous research documenting correlations between temperament

and GSQ. In brief, (1) similar patterns of correlations were obtained across sleep measures for

effortful control, with divergent findings obtained for negative affect, extraversion, and orient-

ing sensitivity. Additional analyses (2) indicated that sleep hygiene behavior mediated associa-

tions between effortful control and both sleep measures, with a similar pattern of mediation

obtained for negative affect; evidence of mediation was not found for extraversion or orienting

sensitivity, and none of the tested moderation models were statistically significant. In addition,

and as described below, (3) the findings presented herein largely replicate previous research

documenting associations between temperament and global sleep quality in university stu-

dents [1,2].

Significant effects are indicated: � p< .05. Panel C. Simple mediation analyses: Negative affect. Simple mediation

analyses were conducted to identify whether the SHI composite mediated associations between (1) negative affect and

PSQI global scores and (2) negative affect and ISI scores. Covariates were included in the models as described in the

Results section. Significant effects are indicated: � p< .05. Panel D. Simple mediation analyses: Orienting sensitivity.

Simple mediation analyses were conducted to identify whether the SHI composite mediated associations between (1)

orienting sensitivity and PSQI global scores and (2) orienting sensitivity and ISI scores. Covariates were included in

the models as described in the Results section. Significant effects are indicated: � p< .05.

https://doi.org/10.1371/journal.pone.0251557.g001
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Fig 2. Panel A. Simple moderation analyses: Effortful control. Simple moderation analyses were conducted to identify

whether the SHI composite moderated the effect of (1) effortful control on PSQI global scores and (2) effortful control

on ISI scores. Covariates were included in the models as described in the Results section. Significant effects are

indicated: � p< .05. Panel B. Simple moderation analyses: Extraversion. Simple moderation analyses were conducted

to identify whether the SHI composite moderated the effect of (1) extraversion on PSQI global scores and (2)

extraversion on ISI scores. Covariates were included in the models as described in the Results section. Significant
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The findings from the correlational analyses indicated that increased effortful control was

related to less severe insomnia and better global sleep quality; increased effortful control was

also associated with better sleep hygiene. The consistency of the findings across sleep measures

may be due to the mediating effect of sleep hygiene on ISI scores and PSQI global scores. That

is, sleep hygiene mediated the association between effortful control and sleep for both of these

dependent measures. This result, obtained through self-report in this study, is consistent with

previous behavioral research indicating that better inhibitory control, a sub-component of

effortful control, is positively related to sleep hygiene behavior [33,34]; other work has estab-

lished that good sleep hygiene is associated with better quality sleep [2,21,22] and reduced

insomnia [23]. Given these behavioral findings, it is somewhat unclear why the correlation

between inhibiotory control and the SHI composite was not statistically significant in this

study, although at least one previous study has revealed lack of consistency between behavioral

and personality-based self-report measures of impulsivity [35]. Nevertheless, these findings

suggest that future experimental work should be conducted to identify whether training in

aspects of effortful control improves sleep problems in unversity students, either directly or

through sleep hygiene behaviors.

Despite the apparent consistency in findings for effortful control across sleep measures, a

different pattern of correlations was obtained for insomnia and global sleep quality when con-

sidering negative affect. Greater insomnia severity was related to increased negative affect, frus-

tration, and sadness, whereas significant associations were not found when considering global

sleep quality. These distinct associations are substantiated in previous research. In one study,

for example, undergraduate students with insomnia reported greater depressive symptoms rel-

ative to students with behaviorally induced insufficient sleep syndrome (BIISS; [36]), a condi-

tion in which individuals choose to restrict their time in bed (frequently to engage in social

activities), ultimately leading to excessive daytime sleepiness. In addition, participants with

insomnia and those with BIISS reported greater symptoms of depression relative to individuals

with neither disorder. Previous research indicates that insomnia is both a cause and conse-

quence of depression [24–26], and depression has been widely associated with poorer aca-

demic achievement in university students [37,38]. For these reasons, staff at university mental

health and wellness centers should work to identify students with specific sleep problems

(including insomnia, BIISS, and poor quality sleep) and make targeted recommendations to

improve their sleep with the goal of enhancing daily functioning and academic performance.

An additional pathway to improved sleep in individuals higher in negative affect may be

through improved sleep hygiene behaviors. As with effortful control, the results of the con-

ducted mediation models indicated that participants with greater negative affect had poorer

sleep hygiene, and sleep hygiene mediated the association between negative affect and both

insomnia severity and global sleep quality. In addition, previous research has indicated that

poorer attentional control, an aspect of effortful control, interacted with negative emotionality

to predict insomnia in young adults [39]. Previous work has shown the benefits of sleep

hygiene training in improving sleep and cognitive functioning in university students (for a

review, see reference [18]). As such, interventions aimed at improving sleep hygiene may also

effects are indicated: � p< .05. Panel C. Simple moderation analyses: Negative affect. Simple moderation analyses were

conducted to identify whether the SHI composite moderated the effect of (1) negative affect on PSQI global scores and

(2) negative affect on ISI scores. Covariates were included in the models as described in the Results section. Significant

effects are indicated: � p< .05. Panel D. Simple moderation analyses: Orienting sensitivity. Simple moderation analyses

were conducted to identify whether the SHI composite moderated the effect of (1) orienting sensitivity on PSQI global

scores and (2) orienting sensitivity on ISI scores. Covariates were included in the models as described in the Results

section. Significant effects are indicated: � p< .05.

https://doi.org/10.1371/journal.pone.0251557.g002
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have measurable effects on global sleep quality, insomnia, and academic achievement in uni-

versity student samples.

Future research examining the unique sleep problems experienced by undergraduate stu-

dents may also inform the unique associations between PSQI global sleep quality and measures

of extraversion obtained in this research. Contrary to the findings presented herein, previous

research has indicated that greater sociability is associated with sleep problems in adolescents

[40] and university students [41, when using a personality-based measure of extraversion].

These findings seem intuitive, as adolescents and young adults who endorse greater levels of

sociability might spend more time engaging with friends into the evening hours. Somewhat

surprisingly, the opposite association was observed in this study, as greater extraversion and

sociability were related to better global sleep quality. We suggest that this unexpected and

counterintuitive finding may have resulted from the targeted inclusion of club athletes as par-

ticipants, as these students reported greater extraversion relative to non-club athletes. Greater

levels of extraversion in athlete relative to non-athlete samples have been reported in other

work as well [42,43], along with evidence of increased well-being in student athletes compared

to non-athletes [42]. As such, higher levels of self-reported extraversion in college club athletes

may not be associated with late-night socialization with friends, but may instead be associated

with “third variables” that have been related to better nighttime sleep. For example, college

club athletes may maintain a broader social support network of teammates and friends than

other students, and more supportive friendship networks have been associated with better

nighttime sleep quality [44]; the regular exercise habits experienced by college club athletes

may also contribute to better quality nighttime sleep [45,46]. These findings suggest that col-

lege club athletes may report lower levels of BIISS relative to adolescents with higher levels of

extraversion, although this possibility has not yet been empirically evaluated to our knowledge.

Given these findings, future research on sleep and temperament would be best focused on

experimental work, with the ultimate goal of establishing causal relations. In one relevant

study, undergraduate students could be randomized to participate in inhibitory control train-

ing (see reference [47]) and informational sessions about sleep hygiene behavior (see reference

[48]); other participants would be assigned to control conditions, resulting in a 2 (inhibitory

control: training or control) x 2 (sleep hygiene: training or control) experimental design. If the

experimental manipulation is effective, students who participate in both training conditions

should demonstrate improved sleep hygiene behaviors and better sleep outcomes (i.e., better

global sleep quality and reduced insomnia) from pre- to post-test relative to students in the

other conditions; controlling for a priori sleep hygiene behaviors, students who participate in

both control conditions should report the poorest sleep hygiene and sleep outcomes. The

impact of individual difference variables will be most evident for students who participate in

one experimental group and one control group. That is, students who receive inhibitory con-

trol training in the absence of sleep hygiene training will likely experience better sleep hygiene

and sleep outcomes to the extent that they are aware of good sleep hygiene practices at base-

line. Students who receive sleep hygiene but not inhibitory control training may report better

sleep hygiene and sleep outcomes if they have higher endogenous levels of inhibitory control

[47]; it is not anticipated that better sleep hygiene and sleep outcomes will result for students

who do not have the cognitive control to implement sleep hygiene behaviors successfully. Ulti-

mately, the results of this and other experimental research will serve as the foundation for

interventions designed to positively impact students’ sleep quality, daily functioning, and aca-

demic achievement.

Future research should also be conducted to account for some of the limitations of the pres-

ent study. One limitation of the conducted research is that the reported associations focus only

on subjective reports of sleep without objective verification. Future research should identify
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whether the same pattern of findings emerges when subjective reports and objective measures

are used. Indeed, previous reports have revealed non-significant associations between actigra-

phy, polysomnography, and self-report [49], along with significant relations between self-

reported sleep quality and indices of psychological well-being [49,50]. Identifying whether

the findings reported in this work are maintained when considering objective measures has

important implications, as future researchers should attempt to improve characteristics of

sleep that are most strongly associated with daytime functioning and academic achievement in

university students.

In sum, identifying modifiable individual difference factors that contribute to better sleep

in university students is important because undergraduate student sleep problems have been

extensively associated with worse academic achievement. A recent review article [18] docu-

ments associations between poorer sleep and impaired procedural and declarative memory,

worse performance on prefrontal-based measures of executive functioning, and reduced

academic achievement. Sleep loss has been associated with impaired cognitive functioning,

whereas experimental interventions designed to increase the duration of nighttime sleep result

in improved performance. Although it is unknown whether interventions designed enhance

effortful control, reduce negative affect, and improve sleep hygiene may contribute to greater

nighttime sleep duration in university students, increasing the amount of time slept at night

may be a low-cost and effective means of improving learning and academic performance in

this population. Future research must be conducted to identify whether different interventions

are needed for individuals who have BIISS, insomnia, or poor global sleep quality, but the

potential benefits of improving sleep in university students are significant, both when consid-

ering implications for individual students and society at large.

Conclusions

The conducted research revealed distinct correlations between temperament and global sleep

quality, on the one hand, and temperament and insomnia severity on the other when consider-

ing negative affect, extraversion, and orienting sensitivity; comparable effects were found

when considering effortful control. Sleep hygiene mediated associations between effortful con-

trol and both sleep measures; analogous findings were observed for negative affect. Distinct

direct effects were observed for negative affect, however, such that negative affect was directly

associated with insomnia severity but not global sleep quality. These findings confirm previous

research indicating greater associations between insomnia and depression relative to other

sleep problems [36]. Taken together, our results suggest that interventions designed enhance

effortful control, reduce negative affect, and improve sleep hygiene may contribute to better

global sleep quality and decrease insomnia in university students. Future experimental

research should be conducted to examine these possibilities, as the potential benefits of

improving sleep in university students are great.
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