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This study examines relationship between lifestyles and sleep quality, and the subsequent association with levels of school 
engagement. 1065 Italian secondary school adolescents were involved in the study, and the data were analysed using a 
structural equation model in R (4.4.0), with the support of the lavaan (0.6.19) package. The model assesses the direct and 
indirect effects of four exogenous variables (evening consumption of tryptophan­rich foods, vigorous physical activity, the 
presence of electronic devices in the bedroom, and turning them off before sleep) on cognitive and agentic engagement, 
with sleep quality as a mediator. The model fit is excellent (CFI = 0.975, TLI = 0.980, RMSEA = 0.034 [90% CI 0.031­0.038], 
SRMR = .050). Vigorous physical activity and the number of devices switched off before sleep were found to be significant 
predictors of sleep quality, which mediates the relationship between these factors and engagement. In contrast, evening 
diet and the mere number of devices present in the bedroom were not significant. The theoretical and practical implications 
of the study are discussed. 
 
Lo studio esamina la relazione tra stili di vita e qualità del sonno, nonché la conseguente associazione con i livelli di enga­
gement scolastico. La ricerca ha coinvolto un campione di 1.065 adolescenti italiani frequentanti la scuola secondaria; i 
dati raccolti sono stati analizzati mediante un modello di equazioni strutturali che stima gli effetti diretti e indiretti di 
quattro variabili esogene (consumo serale di alimenti ricchi di triptofano, attività fisica vigorosa, presenza di dispositivi 
elettronici nella camera da letto e il loro spegnimento prima del riposo notturno) sull’engagement cognitivo e agentico, 
ponendo la qualità del sonno quale variabile mediatrice. La bontà di adattamento del modello è risultata eccellente 
(CFI = 0.975, TLI = 0.980, RMSEA = 0.034 [90% CI 0.031­0.038], SRMR = .050). L’attività fisica vigorosa e il numero di dispo­
sitivi spenti prima di coricarsi sono emersi quali predittori significativi della qualità del sonno, la quale media la relazione 
tra tali fattori e l’engagement scolastico. Al contrario, l’alimentazione serale e la mera quantità di dispositivi presenti nella 
camera da letto non sono risultate significative. 
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1. Introduction 
 

In recent years, student engagement has garnered increasing 
attention from the scientific community, evidenced by a 
growing trend in publications on the topic (Gurcan et al., 
2023; Salmela­Aro et al., 2021), owing to its potential asso­
ciation with students’ academic and extracurricular lives. In­
deed, high levels of school engagement in adolescents are 
predictive of academic achievement (Chase et al., 2014; Ladd 
& Dinella, 2009; Lei et al., 2018; M.­T. Wang & Eccles, 2012), 
increased positive emotions, life satisfaction, and overall 
well­being (Cadime et al., 2016; Demirci, 2020; Upadyaya & 
Salmela­Aro, 2013), as well as more favourable employment 
outcomes in adulthood (Symonds et al., 2023). Engagement 
also serves as a protective factor against numerous risk fac­
tors, such as dropout, being both a victim and a perpetrator 
of bullying and cyberbullying (Chen et al., 2021; L. Wang et 
al., 2024), and is associated with lower levels of alcohol and 
cannabis use (Lee & Henry, 2022). Generally, any deviation 
from a state of disengagement offers academic benefits 
(Schnitzler et al., 2021). 

Although the concept of student engagement is consid­
ered a conceptually nebulous construct (Wong & Liem, 
2022), many authors regard it as a measure of the extent to 
which students are actively involved in school activities 
(Astin, 1984; Eccles, 2016; Fredricks et al., 2004; Skinner et 
al., 2009). Engagement is a multidimensional construct gen­
erally described through three components: emotional, be­
havioural, and cognitive. Emotional engagement 
encompasses positive and negative emotions towards teach­
ers, peers, learning activities, and the school environment in 
general. Behavioural engagement pertains to students’ par­
ticipation in institutional curricular and extracurricular activ­
ities and their adherence to rules. Cognitive engagement, in 
turn, describes the student’s investment in learning and their 
capacity for self­regulation. Reeve & Tseng (2011) proposed 
the introduction of a fourth component, agentic engage­
ment, which describes the active contribution a student 
makes to shape their learning experience. 

School engagement is subject to a declining trend over 
time (Fomina et al., 2022; Lemos et al., 2020). For this rea­
son, it is important to monitor early the predictors of student 
engagement, in order to implement targeted interventions 
aimed at fostering motivation, a sense of belonging, and ac­
tive participation within the school context. 

The literature identifies numerous known predictors of 
student engagement: evidence suggests that the teacher­stu­
dent relationship (Fatou & Kubiszewski, 2018; Quin, 2017), 
parental support (Martins et al., 2021), previous levels of en­
gagement and motivation (Bowles et al., 2022), self­regula­
tion (Estévez et al., 2021), and school climate (Konold et al., 
2018) positively influence engagement. 

Another important predictor of engagement, albeit one 
that has received less research attention, is sleep quality. 
Sleep is a fundamental regulator of cognitive, emotional, and 
behavioral processes (Bacaro et al., 2023) and is influenced 
by a range of internal and external factors (Liu et al., 2020). 
Insufficient sleep in teenagers is a risk factor that can jeop­
ardize physical and mental health, cognitive and academic 
performance (Mishra et al., 2022), and may also increase the 
likelihood of engaging in risk­taking behaviours (Alfonsi et al., 
2020). The few existing studies on sleep quality and school 
engagement show a significant interaction between the two 
constructs and that their relationship must be viewed within 
a broader context. For example, mediating effects of adverse 
outcomes stemming from problematic technology use (Li et 
al., 2023) and moderation by students’ mental health status 
(Xu et al., 2025) have been identified. Furthermore, Dunbar 
et al. (2017) have shown that this relationship is maintained 
over time, since sleep quality is longitudinally associated with 
engagement levels. 

During adolescence, a deterioration in sleep quality is ob­
served due to both biological factors and the demands im­
posed by social contexts. In this life stage, the biological clock 
naturally tends to shift towards an evening chronotype (Ha­
genauer et al., 2009). However, this predisposition conflicts 
with predominantly morning­based school schedules, lead­
ing to a chronic misalignment known as social jetlag. The lat­
ter represents a significant risk factor, associated with both 
poorer sleep quality and reduced academic performance 
(Wittmann et al., 2006). 

Moreover, sleep quality is significantly influenced by 
one’s lifestyle. Physical activity, information technologies, and 
eating habits are some of the factors studied extensively with 
respect to sleep quality. Vigorous physical activity (Giannotta 
et al., 2024), restricting the use of technologies before going 
to bed (Brautsch et al., 2023; Lund et al., 2021), and a diet 
rich in tryptophan (Zuraikat et al., 2021) are indicators of 
quality sleep, especially in late adolescents. 

Although scholars acknowledge the importance of both 
student engagement and sleep quality, each subject to a de­
clining trend in adolescence, and the influence of specific 
lifestyle factors on sleep quality, a significant research gap 
persists concerning the specific mechanisms through which 
these elements interact. Specifically, there is a paucity of 
studies that integratively examine how specific lifestyle be­
haviours, such as vigorous physical activity, the number of 
technological devices in the bedroom and the number of 
those switched off before sleep, and evening consumption 
of tryptophan­rich foods, influence poor sleep quality, and 
how poor sleep quality, in turn, in turn, mediates the rela­
tionship between these lifestyle predictors and the compo­
nents of student engagement, as depicted in Figure 1, which 
outlines the conceptual target model. 
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Figure 1. Conceptual model of the mediating role of poor sleep quality in the relationship between life­style behaviors  

and student academic engagement 
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2. Research background and hypotheses 
 

2.1. Sleep quality and school engagement 
 

According to the American Academy of Sleep Medicine 
(Paruthi et al., 2016), adolescents aged 13 to 18 years should 
sleep between 8 and 10 hours per day. However, for several 
years, a trend has been observed wherein the percentage of 
adolescents sleeping less than seven hours per night is in­
creasing (Twenge et al., 2017). For example, Liu et al. (2020) 
reported a prevalence of 41.9% for poor sleep quality among 
high school students. 

Insufficient sleep duration is generally associated with a 
range of negative consequences for cognitive performance, 
leading to significant attention deficits, impaired cognitive 
control and executive functions (Campbell et al., 2024), work­
ing memory deficits (Bruin et al., 2017; Jiang et al., 2011), re­
duced consolidation of learned material (Huang et al., 2016), 
and emotional and behavioral difficulties (Beebe, 2011; Dahl 
& Lewin, 2002; Kortesoja et al., 2020). 

School engagement is one of the constructs through 
which such abilities can be instantiated to support the cog­
nitive, mental, and social development of young adults. 
Given that the effects of school engagement are long­term 
(Abbott­chapman et al., 2014; Ladd & Dinella, 2009; 
Upadyaya & Salmela­Aro, 2013), it is important for research 
to clarify the effect of sleep on engagement. To date, studies 
directly relating these two aspects are scarce. Generally, in­
dividuals with better sleep quality tend to exhibit higher lev­
els of engagement, but the relationship between the two 
constructs is complex and is influenced by various socio­cul­
tural factors such as ethnic/racial discrimination (Dunbar et 
al., 2017), problematic smartphone use (Li et al., 2023), and 
mental health (Xu et al., 2025). Although not directly inves­
tigating school engagement, other studies have indicated 
that sleep can influence constructs partially associated with 
engagement, such as achievement motivation (Meijer et al., 
2000), coping self­efficacy (ten Brink et al., 2021), and school 
connectedness (Raniti et al., 2025). 

Therefore, the authors hypothesized that: 
 

H1: Sleep quality is positively associated with levels 
of school engagement. 

 
 

2.2. Tryptophan­rich food intake and quality of sleep 
 

Adolescence is a developmental stage characterized by sig­
nificant changes in sleep architecture and a period when 
modifiable dietary factors are strongly linked to adolescent 
sleep outcomes (Zhong et al., 2024). A balanced diet signifi­
cantly influences sleep quality (Zuraikat et al., 2021), as cer­
tain foods provide nutrients that are precursors to hormones 
regulating the circadian rhythm, notably melatonin (a regu­
lator of the sleep­wake cycle) and serotonin (a hormone as­
sociated with well­being), the synthesis of which depends on 
the availability of tryptophan, an essential amino acid that 
serves as a precursor to these hormones. 

Indeed, the consumption of tryptophan­containing foods 
has been shown to improve several parameters of sleep qual­
ity, including sleep onset latency, sleep duration, number of 
awakenings, daytime sleepiness, and the physical and psy­
chological restorative capacity of sleep (Binks et al., 2020; 
Hashimoto et al., 2020). Particularly beneficial in this regard 
are meals rich in carbohydrates (e.g., based on whole grains), 
as they facilitate the transport of tryptophan across the 
blood­brain barrier (Sutanto et al., 2022), thereby increasing 
its availability for conversion into serotonin, the precursor to 
melatonin, which is regarded as the primary sleep­regulating 
hormone. While the optimal timing for the intake of trypto­
phan­rich foods to achieve beneficial effects on sleep re­
mains under debate, some authors contend that evening 
consumption is most effective for enhancing alertness and 
attentional performance (Markus et al., 2005). 

In light of the foregoing, it was hypothesized that: 
 

H2: The evening intake of tryptophan­rich foods 
positively contributes to sleep quality. 
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2.3. Vigorous physical activity and quality of sleep 
 

Physical activity is defined as any bodily movement that re­
sults in energy expenditure above the basal metabolic rate. 
It is well­established that physical activity can influence sleep, 
particularly in adolescents, through the engagement of di­
verse and interconnected biological and psychological mech­
anisms that reduce sleep latency while enhancing deep sleep 
and overall sleep duration. Generally, physical activity re­
duces cortisol levels (Nys et al., 2022), supports the release 
of hypnogenic substances, and reduces inflammatory mark­
ers that can be associated with poorer sleep quality 
(Doroshenko et al., 2024). From a psychological standpoint, 
physical activity might influence sleep by alleviating the ef­
fects of stress, anxiety, and depression (Su et al., 2021), al­
though a recent study has challenged the bidirectional 
anxiety/depression­sleep relationship, suggesting a poten­
tially more complex interplay among these constructs (Gian­
notta et al., 2024). 

In the literature, the association between physical activity 
and sleep is recognized as complex and can vary according 
to the intensity of the physical activity, as well as other fac­
tors such as diet (Cruz et al., 2024), gender, and the timing 
of physical activity engagement during the day (Jurić et al., 
2022). In a notable study, Lang et al. (2016) demonstrated 
that adolescents with higher levels of both self­reported and 
objectively measured physical activity tend to experience 
better nocturnal sleep quality. 

The intensity of physical activity influences sleep out­
comes, and many studies often report the combined positive 
effects of moderate and vigorous physical activity (MVPA) on 
sleep (Negele et al., 2020). 

Although moderate physical activity is generally well 
known to be beneficial for sleep (F. Wang & Boros, 2019), its 
dose­response relationship with sleep quality is not. Zhou et 
al. (2024) recently endeavored to separate the impact of vig­
orous physical activity (VPA), since it proved to be effective 
in counteracting sleep problems amongst teenagers, with a 
more significant reduction being evident in males as well as 
in 13­year­old subjects. Due to its nature, VPA causes a higher 
level of physiological stress, potentially eliciting more sensi­
tive organismic adaptive responses. These might just as easily 
be projected into definite sleep quality improvement beyond 
what can be found with an increment in moderate activity 
only. Therefore, the present study aims to isolate and better 
understand the specific association of VPA with sleep, hy­
pothesizing that: 

 
H3: Engaging in vigorous physical activity is posi­
tively associated with sleep quality. 

 
 

2.4. Technology and sleep quality 
 

A systematic review of the association between technology 
use and sleep quality demonstrated that in 90% of the 67 
studies included, screen time negatively influenced sleep 
outcomes (Hale & Guan, 2015). The detrimental association 
between technology and sleep is linked with three primary 
mechanisms: time displacement, which refers to the reduced 
time available for sleep; physiological arousal stemming from 
engagement with stimulating content; and finally, the effect 
of light emitted from screens, which suppresses melatonin 
production, thereby inducing a greater state of alertness. This 
latter mechanism is reportedly influenced by the environ­
mental conditions during device use. The strength of the neg­
ative association between device use and sleep quality is 

significantly stronger when the use occurs in a dark room, 
likely because the pupils are more dilated and therefore 
more exposed to the blue light emitted by the devices 
(Mireku et al., 2019). 

As early as 2015, a nationwide cross­sectional sample 
from Hysing et al. (2015) documented that 97% of Norwegian 
teenagers had one or more technological devices in their 
bedroom, and the use of one or more devices before bed­
time was a universal practice. Since then, research has in­
creasingly made it clear that it is not generic use, but timing 
and mode of use that matter. For instance, the systematic re­
view by Dibben et al. (2023) highlighted that certain habits, 
such as nocturnal device use, dependency, and negative on­
line social experiences, compromise adolescent sleep to a 
greater extent than a mere quantification of screen time. 

In general, interactive modes of content consumption via 
electronic devices have more detrimental effects on sleep 
than passive consumption, which is why watching television 
emerges as one of the least problematic activities (Hale & 
Guan, 2015). 

Increased evidence points toward the necessity for end­
ing device use close to sleep. Experimental evidence pro­
vided by Perrault et al. (2019) illustrated how a 
recommendation to not use screens past 9:00 PM resulted 
in teenagers sleeping earlier, sleeping longer in total, and 
feeling more alert during the daytime. 

Similarly, other research has suggested that it is beneficial 
to stop using devices at least 30 minutes before bedtime (Ot­
suka et al., 2023) to prevent non­restorative sleep and day­
time sleepiness. 

The use of objective tracking data on smartphone usage 
(Siebers et al., 2024) has revealed a robust negative associa­
tion with using them after going to bed, with particularly 
detrimental outcomes linked to interactive apps such as so­
cial media and games. This picture is further enriched by lon­
gitudinal studies, such as that of Mazzer et al. (2018), which 
have revealed a bidirectional, albeit small, relationship be­
tween sleep duration and time spent using technology. 

The aforementioned studies primarily focus on the active 
use of technologies before sleeping; however, there are more 
“passive” aspects that warrant scientific attention. Indeed, 
research has shown that not only the type of activity and the 
time of use can negatively influence sleep quality, but also 
the mere presence or accessibility of a device in the bed­
room. For example, Bruni et al. (2015) highlighted that the 
number of devices present in an adolescent’s bedroom also 
has an impact, a finding also observed by Lund et al. (2021) 
in children aged 0­5 years. 

The meta­analysis by Carter et al. (2016) supported the 
hypothesis that there is a strong association between the ac­
cessibility of a portable electronic device near bedtime and 
inadequate sleep quantity, poor sleep quality, and excessive 
daytime sleepiness, even when the device is not actively 
used. Similarly, the systematic review by Saunders et al. 
(2022) shows that the presence of screen­based devices in 
the bedroom negatively influences sleep quality. These find­
ings are further corroborated by the prospective study from 
Nagata et al. (2024), in which the authors demonstrate that 
having an electronic device in the bedroom was associated 
with shorter sleep duration one year later. 

Therefore, it is hypothesized that: 
 

H4: The number of technological devices in the 
bedroom is negatively associated with sleep qual­
ity. 
H5: The number of devices turned off before sleep­
ing is positively associated with sleep quality. 
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3. Materials and Methods 
 

The study randomly selected 400 secondary schools from a 
list provided by the Italian Ministry of Education. Of these, 
67 schools agreed to participate. The headmasters of these 
schools were contacted via email and asked to distribute the 
link to the online questionnaire to their students. The distri­
bution was carried out utilizing the schools’ internal commu­
nication channels. Data were collected through an online 
survey from March to April 2024. 

Participants were informed that their responses to the 
questionnaire were anonymous and that there were no right 
or wrong answers. Data collection commenced only after ob­
taining informed consent from the participants. The research 
was reviewed and approved by the ethics committee of the 
University Polyclinic “Paolo Giaccone” of Palermo, receiving 
a favourable opinion for its conduct (record number 11/2022 
registered on December 12, 2022). 

 
 

3.1. Participants 
 

2753 participants started the survey, and a total of 1065 par­
ticipants finished it (38.685%), whose data were analysed 
(526 females and 539 males). Regarding participant attrition, 
among those who discontinued their involvement, 7.988% 
dropped out at the study’s introductory page, 48.96% during 
the compilation of the sociodemographic questionnaire, and 
43.05% in the evening eating behaviour section. Given that 
dropouts occurred at these early stages of the survey, the in­
complete data was rendered unusable and was consequently 
excluded from the final analyses. The mean age of the par­
ticipants was 15.946 years (SD = 1.459). 

 
 

3.2. Measures 
 
3.2.1. Sociodemographic questionnaire 
 
The sociodemographic questionnaire included questions 

about gender, age, height, weight. No information was re­
quested that could disclose the person’s identity.  

 
3.2.2. Evening eating behaviour (EET) 
 
Participants were asked about their general consumption 

in the evening of TRP­rich foods providing them with a list 28 
foods and asking them to indicate on a Likert scale how often 
they consumed these items at dinner or before bedtime 
(never, rarely, sometimes, often, almost always, always). 

The list of foods has been identified according to the cri­
teria provided by Reuter et al. (2021), including foods for 
which all relevant amino acids and macronutrients were re­
ported, and which contained at least 200 mg of TRP per 100g. 
The basis for selecting TRP­rich foods for the questionnaire 
was the Food Composition Database SR­28 of the United 
States Department of Agriculture (U.S. Department of Agri­
culture, Agricultural Research Service [USDA ARS], 2020). 
Based on the collected data, dietary intake was quantified 
via a tryptophan­rich food intake index (TRP). To compute 
this continuous score, the self­reported consumption fre­
quency of each food item (coded on a 6­point scale from 
1 = Never to 6 = Always) was first multiplied by its standard 
portion size in grams, as recommended by the Società Ital­
iana di Nutrizione Umana (SINU) (2014). For items lacking 
specific SINU guidelines, standard average portion sizes were 
reasonably inferred (e.g., 5g for a teaspoon). Finally, the TRP 

index was calculated as a weighted average by dividing the 
total sum of the weighted portions by the total sum of the 
reported consumption frequencies. 

 
3.2.3. Vigorous Physical Activity 
 
VPA performed by students was measured using the item 

“During the last 7 days, on how many days did you do vigor­
ous physical activities such as heavy lifting, digging, aerobics, 
or fast bicycling?” extracted from the Italian translation of 
the International Physical Activity Questionnaire for Adoles­
cents (IPAQ­A) (Hagströmer et al., 2008; Mannocci et al., 
2021). The scoring for this measure consisted of a single con­
tinuous variable ranging from 0 to 7, representing the exact 
number of days the participant engaged in VPA during the 
previous week. 

IPAQ­A is a standardized tool designed to measure phys­
ical activity levels in adolescents aged 10 to 18 and consists 
of 23 items that inquire about different domains of physical 
activity, including school­related physical activity, transporta­
tion activity, household chores and gardening, leisure­time 
physical activity, and sedentary behaviour. 

 
3.2.4. Pittsburgh Sleep Quality Index  
 
The Pittsburgh Sleep Quality Index (PSQI) is a standard­

ized tool designed to measure sleep quality and disturbances 
over a one­month time interval (Buysse et al., 1989). 

PSQI consists of 9 self­rated questions divided into seven 
component scores, each reflecting a different aspect of sleep: 
subjective sleep quality, sleep latency, sleep duration, habit­
ual sleep efficiency, sleep disturbances, use of sleeping med­
ications, and daytime dysfunction (e.g. “During the past 
month, when have you usually gone to bed at night?”, “Dur­
ing the past month, how long (in minutes) has it usually take 
you to fall asleep each night?”). A higher global score indi­
cates poorer sleep quality. 

PSQI has been validated in numerous studies and has 
demonstrated good reliability and validity (Carpenter & 
Andrykowski, 1998; Mollayeva et al., 2016). 

The Italian version (Curcio et al., 2013) showed a high de­
gree of internal consistency (Cronbach’s α = 0.835). 

 
3.2.5. Evening Use of Technology 
 
Participants were asked to answer 4 questions about 

what technology devices are in their room (e.g. desktop com­
puter, television, game console, iPad/tablet, mobile phone), 
which ones they turn off before bedtime, and at what time. 
It was also asked for each device what activities were done 
after 9 p.m. (e.g., playing games, surfing the Internet, using 
social networks, watching TV, etc.). For the purpose of the 
analyses, two specific scores were calculated: DEV (ranging 
from 0 to 7), computed as the simple count of the different 
types of electronic devices present in the adolescent’s bed­
room, and DEV_OFF (ranging from 0 to 7), computed as the 
sum of those specific devices that the participant actively re­
ported switching off before going to sleep. 

 
3.2.6. Student Engagement Scale 
 
The study used the Student Engagement Scale (SES) cre­

ated by Mameli & Passini (2017) to explore student engage­
ment, focusing specifically on the affective, behavioral, 
cognitive, and agentic dimensions. The scale is composed of 
43 items (e.g. “As I study, I keep track of what I understand, 
not just whether I am getting the right answers”) presented 
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in Likert­type format with a scale ranging from completely 
disagree (1) to totally agree (7) in the affective, behavioural 
and agentic engagement subscales, and from never (1) to al­
ways (7) in cognitive subscale. The internal consistency of the 
scale is satisfactory (affective: α = .87, behavioral: α = .87, 
cognitive: α = .90, agentic: α = .78). 

 
 

3.3. Analysis 
 

This study employs a structural equation model (SEM) to ex­
amine the complex interrelationships between sleep quality 
and scholastic engagement, modeled as latent constructs. 
These latent constructs were measured through specific ob­
served indicators derived from validated scales on sleep qual­
ity (PSQI) and school engagement (SES). A preliminary 
analysis of these scales was conducted to confirm their fac­
torial structure, evaluate the construct validity and internal 
consistency of the indicators in adequately representing their 
respective latent constructs, before proceeding to test the 
overall structural model. The result of these analyses is de­
scribed in detail in the following paragraphs. 

The structural model examines the relationships from ob­
served variables such as vigorous physical activity (VPA), the 
tryptophan­rich food intake index (TRP), the total number of 
electronic devices present in the bedroom (DEV), and the 
number of devices switched off before sleep (DEV_OFF) on 
latent sleep quality, and the subsequent relationships be­
tween latent sleep quality and the latent dimensions of en­
gagement. 

With 1065 observations and 81 parameters, the model 
exhibited an observation­to­parameter ratio of 13:1, lower 

than the 20:1 proportion recommended by Kline (2023) but 
consistent with the 10:1 ratio proposed, for instance, by 
Schreiber et al. (2006). 

All analyses were performed using R 4.4.0, with the sup­
port of the lavaan 0.6.19 package (Rosseel, 2012).  

It should be noted that while sleep quality and school en­
gagement dimensions were rigorously modeled as latent 
variables in the SEM analysis to account for measurement 
error, they were treated as observed composite scores for 
the purpose of the preliminary descriptive statistics and bi­
variate correlations. 

To test the mediating role of sleep quality between 
lifestyle behaviors and student engagement, a full mediation 
model was estimated within the overall SEM framework. 
Specifically, direct paths from the exogenous variables to the 
endogenous engagement variables were constrained to zero. 
The significance of the specific indirect effects was formally 
evaluated. Since the WLSMV estimator was employed to ac­
count for the ordinal nature of the measurement indicators, 
bootstrapping could not be utilized; therefore, standard er­
rors and significance levels for the indirect effects were cal­
culated using the Delta method. 

 
 

4. Results 
 

4.1. Descriptive statistics 
 

The descriptive statistics presented in Table 1 indicate mod­
erate normality thresholds of ±2.0 and ±7.0 for skewness and 
kurtosis, respectively (Curran et al., 1996). 

 

 
Table 1. Descriptive Statistics of Study Variables. Note: SL_EFF = Sleep Efficiency; POOR_SLQ = Poor Sleep Quality; DAY_DIS = Daytime 
Dysfunction; ENG_C = Cognitive Engagement; ENG_A = Agentic Engagement; VPA = Vigorous Physical Activity; TRP = Tryptophan­rich food 
intake index; DEV = Total number of electronic devices present in the bedroom; DEV_OFF = Number of electronic devices switched off 
before sleep 

Vars Mean Sd Median Min Max Skew Kurtosis

SL_EFF 1 0.521 0.581 0.50 0.0 3.0 1.709 3.281

POOR_SLQ 2 0.973 0.622 1.00 0.0 2.5 0.383 ­0.428

DAY_DIS 3 0.908 0.519 1.00 0.0 3.0 0.919 1.258

ENG_C 4 4.229 1.316 4.22 1.0 7.0 ­0.317 ­0.169

ENG_A 5 3.827 1.324 4.00 1.0 7.0 ­0.212 ­0.411

VPA 6 1.659 2.029 1.00 0.0 7.0 0.973 ­0.188

TRP 7 82.106 18.105 80.21 46.4 162.1 0.733 0.547

DEV 8 3.595 1.629 4.00 0.0 7.0 0.113 ­0.747

DEV_OFF 9 2.392 1.499 2.00 0.0 7.0 0.750 ­0.144

Table 2 outlines the physical characteristics of the study 
participants. From the recorded height and weight, the Body 
Mass Index (BMI) was calculated and subsequently classified 
into four categories: underweight, healthy weight, over­
weight, and obese, following the reference data for the Ital­

ian population aged 2 to 20 years published by Cacciari et al. 
(2006). Notably, the subjects generally presented with a BMI 
below the ideal range; however, when overweight, they were 
more likely to be classified as obese. 
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Table 2. Mean height, weight, and BMI category of the participants. Note. BMI = Body Mass Index 

Age 
(years) Sex N Mean Height 

(cm)
Mean Weight 
(kg)

Underweight 
(%)

Healthy Weight 
(%) Overweight (%) Obese (%)

14 F 86 163 55.4 61.6 25.6 0.0 12.8

14 M 119 171 61.7 62.2 15.1 0.8 21.8

15 F 110 162 54.1 63.6 20.9 1.8 13.6

15 M 155 174 64.5 56.1 25.8 1.9 16.1

16 F 118 163 56.4 57.6 22.0 3.4 16.9

16 M 103 176 65.4 67.0 21.4 2.9 8.7

17 F 95 162 57.1 48.4 31.6 2.1 17.9

17 M 74 176 69.5 52.7 24.3 1.4 21.6

18 F 93 165 57.3 54.8 26.9 3.2 15.1

18 M 73 179 70.7 47.9 37.0 5.5 9.6

19 F 24 163 55.9 70.8 16.7 4.2 8.3

19 M 15 182 75.7 26.7 60.0 0.0 13.3

Figure 2 illustrates the quantity of electronic devices lo­
cated in bedrooms and the proportion of these devices that 
are switched off prior to sleep. Smartphones and laptops are 
the most prevalent devices within the adolescents’ bed­

rooms, with a presence in 93% and 66% of cases, respec­
tively. Notably, these devices are more common than televi­
sions, which are found in only 52% of the participants’ 
bedrooms. 

 

 
Figure 2. Comparison of Devices Present vs. Turned Off at Bedtime 



Data regarding gender, age, height, and weight (from 
which BMI was calculated) were collected primarily for de­
scriptive purposes to provide a comprehensive demographic 
and physical profile of the adolescent sample. These vari­
ables were intentionally excluded from the subsequent SEM 
analyses for three main theoretical and methodological rea­
sons. First, relying on self­reported height and weight in ado­
lescents is known to frequently introduce measurement 
error and social desirability bias, making the calculated BMI 
a potentially weak and noisy metric for rigorous structural 
pathways. Second, to preserve model parsimony and main­
tain the adequate observation­to­parameter ratio (13:1) 
achieved in the current model, the inclusion of multiple de­
mographic covariates and their respective paths was avoided 
to prevent unnecessary loss of statistical power. Finally, ex­
cluding these variables allowed the structural model to re­
main strictly focused on its core theoretical aim: evaluating 
the impact of specific, daily modifiable lifestyle behaviours 
(e.g., physical activity, evening technology use, and diet) 
rather than non­modifiable or long­term demographic traits. 

4.2. Correlations 
 

Table 3 summarizes the bivariate correlations among the 
variables under consideration for inclusion in the SEM model. 
Although the high numerosity of the sample makes several 
of these correlations statistically significant, their magnitude 
is heterogeneous. Correlations of moderate strength were 
found, such as that of POOR_SLQ with DAY_DIS (r = .50, 
p < .001), of SL_EFF with POOR_SLQ (r = .42, p < .001), or of 
ENG_C with ENG_A (r = .34, p < .001), all statistically signifi­
cant. Correspondingly, other correlations, even though sta­
tistically significant, point to direct interactions of weak 
strength. These are the negative correlations of VPA with 
SL_EFF (r = −.10, p < .001), POOR_SLQ (r = −.11, p < .001), and 
DAY_DIS (r = −.12, p < .001), the positive correlations of VPA 
with ENG_C (r = .13, p < .001) and ENG_A (r = .15, p < .001), 
or the correlation of SL_EFF with DEV (r = .10, p < .001). 
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Table 3. Correlations Among Variables Considered for Inclusion in the Structural Model. Note. SL_EFF = Sleep Efficiency; POOR_SLQ = Poor 
Sleep Quality; DAY_DIS = Daytime Dysfunction; ENG_C = Cognitive Engagement; ENG_A = Agentic Engagement; VPA = Vigorous Physical 
Activity; TRP = Tryptophan­rich food intake index; DEV = Total number of electronic devices present in the bedroom; DEV_OFF = Number 
of electronic devices switched off before sleep. Confidence intervals in brackets. * p < .05. ** p < .01 

Variable 1 2 3 4 5 6 7 8

1. SL_EFF

2. POOR_SLQ

.42**

[.36, .46]

p < .001

3. DAY_DIS 

.27** .50**

[.21, .33] [.46, .55]

p < .001 p < .001

4. ENG_C 

­.05 ­.09** ­.02

[­.11, .01] [­.15, ­.03] [­.08, .04]

p = .111 p = .005 p = .562

5. ENG_A

­.06* ­.12** ­.05 .34**

[­.12, ­.00] [­.18, ­.06] [­.11, .01] [.28, .39]

p = .048 p < .001 p = .125 p < .001

6. VPA

­.10** ­.11** ­.12** .13** .15**

[­.16, ­.04] [­.17, ­.06] [­.18, ­.06] [.07, .18] [.09, .21]

p < .001 p < .001 p < .001 p < .001 p < .001

7. TRP

­.07* ­.11** ­.11** ­.00 ­.00 .08**

[­.13, ­.01] [­.17, ­.05] [­.17, ­.05] [­.06, .06] [­.06, .06] [.02, .14]

p = .017 p < .001 p < .001 p = .872 p = .908 p = .007

8. DEV

.10** .03 .04 .01 .06* .01 ­.05

[.04, .16] [­.04, .08] [­.02, .10] [­.05, .07] [.00, .12] [­.05, .07] [­.11, .01]

p < .001 p = .415 p = .225 p = .653 p = .045 p = .703 p = .082

9. DEV_OFF

.04 ­.03 ­.05 .04 .04 .02 ­.04 .71**

[­.02, .10] [­.09, .03] [­.11, .01] [­.02, .10] [­.02, .10] [­.04, .08] [­.10, .02] [.68, .74]

p = .241 p = .273 p = .088 p = .176 p = .234 p = .484 p = .231 p < .001



4.3. Measurement Models Validation 
 

Before proceeding to test the overall structural model, pre­
liminary analyses of the measurement scales were con­
ducted to confirm their factorial structure and evaluate the 
construct validity of the indicators in adequately representing 
their respective latent constructs. To provide a clear overview 

of the validation procedures and the resulting structures, the 
final Confirmatory Factor Analysis (CFA) path diagrams for 
both instruments are presented in Figure 3. The specific an­
alytical steps, including item reduction and model fit indices 
for each scale, are detailed in the following subsections. 
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Figure 3. Confirmatory Factor Analysis Path Diagrams. Panel A displays the final measurement model for the Student Engagement Scale. 
Panel B displays the final measurement model for the Pittsburgh Sleep Quality Index. 
Note. SES = Student Engagement Scale; AGN = Agentic Engagement; CGN = Cognitive Engagement; PSQI = Pittsburgh Sleep Quality Index; 
POOR_SLQ = Poor Sleep Quality; SL_EFF = Sleep Efficiency; COMP = Component. Standardized factor loadings are presented 
 

4.3.1. PSQI 
 
The structural variability of the PSQI differs across various 

populations and studies, presenting one, two, or three­factor 
solutions. In the present study, a CFA was conducted on the 
PSQI components, treated as ordinal variables. The WLSMV 
estimator was used to evaluate a two­factor structure, con­
sistent with the studies by Guo et al. (2016) and Pandey et 
al. (2025). The first factor included sleep efficiency (SL_EFF; 

component 3 + component 4), while the second described 
poor sleep quality (POOR_SLQ; component 1 + component 
2 + component 5 + component 6 + component 7). Since the 
factor loading for the use of medicine was less than 0.3, com­
ponent 6 “use of medicine” was deleted, and confirmatory 
factor analysis was performed again, similarly to Guo et al. 
(2016). The model fit indices are very good (CFI = 0.999, 
TLI = 0.997, RMSEA = 0.021 [IC 90% 0­0.051], SRMR = 0.020). 

An acceptable Cronbach’s α value (0.762) was identified. 



4.3.2. SES 
 
Initial assessment of a four­factor measurement model 

via CFA using the full set of items was conducted using the 
MLR estimator, as multivariate normality was violated, and 
indicated poor model fit (CFI = 0.805, TLI = 0.797, 
RMSEA = 0.073 [90% CI 0.071­0.075], SRMR = 0.083). Follow­
ing this lack of adequate fit, an Exploratory Factor Analysis 
(EFA) was conducted on the full dataset employing Principal 
Axis Factoring and Varimax rotation to explore the underlying 
factor structure (CFI = 0.877, TLI = 0.849, RMSEA = 0.062 
[90% CI 0.060­0.064]). The results of the EFA were primarily 
used to inform the selection of item sets corresponding to 
conceptually clearer factors. Specifically, items belonging to 
emotional and behavioural engagement factors were re­
moved from the dataset because they exhibited significant 
cross­loadings or poor differentiation in the EFA. A CFA was 
then conducted on the remaining subset of items. This model 
was further refined by iteratively removing individual items 
(C5, C11, A1, A2, A7) that displayed low factor loadings 
(below 0.6) within this reduced structure. This process re­
sulted in the final model, which demonstrated good fit to the 
data (CFI = 0.951, TLI = 0.943, RMSEA = 0.055 [IC 90% 0.050­
0.060], SRMR = 0.058). 

SES exhibited robust internal consistency, with Cron­
bach’s alpha coefficients indicating good reliability for cogni­
tive (α = 0.92), and agentic (α = 0.879) subscales, and 
excellent reliability for the overall scores (α = 0.945). 

Although the practice of drastically reducing an estab­
lished multidimensional scale is often debated in the psycho­
metric literature and should be approached with caution 
(MacCallum et al., 1992), robust results can still be obtained 
when such procedures are anchored to a strong theoretical 
background. Precedents in psychological research demon­
strate that an extensive reduction of items and dimensions 
can be a valid methodological strategy to purify an instru­
ment and achieve a superior phenomenological fit with the 
empirical data (e.g. Benson & Bandalos, 1992; Cox et al., 
2003). In our study, this analytical step allowed us to isolate 
the most structurally stable components for our specific sam­
ple. 

Furthermore, from a theoretical standpoint, the reten­
tion of only the cognitive and agentic dimensions is highly 
consistent with the physiological focus of this study. As high­
lighted by Wong and Liem (2024), student engagement di­
mensions operate differently: affective and participatory 
behavioural engagement are heavily tied to social connect­
edness and the school community context. Conversely, cog­
nitive engagement involves an active mental state and 
internal cognitive investment. Building on this conceptual dis­
tinction, sleep deprivation primarily impairs endogenous 
neurocognitive resources, such as top­down attentional con­
trol, cognitive flexibility, and working memory (Campbell et 
al., 2024; Sen & Tai, 2023), which are the foundational ele­
ments of cognitive engagement. Furthermore, recent litera­
ture strongly supports the isolation of the agentic dimension 
when studying sleep. As highlighted by Van de Casteele et al. 
(2025), autonomous and agentic drives are deeply inter­
twined with internal regulatory mechanisms, such as subjec­
tive vitality and adaptive physiological responses to stress 
(e.g., lower cortisol levels), which closely couple them with 
sleep regulation. Therefore, while acknowledging that this 
approach inherently narrows the original multidimensional 
construct, isolating the cognitive and agentic dimensions may 
offer a focused and theoretically coherent lens to explore the 
specific neurocognitive toll of poor sleep, potentially mitigat­
ing the confounding effects of external social dynamics. 

4.4. Structural model 
 

The measurement model specifies the latent variables 
SL_EFF, POOR_SLQ, DAY_DIS, ENG_C, and ENG_A, which are 
measured by their respective observed indicators. The latent 
variable sleep quality (SLQ) is modelled as a higher­order fac­
tor measured by SL_EFF, and POOR_SLQ. 

In the structural component, direct pathways were cre­
ated from the exogenous observed variables (i.e., VPA, TRP, 
DEV, and DEV_OFF) to the endogenous latent variable SLQ, 
and from the endogenous latent variable SLQ to the endoge­
nous latent variables ENG_C and ENG_A. This model posits 
that the effects of the exogenous variables are mediated 
through SLQ towards ENG_C and ENG_A. Covariances were 
also calculated between the residuals of ENG_C and ENG_A, 
as well as among the latent variables SL_EFF, and POOR_SLQ. 

The model maintained excellent fit measures from this 
analysis (CFI = 0.975, TLI = 0.980, RMSEA = 0.034 [90% CI 
0.031­0.038], SRMR = .050), except for the χ2 statistic, whose 
value is sensitive to large sample sizes (Bentler & Bonett, 
1980). To facilitate comparison of the relative strength of the 
relationships, the regression coefficients are reported in stan­
dardized form (β). 

Mediation analysis was conducted to examine the indi­
rect effects of the exogenous variables (VPA, TRP, DEV, and 
DEV_OFF) on the endogenous latent variables (ENG_C and 
ENG_A) through the latent variable POOR_SLQ. Vigorous 
physical activity has a significant association with the medi­
ator poor sleep quality (β = ­.493, p < 0.001), as well the num­
ber of devices switched off before sleep (β = ­.211, p = 0.034) 
while tryptophan­rich food intake (β = ­.105, p > 0.05) and 
the total number of electronic devices present in the bed­
room (β = .134, p > 0.05) are not significant. Interestingly, 
while the total number of electronic devices in the bedroom 
does not have a direct impact on sleep quality, switching off 
devices before sleep had a beneficial effect, suggesting the 
importance of positive pre­sleep habits distinct from device 
ownership. 

Furthermore, the mediator poor sleep quality signifi­
cantly predicted both cognitive engagement (β = ­.226, 
p = 0.001) and agentic engagement (β = ­.293, p < 0.001). 
These results indicate that poorer sleep quality is associated 
with lower levels of academic engagement, highlighting the 
mediating role of POOR_SLQ in the relationship between the 
exogenous variables and scholastic engagement (see Figure 
4). 

Regarding the specific indirect effects, the analysis con­
firmed the mediating role of POOR_SLQ. Specifically, VPA 
demonstrated a significant positive indirect effect on both 
cognitive engagement (β = .111, p < 0.001) and agentic en­
gagement (β = .144, p < 0.001) through improved sleep qual­
ity. Similarly, the habit of switching off devices before sleep 
yielded a significant positive indirect effect on agentic en­
gagement via POOR_SLQ (β = .062, p = 0.045), while its indi­
rect effect on cognitive engagement approached significance 
(β = .048, p = 0.052).  
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Figure 4. Path diagram of the structural equation model. Standardized regression coefficients (β) and statistical significance 

are displayed on the paths. p < 0.05*, p < 0.01**, p < 0.001*** 
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5. Discussion 
 

The aim of this study was to examine how specific lifestyles, 
such as vigorous physical activity, a tryptophan­rich diet, and 
technology use before sleep, influence student engagement 
through the mediation of poor sleep quality in a sample of 
Italian adolescents. The results show that poor sleep quality 
is a crucial mediator between certain behaviours and both 
cognitive and agentic engagement. Specifically, engaging in 
vigorous physical activity and turning off electronic devices 
in the bedroom before sleeping are predictors of good sleep 
quality, which in turn is associated with higher levels of en­
gagement. Contrary to the hypotheses, however, the con­
sumption of tryptophan­rich foods for dinner and the 
number of devices present in the bedroom did not show a 
direct association with poor sleep quality. 

 
 

5.1. Sleep Quality and Engagement 
 

Consistent with H1, the results show a significant negative 
association between poor sleep quality and both cognitive 
(β = −.226, p = 0.001) and agentic engagement (β = −.281, 
p < 0.001). Poor sleep quality is linked to impairments in ex­
ecutive functions (Campbell et al., 2024), jeopardizing atten­
tion and working memory (Bruin et al., 2017; Jiang et al., 
2011), and reducing cognitive flexibility and inhibitory control 
(Sen & Tai, 2023), constructs that form the neurocognitive 
basis of cognitive engagement. Similarly, the association with 
agentic engagement suggests a link between inadequate 
sleep and a reduced student capacity to actively participate 
in learning experiences. 

These findings are supported and expanded upon by the 
existing literature, which not only confirms the relationship 
but also explores its complexity. For example, Xu et al. (2025) 
highlighted the crucial role of mental health as a moderator 
in the sleep­engagement relationship, while Raniti et al. 
(2021) found that sleep hygiene and quality mediate the im­
pact of anxiety on academic engagement. More broadly, 

Dunbar et al. (2017) confirmed the longitudinal robustness 
of this relationship, which can have significant medium­term 
repercussions on students’ lives, thus highlighting the impor­
tance of sleep quality as a significant protective factor for 
adolescents. 

The link between poor sleep quality and engagement 
cannot be fully understood without considering the tension 
between the biological changes typical of adolescence and 
the demands imposed by social contexts. Indeed, during this 
life stage, the biological clock naturally tends to shift towards 
an evening chronotype (Hagenauer et al., 2009). However, 
this predisposition conflicts with predominantly morning­
based school schedules, leading to a chronic misalignment 
known as social jetlag. The latter represents a significant risk 
factor, associated with both poorer sleep quality and reduced 
academic performance (Wittmann et al., 2006). 

The findings should therefore be framed within a broader 
context in which, in addition to the predictors identified, bi­
ological and contextual variables must be considered, as they 
could create a mismatch between the need for sleep and the 
actual opportunity to sleep. 

Although the aforementioned results are certainly note­
worthy, a series of methodological issues emerged during the 
research, jeopardizing the generalizability of the findings. 
These issues include low participation, a high dropout rate, 
and some problems related to the measurement of variables. 
Such limitations are described below in the limitations sec­
tion. 

 
 

5.2. Lifestyle Predictors of Sleep Quality 
 

Regarding technology use, and contrary to the findings of, for 
example, Bruni et al. (2015), the model does not support hy­
pothesis H4, which posited that the number of devices in the 
bedroom influences sleep quality (β = .134, p > 0.05). Instead, 
the data support H5, which proposed that the number of de­
vices actually turned off before sleeping predicts better sleep 
quality (β = −.211, p = 0.034). This finding is consistent with 



research highlighting the risk factor of making technology ac­
cessible to adolescents in their sleeping environment (Carter 
et al., 2016; Saunders et al., 2022) and can be attributed to 
multiple explanations. First, it can be hypothesized that the 
availability of a device in the bedroom (especially a portable 
one) may encourage its use. Second, some devices can dis­
turb sleep even in standby mode through intermittent lights, 
vibrations, or sounds. Finally, it is plausible to hypothesize 
that the latent awareness of the presence of technological 
devices in the adolescent’s bedroom could maintain the brain 
in a state of hypervigilance, hindering the relaxation and psy­
chophysiological disconnection necessary for an efficient 
transition to sleep. Such a hypothesis would be the sleep­re­
lated analogue to what Ward et al. (2017) proposed for wake­
fulness. According to the author, the mere presence of a 
smartphone in a room reduces individuals’ cognitive capacity, 
although this hypothesis is not universally accepted, and its 
replicability is a subject of debate (Böttger et al., 2023; Parry, 
2023; Ruiz Pardo & Minda, 2022). 

In line with hypothesis H3, vigorous physical activity 
emerged as a strong predictor of better sleep quality 
(β = −.493, p < 0.001). This result is consistent with sugges­
tions from, for example, Zhou et al. (2024), that vigorous ac­
tivity may be more impactful than moderate activity. The 
effect of high physical activity on sleep can be associated with 
the physiological, psychological, and behavioural effects it 
elicits (Alnawwar et al., 2023; Ezdini & Faraeen, 2025; Sejbuk 
et al., 2022). 

In general, a healthy daily diet is a fundamental element 
for the quality of sleep and the psychophysical well­being of 
adolescents. A balanced and regular diet can, in fact, provide 
the nutritional context within which the intake of specific nu­
trients, such as tryptophan, is able to fully express its benefi­
cial effects. Although some studies highlight various effects 
of tryptophan on sleep (Binks et al., 2020), contrary to hy­
pothesis H2, no benefit to sleep was found from the evening 
intake of tryptophan­rich foods (β = −.105, p > 0.05). This re­
sult aligns with recent studies in which evidence for a direct 
effect of tryptophan intake on sleep is limited. For example, 
both Alafif (2024) and Fukushige et al. (2014) do not find a 
strong association between the two constructs, opening up 
the possibility that other factors need to be considered, such 
as exposure to bright light during the day or participation in 
nighttime activities, which may limit its effect, consistent with 
the aforementioned social jetlag. Other dietary behaviors, not 
considered in the present study, may inhibit the effects of 
tryptophan intake. These include consuming stimulating sub­
stances during the evening meal or before bedtime, such as 
coffee, energy drinks, alcoholic beverages, or foods contain­
ing monosodium glutamate. Cooking methods and complex 
dishes may also be associated with poor sleep quality; for in­
stance, consuming dishes prepared with cream, béchamel, 
or fried foods, as well as an excessive intake of meat, animal 
proteins, and aged cheeses. Such foods remain in the stom­
ach longer, as they require more gastric juices and a pro­
longed period for digestion. Furthermore, any substance that 
increases blood pressure and heart rate can impede sleep 
onset, as the cardiovascular system must begin to decelerate 
approximately 30 minutes before sleep. Excessive salt and 
spicy seasonings are also detrimental to good sleep. 

 
 

5.3. Limitations and Future Research 
 

The present study has several limitations. First, its cross­sec­
tional design precludes the establishment of causal relation­
ships. Although some findings and the SEM analysis suggest 

causal pathways, these can only be definitively confirmed 
through longitudinal studies. 

The data were collected using self­report measures, 
which may introduce bias. For instance, adolescents’ percep­
tion of their sleep quality does not always align with objec­
tive measurements (Lucas­Thompson et al., 2020). Another 
data collection issue pertains to the engagement measure. 
Due to problems with its factorial structure, the measure was 
reduced to two factors, thereby limiting the construct’s rep­
resentation to its agentic and cognitive dimensions. Finally, 
while the use of a single item to measure vigorous physical 
activity contributed to a more parsimonious model, it may 
have oversimplified the complexity of this behaviour. Fur­
thermore, the instrument used did not clarify the exact time 
of day the physical activity was performed, nor the specific 
type of activity in which individuals were engaged. A com­
prehension of both of these variables could be critical for a 
more in­depth understanding of the impact of physical activ­
ity on sleep. 

Future research should focus on longitudinal designs to 
confirm these associative pathways and incorporate objec­
tive measures of sleep and physical activity, such as actigra­
phy, to overcome self­report biases. 

 
 

6. Conclusions 
 

From a theoretical perspective, this study highlights the value 
of sleep as a potential mediator between lifestyle and school 
engagement, an association that has been underexplored in 
the literature. Furthermore, the study contributes to the de­
bate on the interaction between adolescents and technology, 
specifically regarding the importance of the behavioural 
management of technological devices, especially in the 
evening and in the bedroom.  

 
 

6.1. Practical Implications 
 

Regarding practical applications, the findings of this study can 
inform educational practices, health promotion initiatives, 
and interventions aimed at improving adolescent well­being. 
Caregivers and policymakers should strongly consider the 
critical association between good sleep quality and students’ 
neurocognitive resources. Since the data suggest that modi­
fying specific evening behaviours, such as engaging in vigor­
ous physical activity during the week and actively turning off 
electronic devices before bedtime, is positively associated 
with sleep quality, schools and families could implement tar­
geted psychoeducational programs. By respecting the biolog­
ical chronotype of adolescents and promoting healthy 
pre­sleep habits, stakeholders can foster an environment that 
supports higher levels of cognitive and agentic engagement 
in the academic context.  
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