Computers in Human Behavior Reports 22 (2026) 101030

Contents lists available at ScienceDirect

#= COMPUTERS IN
1 HUMAN BEHAVIOR

REPORTS

Computers in Human Behavior Reports

e 4

ELSEVIER

journal homepage: www.sciencedirect.com/journal/computers-in-human-behavior-reports

The effect of a 14-day digital nudge-based sleep hygiene intervention on
behavioural, cognitive, and emotional well-being in college students: An
experimental approach

Tracy X. Chen™ ©, Chi-Ying Cheng?, Michelle Koay ", Chin Boon Soh ", Andree Hartanto ™

@ School of Social Sciences, Singapore Management University SMU, Singapore
b Mrs Wong Kwok Leong Student Wellness Centre, SMU, Singapore

ARTICLE INFO ABSTRACT

Keywords: Sleep is essential for one's cognitive, psychological, and physical health. Yet, college students often face sleep
Sleep ) deprivation due to academic demands, social obligations, and extracurricular commitments. This study imple-
Sleep hygiene mented a 14-day Digital Nudge-Based Sleep Hygiene Intervention, delivered via a digital platform, to encourage

Bedtime procrastination healthier sleep practices among college students. Grounded in nudge theory, the digital intervention used subtle

Nudge theory . . . ) . . . . . . .

Digital intervention behavioural prompts to improve participants' sleep hygiene without imposing restrictions, demonstrating high
College adherence and scalability. Participants were guided through daily tasks to enhance autonomy and motivation,
Well-being such as creating calming bedtime routines. The digital intervention led to positive outcomes across four domains:

sleep and physical outcomes e.g., lower bedtime procrastination (|d| = 0.55) and self-reported physical health (|
d| = 0.40), behavioural outcomes e.g., higher productivity (|d| = 0.35), goal progress (|d| = 0.40), and self-
control (]d| = 0.38), cognitive outcomes e.g., lower cognitive failures (|d| = 0.28) and higher mindful atten-
tion (|d| = 0.30), and emotional outcomes e.g., lower anxiety (|d| = 0.35) and higher life satisfaction (|d| =
0.44). These findings demonstrate the promise of digital, nudge-based interventions in promoting sleep hygiene
and related functional outcomes among college students. However, further research is needed to assess long-term
efficacy and generalisability across diverse populations.

1. Introduction prefrontal-limbic connectivity, reducing one's ability to manage stress

and increasing reactivity to negative stimuli (Chen et al., 2024; Gold-

Sleep is a foundational pillar of overall well-being, significantly
influencing one's cognitive, psychological, and physical health (Perry
et al., 2013; Ramar et al., 2021; Vandekerckhove & Wang, 2017; Zhai
et al., 2018). Adequate sleep plays a crucial role in emotional regulation,
memory consolidation, and cognitive processes (Walker & van Der
Helm, 2009). During sleep, the brain processes and stores information
gathered throughout the day, which is vital for effective learning and
decision-making (Diekelmann & Born, 2010). Sleep deprivation,
conversely, is linked to impairments in attention, executive function,
and emotional control, and is a risk factor for both physical and mental
health disorders, including cardiometabolic disease, diabetes, obesity
and mood dysregulation (Chattu et al., 2018; Goel et al., 2009; Killgore,
2010; Lim & Dinges, 2010; Spiegel et al., 2005; Tubbs et al., 2020).
Emotional regulation, in particular, is affected through disrupted

stein & Walker, 2014; Tempesta et al., 2018). Insufficient sleep has also
been found to be associated with poorer problem-solving abilities and
day-to-day functioning (Lim & Dinges, 2010; Pilcher & Huffcutt, 1996).
Thus, maintaining sufficient sleep duration and quality is essential for
optimal functioning.

Despite this, college students frequently face challenges in obtaining
enough quality sleep (Lund et al., 2010; Owens et al., 2017). College
students are particularly vulnerable to sleep disturbances, as the tran-
sition to university life often brings a unique set of challenges that can
disrupt sleep patterns, including heightened academic responsibilities
and changing social dynamics like increased peer interaction and
extracurricular participation (Clark, 2005; Hershner & Chervin, 2014;
Liidtke et al., 2011; Tan et al., 2023). Many students experience irreg-
ular sleep schedules due to fluctuating class times, social activities, and
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part-time work (Gomes et al., 2011; Lund et al., 2010). Additionally, the
prevalence of technology use further exacerbates sleep disturbances by
delaying sleep onset and reducing one's sleep quality (Lemola et al.,
2015). This behaviour is often associated with bedtime procrastination,
a “voluntary delay of going to bed without external reasons despite
knowing it will lead to negative outcomes” (Kroese et al., 2014).
Bedtime procrastination is increasingly recognised as a self-regulation
failure prevalent among college students, frequently influenced by dig-
ital distractions, inconsistent routines, and low perceived urgency to
sleep (Exelmans & Van den Bulck, 2016; Pu et al., 2025; Zhang & Wu,
2020). Studies indicate that around 60% of university students report
inadequate sleep quality measured by the Pittsburgh Sleep Quality Index
(PSQI) (Buboltz et al., 2001). Poor sleep hygiene, such as irregular
sleep-wake patterns and late-night caffeine or alcohol use, is also highly
prevalent in these populations (Brown et al., 2002; Taylor et al., 2011).

The consequences of such sleep disruption among college students
are profound, extending across emotional, academic, and behavioural
domains. Impaired sleep has been linked to increased stress, fatigue, and
decreased emotional regulation (Benham, 2010; Galambos et al., 2009).
Students with insomnia often report a range of psychological issues,
including depression, anxiety, obsessive-compulsive tendencies and
reduced overall quality of life (Gaultney, 2016; Hellberg et al., 2019).
Sleep disturbances correlate with lower Grade Point Averages (GPA) and
impaired cognitive functioning including decision-making and plan-
ning, which are crucial for academic success (Alapin et al., 2000;
Buboltz et al., 2001; Curcio et al., 2006; Frau et al., 2019). Accordingly,
inadequate sleep has been linked to greater likelihood of academic
procrastination, reduced motivation, and a higher risk of burnout
(Becker et al., 2018; Hershner & Chervin, 2014). Ruminating on stressful
events like exams can worsen sleep problems, creating a vicious cycle of
sleep-onset latency and repeated rumination (Guastella & Moulds, 2007;
Lietal., 2019; Zoccola et al., 2009). Moreover, students with poor sleep
quality have been found to engage in more risky behaviours such as
substance abuse and aggression, which can compound the challenges
they face (McKnight-Eily et al., 2011; Vail-Smith et al., 2009).

Given the widespread negative outcomes of poor sleep quality, there
has been a growing focus on interventions aimed at improving sleep
within this population. Cognitive-Behavioural Therapy for Insomnia
(CBT-I) has emerged as an effective treatment for reducing symptoms of
chronic sleep disturbances (Taylor et al., 2014; Tsai et al., 2022; Zim-
merman, 2011). However, despite its efficacy, significant barriers to
uptake and adherence persist due to its structured nature consisting of
sleep restriction protocols and intensive cognitive restructuring which
students find too time-consuming, demanding or complex (Dyrberg
et al., 2021; Marques et al., 2019; Mellor et al., 2021). A systematic
review by Koffel et al. (2018) further highlights barriers at the patient,
provider, and system levels, including limited awareness and insuffi-
cient access to trained providers. Even self-help adaptations of CBT-],
though more accessible, experience notable attrition rates of around
35% (Ho et al., 2014), with brief telephone support only modestly
improving engagement. Moreover, CBT-I primarily targets insomnia,
whereas many students suffer from subclinical sleep difficulties related
to lifestyle and self-regulation. Recent reviews emphasise that speci-
alised sleep interventions for college students remain scarce and un-
derdeveloped (Beattie et al., 2015; Hirshkowitz et al., 2015). Alternative
interventions are needed to better address these broader behavioural
sleep challenges in this demographic.

In response, a variety of educational and digital interventions have
been tested. Educational approaches, including brief online in-
terventions, led to improved sleep behaviours, sleep quality, and
depression scores (Hershner & O’Brien, 2018; Quan et al., 2018). A
single lecture on sleep hygiene resulted in increased sleep duration and
decreased fatigue (Anderson et al., 2022). Web-based interventions
focusing on sleep also enhanced sleep quality and reduced alcohol
consumption (Fucito et al., 2017). A meta-analysis of psychological in-
terventions for sleep improvement in college students found moderate to
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large effect sizes for overall sleep-related outcomes, global measures of
sleep disturbances, and sleep-onset latency (Saruhanjan et al., 2021).
Overall, these interventions have demonstrated efficacy in addressing
sleep deprivation, poor sleep habits, and mood issues among college
students, potentially offering an effective approach to improving sleep
and academic performance (Hershner & O’Brien, 2018; Saruhanjan
et al., 2021).

However, though the findings seem promising, these interventions
face several important limitations. Educational interventions, such as
brief lectures or online modules, often improve sleep knowledge but
show limited success in driving sustained behavioural change (Anderson
et al., 2022; Hershner & O’Brien, 2018; Quan et al., 2018). Web-based
programs, although effective in enhancing sleep quality and reducing
alcohol consumption (Fucito et al., 2017), commonly struggle with
participant engagement and retention, where studies report dropout
rates as high as 30-50% (Becker & Torous, 2019; Nam et al., 2023). This
threatens the effectiveness and real-world applicability of such in-
terventions. Moreover, meta-analyses highlight substantial variability in
intervention designs and a reliance on self-reported outcomes without
participant blinding, which increases bias and limits generalisability
(Saruhanjan et al., 2021). Together, these gaps highlight the need for
interventions that not only deliver information but also address moti-
vational barriers and promote consistent behavioural engagement
through accessible, technology-based strategies.

To address both behavioural and motivational aspects often over-
looked in current studies, researchers have turned to behavioural sci-
ence frameworks, particularly Nudge Theory, to design low-effort,
motivationally supportive strategies for encouraging healthy behaviour
without restricting autonomy (Thaler & Sunstein, 2009). Nudges subtly
alter the choice environment to prompt better decisions in a
non-coercive way, often by using reminders, defaults, or simplification
to reduce friction and harness bounded rationality (De Paolis et al.,
2025; Pena Madeira Gouveia DeCampos, 2021). They have shown
promise in addressing problematic smartphone use, which can impact
sleep quality (Kasturiratna et al., 2025; Olson et al., 2023). While
research on sleep-specific nudges is limited, text message-based in-
terventions have demonstrated positive effects on sleep duration
(Gipson et al., 2019; Tavernier & Adam, 2017). A 6-week text message
sleep hygiene intervention improved sleep knowledge, hygiene prac-
tices, and sleep quality in college students (Gipson et al., 2019). A pilot
study on personalised sleep-coaching messages also found that adher-
ence to wake-time recommendations was associated with improvements
in overall sleep health, although individual sleep metrics did not show
significant changes (Schneider et al., 2023). These findings suggest that
digital nudge-based interventions may be a promising approach for
promoting healthy sleep behaviours, and more research is needed to
establish their effectiveness across different populations and contexts.

The present study thus leverages the potential of nudge-based in-
terventions to address the challenges of ensuring college students adhere
to healthy sleep habits amidst their busy schedules by implementing a
14-day Digital Nudge-Based Sleep Hygiene Intervention. The digital
intervention, delivered via Telegram, was designed using principles
from nudge theory to subtly encourage participants to adopt healthier
sleep habits without overt coercion. It incorporated multiple nudge
strategies including daily reminders, information about healthy sleep
hygiene habits, simplification of the concept of sleep hygiene and social
cues which included reactions from other participants. Participants were
only briefly informed that the study aimed to investigate how students
respond to the implementation of sleep challenges, thus preserving the
single-blind nature of the study, reducing demand characteristics and
enhancing the reliability of the results (McCambridge et al., 2012).

Participants would receive a list of tasks as part of the intervention,
where the tasks served as behavioural nudges: subtle prompts intended
to encourage participants to adopt better sleep habits. Examples of tasks
included creating a calming bedtime routine, with reminders carefully
phrased to motivate participants by making the desired behaviour more
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salient and appealing (Thaler & Sunstein, 2009). Additionally, the tasks
provided to participants were framed to emphasise positive behaviour
change without imposing restrictions, aligning with the libertarian
paternalism approach of nudge theory - encouraging participants to
make healthier choices while preserving their autonomy (Thaler &
Sunstein, 2009). To enhance engagement, the study employed a partial
default nudge, as participants were encouraged to complete the chal-
lenges while still being free to opt out at any time. The overall digital
intervention aimed to consistently guide participants towards adopting
beneficial sleep behaviours through subtle prompts and cues over the
period of intervention, in accordance with nudge theory's emphasis on
choice architecture and behavioural design (Sunstein, 2014; Thaler &
Sunstein, 2009). Further, by using a digital platform, the intervention
enhances accessibility and aligns with the busy lifestyles of college
students, who are also technology-savvy. This is supported by previous
research on text-message-based sleep interventions (Filion et al., 2015;
Gipson et al., 2019; Hirshkowitz et al., 2015; Jones et al., 2020; Tav-
ernier & Adam, 2017).

Through the integration of digital nudge-based strategies to promote
healthy sleep practices and improve one's sleep outcomes, this study
aims to provide valuable insights into effective interventions tailored to
the unique needs of university students. It is hypothesised that partici-
pants in the 14-Day Digital Sleep Hygiene Intervention will demonstrate
significantly better outcomes than the control group across four main
domains: sleep, behavioural, cognitive, and emotional outcomes. Spe-
cifically, it is hypothesised that the intervention group will report higher
sleep quality, lower bedtime procrastination, and better self-reported
physical health compared to the control group. In terms of behav-
ioural outcomes, the intervention group is expected to exhibit higher
self-control capacity, greater productivity, greater goal progress, and
lower procrastination. For cognitive outcomes, the intervention group is
anticipated to demonstrate greater effectiveness in implementation
intention, fewer cognitive failures, and higher mindful attention
awareness. Regarding emotional outcomes, the intervention group is
hypothesised to report lower levels of anxiety, depression, and perceived
stress, as well as higher levels of life satisfaction.

2. Method
2.1. Participants

To estimate the necessary sample size, a power analysis was con-
ducted using G*Power version 3.1.9.7 (Faul et al., 2009). Assuming a
medium effect size (d = 0.50), with a power level of 0.80 and a
two-tailed o = 0.05, the analysis indicated that 128 participants (64 per
group) would be sufficient for detecting statistically significant effects.
To account for potential attrition and ensure higher statistical power, we
recruited a larger sample than the minimum required. A total of 269
college students were enrolled in the current study (Mean age = 22.8,
gender (% female) = 76.2). Thirty-six participants dropped out of the
study as they failed to complete the questionnaire survey, resulting in a
final sample of N = 233. Participants were recruited from a local uni-
versity in Singapore in exchange for mall vouchers. To be eligible for the
study, participants must be college students, aged 18 and above, and
users of the Telegram application. All participants provided informed
consent and data collection was approved by the local institutional re-
view board [IRB-24-046-A034(324)].

2.2. Procedure

This study was not preregistered. The intervention was delivered in
collaboration with the Student Wellness Centre in the university. Stu-
dents who volunteered to participate in this study filled in a sign-up form
on Qualtrics which included details about a 14-day sleep ‘challenge’ and
other details of the study, including the need to fill in a questionnaire.
After completing the form and giving their consent, participants were
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assigned to either the intervention or the control group using simple
randomization via the random assignment function on Qualtrics. Par-
ticipants assigned to the intervention group were informed that their
sleep ‘challenge’ will begin on the 15th of March and told to look out for
an Electronic mail (E-mail) which will be sent to them on the day, as well
as a Telegram channel that they will be added into for daily reminders to
do the sleep hygiene tasks. Participants assigned to the control group
were instead informed that due to an influx of participants, their sleep
‘challenge’ will begin on the 29th of March, and similarly informed to
look out for the E-mail and channel. Each participant received a 10-dol-
lar CapitaLand voucher as compensation.

2.3. Intervention

While the researchers were aware of the true nature of the study,
participants in both the experimental and control groups were only
informed that the study aimed to investigate how students respond to
the implementation of sleep challenges. This vague description was
expected to help reduce demand characteristics in participants due to its
partial single-blind nature. Participants in the intervention group
received an Email on the 15th of March containing 14 sleep hygiene
tasks. (Please refer to Table 1 for the list of sleep hygiene tasks and for
the scientific evidence and rationale for including each task). These tasks
contained a mixture of sleep hygiene tips and to-dos to improve one's
sleep, such as listening to calming music or practicing stress-reducing
techniques such as deep breathing before bed. In the meantime, the
control group went about their usual daily activities as they were
informed to wait for their ‘challenge’ to begin at the later date of 29th
March.

Concurrently, as the email was sent out to the intervention group, the
reminder for the first day of task was also sent in the Telegram channel
where they were added in, together with an imagery and caption to
encourage participants to fulfil the task. (Please refer to Fig. 1 for a
picture of all the 14 reminders that were sent). All nudges were sent once
daily at 12pm in the day to allow enough time for participants to be
reminded of and to carry out the day's task, except for Day 1's which was
sent at 10pm to allow for more study sign-ups. This midday timing was
strategically chosen as prior research suggests that earlier nudges
enhance follow-through on planning-related behaviours like bedtime
routines by reducing present bias and closing the intention-action gap
(Milkman et al., 2011). The decision to send nudges only once per day
was also intentionally aligned with the principles of libertarian pater-
nalism, which aim to guide behaviour without restricting individual
freedom of choice (Thaler & Sunstein, 2003, 2009). By limiting re-
minders to a single prompt, participants retained full autonomy in
deciding whether, when, and how to act on the suggestion. This
approach avoids the potential intrusiveness or perceived coercion
associated with repeated prompts, which may trigger psychological
reactance or reduce intrinsic motivation (Balaskas et al., 2025;
Lessard-Deschenes et al., 2025). At the end of the first 14 days, on the
20th of March, the link to the questionnaire survey was sent via Email
and Telegram to both the experimental and the control group. At this
point, the experimental group had completed the sleep intervention
while the control group had yet to begin.

2.4. Measures

2.4.1. Sleep and physical outcomes

Sleep Quality. Sleep quality was evaluated using the Pittsburgh
Sleep Quality Index (PSQI), a self-administered questionnaire
(Mollayeva et al., 2016). The PSQI provides a composite score and
consists of seven different component scores: (a) subjective sleep qual-
ity, (b) sleep latency, (c) sleep duration, (d) habitual sleep efficiency, (e)
sleep disturbances, (f) use of sleep medication, and (g) daytime
dysfunction. When scoring the PSQI, the seven component scores are
calculated, with each score ranging from 0 (no difficulty) to 3 (severe
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Table 1
List of sleep tasks and corresponding rationale for the 14-day sleep hygiene
intervention.

Day  Sleep Hygiene Task Supporting Evidence

1 Establish a consistent sleep schedule.  Consistent sleep schedules have been
Set a regular bedtime and wake-up found to be important for improving
time. Stick to this schedule for the sleep quality, reducing stress, and
entire 14 days. enhancing performance in various

contexts such as in workplaces (
Barber et al., 2010; Finley & Cowley,
2005; Phillips et al., 2017;
Takahashi, 2012).

2 Create a calming bedtime routine, Studies have shown that creating a
incorporating activities such as calming bedtime routine, including
reading, gentle stretching, or deep activities such as deep breathing and
breathing. stretching can also be beneficial for

reducing sleep latency and
improving other sleep and mood
outcomes (Hershner & Chervin,
2014; Lund et al., 2010; Ong et al.,
2014).

3 Optimise your sleep environment. It has been found that optimising
Make your bedroom comfortable, one's sleep environment promotes
dark, and quiet. Consider using one's sleep quality via improved
blackout curtains or white noise sleep duration and decreased sleep
machines. disturbances (Muzet, 2007;

Sexton-Radek & Hartley, 2013).

4 Limit screen time before bed. Avoid Research has highlighted that
screens at least an hour before limiting screen time is associated
bedtime. Blue light emitted from with increased sleep duration,
devices can interfere with melatonin  earlier sleep onset, and better sleep
production. quality (Carter et al., 2016; Demirci

et al., 2015; Exelmans & Van den
Bulck, 2016).

5 Practice mindful eating habits. Practicing mindful eating indirectly
Consume a well-balanced diet, has been found to help with
limiting caffeine and heavy meals improved sleep quality via the
close to bedtime. prevention of overeating and other

poor eating habits (Binks et al.,
2020; Chaput, 2014; St-Onge et al.,
2016).

6 Engage in regular exercise. Research has shown that physical
Incorporate regular physical activity ~ activity is particularly beneficial for
into your day, aiming for at least 30  improving insomnia symptoms,
min. However, avoid intense reducing daytime fatigue, and
workouts close to bedtime. improving overall sleep quality (

Chennaoui et al., 2015; Kredlow
et al., 2015).

7 Practice stress-reducing techniques, Studies have highlighted how
such as meditation, deep breathing, practicing stress-reducing
or yoga. techniques such as meditation, deep

breathing and yoga reduces one's
sleep disturbances and helps with
one's sleep latency and quality (
Busch et al., 2012; Rusch et al.,
2019).

8 Limit afternoon naps. If you need to Naps of less than 30 min have been
nap, keep it short (20-30 min) and found to restore wakefulness and
avoid napping late in the day. enhance performance and learning,

while frequent or longer naps may
contribute to sleep inertia and are
linked to adverse health outcomes,
particularly in older adults (Milner &
Cote, 2009; Pilcher et al., 2001; Ye
et al., 2015).

9 Monitor liquid intake before Studies highlight that pre-bedtime
bedtime. Limit fluids close to fluid intake, especially of caffeinated
bedtime to reduce the likelihood of or sugary drinks, leads to increased
waking up during the night to use insomnia symptoms (Drake et al.,
the bathroom. 2013; Hindmarch et al., 2000; C.-H.

Tsai et al., 2019).
10 Spend time outdoors or in nature It has been found that spending more

during the day to regulate your
circadian rhythm.

time in daylight is strongly
associated with enhanced sleep
outcomes, including a more
regulated circadian rhythm, fewer
insomnia symptoms and an earlier
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Table 1 (continued)

Day

Sleep Hygiene Task

Supporting Evidence

11

12

13

Try relaxation techniques such as
progressive muscle relaxation or
guided imagery before bedtime.

Cultivate gratitude before sleep.
Before bedtime, reflect on three
things you are grateful for.

Enhance your sleep quality by
listening to calming music before
bedtime for a soothing and restful
night's sleep.

chronotype (Melanson et al., 2018;
Siraji et al., 2023; White et al.,
2017).

Relaxation techniques, including
progressive muscle relaxation and
guided imagery, have been shown to
help with reduced stress, fatigue and
improved sleep quality in multiple
populations including pregnant
women (Dolbier & Rush, 2012;
Hartanto, Kasturiratna, et al., 2023;
Means et al., 2000).

Research has highlighted the
importance of cultivating gratitude
especially before bedtime, as it
boosts relaxation, fosters positive
pre-sleep cognitions and reduces
negative thoughts before bedtime,
where grateful individuals
experience better subjective sleep
quality, increased sleep duration,
and less sleep latency (Boggiss et al.,
2020; Wood et al., 2009).

Listening to calming music,
including classical and other
sedative music, before bed have been
found to significantly shorten one's

wake time after sleep onset and
improve one's subjective sleep
quality (Hu et al., 2023; Jespersen
et al., 2019; Majeed et al., 2021).
Research has shown that improved
sleep duration and quality is
correlated with increased feelings of
gratitude and flourishing, where
greater appreciation gives rise to
more positive affect and before-sleep
thoughts (Emmons & McCullough,
2003; Hartanto, Kaur, et al., 2023;
Sheldon & Lyubomirsky, 2006).

14 Reflect on the positive changes made
during the challenge and express
gratitude for improved sleep.

Note. Tasks such as limiting naps (Day 8) and increasing light exposure (Day 10)
were intentionally brief to enhance compliance, but future designs may benefit
from including time-of-day specificity, e.g. advising naps to end before 3 p.m.
and morning light exposure to support circadian alignment. While Day 4's
recommendation to reduce blue light exposure is consistent with traditional
sleep hygiene guidance, recent evidence suggests melatonin suppression due to
blue light may not always translate into poorer sleep outcomes, and that indi-
vidual variability plays a significant role (Blume et al., 2022; Chellappa, 2021).
Future interventions may benefit from more nuanced guidance aligned with
emerging evidence.

difficulty). These component scores are then summed to generate a
composite score, which ranges from 0 to 21. Higher scores reflect poorer
sleep quality.

Bedtime Procrastination. Bedtime procrastination was measured
using an adapted version of the existing Bedtime Procrastination Scale
BPS (Kroese et al., 2014). The scale consists of 5 items which include the
sample item “Thinking about a typical night in the past 2 weeks ... I got
distracted by things when I actually wanted to go to bed.” and is scored
from 1 (Strongly disagree) to 5 (Strongly agree). Scores were averaged
and higher scores indicate higher amounts of bedtime procrastination.
For the current study, internal consistency for constituent items was also
demonstrated (Cronbach's a = 0.74).

Self-Reported Physical Health. Self-reported physical health was
measured with a single item measure of “How would you rate your
physical health these past 2 weeks?”. Responses were scored from 1
(Poor) to 5 (Excellent) and a higher score indicates better health. Such
single-item self-reported health measures have been validated in
numerous studies and are widely used due to their predictive validity
and strong correlation with multi-item health scales. Research has found
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[15/3] 14-Day Sleep Challenge @ &J Y
Day 2
1 Create a calming
Establish a consistent | &l
| bedtime routine before
sleep schedule. Set a 5
| bedtime, incorporating
regular bedtime and %
1 activities such as
wake-up time. Stick to
| reading, gentle
this schedule for the .
stretching, or deep
entire 14 days.
breathing
1 (V)
|
||
1 5 1
Rise and shine, sleep chy Today's task is all by 1 5 It's time to wind down with a calming
setting 3 consistent sleep schedule. Get those alarms setandlets || | bedtime routine. Grab your favarite book or try some relaxing |
commit to a routine for better sleep! | | stretches before hitting the hay! Sweet dreams!
16 93 1 ]
v ‘@Dz

~

[15/3] 14-Day Sleep Challenge @ &

Practice mindful eating
habits. Consume a well-
balanced diet, limiting
caffeine and heavy
meals close to bedtime.

Hey foodiest | | Let's nourish our bodies with sleep-friendly | |
eats today. Say no to caffeine and heavy dinners, andyestoa | |
lighter meal for better Zz2's tonight! 3,7 |

@D e- ]

[15/3] 14-Day Sleep Challenge @) &

Monitor liquid intake
before bedtime. Limit
fluids close to bedtime
to reduce the likelihood
of waking up during the
night to use the
bathroom.

Hey hydrators! () Let's keep the hydration game strong, but
taper off those fluids before bedtime for uninterrupted sleep.
Botroms up, but not 0o close to bedtime! & 2%

[15/3] 14-Day Sleep Challenge @ &J

Day 13

Enhance your sleep
quality by listening to
calming music before
bedtime for a soothing

and restful night's sleep.

Hey music lovers! [J Let's set the mood for sleep with some
soothing tunes tonight. Drift off into dreamland as melodies
serenade you to a night of sweet slumber! J)J

("X

Engage in regular
exercise. Incorporate
regular physical activity
into your day, aiming
for at least 30 minutes.
However, avoid intense
workouts close to
bedtime.

C

&

5
..

| Hey movers and shakers! Jg Get that blood pumping with ‘

some exercise today, but remember to keep it chill before
bedtime for a restful night's sleep! X, 22

v: €D

[15/3] 14-Day Sleep Challenge @) & 1| 115/31 14-Day Sleep Challenge @ &J

D
Day 10 '

Spend time out
in nature during the day
to regulate your |
circadian rhythm. o\ |

rs or

Hey nature lovers! @ Time to soak up some
Vitamin D and sync our body clocks with a dose of
outdoor time today. Get out there and bask in
nature's glory for better sleep tonight! &4 2%

[15/3] 14-Day Sleep Challenge @) &5

Day 14

Reflect on the positive
changes made during
the challenge and

express gratitude for
improved sleep.

Hey sleep champions! . It's time to celebrate our journey to
better sleep! Reflect on the positive changes and give yourself
a pat on the back for a job well done! Sweet dreams and keep
sleeping soundly!

1
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[15/3] 14-Day Sleep Challenge @ &3

Day 3

| Optimise your sleep
environment. Make your
bedroom comfortable,
dark, and quiet
Consider using blackout

curtains or white noise
machines.

Hey there, dreamweavers! - Let's make our sleep space
cosy and inviting tonight. Dim the lights, silence the noise,
and get ready for a night of peaceful slumber!

[7[15/21 14-Day Sleep Challenge @) &

Day 7

Practice stress-reducing
techniques, such as
meditation, deep
breathing, or yoga.

Hey zen masters! . Let's zen out and de-stress for better
sleep tonight. Take a deep breath, find your inner peace, and
float off into dreamland! z

Day i

Try relaxation
techniques such as
progressive muscle
relaxation or guided
imagery before
bedtime.

Hey relaxers! J)J Let's unwind with some relaxation
techniques tonight. Ease those muscles, clear your mind, and
drift off into dreamland effortlessly!

—

[15/3] 14-Day Sleep Challenge @) &

Limit screen time before

bed. Avoid screens at

least an hour before

| bedtime. Blue light

| emitted from devices
can interfere with
melatonin production.

C

Hey night owls! § Time to unplug and unwind before
bedtime. Put away those screens and give your brain a break
for better sleep tonight! @.

r
[15/3] 14-Day Sleep Challenge @) &F

Limit afternoon naps. If
you need to nap, keep it —
short (20-30 minutes)

and avoid napping late

in the day

Hey nap enthusiasts! & Time to keep those siestas short and
sweet today. Power nap like a pro and keep those Zz2's strong
for tonight! £,

[15/3] 14-Day Sleep Challenge (@ &

Day 12

Cultivate gratitude

before sleep. Before
bedtime, reflect on
three things you are
grateful for.

O

Hey gratitude gurus! J, Let's end the day on a positive note
by counting our blessings. Reflect on what you're grateful for
and let that gratitude guide you to a peaceful sleep. 2%

!

Fig. 1. Daily reminders sent to participants in the Telegram channel.

that such measures effectively predict mortality and other health out-
comes, supporting their reliability in research (DeSalvo et al., 2006).
Compliance. Compliance was assessed by calculating the percentage
of days each participant adhered to the prescribed sleep hygiene be-
haviours during the 14-day intervention period. Participants answered a

checklist question indicating which of the days they completed the
assigned behaviour accordingly. Compliance was computed as: (Number

of days the participant adhered to the sleep task/14) x 100.
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2.4.2. Behavioural outcomes

Productivity. Participants' perceived productivity was assessed
using three study-specific items adapted from previous productivity
measures (Binnewies et al., 2009; Sonnentag, 2003). The items of the
scale include “These past 2 weeks, I was productive.”, “These past 2
weeks, I did a lot of things.” and “These past 2 weeks, I did nothing.”
(reverse coded). Participants rated the extent to which they agreed with
the statements, where items are given a score of 1 (Strongly disagree) to
5 (Strongly agree). The overall mean is then calculated, where higher
scores indicate higher levels of productivity. (Cronbach's o« = 0.83).

Procrastination. Procrastination was measured using the 6-item
procrastination scale adapted from the Irrational Procrastination Scale
IPS (Steel, 2002). A sample item includes “These past 2 weeks, when I
should be doing one thing, I did another.” Items are scored from 1 (Very
seldom or not true of me) to 5 (Very often true, or true with me). Scores
are averaged and higher scores indicate higher levels of procrastination.
The IPS has been shown to have high reliability and validity across
various clinical and non-clinical contexts (Rozental et al., 2014; Shaw &
Zhang, 2021). In the current study, the Cronbach's alpha for the IPS was
0.89.

State Self-Control. State self-control was measured by an adapted
version of the 5-item Brief State Self-Control Capacity Scale BSCS
(Lindner et al., 2019). One sample item includes “I felt like my will-
power was gone the past 2 weeks.” and items are scored from 1 (Not
true) to 7 (Very true). The composite score is calculated by averaging the
scores of all items and higher scores indicate higher levels of state
self-control (Cronbach's a = 0.77).

Goal Progress. Goal progress was measured using the single item “In
the past 14 days, I have seen progress towards my goals for the month.”
scored from 1 (Strongly disagree) to 5 (Strongly agree), where a higher
score indicated higher goal progress.

2.4.3. Cognitive outcomes

Implementation Intention. Implementation intention was
measured using the single item “In the past 14 days, I have taken steps to
achieve my goals for the month.” scored from 1 (Strongly disagree) to 5
(Strongly agree), where a higher score indicated higher implementation
intention.

Cognitive failures. Cognitive failures were measured using an
adapted version of the 13-item Cognitive Failures in Everyday Life Scale
developed and validated by Lange & SiiR (Lange & Sii, 2014). The scale
includes the sample item “Did you unintentionally say something twice,
at any point of time these past 2 weeks? E.g. Greeting someone again”
and is scored from 1 (Never) to 5 (All the time). Scores were averaged
and higher scores indicate higher amounts of cognitive failures. The
Cronbach's alpha for the current study was 0.93.

Mindful Attention Awareness. Mindful attention awareness was
measured by an adapted version of Brown & Ryan's Mindful Attention
Awareness Scale (MAAS) (Brown & Ryan, 2003). There are a total of 15
items and the composite score is calculated by averaging the scores of all
items. One sample item includes “I break or spill things because of
carelessness, not paying attention, or thinking of something else.” and
items are scored from 1 (Almost always) to 6 (Almost never). Higher
scores indicate higher levels of mindful attention awareness (Cronbach's
a = 0.91).

2.4.4. Emotional outcomes

Life Satisfaction. Life satisfaction was measured using an adapted
version of Diener's Satisfaction With Life Scale (SWLS). The scale
included 5 items which include the sample item “In most ways, these
past 2 weeks have been close to ideal” and is scored from 1 (Strongly
disagree) to 7 (Strongly agree) (Diener et al., 1985). Scores were sum-
med and higher scores indicate higher life satisfaction (Cronbach's a =
0.89).

Depression. Depression was measured using an adapted version of
the 10-item Short Depression Scale Revised (CESD-10) (Andresen et al.,
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1994). The scale includes the sample item “I felt that everything I did
was an effort.” and is scored from 1 (Rarely or none of the time) to 4 (All
of the time). Scores were averaged and higher scores indicate higher risk
of depression. The CESD-10 retains strong psychometric properties
comparable to the full 20-item CES-D scale (Mohebbi et al., 2018);
Cronbach's alpha for the CESD-10 was 0.84.

State Anxiety. State anxiety was measured by an adapted version of
the short form of Marteau & Bekker's State-Trait Anxiety Inventory
(STAI-6) (Marteau & Bekker, 1992). There are a total of 6 items and the
composite score is calculated by averaging the scores of all items. One
sample item includes “I was tense these past 2 weeks” and items are
scored from 1 (Not at all) to 4 (Very much so). Higher scores indicate
higher levels of state anxiety (Cronbach's « = 0.84). The STAI-6 has also
been shown to be a reliable and valid tool for measuring state anxiety,
similar to the 20-item STAI, with high internal consistency and reli-
ability (Tluczek et al., 2009; van der Bij et al., 2003).

Perceived Stress. Perceived stress was measured by an adapted
version of the 4-item Perceived Stress Scale (PSS) developed by Cohen
and colleagues (Cohen et al., 1983). One sample item includes “In the
last 2 weeks, how often have you felt difficulties piling up so high that
you could not overcome them?” and items are scored from 0 (Never) to 4
(Very often). The composite score is calculated by summing the scores of
all items and higher scores indicate higher levels of perceived stress. The
PSS-4 has also shown good psychometric properties in past studies, with
adequate internal consistency and validity (Karam et al., 2012; Mitchell
et al.,, 2008; Sanabria-Mazo et al., 2023). In the current study, the
Cronbach's alpha for the PSS-4 scale was 0.70.

3. Results

Independent-samples t-tests were conducted to compare the experi-
mental and control groups across four outcome domains: sleep,
emotional, behavioural, and cognitive measures. The key findings of the
study are summarised below (see Table 2). Effect sizes were interpreted
using the benchmarks proposed by Funder and Ozer, 2019, which entails
classification of standardised effect sizes of r = 0.10 as small, r = 0.20 as
medium, and r = 0.30 or higher as large in psychological research. This
is then respectively converted to Cohen's d, which translates to effect
sizes of d = 0.201 as small, d = 0.408 as medium, and d = 0.629 as large.
Overall compliance rate was 82.9% across the intervention group, with
over 75% of participants completing at least 70% (10 out of 14) of the
sleep hygiene tasks.

3.1. Key findings

3.1.1. Sleep and physical outcomes

Bedtime Procrastination. The experimental group showed a
significantly lower bedtime procrastination score (M = 3.05, SD = 0.80)
compared to the control group (M = 3.49, SD = 0.80), with a medium
effect size t (231) = 4.27, 95% CI [0.24, 0.66], p < 0.001, d = 0.55.

Sleep Quality. There was a significant and medium difference in
sleep quality between the experimental group (M =7.57, SD = 2.49) and
the control group (M = 8.77, SD = 2.62), t (230) = 3.55, 95% CI [0.53,
1.871,p < 0.001, d = 0.48, where the experimental group showed higher
sleep quality.

Self-Reported Physical Health. The experimental group showed a
significant albeit small difference in self-reported physical health (M =
3.12, SD = 1.08) compared to the control group (M = 2.69, SD = 1.09), t
(231) = —3.06,95% CI [—0.72, —0.16], p = 0.002, d = —0.40, where the
experimental group participants reported higher physical health.

Compliance. The mean compliance rate across all participants in the
intervention group was 82.9% (SD = 22.8%). A total of 75.2% of par-
ticipants adhered to the intervention on at least 10 out of the 14 days,
signalling at least a 70% compliance to the tasks.
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Table 2
Summary of results.
Outcome N M (SD) d 95% CI t df P
Sleep Outcomes
Sleep Quality 0.48 [0.53, 1.87] 3.55 230 <0.001***
Control 127 8.77 (2.62)
Experimental 105 7.57 (2.49)
Bedtime Procrastination 0.55 [0.24, 0.66] 4.27 231 <0.007***
Control 128 3.49 (0.80)
Experimental 105 3.05 (0.80)
Self-Reported Physical Health —0.40 [-0.72, —0.16] —3.06 231 0.002**
Control 128 2.69 (1.09)
Experimental 105 3.12 (1.08)
Behavioural Outcomes
Productivity -0.35 [-0.50, —0.08] —-2.70 231 0.007**
Control 128 3.73 (0.94)
Experimental 105 4.02 (0.62)
Procrastination 0.27 [0.01, 0.50] 2.04 231 0.043*
Control 128 3.07 (0.99)
Experimental 105 2.82(0.89)
State Self-Control —0.38 [-0.74, —0.14] —-2.90 231 0.004**
Control 128 3.69 (1.12)
Experimental 105 4.13 (1.18)
Goal Progress —0.40 [-0.53, —0.11] —3.04 231 0.003**
Control 128 3.52 (0.89)
Experimental 105 3.84 (0.70)
Cognitive Outcomes
Mindful Attention Awareness -0.30 [-0.52, —0.04] —2.26 231 0.025*
Control 128 3.62 (0.98)
Experimental 105 3.90 (0.87)
Cognitive Failure 0.28 [0.02, 0.45] 2.16 231 0.032*
Control 128 2.71 (0.86)
Experimental 105 2.47 (0.79)
Implementation Intention —0.39 [-0.48, —0.10] —2.95 231 0.004**
Control 128 3.63 (0.82)
Experimental 105 3.91 (0.64)
Emotional Outcomes
Depression 0.22 [-0.02, 0.28] 1.69 231 0.092
Control 128 2.26 (0.60)
Experimental 105 2.13 (0.58)
Anxiety 0.35 [0.06, 0.39] 2.67 231 0.008**
Control 128 2.66 (0.66)
Experimental 105 2.43 (0.60)
Stress 0.23 [-0.09, 1.33] 1.72 231 0.087
Control 128 7.87 (2.90)
Experimental 105 7.25 (2.52)
Life Satisfaction —0.44 [-4.40, —1.13] —3.34 231 <0.001%**
Control 128 19.92 (6.69)
Experimental 105 22.69 (5.77)

Note. * Indicates statistical significance at p < 0.05, ** indicates p < 0.01, and *** indicates p < 0.001. Data for one participant was excluded from the Pittsburgh Sleep
Quality Index PSQI (sleep quality) analysis due to an invalid response on the sleep duration item. CI refers to 95% CI of Mean Difference (Control — Experimental).

3.1.2. Behavioural outcomes

Productivity. The experimental group showed small but signifi-
cantly higher productivity scores (M = 4.02, SD = 0.62) compared to the
control group (M = 3.73, SD = 0.94), t (231) = —2.70, 95% CI [—0.50,
—0.08], p = 0.007, d = —0.35.

Procrastination. The procrastination scores of the experimental
group were significantly lower (M = 2.82, SD = 0.89) compared to the
control group (M = 3.07, SD = 0.99), with a small effect size t (231) =
2.04, 95% CI [0.01, 0.50], p = 0.043, d = 0.27.

State Self-Control. State self-control was significantly higher in the
experimental group (M = 4.13, SD = 1.18) compared to the control
group (M = 3.69, SD = 1.12), with a small effect size t (231) = —2.90,
95% CI [-0.74, —0.14], p = 0.004, d = —0.38.

Goal Progress. Goal progress was significantly higher in the exper-
imental group (M = 3.84, SD = 0.70) compared to the control group (M
= 3.52, SD = 0.89), with a small effect size t (231) = —3.04, 95% CI
[-0.53, —0.11], p = 0.003, d = —0.40.

3.1.3. Cognitive outcomes

Implementation Intention. Implementation intention was

significantly higher in the experimental group (M = 3.91, SD = 0.64)
compared to the control group (M = 3.63, SD = 0.82), with a small effect
size t (231) = —2.95, 95% CI [-0.48, —0.10], p = 0.004, d = —0.39.

Mindful Attention Awareness. The experimental group demon-
strated significantly higher mindful attention awareness (M = 3.90, SD
= 0.87) compared to the control group (M = 3.62, SD = 0.98), with a
small effect size t (231) = —2.26, 95% CI [—0.52, —0.04], p = 0.025,d =
—0.30.

Cognitive Failure. There was a significantly lower number of
cognitive failures in the experimental group (M = 2.47, SD = 0.79)
compared to the control group (M = 2.71, SD = 0.86), with a small effect
size t (231) = 2.16, 95% CI [0.02, 0.45], p = 0.032, d = 0.28.

3.1.4. Emotional outcomes
Life Satisfaction. There was a significantly higher level of life
satisfaction in the experimental group (M = 22.69, SD = 5.77) compared
to the control group (M = 19.92, SD = 6.69), with a medium effect size t
(231) = —3.34, 95% CI [—4.40, —1.13], p < 0.001, d = —0.44.
Depression. The level of depression in the experimental group (M =
2.13, SD = 0.58) was not significantly lower compared to the control
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group (M = 2.26, SD = 0.60), t (231) = 1.69, 95% CI [-0.02, 0.28],p =
0.092, d = 0.22.

Anxiety. The experimental group showed significantly lower levels
of anxiety (M = 2.43, SD = 0.60) compared to the control group (M =
2.66, SD = 0.66), with a small effect size t (231) = 2.67, 95% CI [0.06,
0.39], p = 0.008, d = 0.35.

Stress. There was no significant difference in stress levels in the
experimental group (M = 7.25, SD = 2.52) compared to the control
group (M = 7.87, SD = 2.90), t (231) = 1.72, 95% CI [-0.09, 1.33],p =
0.087, d = 0.23.

Overall, the 14-Day Sleep Hygiene Intervention demonstrated sig-
nificant positive effects through a significantly higher level of one's sleep
quality, lower bedtime procrastination, higher self-reported physical
health, lower anxiety, higher life satisfaction, higher productivity, lower
procrastination, higher state self-control, higher goal progress, higher
mindful attention awareness, lower frequency of cognitive failures, and
higher implementation intention of the experimental group as compared
to the control group. The differences between the levels of depression
and stress between the experimental and control group were not sta-
tistically significant.

4. Discussion

The findings from the 14-Day Digital Sleep Hygiene Intervention
bring to light several important implications for the potential feasibility
and benefits of such digital, nudge-based sleep interventions on college
students' sleep, behavioural, cognitive and emotional well-being.
Importantly, this study helps address key gaps in the existing sleep
intervention literature, specifically the challenges of adherence, acces-
sibility, and motivational engagement, by applying nudge-based stra-
tegies to support behavioural change (Stevens, 2015; Yoong et al.,
2020). The high compliance rate observed of 82.9% across the inter-
vention group, with over three quarters of participants completing at
least 70% (10 out of 14) of the daily sleep hygiene tasks, suggests that
such an approach may be well suited to the demands of student life.
Delivered entirely online, the intervention capitalised on a digital plat-
form and subtle reminders to embed sleep promoting actions into par-
ticipants' daily routines in a minimally disruptive way (Farias, 2012;
Gipson et al., 2019). The format used appears to align with students’
lifestyle and technological habits and offers a potentially scalable and
low-cost complement or alternative to more resource-intensive
interventions.

This study also presents several strengths. First, it employs a brief
and accessible format of digital intervention tailored to the unique
lifestyles of college students. Unlike traditional Cognitive Behavioural
Therapy for Insomnia (CBT-I), which often faces barriers to uptake and
adherence, this intervention applies nudge-based behavioural principles
to subtly influence sleep behaviours without requiring intensive
engagement, thereby enhancing feasibility and adherence. Second, it
incorporates multiple validated outcome measures across sleep, cogni-
tive, behavioural, and emotional domains, allowing for a holistic
assessment of participant outcomes. Third, the intervention leveraged a
real-time digital platform (Telegram) to deliver reminders, which aligns
with the digital fluency and behavioural patterns of modern student
populations. Finally, the single-blind design and incorporation of lib-
ertarian paternalism principles (e.g., autonomy-preserving choice ar-
chitecture) enhance internal validity and participant engagement,
making this study a valuable contribution to digital health and behav-
ioural science literature targeting youth populations.

In interpreting these findings, it is important to consider the specific
mechanisms through which the nudge-based components of the inter-
vention may have exerted their effects. Although mediators were not
directly measured, several theoretically grounded pathways likely
contributed to the observed improvements. First, the intervention relied
on timely reminders, delivered earlier in the day, which function as
behavioural cues that counteract present bias and limited attentional
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resources, and its effects are well-documented in choice architecture and
implementation intention research (Milkman et al., 2011; Thaler &
Sunstein, 2009). These mid-day prompts may have increased partici-
pants' likelihood of preparing for the sleep task in advance, thereby
reducing bedtime procrastination. Second, each daily task was simpli-
fied and pre-specified, reducing cognitive load and eliminating the
friction costs associated with planning, which is another potential way
in which simplification and hassle-factor reduction support behavioural
follow-through (Johnson et al., 2012). Third, participants' ability to see
and respond to the reactions of others on the Telegram channel may
have reinforced informal descriptive social norms, which have been
shown to shift behaviour by signalling what others in a peer group are
doing (Goldstein et al., 2008; Schultz et al., 2007). This sense of col-
lective participation may have fostered social motivation and account-
ability. Fourth, students' own reactions in the channel may have
provided opportunities for commitment formation and progress feed-
back, both of which are empirically supported mechanisms that enhance
goal pursuit and adherence (Harkin et al., 2016; Locke & Latham, 2002;
Rogers et al., 2015). Finally, the overall design of the programme aligns
with libertarian paternalism, as participants retained full freedom to
ignore or opt out of any task; this maintenance of autonomy while gently
steering their choices is a core feature of nudge-based interventions and
may enhance intrinsic motivation and engagement (Thaler & Sunstein,
2003, 2009). Together, these elements offer a theoretically informed
account of how the intervention's nudge components may have facili-
tated behavioural change, despite the absence of direct mediator
measurement.

Significant differences in sleep and physical outcomes were observed
between the intervention and the control group. Specifically, partici-
pants in the intervention group reported lower bedtime procrastination
(M = 3.05, SD = 0.80) than the control group (M = 3.49, SD = 0.80), t
(231) = 4.27, p < 0.001, with a medium effect size, d = 0.55, and sleep
quality was higher in the intervention group (M = 7.57, SD = 2.49) than
in the control group (M = 8.77, SD = 2.62), t(230) = 3.55, p < 0.001,
with a medium effect size, d = 0.48. These findings align with previous
research suggesting that improvements in sleep hygiene can positively
impact both sleep behaviours and sleep quality (Hall & Nethery, 2019;
Mastin et al., 2006; Van Dongen et al., 2012). The lower bedtime pro-
crastination levels in the intervention group suggest that the interven-
tion potentially helped participants establish sleep routines that are
more consistent, contributing to healthier sleep patterns. Additionally,
the higher sleep quality scores observed in the intervention group also
seems to have effects extended beyond an improved sleep metric, with
participants reporting improved perceived physical health. This high-
lights the broader health benefits that come with adequate sleep (Haack
& Mullington, 2005; Irwin et al., 2008). These results emphasise the
effectiveness of the intervention in addressing common sleep challenges
faced by college students, who are known for their high prevalence of
sleep deprivation and inconsistent sleep habits due to academic de-
mands and social commitments as aforementioned (Adams et al., 2017;
Hershner & Chervin, 2014; Raley et al., 2016)

The intervention was also shown to translate to better behavioural
outcomes in our college student participants. The intervention group (M
= 4.02, SD = 0.62) demonstrated significantly higher levels of produc-
tivity relative to the control group (M = 3.73, SD = 0.94), t(231) =
—2.70, p = 0.007, d = —0.35. Goal progress (M = 3.84 vs. 3.52), t(231)
= —3.04, p = 0.003, d = —0.40, and state self-control (M = 4.13 vs.
3.69), t(231) = —2.90, p = 0.004, d = —0.38, were also significantly
higher. Conversely, procrastination levels were significantly lower in the
intervention group (M = 2.82, SD = 0.89) than in the control group (M
= 3.07, SD = 0.99), t(231) = 2.04, p = 0.043, d = 0.27. These small to
moderate effects suggest that simple and accessible digital, nudge-based
behavioural interventions as such can translate into tangible changes in
students' everyday productivity and goal-oriented behaviours. Differ-
ences in state self-control and procrastination between the intervention
and control group indicate that sleep hygiene interventions can have
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important positive impacts on behaviours critical for academic success
(Becker et al., 2018). Indeed, previous research has demonstrated how
improved sleep hygiene is associated with improved goal commitment
and goal-directed behaviours (Cheng et al., 2020; Valshtein et al., 2020).
This further highlights the importance of sleep which does not only
extend to better health and well-being but can also foster optimal per-
formance in day-to-day academic tasks.

With respect to cognitive outcomes, the intervention group showed
higher levels of implementation intention (M = 3.91 vs. 3.63), t(231) =
—2.95, p = 0.004, d = —0.39, and mindful attention awareness (M =
3.90 vs. 3.62), t(231) = —2.26, p = 0.025, d = —0.30. Participants also
reported fewer cognitive failures (M = 2.47 vs. 2.71), t(231) = 2.16,p =
0.032, d = 0.28. The higher mindful attention awareness reported in the
intervention group suggests that such interventions may contribute to
students' attentional capacities, enabling them to remain focused and
attentive throughout their day, aligning to current research (Friedrich &
Schlarb, 2018; Mak et al., 2017). The lower reported frequency of
cognitive failures in the intervention group also points to a potential
mechanism through which sleep interventions can positively influence
academic outcomes; by minimising one's cognitive errors and any lapses
in cognitive functioning. Current research suggests that sleep depriva-
tion predominantly impairs sustained attention and working memory,
with smaller but significant effects on complex cognitive tasks, high-
lighting that even brief periods of sleep loss may meaningfully degrade
cognitive functioning (Lim & Dinges, 2010). Studies also support the
role of improved sleep hygiene in enhancing cognitive control and
decision-making abilities (Blake et al., 2017; Hamilton et al., 2021),
demonstrating the potential cognitive benefits of such targeted sleep
interventions that improve one's sleep quality.

Finally, in terms of emotional outcomes, the intervention group
showed significantly lower anxiety (M = 2.43, SD = 0.60) compared to
the control group (M = 2.66, SD = 0.66), t(231) = 2.67, p = 0.008, d =
0.35, and higher life satisfaction (M = 22.69 vs. 19.92), t(231) = —3.34,
p < 0.001, d = —0.44., while showing a non-significant difference in
depression and stress levels. The significantly lower levels of anxiety and
higher levels of life satisfaction suggest that targeted sleep interventions
can have meaningful effects on one's emotional well-being. This aligns
with the growing body of evidence that supports the bidirectional
relationship between sleep quality and emotional health, where day-to-
day variation in sleep quality was strongly associated with emotional
states, including anxiety (Cai et al., 2023; Kalmbach et al., 2017; Simor
et al., 2015). Sleep deprivation was also found to affect one's emotional
regulation, while emotional distress in turn disrupts one's sleep patterns
and contributes to lower life satisfaction (Hall & Nethery, 2019; Kahn
et al., 2013; Willroth et al., 2022). However, the non-significant differ-
ences in depression and perceived stress between the intervention and
control groups may reflect the relatively stable, trait-like components of
these constructs. Depression typically requires longer intervention pe-
riods to observe meaningful changes, as it involves entrenched cogni-
tive, emotional, and behavioural patterns (Cuijpers et al., 2014).
Similarly, although the Perceived Stress Scale (PSS) captures stress ex-
periences over the past 2 weeks in our study, it also reflects relatively
stable tendencies in stress appraisal that may not shift substantially over
short periods (Cohen, 1988). As such, a two-week intervention may have
been insufficient to induce significant improvements in these outcomes.

Beyond statistical significance, several of the observed effects
represent changes that prior research suggests may be meaningful for
everyday functioning. The reduction in bedtime procrastination aligns
with evidence showing that even modest decreases in this behaviour are
associated with better sleep quality, greater restorative sleep, and
improved next-day functioning (Kroese et al., 2014; Kiihnel et al., 2018).
The 1.2-point difference in sleep quality exceeds the commonly refer-
enced threshold for clinically relevant change on the Pittsburgh Sleep
Quality Index, where a 1-point difference has been associated with
meaningful improvements in sleep restoration and daytime alertness
(Backhaus et al., 2002; Buysse et al., 1989). Small improvements in
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perceived physical health may also be consequential, given that
improved self-report physical health has been found to predict degree
completion and Grade Point Average (GPA) in student samples (Ruthig
et al., 2011; Vaez & Laflamme, 2008). Similarly, the observed gains in
productivity, goal progress, and self-control fall within effect size ranges
linked to better academic outcomes and reduced stress (Sirois, 2014; P.
Steel & Klingsieck, 2016). The difference in cognitive failures (~0.24
points) may not be trivial, as changes of this magnitude are associated
with fewer everyday attentional lapses and cognitive slips (Broadbent
et al., 1982; Rast et al., 2009). Additionally, the medium-sized differ-
ences in anxiety and life satisfaction reflect changes that are meaningful
at the subjective experience level; for instance, a 2-3-point increase on
the Satisfaction With Life Scale is interpreted as a noticeable enhance-
ment in perceived life quality (Pavot & Diener, 2008). Sleep-emotion
research further shows that even small improvements in sleep quality
can meaningfully reduce anxiety and emotional reactivity in daily life
(Vandekerckhove & Wang, 2017). Together, these patterns suggest that
even a brief, low-intensity digital intervention can yield improvements
that matter for students’ daily functioning, well-being, and academic
performance.

Despite these positive findings, some limitations of the study should
be taken note of. First, there was no follow-up conducted to see if such
effects can be sustained over time. Future studies could be carried out
over a longer period such as in a longitudinal study or with a follow-up a
few months after intervention to see if its effects are long-lasting. Sec-
ond, although validated self-reported instruments were used, all
measured outcomes relied on participants' self-report, which may
introduce biases such as recall inaccuracies and social desirability.
Future studies could incorporate more objective measures, like actig-
raphy or wearable-based sleep and health tracking to provide a more
comprehensive understanding of the effects of sleep interventions.
Third, participants in the study were mostly made up of females
(76.2%), which may limit the generalisability of findings across genders.
Research shows that men and women differ in their sleep patterns and
how they engage with sleep interventions. Women on average report
poorer sleep quality, higher rates of insomnia and appear to be more
prone to bedtime procrastination compared to men (Zeng et al., 2020;
Zhou et al., 2022). Such disparities could influence how each gender
responds to digital sleep nudges. Thus, designing gender-tailored ap-
proaches for future research may be beneficial (Mong & Cusmano, 2016;
Zeng et al., 2020). Fourth, the intervention was framed as a “sleep
challenge,” which may have attracted individuals already motivated to
improve their sleep or those with a competitive mindset, introducing
potential self-selection or social desirability bias. Given this label, some
of the improvements observed may reflect general motivation or social
desirability effects rather than the efficacy of the specific intervention
content. Future studies might consider examining how different fram-
ings such as “sleep program” affect enrolment, adherence, and out-
comes. Further, while the adherence observed is promising, it is
important to acknowledge that participants received a monetary
incentive (10-dollar voucher) upon study completion, which may have
contributed to the high compliance. Future studies should consider
disentangling the influence of extrinsic motivators like financial in-
centives from intrinsic ones such as the simplicity of the task design and
delivery format, to better isolate the mechanisms driving adherence.
Next, while the intervention tasks were designed to be simple, acces-
sible, and evidence-informed, it should be acknowledged that some
recommendations (e.g., on blue light exposure or napping) may not fully
reflect the most current sleep science. For instance, newer studies have
questioned the magnitude of blue light's impact on melatonin suppres-
sion in real-world settings and have highlighted the importance of
timing and intensity of light exposure (Blume et al., 2023; Hohn et al.,
2024). Given the rapidly evolving sleep literature, future interventions
should incorporate up-to-date empirical findings to optimise accuracy
and effectiveness. Finally, because the intervention was tested only in
Singapore, the findings may not generalize to other cultural or
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geographical contexts. Large cross-national studies have demonstrated
that cultural factors like values of individualism vs. collectivism or at-
titudes toward work account for significant variability in sleep patterns
and quality (Park et al., 2023). Similarly, behavioural “nudge” strategies
that prove effective in one cultural context may be less impactful in
another, since social norms and values shape how such interventions are
received (Nittas et al., 2024). For example, an online insomnia program
reported that African American women had lower engagement and
smaller benefits with the standard version of the program but showed
significantly improved adherence and outcomes with a culturally
tailored version (Zhou et al., 2022). Future research should replicate this
intervention across different cultures and customize optimal digital
sleep nudges suited to the target population's cultural context.

The implications of this study are extensive, particularly for college
populations, where students often struggle with irregular sleep patterns,
high levels of stress, and academic challenges (Beiter et al., 2015; Gomes
et al., 2011; Hershner & Chervin, 2014; Lund et al., 2010). The current
study demonstrated an effective and scalable digital intervention to
enhance behavioural, cognitive and emotional well-being among college
students. Significant differences in sleep quality, anxiety, productivity,
and goal progress between the intervention and control group suggest
that integrating such digital nudge-based sleep hygiene interventions
into university wellness programs could be an effective and practical
way to enhance students' overall well-being and academic success. The
use of choice architecture and other nudge principles fostered higher
adherence to and completion rates of sleep hygiene interventions
potentially through promoting a sense of autonomy and enhancing one's
motivation (Kadura et al., 2024; Schneider et al., 2023). Future studies
can investigate and measure the mechanism through which such
nudge-based interventions are effective, especially in academic settings
such as universities. By targeting students' sleep, universities can help
them build a foundation for better mental and physical health, holisti-
cally supporting their academic development and personal well-being.
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