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INTRODUCTION

Resilience can be considered as the ability to adapt to various 
work and social situations, as well as to different states of physi-
cal and mental health [1]. Promotion of resilience is important to 
prevent various mental health problems [2]. Strategies for pro-
moting resilience include cognitive, behavioral, and physical health 
interventions, emotion regulation, and social skills training, as 
well as modulation of neurobiological factors (especially through 
psychiatric intervention) [2]. Social skills may be influenced by 
an individual’s psychological development, as well as the social 
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environment and networks [2]. Promotion of physical health, emo-
tional regulation, and cognitive and behavioral aspects through 
cognitive behavioral therapy, mindfulness training, and antide-
pressant medication, as well as education in sleep hygiene and ex-
ercise and diet regimens, can improve resilience [2]. Resilience-pro-
moting programs that include strategies to improve sleep health, 
through modulation of sleep habits, have hitherto been lacking. 

Resilience is known to be related to good sleep quality [3-5]. 
Poor sleep may negatively impact resilience and contribute to the 
development of mental health problems in children and adoles-
cents [3,6]. Morningness is also known to be related to better re-
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silience [3,6], whereas eveningness is associated with depression 
[7,8]. Morning-type children have reported less daytime sleepi-
ness, while morning-type adolescents have fewer sleep-wake prob-
lems and morning-type female adolescents have reported fewer 
nocturnal symptoms [9]. Eveningness has been associated with 
attention deficit hyperactivity disorder [10-12], substance abuse 
[13], and suicide ideation [14].

Lee et al. [4] observed that morningness was related to several 
sleep-related modifiable habits, such as longer sleep duration, less 
social jetlag, and greater mean daily sunlight exposure between 
10:00 and 15:00. Regarding sleep duration, there have been con-
flicting results; some studies found that eveningness was associ-
ated with short sleep duration [15], whereas some found no rela-
tion [16,17]. Regarding social jetlag, there was another study 
which found that less social jetlag was associated with morning-
ness [17,18]. Regarding daytime sunlight exposure, morning-type 
adolescents have exhibited longer sunlight exposure [19]. Lee et 
al. [4] suggested that encouraging morning-type sleep habits may 
promote individuals’ resilience. The importance of promoting 
healthy sleep habits has been demonstrated in relation to Ameri-
can military services [20]. If sleep-wake problems increase future 
psychological, physical, and occupational problems, encouraging 
healthy sleep habits may promote resilience, which protects indi-
viduals from future and present stressors. 

Previous resilience-promoting programs have focused on so-
cial and emotional aspects [21]. The Penn Resiliency Program is 
aimed at strengthening children’s and adolescents’ mental capac-
ity and increase their life satisfaction by promoting resilience [22]. 
However, this program mainly uses cognitive-behavioral ap-
proaches without managing sleep problems. Several other men-
tal health promotion programs prioritize the development of 
coping skills, mindfulness, empathic relations, self-awareness, 
and help-seeking [21]. These programs have been effective in in-
creasing resilience, but some were not effective in reducing de-
pression and/or anxiety [21,22]. Therefore, we hypothesized that 
developing resilience-promoting programs that incorporate 
sleep behavior management in addition to cognitive-behavioral 
approaches could promote individuals’ resilience.

In addition to resilience, smartphone addiction is problematic 
among adolescents and children. Smartphone addiction is known 
to be related to sleep quality and duration, and to chronotype [23-
25]. Eveningness in adolescents is known to be associated with 
higher levels of smartphone addiction [23]. Sleep quality has been 
reported to mediate the effects of smartphone addiction on ado-
lescents’ physical health [24], and shorter sleep duration has been 
associated with smartphone addiction in Korean children [25]. In 
young adults, social jet lag and smartphone use before bedtime 
have been associated with smartphone addiction in the context of 
eveningness [26]. Less exposure to sunlight is also correlated with 
smartphone addiction [26].

The authors aimed to develop a resilience-promoting program 
that can easily be delivered by staff members at mental health cen-
ters in Korea and that incorporates the encouragement of healthy 

sleep habits; the teaching of cognitive reappraisal approaches to 
stressful situations is also to be emphasized. We hypothesized that 
the program would be effective in improving resilience among 
adolescents. We also hypothesized that the program may help to 
alleviate addiction problems, including smartphone addiction, 
and that sleep-related factor(s) would predict resilience. 

METHODS

Program development
Our resilience-promoting program was based mainly on the 

results of an earlier study [4] that demonstrated correlations of 
resilience with morningness and sleep quality, as well as with age, 
depression, and anxiety [4]. Good sleep quality was predicted by 
prolonged sunlight exposure between 10:00 and 15:00 [4]. Morn-
ingness was associated with lower social jetlag, longer total sleep 
time, and longer sunlight exposure between 10:00 and 15:00 [4]. 
Based on these findings, we aimed to develop a community resil-
ience promotion program applicable to all age groups [27]. We 
aimed to incorporate the concept of cognitive reappraisal into the 
program. Several example stressful situations were devised, appli-
cable to a wide age range, along with exercises requiring cogni-
tive reappraisal in response to disappointing circumstances. 

Participants
To test the program’s effectiveness, we contacted staff at a men-

tal health-promotion center in Haman-gun, who agreed to imple-
ment the program among the community in Haman-gun (128° 
25'E/35°15'N). Haman-gun is located in the center of Gyeongsang-
namdo and has four distinct seasons. Five staff at a mental health- 
center in Haman-gun were trained to conduct the program, as 
stated above. The training lasted 30 minutes; the staff were in-
structed to read proscribed information to the participants re-
garding the program, without adding any personal comments. 
Fifty-eight middle school students (27 female, 46.6%; aged 13.78± 
0.82 years) were recruited to the study. The staff conducted the 
program in four middle schools in Haman-gun in the morning 
before the start of classes. Four weekly sessions were conducted 
with the students between March and July 2017. During each 
40-minute session, one staff member worked with three to four 
students. During the first and final sessions, several self-reported 
questionnaires, including the Connor–Davidson Resilience Scale 
(CD-RISC) [28], the Smartphone Addiction Scale–short version 
(SAS-SV) [29], Hospital Anxiety and Depression Scale (HADS) 
[30], Composite Scale of Morningness (CSM) [31], Insomnia Se-
verity Index (ISI) [32], and a sleep habit-related questionnaire were 
administered to the students. After the first session, students were 
provided with an Actiwatch (Philips/Respironics, Murrysville, PA, 
USA) and were asked to wear the watch to the last session date for 
three weeks. 

Ethics statement
Written informed consent was obtained from all participants, 
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and at least one of their parents. Before conducting the program 
at the school, the mental health center staff provided detailed in-
formation about the program to the participants, as stated above, 
and asked them to carefully consider whether they wished to par-
ticipate. The Institutional Review Board of Gyeongsang National 
University Hospital approved the study protocol (IRB file num-
ber: 2015-06-004-004).

Self-reported questionnaires
The CD-RISC is a simple self-report tool for measuring resil-

ience that was devised by Connor and Davidson [28]. The scale 
comprises 25 questions, each scored on a 5-point scale ranging 
from 0 to 4. The CD-RISC is used to evaluate various aspects of 
resilience in clinical and general populations [28]. Total scores 
range from 0 to 100, and high scores reflect high resilience [28]. 
The CD-RISC has shown high validity and reliability for mea-
suring resilience in Korean populations [1,33]. The internal reli-
ability in this study was good (Cronbach’s α for CD-RISC=0.89 
and 0.90 in the first and fourth sessions, respectively). The SAS-
SV is a shortened version of the SAS that was developed to evalu-
ate the tendency toward, rather than diagnose smartphone addic-
tion. The original version consists of 33 questions, and the shortened 
version comprises 10 questions [29]. Each item is scored from 1 
point to 6 points, and a high score indicates a high risk of smart-
phone addiction. According to the scale’s developer, the cutoff 
score for a high risk of smartphone addiction is 31 for men and 
33 for women. The Korean version of SAS-SV has high validity 
and reliability [29]. The internal reliability in this study was good 
(Cronbach’s α=0.89 and 0.84 in the first and fourth sessions, re-
spectively). The HADS is a self-report tool designed to screen for 
anxiety and depression in outpatients. It consists of anxiety and 
depression subscales (HADS-A and HADS-D, respectively; 14 
items in total) [30]. Each question is scored on a 3-point basis start-
ing from 0, and each subscale has a cutoff of 8 points. The Korean 
version has also shown good validity and reliability [34]. The in-
ternal reliability in this study was adequate (Cronbach’s α=0.78 
and 0.65 for HADS-A and HADS-D, respectively, for the first ses-
sion; and 0.85 and 0.84, respectively, for the fourth session).

The CSM is a self-report questionnaire developed by Smith et 
al. [31] to identify chronotypes. The scale consists of 13 questions; 
3 of these are scored from 1 to 5 points, and the remaining 10 are 
scored from 1 to 4 points [31]. The total scores thus range from 
13 to 55 [31]. Higher scores indicate a greater likelihood of morn-
ingness [31]. For the Korean version, a score of 41 or higher indi-
cates morning type, 27 to 40 indicates neither type, and 26 of low-
er denotes evening type [35]. Good reliability and validity have 
also been confirmed for the Korean version [35]. The internal re-
liability in this study was good (Cronbach’s α=0.83 and 0.82 for the 
first and fourth sessions, respectively). The ISI is a self-report mea-
sure designed to assess the quality of sleep [32]. It consists of sev-
en questions, with each question scored from 0 to 5 points [32]. 
The total score is between 0 and 28, and a higher score reflects 
more severe insomnia [32]. The internal reliability in this study 

was acceptable (Cronbach’s α=0.82 and 0.76 for the first and fourth 
sessions, respectively). Sleep habits were also evaluated. Social jet-
lag, which refers to the difference between social time and endog-
enous time, was calculated based on the absolute value of the dif-
ference in awakening time between weekdays and weekends. 
Sunlight exposure time was considered as the outdoor activity 
time between 10:00 and 15:00 on weekdays and weekends, includ-
ing activities such as walking, exercising, and sitting on a bench. 

Actigraphy data
Actigraphy data were collected using the Actiwatch Spectrum 

(Philips/Respironics). This device measures wrist movement time 
series using the digital integration method. The data were down-
loaded using Actiware software (version 3.4; Philips/Respironics) 
and imported to Actiware 5 (versions 5.57 and 5.59, Respironics) 
for analysis. Spectrum devices can also detect whether the device 
is on or off the wrist; here off-wrist periods were designated as 
missing. Wake after sleep onset (WASO) is the total minutes of 
wakefulness between the initiation and termination of the sleep 
period and does not include sleep onset latency.

Statistical analysis
The CD-RISC and CSM scores for the first and fourth sessions, 

HADS-D scores for the first session, SAS-SV scores for the fourth 
session, sleep efficiency during the first week, WASO for the first 
and fourth sessions, and awakening frequency during the first 
and third weeks were normally distributed, as assessed by the 
Shapiro–Wilk test. HADS-A and ISI scores for the first and fourth 
sessions, HADS-D scores for the fourth session, SAS-SV scores 
for the first session, mean sunlight exposure between 10:00 and 
15:00 and social jet lag for the first and fourth sessions, sleep effi-
ciency during the third week, and sleep onset latency during the 
first and third weeks were not normally distributed. The non-
parametric variables before and after the program were compared 
using the related-samples Wilcoxon signed-rank test. Parametric 
data that met the criteria for the paired t-test were analyzed using 
that test. Multiple linear regression analyses were used to identify 
predictors of resilience, smartphone addiction, sleep quality, and 
morningness/eveningness among the variables that showed sig-
nificant differences after the program. All analyses were performed 
using SPSS for Windows (ver. 23.0; IBM Corp., Armonk, NY, USA). 
A two-tailed p-value <0.05 was considered to indicate statistical 
significance. 

RESULTS

A resilience-promoting program consisting of four 40-minute 
weekly sessions was developed. Each session could be completed 
individually or in small groups (up to five persons). The first ses-
sion includes an introduction to the program and explains the 
concept of mental health and resilience and the importance of 
promoting resilience. In the first session, participants are asked to 
assess their own social jetlag based on the absolute value of the 
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difference between their weekday and weekend rise times. In this 
session, participants are educated as to how they can reduce so-
cial jetlag to within 30 minutes. They also calculate their subjec-
tive sleep efficiency. The second session includes brief guidance 
with respect to applying cognitive reappraisal to stressful situa-
tions. Several cases are presented, and one verbatim session is in-
troduced as an example. The third session includes education 
about healthy sleep with general information about how to acquire 
healthy sleep and advice regarding the reduction of social jetlag 
while suggesting longer sleep times and longer sunlight exposure 
between 10:00 and 15:00. The fourth session is a wrap-up session, 
which includes a re-assessment of participants’ depression, anxi-
ety, resilience, morningness/eveningness, quality of sleep, social 
jetlag, and sleep efficiency. They are encouraged to evaluate their 
own changes regarding these values and to apply the program’s 
content continually to their daily lives. During the first to third ses-
sions, participants were asked to complete a daily sleep diary and 
wear the actigraphy device as “homework”; 37 (63.79%) partici-
pants complied with these requirements. The contents of each ses-
sion are presented in Table 1. 

The participants’ resilience, morningness/eveningness, sleep 
quality, WASO, and awakening frequency during night changed 
significantly (Table 2). However, anxiety, depression, mean sun-
light exposure time, sleep onset latency, and sleep efficiency (ac-
tigraphy) did not change significantly (Table 2). The SAS-SV score 
significantly improved (Table 2). In the first session, 10 (17.24%) 
adolescents were classified as evening type, 42 (72.41%) as neither 
type, and 6 (10.34%) as morning type. In the fourth session, 5 
(8.62%) adolescents were classified as evening type, 46 (79.31%) 
as neither type, and 7 (12.07%) as morning type. In the first ses-
sion, 19 (32.76%) participants tended toward smartphone addic-
tion; this number decreased to 16 (27.59%) at the fourth session. 

To identify predictors of resilience among the factors that were 
improved after the resilience-promoting program had been deliv-
ered, we performed multiple linear regression analysis (Table 3). 
Resilience at the fourth session was related to sleep quality at the 

fourth session when controlling for age, sex, and morningness/
eveningness (Table 3). To identify predictors of SAS-SV, we per-
formed another multiple linear regression analysis (Table 4). SAS-
SV was related to the mean sunlight exposure time at the fourth 
session when controlling for age, sex, depression, and sleep qual-
ity at the fourth session, and the mean sunlight exposure time at 
the first session (Table 4). Another multiple linear regression anal-
ysis was conducted to identify the predictors of sleep quality at 
the fourth session (Table 5). The mean sunlight exposure time at 
the fourth session was significantly related to sleep quality at the 
fourth session when controlling for age, sex, and WASO during 
the third week (Table 5). To identify the predictors of morning-
ness/eveningness, we conducted a multiple linear regression anal-
ysis (Table 6). Morningness/eveningness at the fourth session was 
significantly related to the mean sunlight exposure time at the fourth 
session when controlling for age, sex, and WASO during the third 
week (Table 6). 

DISCUSSION

Four 40-minute sessions of the resilience-promoting program, 
conducted at the mental health center, improved the participants’ 
resilience. This is the first study to report improved resilience 
through modifying sleep-related behaviors. The tendency toward 
smartphone addiction was also improved after the program. 
Compared to the first session, sleep quality was improved, and 
the proportion of participants showing morningness increased. 

Our resilience-promoting program is easy to implement, and is 
focused mainly on a cognitive-behavioral intervention for modi-
fying sleep-related habits and educating individuals about cogni-
tive reappraisal techniques that can be applied to stressful situa-
tions. After completing the program, participants’ tendency toward 
smartphone addiction was decreased, which was not the primary 
outcome initially desired when the program was being developed. 
However, depression and anxiety showed no change after the pro-
gram. Previous programs targeting adolescents’ resilience have 

Table 1. Contents of the resilience-promoting program by session
Session Contents 

First session (40 min) - Introduction to the concept of resilience
- Self-rating of resilience, anxiety, depression, and insomnia severity
- Calculation of social jetlag and sleep efficiency
- Homework: wear actigraphy device, complete sleep diary

Second session (40 min) - Example stressful situations
- Education on cognitive reappraisal in response to stressful situations through case studies 
- Homework: wear actigraphy device, complete sleep diary

Third session (40 min) - Healthy sleep instructions
-  Advice on how to reduce social jetlag, and achieve a longer sleep duration and more sunlight exposure between  

10:00 and 15:00
- Homework: wear actigraphy device, complete sleep diary

Fourth session (40 min) - “Wrap-up”
- Re-check of levels of resilience, anxiety, depression, and insomnia severity
- Calculation of changes in social jetlag and sleep efficiency
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incorporated social and emotional learning, mindfulness, stress 
management, or emotional wellbeing [21]. Recent research has 
explored the bi-directional relationship between sleep and resil-
ience in adolescence [36], so we tested the efficacy of a sleep in-
tervention to improve resilience. Our program focused primarily 
on changes in sleep habits. To our knowledge, our recommenda-
tions to reduce social jet lag, increase sleep duration, and prolong 
sunlight exposure between 10:00 and 15:00 as means of improv-
ing resilience constitute the first attempt at this approach. Sleep 
quality also improved as a result of the program, and this was the 

relevant factor predicting resultant resilience. At the fourth ses-
sion, sleep quality was associated with duration of sunlight expo-
sure between 10:00 and 15:00. Previous research has shown that 
sunlight exposure between 10:00 and 15:00 is associated with bet-
ter resilience in young adults [4]. Among the encouraged sleep hab-
its, the lengthening of sunlight exposure between 10:00 and 15:00 
was found to be the only predictor for better sleep quality, and 
shorter sunlight exposure was reported to be a predictor for poor 
sleep [37,38]. Sunlight is an important zeitgeber for endogenous 
rhythms, and sunlight exposure may have a crucial influence on 

Table 2. Baseline demographic data of participants and the comparison of scores on self-reported questionnaires and actigraphic data 
at first and fourth sessions of the resilience-promoting program (n=58)

First session Fourth session Correlation 
coefficient (r) W*/t† p-value

Age (yr) 13.78±0.82 -
Female 27 (46.6) -
CD-RISC score   65.08±12.33 68.90±12.54 0.44 1,131.50* 0.001
HADS-A score   4.62±2.97 4.47±3.49 -0.14 383.0* 0.272
HADS-D score   4.26±2.74 4.36±3.63 -0.04 488.50* 0.740
ISI score   6.21±4.78 4.41±3.57 -0.46 206.50* <0.001
CSM score 32.22±6.31 34.38±6.14 0.52 1,158.50* <0.001
SAS-SV score   30.66±10.50 26.43±8.40 -0.46 292.50* 0.001
Mean sunlight exposure between 
  10:00 and 15:00 (hr) 

  1.41±0.84 1.46±0.97 0.05 624.0* 0.712

Social jetlag (hr)   2.28±1.48 2.02±1.29 -0.18 478.5* 0.181
Sleep efficiency (%) 85.42±4.16 (n= 46) 85.91±5.13 (n= 37) 0.09 348.0* 0.589
Sleep onset latency (min)   19.27±13.94 (n= 46) 17.70±14.16 (n= 37) 0.20 242.0* 0.232
WASO (min)   41.10±14.96 (n= 46) 35.01±13.22 (n= 37) -0.40 2.573† 0.015
Awakening frequency (no)   45.56±13.24 (n= 46) 40.05±12.71 (n= 37) -0.38 179.0* 0.026
Data are expressed as n (%) or mean±standard deviation. *related samples Wilcoxon signed-rank test; †paired t-test. CD-RISC, Connor–David-
son Resilience Scale; HADS-A, Hospital Anxiety and Depression Scale-Anxiety; HADS-D, Hospital Anxiety and Depression Scale-Depression; 
ISI, Insomnia Severity Scale; CSM, Composite Scale of Morningness; SAS-SV, Smartphone Addiction Scale-short version; WASO, wake after 
sleep onset

Table 3. Multiple linear regression model for resilience measured by CD-RISC (n=58)
B Standard error β p-value

Intercept 32.770 29.583 0.273
Age (yr) 2.557 1.920 0.167 0.189
Sex (male=1, female=0) 1.118 3.093 0.045 0.719
ISI score at fourth session -1.383 0.469 -0.394 0.005
CSM score at fourth session 0.186 0.277 0.091 0.504
Dependent variable: CD-RISC at fourth session. R2=0.20, adjusted R2=0.14. F=3.37 (p=0.016). CD-RISC, Connor–Davidson Resilience Scale; ISI, 
Insomnia Severity Scale; CSM, Composite Scale of Morningness

Table 4. Multiple linear regression model for smartphone addiction measured by SAS-SV (n=58)
B Standard error β p-value

Intercept 14.230 17.222 0.412
Age (yr) 1.078 1.225 0.105 0.383
Sex (male=1, female= 0) 0.189 1.972 0.011 0.924
HADS-D score for fourth session 0.349 0.339 0.151 0.308
ISI score for fourth session 0.256 0.350 0.109 0.468
Mean sunlight exposure during 10:00 to 15:00 for the fourth session -3.703 1.057 -0.428 0.001
Dependent variable: SAS-SV for the fourth session. R2=0.30, adjusted R2=0.24. F=4.52 (p=0.002). SAS-SV, Smartphone Addiction Scale–short 
version; HADS-D, Hospital Anxiety and Depression Scale-Depression; ISI, Insomnia Severity Scale
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human sleep and mental health through vitamin D photosynthe-
sis and ultraviolet A (315–400 nm)-induced release of NO, which 
act as a neurotransmitter in the blood circulation [39]. Further 
studies are needed to clarify the relationship between sunlight 
and sleep quality.

This program, which was aimed at improving resilience, also re-
duced adolescents’ tendency toward smartphone addiction. Psy-
chological interventions adopting cognitive-behavioral approach-
es are known to be effective for reducing smartphone addiction 
among adolescents [40]. Group intervention and educational pro-
grams were also effective in reducing the severity of Internet/smart-
phone addiction [40]. Our resilience-promoting program reduced 
social jetlag and promoted morning-type sleep habit and sunlight 
exposure, thereby significantly reducing adolescents’ tendency 
toward smartphone addiction. The best predictor of smartphone 
addiction was mean sunlight exposure between 10:00 and 15:00. 
However, sleep quality and morningness were not found to be 
significant predictors of adolescent smartphone addiction. The 
mechanism by which sunlight exposure predicts the tendency 
toward smartphone addiction was not determined. Ultraviolet 
light exposure may have an addictive element [41], so might sat-
isfy supplant smartphone use in individuals showing a tendency 
toward additive behaviors. However, this is the first attempt to 
improve smartphone addiction by modifying sleep-related factors 
such as social jetlag, daytime sunlight exposure, and sleep effi-
ciency. The mechanism by which lower sunlight exposure pro-
motes smartphone addiction is unknown, and longitudinal stud-
ies will be needed to further explore this. 

Following four weekly sessions of the resilience-promoting pro-
gram, participants showed significant improvement in sleep qual-
ity, as measured by the ISI. As none of our participants suffered 
from insomnia, whether the findings are applicable to adolescents 
with insomnia remains unclear. In addition to subjective reports, 
actigraphic measures—WASO and awakening frequency during 

sleep—were significantly decreased. Previous meta-analysis has 
revealed that cognitive-behavioral therapy for insomnia in chil-
dren and adolescents improved sleep onset latency and sleep ef-
ficiency but not WASO and total sleep time [42]. A previous group-
delivered cognitive behavioral therapy for insomnia showed no 
significant improvement in actigraphic WASO in adolescents [43]. 
Data regarding awakening frequency measures after intervention 
in adolescents were lacking. As actigraphic WASO and awaken-
ing frequency during sleep are sleep quality measures, these re-
sults showed improved objective sleep quality measures after the 
resilience-promoting program. The role of sleep quality in resil-
ience should be further assessed in larger studies using a longitu-
dinal cohort design.

A shift toward morningness was observed after the resilience-
promoting program. Eveningness usually peaks during late ado-
lescence, and a shift toward eveningness is observed during pu-
berty [44]. A shift toward morningness after sleep intervention 
has been observed in adult populations [45], and such shifts have 
been associated with improved sleep quality and increases in pos-
itive affect [45]. As morningness/eveningness was changeable in 
response to sleep intervention focusing on behavioral change, the 
authors suggested that morningness/eveningness could exhibit 
state-like constructs along with trait-like aspects [45]. Our adoles-
cent participants also showed significant changes toward morn-
ingness, and their morningness was associated with daytime sun-
light exposure duration, which was one of the sleep-related practices 
encouraged by the resilience-promoting program. Previous stud-
ies have reported that sunlight exposure in the morning along 
with nutritional support promoted morningness in young chil-
dren [46,47]. Morning-type adolescents had longer daytime sun-
light exposure [19]. Although the duration of daytime sunlight 
exposure did not change significantly after our program, morn-
ingness/eveningness at the fourth session was significantly pre-
dicted by sunlight exposure duration at the fourth session. The 

Table 5. Multiple linear regression model for sleep quality measured by ISI (n=37)
B Standard error β p-value

Intercept -3.105 9.620 0.749
Age (yr) 0.565 0.705 0.130 0.429
Sex (male=1, female=0) -0.797 1.008 -0.132 0.435
Mean sunlight exposure during 10:00 to 15:00 for the fourth session -0.990 0.455 -0.363 0.037
WASO for the fourth session 0.046 0.038 0.204 0.234
Dependent variable: ISI for the fourth session. R2=0.21, adjusted R2=0.11. F=2.09 (p=0.105). ISI, Insomnia Severity Scale; WASO, wake after sleep 
onset

Table 6. Multiple linear regression model for morningness/eveningness as measured by the CSM (n=37)
B Standard error β p-value

Intercept 50.779 17.985 0.008
Age (yr) -1.503 1.319 -0.181 0.263
Sex (male=1, female=0) -1.053 1.884 -0.092 0.580
Mean sunlight exposure during 10:00 to 15:00 for the fourth session 2.035 0.851 0.391 0.023
WASO for the fourth session 0.069 0.071 0.159 0.343
Dependent variable: CSM for the fourth session. R2=0.24, adjusted R2=0.14. F=2.49 (p=0.063). CSM, Composite Scale of Morningness; WASO, 
wake after sleep onset
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cross-sectional nature of the analysis impeded our drawing robust 
conclusions regarding the morningness-promoting effects of the 
sleep-related practices promoted by the program. 

Enhanced resilience after the program was significantly associ-
ated with sleep quality at the fourth session. Good sleep may pro-
mote resilience, because neural plasticity is enhanced during deep 
sleep [3]. Neural plasticity in resilient individuals functions as a 
protective factor against developing psychopathology when ex-
periencing new environments [3]. Morningness was not related 
to resilience in the final session of this study, although previous 
cross-sectional studies of healthy adults have shown that morn-
ingness is associated with better resilience [4,48]. To verify the re-
lationship between morningness and resilience in adolescents, fu-
ture large-scale longitudinal studies will be necessary. 

This study had several limitations that should be addressed. 
First, as there was no follow-up, the program’s long-term effects 
could not be evaluated. Second, the sample size was too small to 
detect small to medium effect sizes. In multiple regression analy-
sis, a sample size of 53 to 55 can detect medium to large effect siz-
es [49]. Third, the participants were middle school students, and 
sunlight exposure was not possible during school hours. Fourth, 
the subjective nature of self-report measures should be acknowl-
edged when interpreting the results. Fifth, participants’ degree of 
commitment to the program may have influenced the results. 
Among 58 participants, 37 (63.8%) wore the actigraphy device 
for 3 weeks, which was one of the program requirements. This 
compliance rate suggests that their commitment to the program 
was good. Sixth, as the results of multiple linear regression analy-
sis were based on cross-sectional data, no cause-and-effect as-
sumptions could be drawn. Seventh, because of the homogeneity 
of the study population, it is not appropriate to generalize the find-
ings to other populations. Eighth, although the study followed a 
prospective cohort study design, no control group was included. 
Future longitudinal studies incorporating control groups and oth-
er age groups are recommended. 

The study had several strengths. First, the authors used a pro-
spective design to assess the effectiveness of the resilience-pro-
moting program. Second, the developed program represented the 
first attempt to improve resilience through the modification of 
sleep habits. Third, the program, aimed primarily at promoting re-
silience, also improved the adolescents’ smartphone addiction. 

In conclusion, we found that four weekly sessions of the resil-
ience-promoting program improved resilience, smartphone ad-
diction, sleep quality, including objective actigraphic measures, 
and morningness. Improved resilience was related to better sleep 
quality. Smartphone addiction was related to shorter daytime sun-
light exposure. The adolescents’ sleep quality and morningness 
were related to longer daytime sunlight exposure times. 
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