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Abstract

Objective: This study aimed to translate and culturally adapt the light
exposure behavior assessment (LEBA) questionnaire into Turkish and
evaluate its psychometric properties in terms of reliability and validity.
Materials and Methods: The LEBA was translated using the translation,
review, adjudication, pretesting, and documentation method. Data were
collected online from 445 Turkish-speaking adults residing in Turkiye and
abroad. Statistical analyses included content validity, confirmatory and
exploratory factor analyses, reliability testing (Cronbach’s o, McDonald’s
®), and non-parametric comparisons across demographic and cultural
groups.

Results: The Turkish version of the LEBA demonstrated high content
validity and acceptable construct validity. The exclusion of items 05 and
06 further improved the factorial fit of the model. Internal consistency was
adequate overall (a = 0.70; o total = 0.83), although the fifth subscale
showed weak reliability (ordinal a = 0.54, » = 0.53). Weak but significant
associations were observed between LEBA factors and sleep quality,
particularly for the subscale ‘Using a phone or smartwatch in bed’, which
was negatively associated with sleep quality. Cross-cultural comparisons
indicated convergence in light exposure behaviors between Turkish
residents and expatriates. Exploratory factor analysis revealed culturally
specific factors, including behaviors related to controlling light in the sleep
environment.

Conclusion: The Turkish LEBA is a valid and reliable tool for assessing
light-related behaviors in Turkish-speaking populations. These findings
highlight the importance of cultural adaptation in evaluating light
exposure behaviors and their associations with sleep and circadian health.
Keywords: Light exposure, circadian rhythm, sleep, LEBA, psychometric,
sociocultural, reliability, validity, Turkish
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Amacg: Bu calisma, 1sik maruziyeti davranis degerlendirme (LEBA) anketinin
Tirkceye cevrilmesi, kiltlrel uyarlanmasi ve psikometrik &zelliklerinin
(giivenirlik ve gegerlik) degerlendirilmesini amaglamistir.

Gere¢ ve Yontem: LEBA, gozden gecirme, uzlasma, on test ve
belgelendirme yontemi kullanilarak ~Tiirkceye cevrilmistir.  Veriler,
Tirkiye'de ve yurt disinda yasayan toplam 445 Tiirkce konusan yetiskinden
cevrim ici olarak toplanmistir. [statistiksel analizlerde kapsam gecerligi,
dogrulayici ve agimlayici faktor analizleri, giivenirlik analizleri (Cronbach’s
a, McDonald’s ©) ve demografik ile kiiltiirel gruplar arasinda parametrik
olmayan karsilastirmalar yapilmustir.

Bulgular: Tirkce LEBA yiiksek kapsam gecerligi ve kabul edilebilir yapi
gecerligi gostermistir. Madde 5 ve 6'nin cikarilmasi faktor modelinin
uyumunu artirmistir. Olcegin genel i¢ tutarlligi yeterli bulunmustur (a =
0,70; o toplam =0,83), ancak besinci alt boyut dustik glivenirlik gostermistir
(ordinal o = 0,54, © = 0,53). LEBA faktorleri ile uyku kalitesi arasinda zayif
fakat anlamli iliskiler gozlenmis; 6zellikle ‘yatakta telefon veya akilli saat
kullanimi” alt boyutu disiik uyku kalitesi ile iliskilendirilmistir. Kiltiirlerarasi
karsilastirmalarda, Tirkiye'de yasayanlar ile yurt disindaki Tiirk katihmcilar
arasinda 1stk maruziyeti davraniglarinda benzerlik saptanmistir. Acimlayici
faktor analizi, uyku ortaminda 151§in kontroll ile iliskili davranislar gibi
kiiltiire 6zgii faktorleri ortaya koymustur.

Sonug: Tirkce LEBA, Tirkce konusan popiilasyonlarda isikla iliskili
davranislari degerlendirmek icin gecerli ve giivenilir bir aractir. Bulgular,
15tk maruziyeti davranislarinin degerlendiriimesinde kiiltlrel uyarlamanin
ve bu davranislarin uyku ile sirkadiyen saglikla iliskilerinin 6nemini
vurgulamaktadir.

Anahtar Kelimeler: Isik maruziyeti, sirkadiyen ritim, uyku, LEBA,
psikometrik, sosyokdiltirel, gtivenirlik, gecerlik, Tiirkce
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Introduction

Light is an essential driver of the synchronization of circadian
rhythms and sleep with the external world (1). Light exposure
can shift circadian rhythms, suppress melatonin secretion at
night, and directly regulate cognitive performance and sleep
through neural connections from the retina (2,3). Intrinsically
photosensitive retinal ganglion cells are responsible for the above-
mentioned non-visual effects of light and have photopigment
melanopsin, whose peak sensitivity to light is approximately 480
nm (4,5). In general, exposure to bright light in the morning can
support wakefulness and cognitive performance and advance
the biological clock, whereas evening-time light exposure can
delay the biological clock and sleep and reduce sleep quality
(6,7). Owing to the widespread use of electrical lighting and
digital screens, individual retinal light exposure extends beyond
natural light-dark cycles. Therefore, optimizing both natural and
artificial light exposure is crucial for maintaining and improving
quality of life, since inappropriate light exposure is associated
with several psychiatric and physiological disorders (8,9).
Understanding human light exposure in real-world settings
is inherently complex. Light today functions as more than a
mere visual stimulus; it represents a dynamic medium through
which individuals engage to meet their visual, aesthetic, and
psychosocial needs for overall well-being (10). The increasing
use of adjustable lighting systems and the incorporation of
light-modulating elements, such as blinds, illustrate how people
actively regulate and personalize their light environments (11).
Similarly, an individual’s preferred activity related to natural
light exposure, such as spending time outdoors or observing
the sunset, reflects their preferred light exposure (12). Cultural,
religious, and traditional practices, including early morning
prayers, further shape an individual’s pattern of light exposure.
Rather than experiencing light as a passive environmental
factor, individuals consciously construct and manipulate their
preferred luminous surroundings as part of their daily lives.
The initial step in understanding human light exposure
involves continuous measurement over extended periods using
instruments such as sensors, photometers, or spectroradiometers.
However, these approaches to measurement are limited by the
high cost of equipment and the logistical challenges associated
with long-term monitoring (13). Moreover, light exposure is
influenced by numerous internal and external factors, including
lifestyle habits, geographical location, weather conditions, and
work schedules, which are often not captured by wearable
light monitors (10). Consequently, while such devices provide
objective data, they fail to reflect the contextual and behavioral
dimensions of light exposure. An alternative and complementary
approach is the use of light-use preference surveys, which can
be easily, quickly, and seamlessly integrated into daily life. Such
surveys enable scalable assessments of personal light exposure
patterns and facilitate epidemiological research on the human
light exposome.

The light exposure behavior assessment (LEBA) is an inventory
developed in English to assess an individual’s behaviors related
to light exposure (14). This psychometrically validated tool

assesses five main behaviors: the use of blue light filters,
spending time outdoors, electronic device use in bed, light
use preferences before sleep, and light exposure throughout
the day. The LEBA can be used to understand the impact of
varying light exposure on physiology and psychology and
inform interventions targeting these behaviors. One study
revealed associations between healthy light exposure measured
by the LEBA and positive emotions, improved memory and
concentration, and sleep quality (15). Another study involving
participants from diverse geographical and cultural backgrounds
indicated that certain subfactors of light exposure behavior may
vary across cultures (16). The LEBA, which was used to examine
these cultural differences, has not yet been translated into
other languages. Therefore, the aim of this study is to provide
a Turkish translation of the LEBA and assess its validity and
reliability.

Materials and Methods

The Light Exposure Behavior Assessment

LEBA is a self-report survey designed to investigate behaviors
that may influence an individual’s light exposure. The initial
item pool consisted of 48 questions identified by an expert
panel as relevant to light exposure behaviors. Following
systematic item reduction and psychometric analyses, the final
version of the instrument comprised 23 items. Each statement
uses a five-point Likert scale with a range of 1 (Never) to 5
(Always). Respondents are instructed to complete the survey
with reference to their behaviors during the past four weeks,
providing a consistent and recent observation window. The
LEBA assesses five behavioral factors: (F1) wearing blue light
filters, (F2) spending time outdoors, (F3) using a phone or a
smartwatch in bed, (F4) controlling environmental light before
bedtime, and (F5) using light in the morning or during daytime.
Subscale scores were calculated as the mean of the relevant
items, with F1 derived from items 01-03, F2 from items 04
(reverse-coded) and 05-09, F3 from items 10-14, F4 from items
15-18, and F5 from items 19-23 (14).

Translation Protocol

The original LEBA was developed in English and subsequently
translated into Turkish using the method translation, review,
adjudication, pretesting, and documentation (17). This
systematic approach was designed to maximize both the
linguistic accuracy and cultural validity of the instrument.
Three independent bilingual translators first produced forward
translations of all items. These translations were then reviewed
and harmonized by an additional independent expert to
resolve discrepancies and ensure conceptual equivalence.
An adjudication panel, consisting of another independent
specialist and the reviewer, finalized the wording. The pre-final
version was then subjected to a cognitive pretest with a small
sample from the target population (n = 5) to evaluate clarity,
comprehensibility, and cultural appropriateness. Following this
step, the adjudication panel conducted a final review and
confirmed the definitive Turkish version of the instrument.
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Sample and Recruitment

Data were collected between April 2024 and September 2025,
spanning multiple seasons to minimize potential seasonal bias
in light-related behaviors. Participants were recruited digitally
through an anonymous Qualtrics survey link (Qualtrics, Provo,
UT). Eligibility was restricted to adults aged 18-65 years. In
Turkiye, recruitment was facilitated through three university
hubs located in izmir, istanbul, and Nevsehir. Additionally,
Turkish expatriates were recruited via advertisements posted
on the Prolific platform (www.prolific.com). The inclusion
criteria for expatriate participants included fluency in Turkish
and reporting Turkish as their primary and native language
while currently residing outside of Tirkiye. Quality control
procedures led to the exclusion of six survey responses because
of completion durations shorter than 120 seconds, two survey
responses because of completion by an individual outside
the eligible age range, and one survey response because of
extremely low variance (=80% identical responses across LEBA
items). No duplicate responses were identified. After these
criteria were applied, the final sample for analysis included
445 valid survey responses, including 370 participants residing
in Turkiye and 75 Turkish expatriates living abroad. The Izmir
Institute of Technology Research Ethics Committee reviewed
and approved the protocol (approval no: 26.01.2024-01/06,
date: 26.01.2024). Each participant provided written informed
consent before participating in the study.

Study Design

This study was designed as a translation and cultural adaptation
study in which a random population completed an online
survey to evaluate the reliability and validity of the LEBA in
Turkish. The survey instrument comprised three main sections.
The first section included demographic and health-related
questions concerning age, sex, employment status, shift work,
diagnosed sleep disorders, diagnosed psychological disorders,
chronic diseases affecting sleep, visual impairments, and the use
of visual aids with filter features (e.g., UV, orange, or blue light
blocking), as well as any medically diagnosed light sensitivity
or chronic illnesses causing light sensitivity. The second section
consisted of the final translated version of the 23-item LEBA.
In addition, participants were presented with the Turkish
translations of the remaining items from the original 48-item
pool that were not included in the final LEBA. The third section
consisted of the Pittsburgh Sleep Quality Index (PSQI), which
is designed to collect information concerning sleep, as sleep
represents one of the primary physiological effects of light
exposure (18).

Statistical Analysis

All statistical analyses were performed using R software (version
4.4.1), and visualizations were created with GraphPad Prism 10
(GraphPad Software, San Diego, CA). Descriptive statistics were
calculated as means and standard deviations for continuous
variables and as counts and percentages for categorical and
ordinal variables. The item response distributions were examined
using histograms and density plots.

Content Validity

Iltems were evaluated by a panel of ten experts who rated the
relevance on a four-point scale (1 = not relevant, 2 = somewhat
relevant, 3 = quite relevant, 4 = highly relevant). The ratings
predominantly fell between 3 and 4, indicating high relevance.
The content validity index (CVI) was calculated for each item
and for the overall instrument to quantify the degree of expert
agreement.

Construct Validity

Prior to confirmatory factor analysis (CFA), the appropriateness
of the sample and the suitability of the factor model were
assessed. Multivariate normality was examined using skewness
and kurtosis statistics, including Mardia’s test. Post hoc sampling
adequacy was evaluated using the Kaiser—Meyer—Olkin (KMO)
measure and Bartlett’s test of sphericity to confirm that
correlations among items were sufficient for factor analysis.
Given the ordinal nature of the survey items, a polychoric
correlation matrix was employed to more accurately estimate
inter-item associations. The CFA model was specified according
to the factor structure proposed in the original study, with each
factor treated as independent and without shared variance, and
equality constraints were applied where appropriate. Model
estimation was performed using the weighted least squares
mean and variance adjusted (WLSMV) estimator to account
for the ordinal nature of the data. Model fit was evaluated
using multiple indices: scaled Comparative Fit index (CFI),
scaled Tucker-Lewis index (TLI), Adjusted Goodness-of-Fit index
(AGFI), Goodness-of-Fit index (GFl), Relative Fit index (RFI) and
Normed Fit index (NFI) > 0.90 and scaled root mean square
error of approximation (RMSEA) and standardized root mean
square residual (SRMR) <0.08, which were considered indicators
of acceptable model fit. To further improve the structural
equation model, modification indices and negative factor
loadings were examined.

Reliability

Internal consistency and reliability analyses were conducted
for the LEBA factors using a polychoric correlation matrix to
account for the ordinal nature of the items. Cronbach’s alpha
(o), ordinal alpha, and McDonald’s omega (o) coefficients were
calculated for each factor. At the global scale level, Cronbach’s
a, ordinal a, McDonald’s ® total, and ® hierarchical were
computed to assess the overall reliability of the instrument.

Criterion Validity

Convergent validity with sleep outcomes was assessed using
Spearman’s rank correlations between the LEBA factor scores and
the PSQI total score (range 0-21; higher scores indicate poorer
sleep quality), its seven subcomponents, self-reported sleep
duration (hours), and sleep midpoint (clock time). Results were
visualized using heatmaps. In addition, associations between
LEBA subscale scores and employment status (as a major
determinant of real-world light exposure) were examined using
the Kruskal-Wallis test followed by Dunn’s multiple comparisons
test for post hoc comparisons. Further validation analyses were
performed to test the associations between the LEBA subscales
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and self-reported clinically diagnosed conditions, including
sleep disorders, psychiatric disorders, chronic conditions with
sleep impairment, ocular problems, light sensitivity, and the use
of filtered visual aids, using Wilcoxon rank-sum tests. The false
discovery rate correction method was applied to control for
multiple comparisons.

Cross-Cultural Validity

To examine whether the LEBA subscale scores differed across
cultural and environmental contexts, three subgroups were
compared: Turkish participants residing in Turkiye, Turkish
expatriates, and an external dataset from Malaysia (15) Group
differences in each LEBA subscale were tested using the Kruskal-
Wallis test, with post hoc Dunn’s multiple comparisons test. As
a further test of cultural influences on light-exposure behavior,
the content validity of the original LEBA item pool was revisited.
Specifically, the 48 items developed during the original LEBA
construction were reanalyzed in the Turkish sample. A polychoric
correlation matrix was analyzed using a scree plot and parallel
analysis to identify the appropriate number of latent factors. An
exploratory factor analysis (EFA) was subsequently performed
with principal axis factoring and varimax rotation. ltems with
factor loadings <0.30 or cross-loadings >0.30 were iteratively
excluded. The final retained factor structure, including the
number of factors, item composition, and conceptual meaning,
was compared with the five subscales of the LEBA to evaluate
overlap and potential cultural differences.

Results

Sample Description

The final sample for analysis consisted of 445 participants
(M age = 29.18 years, standard deviation (SD) = 10.58). Of
these, 62.22% were female, and 37.78% were male. In terms
of employment, 8.09% were not employed, 50.56% were
students, 6.07% worked part-time, and 35.28% worked full-
time. Among the total sample, 19.57% reported night-shift
work. When stratified by residency, 370 participants were
Turkish residents (M age = 28.16, SD = 10.96; 64.31% female),
and 75 were Turkish expatriates living abroad (M age = 34.19,
SD = 6.46; 52.00% female).

In terms of health characteristics, 1.80% reported a physician-
diagnosed sleep disorder, with insomnia (n = 4) and sleep
apnea (n = 4) reported. A total of 11.24% reported a psychiatric
disorder, most commonly anxiety disorders (n = 33) and
depression (n = 26), followed by attention-deficit/hyperactivity
disorder (n = 13), among others. Additionally, 4.04% reported
a chronic disorder affecting sleep, 7.87% reported light
sensitivity, and 2.70% reported a chronic condition affecting
light sensitivity. Eye disorders, including glaucoma (n = 2),
macular degeneration (n = 1), cataracts (n = 1), and color
blindness (n = 2), were reported by 65.84% of the participants,
along with refractive errors. All these participants reported using
glasses or contact lenses, and 47.71% reported wearing filtered
glasses.

Content Validity of the Turkish LEBA

The Turkish translation of the LEBA items can be found in
Table 1. Content validity was evaluated using ratings from 10
expert reviewers for the 23-item LEBA long version. The item-
level content validity indices ranged from 0.90 to 1.00, with
a mean score per item between 3.6 and 4.0. The scale-level
CVI, calculated by averaging across items, was .99, and the
proportion of items on which all the experts rated the item as
relevant was 0.91.

During the translation and adaptation process, one item (“I
use an alarm with a dawn simulation light”) was identified as
potentially problematic, as dawn simulation devices are not
widely known or used in Turkiye, and participants reported
difficulty understanding the concept. The feedback collected
at the end of the survey revealed several additional points:
Some participants noted that the questionnaire increased
their awareness of light sensitivity and sleep habits, and
many described it as useful and reflective. However, several
limitations also emerged, including concerns about whether
the instrument adequately captured the unique experiences of
pregnant and breastfeeding mothers, who reported frequent
nighttime awakenings due to childcare.

The distribution of item response patterns is presented in Table
2. Preliminary analyses indicated significant multivariate non-
normality (Mardia’s skewness = 5933.91, p < 0.001; kurtosis
= 21.35, p < 0.001). The KMO measure of sampling adequacy
(MSA) was acceptable (overall MSA = 0.64), with individual item
values ranging from 0.54 to 0.80. Bartlett’s test of sphericity
was significant, x* (253) = 2713.17, p < .001, indicating that
the correlation matrix was suitable for factor analysis. Polychoric
correlations were calculated to account for the ordinal nature
of the items, ranging from -0.65 to 0.88, with 7.51% of
correlations exceeding 10.30l, suggesting adequate inter-item
relationships for factor extraction. The strongest associations
were observed between LEBAOT-LEBAO2 (p = 0.88), LEBA13-
LEBA14 (p = 0.80), LEBAT5-LEBA18 (p = 0.77), and LEBAOT-
LEBAO3 (p = 0.76). A few moderate negative associations also
emerged (e.g., LEBAO4-LEBAOS5, p = -0.65). Overall, these results
support subsequent CFA, although the violation of multivariate
normality indicates that robust estimation methods, such as the
WLSMYV adjusted estimator, CFA was conducted to test the five-
factor structure proposed in the original study (14). Consistent
with the initial specification, equality constraints were imposed
on the loadings of LEBAOT-LEBAO2 and LEBA15-LEBA18, and a
residual covariance was freely estimated between LEBA13 and
LEBAT4 to account for shared variance. LEBAO4 was reverse
coded to align its scoring direction with the latent construct.
The initial model demonstrated a reasonable but suboptimal
fit, x*(231) = 1228.24, CFl = 0.896, TLI = 0.886, GFl = 0.949,
AGFI = 0.923, NFI = 0.880, RFl = 0.869, SRMR = 0.110, RMSEA
= 0.074. On the basis of negative factor loadings and high
modification indices, LEBAO5 and LEBAO6 were removed, and
the error terms of LEBAO7 and LEBAO8 were allowed to correlate.
The respecified model showed improved fit, ¥*(189) = 801.72,
CFl = 0.928, TLI = 0.920, GFI = 0.963, AGFI = 0.942, NFI =
0.912, RFI = 0.902, SRMR = 0.111, RMSEA = 0.066, indicating
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Table 1. Original LEBA items and their Turkish translations.

Item
no.

1

10

11
12

13

14

15

16

17

18

19

20
21
22
23

English original
| wear blue-filtering, orange-tinted, and/or red-tinted glasses indoors
during the day.

| wear blue-filtering, orange-tinted, and/or red-tinted glasses outdoors
during the day.

| wear blue-filtering, orange-tinted, and/or red-tinted glasses within 1
hour before attempting to fall asleep.

| spend 30 minutes or less per day (in total) outside.
| spend between 30 minutes and 1 hour per day (in total) outside.

| spend between 1 and 3 hours per day (in total) outside.
| spend more than 3 hours per day (in total) outside.

| spend as much time outside as possible.

I go for a walk or exercise outside within 2 hours after waking up.

| 'use my mobile phone within 1 hour before attempting to fall asleep.

| look at my mobile phone screen immediately after waking up.

| check my phone when | wake up at night.

I look at my smartwatch within 1 hour before attempting to fall asleep.

I look at my smartwatch when | wake up at night.

I dim my mobile phone screen within 1 hour before attempting to fall
asleep.

| use a blue-filter app on my computer screen within 1 hour before
attempting to fall asleep.

I use as little light as possible when | get up during the night.

I dim my computer screen within 1 hour before attempting to fall
asleep.

| use tunable lights to create a healthy light environment.

| use LEDs to create a healthy light environment.
I use a desk lamp when | do focused work.
I use an alarm with a dawn simulation light.

| turn on the lights immediately after waking up.

Turkish translation

Gin icinde kapali mekanlarda mavi filtreli, turuncu veya kirmizi
camli gozltk takarim.

Gin icinde acik havada mavi filtreli, turuncu veya kirmizi camli
g0zIik takarim.

Uykuya dalmaya calismadan onceki 1 saat icinde mavi filtreli,
turuncu veya kirmizi camli gozliik takarim.

Disarida guinlik toplam 30 dakika veya daha az vakit gegiririm.
Disarida guinliik toplam 30 dakika ila 1 saat arasinda vakit
geciririm.

Disarida gtinliik toplam 1 ila 3 saat arasinda vakit geciririm.
Disarida guinliik toplam 3 saatten fazla vakit geciririm.

Disarida olabildigince cok vakit gegiririm.

Uyandiktan sonraki 2 saat icinde ytrlyis ya da egzersiz icin disari
cikarim.

Uykuya dalmaya calismadan onceki 1 saat icinde cep telefonumu
kullanirm.

Uyanir uyanmaz telefonumun ekranina bakarim.
Gece uyandigimda telefonumu kontrol ederim.

Uykuya dalmaya calismadan 6nceki 1 saat icinde akilli saatime
g0z atarim.

Gece uyandigimda akilli saatime g6z atarim.

Uykuya dalmaya calismadan 6nceki 1 saat icinde cep telefonu
ekranimin parlakhgini kisarim.

Uykuya dalmaya calismadan 6nceki 1 saat icinde bilgisayarimin
ekraninda mavi filtre uygulamasi kullanirm.

Gece yataktan kalktigimda mimkiin oldugunca az isik kullanirim.

Uykuya dalmaya calismadan onceki 1 saat icinde bilgisayar
ekranimin parlakhgini kisarim.

Saghkh bir aydinlatma saglamak icin rengi veya parlakhgi
ayarlanabilen isiklar kullanirim.

Saghkh bir aydinlatma saglamak icin LED kullanirim.
Odaklanma gerektiren bir is yaparken masa lambasi kullanirim.
Giin dogumunu taklit eden isikli bir alarm kullanirim.

Uyanir uyanmaz isiklari acarim.

Light exposure behavior assessment, (“i1sik maruziyeti davranisi anketi”). Instructions: Please indicate how often you performed the following behaviors in the past 4
weeks (“Lutfen son 4 hafta icinde asagidaki davranislari ne siklikla gerceklestirdiginizi belirtiniz”). Response categories: Never (“Asla”), Rarely (“Nadiren”), Sometimes
(“Bazen”), Often (“Siklikla”), and Always (“Her zaman”). Factors: F1 (items 01— 03) — wearing blue light filters; F2 (items 04-09) — spending time outdoors; F3 (items
10-14) — using phone or smart watch in bed; F4 (items 15-18) — controlling environmental light before bedtime; F5 (items 19-23) — using light in the morning or
during daytime.

LEBA: Light exposure behavior assessment

Table 2. Summary of LEBA item-level results (n = 445).

Item Mean Median SD Never Rarely

F1: Wearing blue light filters

LEBAO1 1.6 1.6 1.2 70.79% (315)

LEBAO2 1.8 1.8 1.2 64.49% (287)

LEBAO3 1.5 1.5 1.1 80.00% (356) 6.97% (31)

Summary statistics Response pattern

11.69% (52)
13.26% (59)

Sometimes Often Always
5.62% (25)
9.21% (41)

4.49% (20)

5.84% (26)
6.97% (31)
4.27% (19)

6.07% (27)
6.07% (27)
4.27% (19)



Table 2. Continued.

Summary statistics

Response pattern

Item Mean Median SD Never

F2: Spending time outdoors

LEBAO4 3.9 3.9 1.1 4.72% (21)
LEBAOS 2.6 2.5 1.2 19.10% (85)
LEBAO6 3.0 3.0 1.1 12.36% (55)
LEBAO7 3.4 3.4 1.1 4.72% (19)
LEBAO8 3.3 3.3 1.2 6.52% (29)
LEBAO9 2.2 2.2 1.1 30.79% (137)
F3: Using phone and smartwatch in bed

LEBA10 4.1 4.1 1.0 2.70% (12)
LEBA11 3.9 3.9 1.0 2.92% (13)
LEBA12 3.1 3.1 1.2 12.81% (57)
LEBA13 1.6 1.6 1.1 69.66% (310)
LEBA14 1.5 1.5 0.9 76.63% (341)

F4: Controlling environmental light before bedtime

LEBA15 3.5 3.5 1.3 11.91% (53)
LEBA16 2.1 2.1 1.5 58.43% (260)
LEBA17 3.9 3.9 1.1 4.49% (20)
LEBA18 3.0 3.0 1.5 22.92% (102)
F5: Using light in the morning and during daytime

LEBA19 2.2 2.2 1.3 42.47% (189)
LEBA20 2.6 2.6 1.4 32.81% (146)
LEBA21 2.5 2.5 1.3 30.79% (137)
LEBA22 1.3 1.3 0.7 85.39% (380)
LEBA23 2.4 2.4 1.2 25.84% (115)
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Rarely

9.21% (41)
31.01% (138)
20.67% (92)
22.47% (100)
21.80% (97)
34.83% (155)

6.97% (31)
8.31% (37)
19.78% (88)
11.69% (52)
8.76% (39)

11.69% (52)
10.11% (45)
9.66% (43)

15.96% (71)

20.22% (90)
16.18% (72)
24.04% (107)
6.97% (31)
34.38% (153)

Sometimes

17.08% (76)
28.99% (129)
33.48% (149)
19.78% (88)
26.52% (118)
21.80% (97)

11.01% (49)
13.03% (58)
23.15% (103)
7.42% (33)
7.64% (34)

17.98% (80)
8.99% (40)

11.69% (52)
15.51% (69)

16.85% (75)
20.90% (93)
19.33% (86)
4.94% (22)

21.57% (96)

Often

32.58% (145)
15.51% (69)
26.52% (118)
35.96% (160)
28.76% (128)
9.21% (41)

40.22% (179)
44.04% (196)
31.01% (138)
7.64% (34)
5.62% (25)

29.21% (130)
9.66% (43)

42.25% (188)
24.94% (111)

11.46% (51)
20.00% (89)
19.55% (87)
1.35% (6)

13.03% (58)

Always

36.40% (162)
5.39% (24)
6.97% (31)
17.53% (78)
16.40% (73)
3.37% (15)

39.10% (174)
31.69% (141)
13.26% (59)
3.60% (16)
1.35% (6)

29.21% (130)
12.81% (57)
31.91% (142)
20.67% (92)

8.99% (40)
10.11% (45)
6.29% (28)
1.35% (6)
5.17% (23)

LEBA: Light exposure behavior assessment, SD: Standard deviation

good overall model adequacy despite a slightly elevated
SRMR, which is considered acceptable for ordinal indicators
analyzed with WLSMV estimation. The standardized factor
loadings ranged from 0.13 to 0.94, with most exceeding
0.60, suggesting adequate item representation of the latent
constructs. The full CFA results are presented in Table 3.

Reliability of the LEBA

The LEBA subscales were calculated after items 05 and 06
were excluded because of inadequate factorial validity. Internal
consistency and reliability analyses were conducted for the
five factors. Factor 1 demonstrated excellent reliability (o =
0.84, ordinal a = 0.91, o = 0.87). Factor 2 demonstrated
marginal reliability (o« = 0.63, ordinal o = 0.67, ® = 0.55).
Factor 3 demonstrated comparable moderate reliability (o
= 0.65, ordinal o = 0.71, ® = 0.55). Factor 4 reached
acceptable levels (o = 0.66, ordinal o = 0.72, ® = 0.74).
Factor 5, however, showed poor internal consistency (o =
0.47, ordinal o = 0.54, ® = 0.53). At the global scale level,
Cronbach’s o was 0.70, and McDonald’s o total was 0.83,
indicating adequate overall internal consistency. However, ®
hierarchical was 0.29, suggesting that most reliable variance
was attributable to the group (factor-specific) components

rather than a general factor. Overall, these findings indicate
that certain subscales (particularly F5) exhibit weak internal
consistency and should be interpreted with caution.

Associations between LEBA Subscales and Sleep, Health,
and Employment Status

Composite LEBA factor scores were calculated after items 05 and
06 were excluded (Figure 1A). Descriptive statistics indicated
that mean scores ranged from 1.62 (SD = 1.01) for Factor 1
to 3.18 (SD = 0.78) for Factor 2. Median values were generally
close to the means, with interquartile ranges suggesting
moderate variability across factors. Shapiro-Wilk tests indicated
significant deviations from normality for all factors (p < 0.001),
supporting the use of non-parametric methods in subsequent
analyses.

Sleep quality was assessed using the PSQI. The mean PSQI
global score was 6.30 (SD = 2.88; range = 0-17), with
higher scores indicating poorer sleep quality. Subscale means
ranged from 0.19 (sleep medication use) to 1.51 (daytime
dysfunction). The mean reported sleep duration was 7.34 hours
(SD = 1.57), and the mean midsleep time was 4:10 a.m. (M
= 4.18, SD = 1.31). Spearman correlations revealed generally
weak associations between LEBA factors and PSQI indicators



Didikoglu et al.
Light Exposure Behavior Assessment in Turkish

(Figure 1B). Notably, Factor 1 (Wearing blue light filters)
showed a small but significant positive correlation with sleep
disturbances on the PSQIl (p = 0.11, p = 0.027). Factor 3 (using
a phone or a smartwatch in bed) was weakly but significantly
associated with the global PSQI score (p = 0.21, p < 0.001)
and midsleep timing (p = 0.20, p < 0.001), suggesting that
later light exposure coincided with poorer sleep quality and a
delayed sleep midpoint. Factor 4 (controlling environmental
light before bedtime) showed a weak positive correlation with
daytime dysfunction (p = 0.17, p < 0.001).

Factor 1 (Wearing blue light filters) was highly significantly
different across health-related variables (Figure 1C). Participants
who reported using glasses with filters scored significantly
higher on Factor 1 (W = 36519, p < 0.001). Similarly, individuals
reporting ocular problems also differed significantly in terms of
Factor 1 scores (W = 16303, p < 0.001). These results indicate
that Factor 1 differentiates individuals on the basis of the use of
visual aids with filtering features.

A Kruskal-Wallis test was conducted to examine whether
employment status groups differed in terms of LEBA factor

Table 3. The original (Model 1) and improved (Model 2) CFA models of the LEBA dataset.

Model 1 Model 2
Item Estimate Std.err z-value P(>Izl) Std.est Estimate Std.err z-value P(>1zl) Std.est
F1: Wearing blue light filters
LEBAO1 1.000 0.936 1.000 0.936
LEBAO3 0.837 0.034 24.451 0.000 0.783 0.837 0.034 24.451 0.000 0.783
LEBAO2 1.000 0.936 1.000 0.936
F2: Spending time outdoors
LEBAO7 1.000 0.657 1.000 0.562
LEBAO8 1.046 0.058 17.895 0.000 0.687 1.096 0.080 13.699 0.000 0.616
LEBAO4 1.196 0.054 22.162 0.000 0.785 1.288 0.408 3.160 0.002 0.723
LEBAQ9 0.212 0.075 2.812 0.005 0.139 0.465 0.125 3.719 0.000 0.261
LEBAOS -1.060 0.063 -16.709 0.000 -0.697
LEBAO6 -0.485 0.061 -8.010 0.000 -0.319
F3: Using phone and smartwatch in bed
LEBA10 1.000 0.748 1.000 0.748
LEBA11 1.217 0.085 14.258 0.000 0.910 1.217 0.085 14.258 0.000 0.910
LEBA12 0.829 0.052 15.903 0.000 0.620 0.829 0.052 15.903 0.000 0.620
LEBA13 0.168 0.076 2.208 0.027 0.126 0.168 0.076 2.208 0.027 0.126
LEBA14 0.286 0.082 3.467 0.001 0.214 0.286 0.082 3.467 0.001 0.214
F4: Controlling environmental light before bedtime
LEBA15 1.000 0.875 1.000 0.875
LEBA16 0.705 0.048 14.586 0.000 0.617 0.705 0.048 14.586 0.000 0.617
LEBA18 1.000 0.875 1.000 0.875
LEBA17 0.256 0.057 4.507 0.000 0.224 0.256 0.057 4.507 0.000 0.224
F5: Using light in the morning and during daytime
LEBA19 1.000 0.808 1.000 0.808
LEBA20 0.754 0.150 5.017 0.000 0.609 0.754 0.150 5.017 0.000 0.609
LEBA21 0.374 0.087 4.285 0.000 0.302 0.374 0.087 4.285 0.000 0.302
LEBA22 0.347 0.132 2.622 0.009 0.280 0.347 0.132 2.622 0.009 0.280
LEBA23 0.210 0.083 2.524 0.012 0.170 0.210 0.083 2.524 0.012 0.170
Model x*(231) = 1228.240, CFl (scaled) = 0.896, TLI (scaled) = 0.886, | ¥*(189) = 801.720, CFl (scaled) = 0.928, TLI (scaled) = 0.920, GFI
statistics: GFl = 0.949, AGFI = 0.923, NFI = 0.880, RFl = 0.869, SRMR = =0.963, AGFI = 0.942, NFl = 0.912, RFl = 0.902, SRMR = 0.111,

0.110, RMSEA (scaled) = 0.074

RMSEA (scaled) = 0.066

Confirmatory factor analysis using the weighted least squares mean and variance adjusted estimator. Model 1 specified equality constraints on the loadings of LEBAO1-
LEBAO2 and LEBA15-LEBA18; included a residual covariance between LEBA13 and LEBA14; reverse-coded LEBAO4; included latent factors modelled as independent.
Model 2 further refined the structure by removing LEBAO5 and LEBAO6 and allowing the error terms of LEBAO7 and LEBAOS to correlate.

LEBA: Light exposure behavior assessment, CFA: Confirmatory factor analysis, CFl: Comparative Fit index, TLI: Tucker-Lewis index, GFl: Goodness-of-Fit index, AGFI:
Adjusted Goodness-of-Fit index, NFI: Normed Fit index, RFI: Relative Fit index, SRMR: Standardized root mean square residual, RMSEA: Root mean square error of

approximation.
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scores, with pairwise comparisons presented in Figure 1D. For
Factor 1, there was no significant difference between groups
(*(3) = 3.40, p = 0.334), indicating similar scores across
employment groups. Significant differences were found for
Factor 2 (¥*(3) = 26.46, p < .001), Factor 3 (x*(3) = 28.20, p <
0.001), Factor 4 (x*(3) = 38.67, p < 0.001), and Factor 5 (¥*(3) =

12.59, p = 0.006). In general, unemployed participants scored
lower than other employment groups did on Factors 2, 3, and
4. These results indicate that employment status is associated
with differences in LEBA factor scores, except for Factor 1.

2 &
@?\\Q\ & s N
¢ ©
As- B oy eQé‘@Q. Q\&@é} Q.
BRGSO NN

4- . N Q\?Qo Q} QQ\ \fo 95 ) \o Qbs) \QQQ
0 SEBS IS E S
§3' - T S N T SN SR SR R S
-y 24 F1 = wearing blue light filters F14
4 F2 = spending time outdoors F2- * o 04

14 F3 = using phone or smart watch in bed . B . . s 02

F4 = controlling environmental light before bedtime F34 0
04 F5 = using light in the morning or during daytime F44 * = * 02
F1 F2 F3 F4 F5 F5- 04
LEBA factors
*
5+ 5+
dokok koK

4 4
. o
5 3 g 31
@ <
L 24 @ 24

14 14

0- 0-

No Yes O & @ @ S & @ @ O &
N FFEEGE FF S
wearing blue light filters e LY L FY &
& PRV & TP (©
\;o“ \;o“ éo‘\
F1 F2

LEBA score

S
W
?”“Eﬂ

PR PRI X S o
AP G R RS G S & P ~
& & & & F & @ & .
< Q&‘\ S Qr&‘\ & S Qr#‘\ PN Q&"\ & <S8
Ca o Ca EalRY
KR «0& A &0‘ «0&
F1 F2 F3 F4 F5

Eigenvalue

—e— Scree plot
-=- Parallel alanlysis

0

1
12345678910
Component number

Figure 1. (A) Median and interquartile ranges of the LEBA factor subscale scores. (B) Spearman correlation coefficients between
LEBA factors, PSQI scores, sleep duration, and sleep midpoint time are displayed as heatmaps (*p < 0.05). (C) Median and
interquartile ranges of LEBA Factor 1 scores among participants with and without filtered glasses. (D) Comparison of LEBA factor
scores by employment status (median and interquartile ranges). Kruskal-Wallis test with Dunn’s correction for multiple pairwise

comparisons;

*p < 0.05, **p < 0.01, ***p < 0.001, p <0.001. (E) Comparison of LEBA factor scores by country of residency (median

and interquartile ranges). Kruskal-Wallis test with Dunn’s correction for multiple pairwise comparisons; *p < 0.05, **p < 0.01,
***p < 0 0.001. (F) Scree plot showing the eigenvalues for the first ten components, including the results of parallel analysis.

LEBA: Light Exposure Behavior Assessment, PSQI: Pittsburgh Sleep Quality index
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Effects of Country of Residency and Language on LEBA
Scores

A Kruskal-Wallis test revealed significant differences in LEBA
factor scores across residency groups (Figure 1E): Factor 1 (x*(2)
= 11.30, p = 0.004), Factor 2 (¥%(2) = 194.71, p < 0.001),
Factor 3 (x*(2) = 433.10, p < 0.001), Factor 4 (¥*(2) = 85.71,
p < 0.001), and Factor 5 (¥%(2) = 265.58, p < 0.001). Post hoc
pairwise comparisons revealed notable differences: Malaysian
participants scored higher on Factors 1, 3, 4, and 5 than
Turkish residents and Turkish expatriates did, whereas Turkish
residents and Turkish expatriates scored higher on Factor 2 than
Malaysians did.

EFA of Turkish Light Exposure Behaviors

Using the 48 original LEBA items, Horn’s parallel analysis
indicated six components (Figure 1F). Iterative removal of items
with low or cross-loadings resulted in a final six-factor model
(Table 4). Factor loadings ranged from 0.33 to 0.96, with the six
new factors together accounting for 50% of the total variance
(0.11,0.10, 0.08, 0.08, 0.08, 0.06). Factor 1 (wearing blue light
filters) and Factor 2 (spending time outdoors) largely replicated
the original LEBA domains, although Factor 2 excluded items
06 and 09. Factor 3 (using a phone or a smartwatch in bed)
included items reflecting nighttime awakenings and screen
use, suggesting a broader “screen-in-bed” construct. In this
version, items 12-14 related to smartwatch use and phone
usage during night awakenings were replaced with an added

Table 4. Factor loadings for the EFA model (6-Factor model).

item (“I use my computer/laptop/tablet within 1 hour before
attempting to fall asleep”). Factor 4 (controlling environmental
light before bedtime) also aligned with the original structure
but incorporated the item “I use a blue-filter app on my
mobile phone screen within 1 hour before attempting to fall
asleep” instead of item 17, which referred to light use during
nighttime awakenings. Factor 5 (using light in the morning or
daytime) emerged with modifications, excluding items 22 and
23 on dawn simulation lamps and light exposure immediately
after waking, but adding two items on sunglass and visor use
while outdoors in bright daylight. Finally, a culturally specific
sixth factor emerged, representing behaviors not captured in
the original LEBA, indicating a potential context-dependent
dimension that warrants further investigation. This new factor
included items such as “I purposely leave a light on in my sleep
environment while sleeping,” “I use as little light as possible
when | get up during the night,” “I turn on the lights when |
get up during the night,” “I close curtains or blinds to prevent
light from entering the bedroom if | want to sleep,” “I turn
on my ceiling room light when it is light outside,” and “I use
an alarm with a dawn simulation light.” These items clustered
around a theme of managing artificial and natural light within
the sleep environment, reflecting culturally specific sleep-light
regulation behaviors.

2(‘)‘95t'°" Question Item no. PA1 PA2 PA3 PA4 PAS5 PAG6
32 I dim my mobile phone screen within 1 hour before LEBATS 0.68
attempting to fall asleep.
33 I dim my computer screen within 1 hour before LEBATS 0.73
attempting to fall asleep.
| use a blue-filter app on my mobile phone screen within 1 hour before
34 . 0.85
attempting to fall asleep.
35 | use a blue-filter app on my computer screen within LEBAT6 088
1 hour before attempting to fall asleep.
16 | wear k?lue-fllterlng, orange-tinted, and/or red-tinted LEBAOT 0.94
glasses indoors during the day.
17 | wear blue-filtering, 9range-t|nted, and/or red-tinted LEBAO2 0.83
glasses outdoors during the day.
| wear blue-filtering, orange-tinted, and/or red-tinted
36 glasses within 1 hour before attempting to fall asleep. LEBAO3 0.79
08 | spend 30 minutes or less per day (in total) outside. ' LEBAO4 -0.73
09 | spend be‘tween 30 minutes and 1 hour per day (in LEBAOS 0.55
total) outside.
11 | spend more than 3 hours per day (in total) outside. = LEBAO7 0.71
12 | spend as much time outside as possible. LEBAO8 0.69
37 | purposely leave a light on in my sleep environment while sleeping. 0.69
38 | use as little light as possible when | get up during LEBA17 0.67
the night.
39 I turn on the lights when | get up during the night. 0.55
03 I look at my mobile phone screen immediately after LEBAT1 0.70

waking up.
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Table 4. Continued.

g(‘){emm Question Item no. PA1 PA2  PA3 PA4  PAS PA6
27 L:ltz;n;i/"gotziléﬁ):;z:p\ivithin 1 hour before LEBAT0 0.96

28 | use my computer/laptop/tablet within 1 hour before attempting to fall asleep. 0.55

46 Lr:\i?ré:rrﬁiet“ghts to create a healthy light LEBA19 0.62
04 | use an alarm with a dawn simulation light. LEBA22 0.33

13 | use sunglasses when | go outside in bright daylight. 0.46
14 | wear a visor or cap when | go outside in bright daylight. 0.50
25 | use a desk lamp when | do focused work. LEBA21 0.39
26 | turn on my ceiling room light when it is light outside. 0.42

42 | close curtains or blinds to prevent light from entering the bedroom if | want to sleep. -0.50

45 I use LEDs to create a healthy light environment. LEBA20 0.48

Exploratory factor analysis was conducted using principal axis factoring with varimax rotation on a polychoric correlation matrix. PAT = F4: Controlling environmental
light before bedtime. PA2 = F1: Wearing blue light filters. PA3 = F2: Spending time outdoors. PA4 = New factor: Controlling light within the sleep environment. PAS = F3:
Using phone and smartwatch in bed. PA6 = F5: Using light in the morning and during daytime.

EFA: Exploratory factor analysis, PA: Principal axis

Discussion

The present study evaluated the validity, reliability, and cultural
adaptation of the LEBA for Turkish-speaking populations. To our
knowledge, this is the first study to examine the psychometric
properties of the LEBA in a Turkish context and explore potential
cross-cultural differences in light exposure behaviors. Overall,
the findings provide partial support for the Turkish version of
the LEBA as a useful tool while highlighting areas that may
require refinement.

The expert review results provided strong evidence for
content validity. Item-level and scale-level content validity
indices indicated that the translated items were relevant and
conceptually sound. However, one item related to the use of
dawn simulation alarms was identified during the cognitive
pretest as culturally problematic, reflecting limited familiarity
with such devices in Turkiye. This suggests that while the LEBA
captures a broad range of light exposure behaviors, certain
items may need sociocultural adaptation to ensure conceptual
clarity and applicability across diverse populations.

The CFA provided moderate support for the five-factor model
proposed in the original LEBA validation. The respecified model,
excluding items 05 and 06, demonstrated acceptable overall
fit. These items exhibited negative factor loadings, indicating
an inverse relationship with the intended latent construct.
Although reverse coding could statistically address this issue
when subscales are computed via summation, the persistent
negative loadings suggested potential conceptual ambiguity
rather than a simple scoring-direction artifact. Items 05 and 06
assess spending 0.5 to 3 hours outdoors and were designed
to capture greater daylight exposure. However, in the present
sample, the responses appeared to reflect perceptions of
insufficient time spent outdoors, implying that the items may
have been interpreted relative to subjective adequacy rather
than absolute duration. This pattern may stem from cultural

or contextual influences, including lifestyle differences, work-
study schedules, and varying normative expectations regarding
outdoor activity. Additionally, environmental factors such as
urban living conditions and seasonal daylight variability may
further affect item interpretation.

The internal consistency of Factor 5 (using light in the morning
or during daytime) was notably low. From a measurement
perspective, reduced reliability indicates increased measurement
error and diminished precision of subscale scores; therefore,
findings associated with this factor should be interpreted
with caution. Several factors may account for these results.
First, daytime light exposure behaviors are inherently context-
dependent and strongly influenced by external constraints,
including occupational schedules, commuting routines, and
seasonal variability, which may introduce substantial situational
noise. Second, the relatively young and student-dominated
sample may have exhibited restricted variability in behaviors
such as the use of desk lamps during focused work, attenuating
inter-item correlations. Third, certain items within this factor,
particularly those assessing the use of dawn simulation alarms
and tunable lighting systems, may reflect technologies that
are not yet widely adopted or culturally familiar in Turkiye,
thereby reducing response consistency. Additionally, behaviors
related to turning on lights immediately after waking may
be influenced by seasonal daylight availability, which may
be perceived as less critical at the latitudes represented in
the present sample. Cultural differences in the perception,
regulation, and prioritization of daytime light exposure, for
example, norms regarding sunlight exposure, indoor lighting
preferences, and the use of shading strategies, may have further
contributed to heterogeneity in item interpretation. Finally,
variability in participants’ awareness of circadian health and
attitudes toward light-related behavioral regulation may also
have influenced response patterns.
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Factor 1 (wearing blue light filters) distinguished individuals
with ocular problems and those who reported using glasses with
filtering features, providing initial evidence for the discriminant
validity of the LEBA. Employment status also emerged as a
significant correlate, with students and full-time employees
reporting greater engagement in several light-related behaviors
than unemployed participants did. These patterns support
that occupational demands and daily routines influence light
exposure behaviors and that the Turkish LEBA is a valid tool for
measuring them (19,20).

Consistent with prior literature linking light exposure to sleep
timing and quality, weak but significant associations emerged
between the LEBA subscales and PSQIl outcomes (21,22).
Notably, phone and smartwatch use in bed was associated with
poor sleep quality and delayed midsleep timing, supporting
evidence that evening screen exposure contributes to circadian
misalignment (23). Similarly, controlling environmental light
before bedtime was associated with daytime dysfunction,
suggesting that light-related behaviors may extend their
influence on daytime functioning (24). However, the effect sizes
were generally small, indicating that while the LEBA captures
meaningful behaviors, sleep quality is influenced by multiple
additional factors.

According to the original LEBA development study, the factorial
characteristics of light exposure behavior are the same for both
native and non-native English speakers (14). However, significant
differences in LEBA scores were observed across language
groups in this study. Malaysians scored higher on most factors,
except for Factor 2 (outdoor light exposure), in which both
Turkish groups scored higher and showed convergence. These
differences may reflect sociocultural norms that shape outdoor
activity preferences, potential linguistic or response biases in the
self-report instrument, or the possibility that the construct of
light exposure behavior is not entirely equivalent across cultures.
Moreover, in one study, correlations between LEBA items and
objective light exposure metrics emerged in Switzerland but
were absent in Malaysia, suggesting that subjective reports
of light exposure are influenced by cultural context and may
not directly correspond to objectively measured light exposure
(16). Previous literature also indicates that ethnicity may
modulate light sensitivity; for instance, greater light-induced
melatonin suppression has been observed in Caucasians than in
Asian participants, and lower nocturnal melatonin excretion has
been reported in African Americans than in European Americans
(25,26). Collectively, these results highlight the importance
of cross-cultural evaluation in understanding light exposure
behaviors.

Exploratory factor analysis of the broader 48-item pool revealed
a six-factor structure that differed from that of the original five-
factor LEBA model. The emergence of an additional factor in the
EFA does not necessarily contradict the CFA findings but rather
suggests that light-exposure-related behaviors may be organized
somewhat differently within this cultural context. Importantly,
the remaining five factors were thematically consistent with
the original LEBA framework, and the majority of the items
were retained. The most notable thematic deviations involved

the absence of smartwatch-related items and the inclusion
of behaviors related to wearing hats or sunglasses during
bright outdoor daytime conditions. These differences further
support the potential influence of contextual factors, such
as socioeconomic accessibility to wearable technologies and
seasonal daylight variability. From a practical standpoint, we
do not recommend replacing the theoretically grounded five-
factor LEBA structure with the exploratory six-factor solution
without replication in independent Turkish cohorts. Instead,
the EFA findings should be considered hypothesis-generating,
highlighting potential culture-sensitive behavioral dimensions
that warrant further investigation.

Notably, the new factors identified in the EFA clustered
around behaviors related to managing light within the
sleep environment, including leaving lights on during sleep,
controlling light exposure during nighttime awakenings, and
regulating the entry of external light via curtains or blinds.
This pattern may reflect sociocultural influences specific to
the Turkish context. Possible interpretations include culturally
shaped norms regarding privacy within the home, security-
related behaviors, comfort-seeking strategies, fear or avoidance
of darkness, and household practices concerning energy
use. Additionally, variability in awareness of circadian health
and attitudes toward light-related behavioral regulation may
contribute to these response patterns. The identification of
this factor suggests that sleep-environment light management
may represent a meaningful, context-dependent behavioral
construct not fully captured by the original LEBA framework.
Satellite-based high-resolution analyses have revealed an
increase in the total luminous energy emitted from Turkiye
into space in recent years (27-29). Given that Turkiye is
among the countries at heightened risk for nocturnal light
pollution and a high incidence of sleep disorders, it is
crucial to identify culturally specific dimensions and adapt
standardized assessment tools accordingly (30). In clinical and
public health contexts, the Turkish version of the LEBA may
serve as a valuable instrument for detecting maladaptive light
exposure patterns, informing interventions to improve sleep
and circadian health, and supporting research on light-related
risks for public health (9).

Study Limitations

Several limitations should be acknowledged. First, the sample
included relatively young individuals, most of which were
students; thus, the generalizability of the findings may be
limited, particularly to older adults. Age-related differences
in lifestyle, occupational demands, sleep patterns, and light
exposure behaviors may influence responses to the LEBA, and
future studies should include more age-diverse samples. Second,
reliance on self-report measures introduces the possibility of
recall and social desirability bias. Test-retest reliability was
not examined. Integrating objective light exposure measures,
such as actigraphy with light sensors, would strengthen the
evidence of validity. Although the data were collected from
three different regions in Tirkiye, they may not fully reflect the
cultural diversity of light-related practices across the country.
Replication in independent samples is necessary to confirm the
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stability of the factor structure. Additionally, external data from
Malaysia were collected via an 18-item LEBA, which differed
from the version applied in this study.

Conclusions

In summary, the Turkish version of the LEBA demonstrated
strong content validity, acceptable factorial validity, and
adequate overall reliability. The subscale “Using light in the
morning or during daytime” showed low reliability and
should therefore be interpreted cautiously. The second factor,
“Spending time outdoors,” should be calculated excluding
specified items. The emergence of a culturally specific factor
structure underscores the importance of cultural adaptation in
LEBA. We do not recommend adopting an exploratory six-factor
structure without replication in independent samples; however,
the collection of an additional question on lighting preferences
during sleep could be beneficial in Tirkiye. Associations with
sleep and health outcomes provide preliminary evidence
for construct validity and highlight the importance of light
exposure in sleep and circadian health. The Turkish LEBA
represents a promising tool for advancing research and practice
in circadian public health.
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