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Abstract

preliminary validation of this questionnaire.

related behavior in evening-types.

Background: Inadequate sleep is a problem for teens world-wide. Identifying the biological and cultural factors that
underlie this phenomenon is dependent on tools that can accurately query sleep-related behaviors. While there are
many sleep-related questionnaires available in English, there are a paucity of validated Chinese language versions.

As such, it was the purpose of this study to translate the Adolescent Sleep Wake Scale into Chinese and to provide a

Methods: We used a dual forward translation-back translation approach to translate the Adolescent Sleep Wake
Scale into Chinese. We then tested the sensitivity, specificity, and internal consistency of the translated questionnaire
using 517 adolescents from Taiwan. Preliminary criterion validity was examined through comparison with a measure
of chronotype, with the a priori assumption that evening chronotypes would have worse sleep-related behavior.

Results: Internal consistency for both the overall scale (a=.86) and five subscales (a’s >.81) were good. These five
subscales explained 62.6% of the total variance. Confirmatory Factory Analysis indicated a good fit of the data. The
overall scale and each of the subscales also showed the expected relationship with chronotype, with worse sleep-

Conclusion: Our Chinese translation of the Adolescent Sleep Wake Scale is valid and has preliminary criterion valid-
ity. This can be a useful tool to explore sleep quality among Chinese-speaking adolescents as well as cross-cultural
aspects of sleep behavior between Chinese- and English-speaking adolescents.
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Background

Normal, healthy sleep is characterized by sufficient dura-
tion, good quality, appropriate timing and regularity, as
well as the absence of sleep disturbances and disorders.
Worldwide, many teens lack this type of healthy sleep
as they have insufficient sleep duration, poor sleep qual-
ity, and irregular sleep timing. At the most basic level,
adolescents who get an insufficient amount of sleep are
more likely to report a wide range of health problems,
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including cognitive and behavioral problems (Baum
et al. 2014), unstable emotional regulation (Browne and
Cudeck 1992; Buysse 2014), poor academic performance
(Chen et al. 2014; Crowley et al. 2018) and a lower health-
related quality of life (Essner et al. 2015). While there are
several questionnaires that have been validated for the
examination of sleep in children, one such scale was spe-
cifically designed to examine sleep problems in teens, the
Adolescent Sleep Wake Scale (ASWS) (Garson 1998).
The ASWS is a measure of behavioral sleep problems
that is widely used in general adolescent populations
and, more recently, in adolescent populations with spe-
cific comorbidities such as depression (Gau et al. 1998)
and chronic pain (George 2003). The internal consistency
of ASWS is good for the total scale in Italian (@ =0.80)
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and English (¢=0.86) (Garson 1998). There may be dif-
ferences in internal consistency, however, in different
cultures (Giannotti et al. 2002). To examine the utility
of this scale in non-English speaking adolescents, how-
ever, requires validated translation. The ASWS has been
translated into Chinese, with internal consistency and
test—retest reliability reported, but no test of validity was
performed (Hu 1999).

To extend the use of the ASWS as a tool to examine
sleep behavior in Chinese speaking adolescents, about
which we have already published (Kaplan 2017; LeB-
ourgeois et al. 2005; Lin et al. 2020), we translated and
developed a Chinese language version of the Adolescent
Sleep Wake Scale (C-ASWS). We tested the C-ASWS to
establish the sensitivity, specificity, and internal consist-
ency. To examine construct validity data, we compared
the results to that of a chronotype questionnaire with the
a priori assumption that teens with a later chronotype
would have worse scores on the C-ASWS.

Methods

Translation of the ASWS

Questionnaire translation

To deliver an accurate translation, we used two inde-
pendent individuals at each step and instructed them to
consider conceptual, rather than literal, translation, and
to use language that would be understandable to adoles-
cents (Mateo et al. 2012). Using a decentered strategy, we
attempted to ensure the cross-cultural and conceptual
equivalence between the original and the final, translated
questionnaires. The ASWS was translated into Chinese
by two native Taiwanese speakers, both of whom gradu-
ated from a Chinese literature department and whose
current research relates to health education. The initial
translations by both translators were carried out without
any communication between the translators. Research-
ers and the two translators analyzed the translations
together. After discussing the variations of each transla-
tion (T1 and T2), a single version (T3) was agreed upon.

Back translation

From the synthesis (T3), two independent back transla-
tions (BT1 and BT2) were done. Both translators were
university professors and native English speakers who
had no knowledge of the original instrument. One had
lived in Taiwan for over 15 years, completed his doctoral
degree in Taiwan, and had full command of both Eng-
lish and Chinese. The other was bilingual in Chinese and
English, a health expert, and lived in the United States.
As with the forward translation, back translators were
asked to emphasize conceptual rather than literal trans-
lation and to use language appropriate for adolescents.
The researchers and the two back translators analyzed
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the back translations together. After discussing the vari-
ations of each back translation (BT1 and BT2), a single
version (BT3) was agreed upon. A Chinese version (T4)
was revised based on BT3.

Experts committee

The translations and back translations (T1-T4 and BT1-
BT3) were assessed by two experienced clinicians who
specialized in sleep for 15 years and 31 years, respec-
tively. The clinicians examined the versions and the rel-
evant annotations from the translators and discussed the
individual questionnaire items to ensure a clear, final ver-
sion equivalent to the original in terms of semantics, lan-
guage, culture, and concepts.

Research design and participants

Reliability and validity were assessed using a two-stage
research design. Internal consistency reliability and
exploratory factor analysis (EFA) were examined in Stage
1. We used a sample of 298 adolescents (47% male and
53% female, 15.5 years old) to satisfy the requirement of a
sample size of 5-10 participants for each of the 28 items
in EFA (Medic et al. 2017). Confirmatory factor analy-
sis (CFA) and preliminary criterion validity (sleep qual-
ity differs by chronotype) were examined in Stage 2. We
examined a separate sample of 219 adolescents (51% male
and 49% female, 15.4 years old) to satisfy a sample size of
at least 200 for CFA (Murray et al. 2012). All participants
(N=517, 49% male and 51% female, 15.5 years old) were
full-time, Taiwanese high school students (grades 9-12)
tested at all times throughout the day, were randomly
selected, and not prescreened for the presence of any
sleep or other medical issue. We have previously pub-
lished on sleep characteristics in this population includ-
ing the translation of other sleep questionnaires (Kaplan
2017; LeBourgeois et al. 2005; Lin et al. 2020).

Measures

Chinese version of the adolescent sleep wake scale (C-ASWS)
The C-ASWS is a 28-item instrument, with each item
scored on a 6-point Likert scale (eight of the statements
are negatively scored); higher scores indicate better sleep
quality. The five factors of the original ASWS are: going
to bed, falling asleep, maintaining sleep, reinitiating
sleep, and returning to wakefulness.

Morningness eveningness scale for children (MESC)

A Chinese version of the MESC (Myers et al. 2011) was
administered to determine chronotype, a measure of the
degree of morning or evening preference. This meas-
ure, initially validated in 11-12 years old, has frequently
been used in adolescent samples. The test—retest reliabil-
ity of the Chinese version is 0.75 (Myers et al. 2011); the
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internal consistency reliability of our sample is 0.74. We
used cut-off values at the 25" and 75" percentile to parse
chronotypes (Palermo et al. 2008), which corresponds to
values of 10-23 for evening type, 24—28 for intermediate
type, and 29-43 for morning type. While not a direct test
of sleep quality, several studies have shown that morn-
ing-types have better sleep quality than evening-types
(Palmer et al. 2018; Sufrinko et al. 2015). As such, we
used the MESC to establish preliminary criterion valid-
ity for the C-ASWS by comparing sleep quality in morn-
ing- versus evening-types, excluding the middle 50%
(neither-types).

Data analysis

Analyses were conducted using SPSS 20.0 (IBM, Armonk
NY). Internal consistency reliability was measured with
Cronbach’s « for overall score and subscale scores (a > 0.7
acceptable, #>0.8 good, a>0.9 may represent redun-
dancy between scale items) (Tinsley and Tinsley 1987).
EFA was assessed with the Kaiser—-Meyer—Olkin (KMO)
statistic and Bartlett’s test; KMO should be 0.60 or higher
to proceed with factor analysis (Tsang et al. 2017). CFA
(AMOS 24.0) was assessed using multiple goodness-of-fit
indices (Tzischinsky and Shochat 2011; Wang et al. 2016):
(Crowley et al. (Crowley et al. 2018)) y*/df, (Baum et al.
(Baum et al. 2014)) root mean square error of approxima-
tion (RMSEA), (Palmer et al. (Palmer et al. 2018)) Com-
parative Fit Index (CFI), (Wang et al. (Wang et al. 2016))
Tucker-Lewis Index (TLI), (Lin et al. (Lin et al. 2020))
standardized root mean square residual (SRMR). Crite-
rion validity was measured using independent samplesz-
tests for overall score and subscale scores, comparing
sleep quality differences by chronotype.

Results

The two groups used to test for (Baum et al. 2014) inter-
nal consistency reliability and EFA, and (Browne and
Cudeck 1992) CFA and criterion validity were not differ-
ent (chi-square test for homogeneity) in regards to either
gender (y*=0.88, p=0.35) or age (y*=2.15, p=0.54).

Internal consistency reliability

The internal consistency for the overall instrument is
0.86. All subscales show good internal consistency for the
subscales: 0.81 (going to bed), 0.87 (falling asleep), 0.86
(maintaining sleep), 0.89 (reinitiating sleep), and 0.85
(returning to wakefulness).

Exploratory factor analysis (EFA)

Principal components analysis with the varimax method
was applied to extract the factor structure. EFA was per-
formed on each of the 28 items, with the KMO value
of 0.84 and a Bartlett’s test of sphericity of 4528.53
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(»=0.00), indicating that the use of factor analysis was
appropriate. The five factors have eigenvalues greater
than 1 and explain the 62.6% of the total variance.

Confirmatory factor analysis (CFA)

The CFA model demonstrated a good fit of the data to
the ASWS model with each of the five different summary
metrics (Table 1; Fig. 1).

Criterion validity

Morning-types, as compared to evening-types, have bet-
ter sleep quality on the ASWS overall score as well as
each of its subscales (Table 2).

Discussion
The ASWS is one of the most widely used measures of
sleep quality in adolescents and has been a valuable tool
for estimating the multifaceted nature of subjective sleep
quality (Yang et al. 2020). To establish the ASWS as a
useful tool in the assessment of Chinese speaking adoles-
cents, our work aimed to translate, adapt, and analyze the
psychometric properties of a Chinese language version of
the ASWS (C-ASWS) in a sample of adolescents in Tai-
wan. The C-ASWS displays satisfactory psychometric
properties, though further criterion validity is necessary
to ensure that the questionnaire is an accurate determi-
nation of sleep quality in Chinese speaking adolescents.

The Cronbach’s « in the original scale is 0.80—0.86
(Italians: & =0.80; Americans: « =0.86). The Cronbach’s
ain our study is 0.86, without removing any item from the
original ASWS scale, indicating that the scale has simi-
lar psychometric properties in different populations. The
previously published Chinese translation of the ASWS
(Hu 1999) had a lower Cronbach’sa for both the overall
scale (0.71) and individual subscales (current 0.81 — 0.89,
previous 0.61 — 0.73). As with the original, the C-ASWS
parses into five factors, reflecting separate, yet conceptu-
ally related constructs.

While not a direct test of sleep quality, we did see
the expected association between chronotype and

Table 1 Results of Confirmatory Factor Analysis (CFA)

Measure Results Recommended
cutoff

K/df 18 <5

RMSEA 06 <08

CFI 92 > .90

TLI 91 > .90

SRMR .05 <.08

Note: RMSEA, root mean square of approximation; CFl, Comparative Fit Index;
TLI, Tucker-Lewis Index; SRMR, standardized root mean square residual
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Going to bed
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Fig. 1 Confirmatory Factor Analysis of the Chinese Version of ASWS
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Table 2 Sleep Quality Differences in Chronotype

Evening (E) Morning (M)

(n=66) (n=66)

Mean SD Mean SD t p n? Comparison
Overall 4.03 69 5.04 47 9.87 .00 43 M>E
Going to bed 3.14 1.24 451 1.01 6.95 .00 27 M>E
Falling asleep 451 1.03 530 .55 5.46 .00 19 M>E
Maintaining sleep 492 96 5.39 .55 342 .00 .08 M>E
Reinitiating sleep 5.16 80 5.56 A48 3.50 .00 09 M>E
Returning to wakefulness 241 89 4.46 93 129 .00 56 M>E

sleep quality, such that evening-types had worse sleep
quality. Future studies could examine the relationship
between C-ASWS and other aspects of sleep quality, for
example the timing, duration, and continuity of sleep
(Yang et al. 2021). To our knowledge, direct criterion
validity of the ASWS has yet to be established, which
is likely due to the fact that while use of polysomnog-
raphy to record the electrophysiologic characteristics
of sleep appears to be an appealing validation of sub-
jective quality, previous studies have not found a good
correlation between these set of measures (Yang 2020).
Future studies can also evaluate the test—retest reliabil-
ity of the C-ASWS, which was not performed in the
present study, though has been shown to be adequate
in a previous Chinese translation of the ASWS (0.85)
(Hu 1999). Although the internal consistency reliability
is acceptable, further studies using data collected at dif-
ferent points in time to assess the reliability of the scale
across time intervals is also suggested.

Conclusions

Given the relatively low sleep duration and poor subjec-
tive quality in many adolescents, and the association of
such with negative health and academic outcomes (Baum
et al. 2014; Browne and Cudeck 1992; Chen et al. 2014),
use of accurately translated tools into multiple languages
is critical for assessing biological and cultural compo-
nents of insufficient sleep in teens. Our translation and
initial validation of the C-ASWS allows for such com-
parisons in the Chinese speaking population and should
enable future research in this area.
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