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Development and Investigation into the Psychometric
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Abstract

Objective: A unique and comprehensive self-report scale to help assess sleep
in Turkish is needed. This study aimed to develop the Troy Sleep Scale (TSS)
and perform validity and reliability analyses.

Materials and Methods: The study was conducted with 494 medical
students and residents. The psychometric properties of the devised scale were
evaluated through exploratory and confirmatory factor analyses, Cronbach’s
alpha and McDonald’s omega reliability evaluations, and item analyses based
on both classical test theory and item response theory (IRT). The reliability
assessment of the TSS was carried out through test-retest, and criterion-
referenced validity was employed to provide additional validation.

Results: The TSS consists of 11 items with a 3-factor structure with eigenvalues
greater than 2. The factors provided information about (I) dysfunction due
to sleep problems, (ll) affective symptoms due to sleep problems, and (lIl)
sleep quality. The reliability levels of all three sub-factors and overall scale
scores were 0.82 and above. The test-retest reliability level had a correlation
value of >0.80. The item analyses conducted in line with the IRT proved that
the scale items provided a high level of information and functioned together
with the answer set. The correlation between the TSS and the Pittsburgh
Sleep Quality Index was analyzed for criterion-referenced validity, yielding a
correlation of 0.73.

Conclusion: The psychometric properties of the TSS indicated that it was
valid and reliable, making it suitable for use as a screening test for individuals
with sleep-related complaints.
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Amag: Tirkge'de uykuyu degerlendirmeye yardimci olacak 6zgiin ve kapsamli
bir 6z bildirim 6lcegine ihtiyac vardir. Bu calismanin amaci, Troya Uyku
Olcegini (TUO) gelistirmek, gecerlilik ve giivenilirlik analizlerini yapmaktr.
Gere¢ ve Yontem: Calisma 494 tip Ogrencisi ve asistan hekim ile
yurGtilmistir.  Gelistirilen 6lcegin  psikometrik  6zellikleri, agimlayici ve
dogrulayici faktor analizleri, Cronbach alfa ve McDonald’s omega givenilirlik
degerlendirmeleri ve hem klasik test teorisi hem de madde tepki teorisine
(MTK) dayali madde analizleri ile degerlendirilmistir. TUO’nin giivenilirlik
degerlendirmesi test-tekrar test yoluyla gerceklestiriimis ve ek dogrulama
saglamak icin olciit referansh gecerlilik kullanilmustir.

Bulgular: TUQO, 6zdegeri 2'den biiyiik ¢ faktorlii bir yapiya sahip 11
maddeden olusmaktadir. Faktorler, (1) uyku sorunlarina bagl islev bozuklugu,
(Il) uyku sorunlarina bagh duygudurumu belirtileri ve (lll) uyku kalitesi
hakkinda bilgi sunmaktadir. Her (i¢ alt faktoriin ve genel lcek puanlarinin
guvenilirlik dizeyleri 0,82 ve tizerindedir. Test-tekrar test giivenirlik diizeyi
>0,80 korelasyon degerine sahiptir. MTK dogrultusunda yapilan madde
analizleri, 6lcek maddelerinin yiiksek diizeyde bilgi sagladigini ve cevap seti ile
birlikte islev gérdiigiinii kanitlamistir. TUQ ile Pittsburgh Uyku Kalitesi indeksi
arasindaki korelasyon, olgiit referansh gecerlilik icin analiz edilmis ve 0,73lik
bir korelasyon elde edilmistir.

Sonug: TUO'niin psikometrik 6zellikleri, gecerli ve giivenilir oldugunu ve
uyku ile ilgili yakinmalari olan bireyler icin bir tarama testi olarak kullaniimaya
uygun oldugunu gostermistir.

Anahtar Kelimeler: Uyku, uyku bozuklugu, olcek gelistirme, Tiirkce olcek,
gecerlik, guivenirlik
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Introduction

Sleep is a fundamental requirement for human life. Regular
and consistent sleep is crucial for maintaining overall health
and well-being. Sleep is a dynamic process involving intricate
neurochemical activity characterized by periodic transitions
between different sleep stages. The structure and duration of
sleep are influenced by various factors such as age and genetic
predisposition.' Insomnia, acommon symptom, often disappears
when the underlying cause is addressed. Chronic insomnia
is believed to affect approximately 10% of the population.??
Insomnia is generally defined as the inability to initiate and
maintain sleep which impairs sleep quality and integrity despite
favorable conditions.* The negative impact of poor sleep quality
is evident during the day, causing disability, impairment of
cognitive and emotional functions, and behavioral problems.
Sleep deprivation and fatigue often lead to daytime sleepiness,
mood disturbances, attention and memory impairment, and an
increased likelihood of accidents and errors.® Sleep problems
are a common health problem in university students, insomnia
is seen at a higher rate than in the general population in
systemic reviews (18.5% vs. 7.5%), and sleep problems
cause medical problems and stress in students and negatively
affect their academic performance.®® According to subjective
experiences, sleep quality can be defined as satisfaction with the
previous night’s sleep and satisfactory wakefulness the next day.
However, when subjective sleep experiences and evaluations
cannot be measured or expressed numerically, they only have
descriptive features. Scientific research can be conducted using
numerical data obtained with valid and reliable measurement
tools, and measurements made with sensitive measurement
tools make the research valuable. For this purpose, scales
facilitate the measurement of variable characteristics and
determine the quality of the results.’® Objective measurements
such as polysomnography and actigraphy are costly and
challenging for patients with sleep-related complaints. Self-
report methods, such as sleep diaries, sleep recording, and sleep
scales, are commonly used to assess sleep quality, although they
do not offer information about sleep structure. These methods
attempt to gauge both the quantitative and qualitative aspects
of sleep. The components and importance of sleep quality differ
among individuals. Therefore, a self-report-based assessment
is necessary to measure sleep quality.'? In addition, self-report
scales have many advantages, such as being inexpensive,
practical, and quick to administer. Many scales have been
developed to assess sleep problems and are used in Tirkiye
(see review).” Most scales for sleep problems originate from
abroad, and Turkish validity and reliability studies have been
conducted.”™" In Tlrkiye, there is a need for a local and
comprehensive self-report scale to help distinguish individuals
with sleep problems from healthy individuals and to determine
sleep problems qualitatively and quantitatively. Therefore, this
study aimed to develop a comprehensive and reliable self-report
scale, the Troy Sleep Scale (TSS), to assess adult sleep quality.

Materials and Methods

Participants

The study was conducted between January 2022 and August
2022 with students studying at the Canakkale Onsekiz Mart
University Faculty of Medicine during the 2021-2022 academic
year. The data were obtained from 494 medical students.
The mean age of the students was 21.4+3.0 years. Of the
participating students, 181 (36.6%) were male and 313
(63.4%) were female. Eighty-seven (17.6%) were class 1.144
(29.1%) were class 2.63 (12.8%) were class 3.40 (8.1%) were
class 4.94 (19%) were class 5.35 (7.1%) were class 6 (intern
doctors), and 31 (6.3%) were residents. Data from 494 medical
students were randomly divided into two groups. Hair et al.?°
stated that exploratory factor analysis (EFA) results should be
validated in a split sample from the original dataset or a separate
sample obtained with a new application. The larger group
comprised approximately 59% of the data (n=289) and was
utilized for EFA, Cronbach’s alpha, and McDonald’s reliability
coefficient calculations. The remaining 197 medical students’
data were employed for confirmatory factor analysis (CFA). All
494 students’ data were utilized for item response theory (IRT).

Process

Drafting of the Troy Sleep Scale

The TSS draft form was prepared as follows: (I) The scale aimed
to evaluate adult sleep. (Il) It was decided to use 5-degree
Likert-type items (never, rarely, sometimes, most of the time,
and always) as the answer set for the scale. Studies show that
the options for the 5-point Likert structure work well.2" (Ill) A
literature review was conducted on scales assessing sleep, and
candidate items were created by reviewing the relevant scales.
(IV) The candidate item pool was presented to four expert
psychiatrists working on sleep and one expert academician for
measurement and evaluation. The experts kept items deemed
appropriate on the trial form and removed those deemed
inappropriate. While there were 29 items in the item pool,
23 remained after expert evaluation. (V) For Turkish language
comprehensibility and plain expression, the opinion of an
expert in Turkish was considered. The Turkish language expert
evaluated the remaining 23 items and suggested ensuring
more straightforward expressions. The items were revised in
line with the recommendations of the linguist. Following the
abovementioned process, a draft trial form consisting of 23
Likert-type items with a 5-point response set was obtained. Ten
students participated in a pilot study using the draft form. This
pilot study evaluated whether the scale items and expressions
were understandable for the target group. The pilot study
showed that the items and expressions were understandable.

Several scales have been developed to evaluate sleep quality,
with the Pittsburgh Sleep Quality Index (PSQI) being the most
commonly used.?? The PSQI, which comprises 19 questions
and seven dimensions, assesses subjective sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbance,
sleep medication use, and daytime dysfunction. A validity and
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reliability study of the PSQI was conducted by Agargiin et al.™
in Turkiye, highlighting potential limitations of the scale, such
as subjective interpretations affecting scores for dimensions like
sleep duration, latency, and efficiency. In this study, the PSQI
was administered to all participants.

After the Development of the Draft Scale

The research was completed as follows. The approval of
Canakkale Onsekiz Mart University Clinical Research Ethics
Committee (approval number: 2021-07, date: 20.10.2021) was
obtained. Before the study, a consent form was obtained from
all participants, indicating their agreement to participate. A draft
form of the TSS was also prepared, and a trial application was
carried out to obtain validity and reliability evidence of the scale.
The trial applications were conducted face-to-face. To assess
the validity of the TSS, item-total correlations were examined
based on the classical test theory (CTT), which constructs
validity within the scope of factor analysis and CFA. The scale’s
validity was further assessed through item discrimination and
difficulty levels, item characteristic curves, and item and test
information functions based on the IRT. The scale’s reliability
was examined using Cronbach’s alpha internal consistency
coefficient, McDonald’s composite reliability coefficient, and
marginal reliability coefficients.

Statistical Analysis

Data File Preparation Phase

The study involved analyzing forms completed by participants.
It was observed that all data were present on the participant’s
forms. The data were subsequently transferred to JAMOVI and
R statistical software. The “mvn” package of R was utilized
to examine the multivariate normal distribution of the 23
items using the “henze-zirkler,” “mardia,” and “doornik-
hansen” methods.?? The Kaiser-Meyer-Olkin (KMO) test and
Bartlett’s test of sphericity were employed to analyze the
data. The KMO value was interpreted based on the reference
values provided. Specifically, values above 0.89 (0.90 to 1.00)
were considered “excellent,” values between 0.80 and 0.89
were deemed “good,” values between 0.70 and 0.79 were
labeled “acceptable,” values between 0.60 and 0.69 were
categorized as “moderate,” values between 0.50 and 0.59 were
classified as “low level,” and values below 0.50 were deemed
“unacceptable”.?* In Bartlett’s test of sphericity, the hypothesis
Ho was evaluated to determine whether the correlation matrix
was a unit matrix, indicating the absence of relationships
between the items.

Factor Identification with Exploratory Factor Analysis (EFA)

Factor analyses were performed utilizing the principal axis
factoring (PAF) methodology. PAF analyzes the shared variance
among the measures instead of the error sources unique to
each one. PAF commonly used in social and behavioral science
research, models the shared variance in a series of X-measures.?
In determining the number of EFA factors, the reference value
of “eigenvalue” was accepted as “1”. A meaningful discussion
in EFA involves assessing the extent to which the total variance
(variability) of the characteristic being measured through the
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scale is explained. The structure obtained from factor analysis is
based on Hair et al.?° who states that in social sciences, where
information is generally less precise, a solution that explains
60% of the total variance is acceptable. Warner® suggests that
the acceptable limits are between 40% and 70%. In interpreting
the factor structure, the minimum values for factor loading
should be between £ 0.30 and + 0.40. A factor-loading value
of £ 0.50 is important, while £ 0.70 and above is indicative of a
well-defined structure.?

Determination of Reliability

Cronbach’s alpha, McDonald’s omega, and marginal reliability
coefficients were used to determine the scale’s reliability. A test-
retest application was performed to determine the reliability
level. Sixty-six participants were administered the scale again
one month later. The level of consistency was examined using
a correlation analysis between the scores of the first and
last applications. The test-retest administration assessed the
consistency of the measurement tool, whether it gave stable
results over time, and provided evidence of reliability. Adequate
reliability should be 0.70 and above, according to Nunnally and
Bernstein?®.

Confirmatory Factor Analysis (CFA)

In CFA analysis, the degree of model fit is important. By
looking at the fit values, the suitability of the model can be
determined. The literature suggests that reference values for fit
indexes determined for CFA are acceptable for 0.05< root mean
square error of approximation (RMSEA) <0.08 and excellent for
0>RMSEA<0.05; a good fit for a Tucker-Lewis Index (TLI) is 0.95
and above; and an acceptable fit for a Comparative Fit Index
(CFI) is 2< X?/standard deviation (SD)< 5 and a good fit is 0>X?/
SD< 2.27-34

Data Analyses with Item Response Theory (IRT)

IRT-based measurement tools offer several advantages, including
the independence of item parameters and group characteristics.
Additionally, IRT allows for unique standard error estimates
for each participant. In IRT analyses, item parameters are
independent of the participant group, and group characteristics
are independent of the item sample.’® Furthermore, standard
errors can be estimated separately by analyzing the test results
for each respondent. In this context, a standard framework
for evaluating their ability according to IRT can be revealed,
even if the respondents are tested with different questions.?
The validity and reliability analyses using the IRT should
include an examination of the unidimensionality and local
independence assumptions.*® Unidimensionality requires that
only one characteristic is assessed (the relevant items of the
measurement tool are only for one characteristic), which
affects the performance of individuals on the measurement
tool.” An item correlation matrix or EFA can be used to
assess unidimensionality. This study used EFA to analyze
unidimensionality, as explained in detail in the results section.
According to the EFA results, the TSS had three subdimensions.
In this case, each factor was accepted as unidimensional
separately, and IRT analyses were performed accordingly. The
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assumption of local independence was tested using the Q3
statistic®, and IRT calibrations were performed using the “Mirt
v.1.30” package within the R v.4.1.2 program.** In the IRT, the
discrimination value of an ideal scale item (i.e., “a” parameter)
should be between 0.5 and 2. The parameter is generally
within the acceptable range of 0.75 to 2.50 in the literature.®
The ideal (medium difficulty level) limits for item difficulty
levels (i.e., “b” parameter) are accepted between -1.00 and
1.00. In aptitude or achievement tests, items with difficulty
levels lower than -1.00 are considered easy, while items with
difficulty levels higher than 1.00 are considered difficult.*? The
item information function is a graphical representation that
illustrates the range of the trait (the trait being measured on the
scale) in which the item best distinguishes individuals taking the
measurement tool.*?

Results

Classical Test Theory Validity Evidence of the Troy Sleep
Scale

Construct Validity (EFA)

The normal distribution of the 23 items on the scale was
analyzed. Multivariate normal distribution examination revealed
a multivariate normal distribution (p>0.05). The KMO value was
calculated as 0.89. Bartlett’s sphericity test value was calculated
as 2040, and the result was significant (df=55, p<0.05). As
explained in the data analysis section, these results demonstrate
that the data are suitable for factor analysis. PAF was adopted
for the EFA. According to the data of the 23 items in the EFA
data file, item-total correlation values and factor analysis input
loadings were analyzed. Twelve items (3, 4, 6, 7, 8, 10, 11,
12,17, 18, 19, and 20) with initial, extraction, and item-total
correlation values below 0.30 were identified. These items were
removed from the scale. The results are presented in Table
1. The initial, extraction, and corrected item-total correlation
values of the remaining 11 items on the TSS were between
0.45 and 0.79. As explained in the data analysis section, these
values are within the ranges recommended in the literature
for EFA. Eigenvalue and scree plot analyses were performed

to determine the number of factors the TSS showed with the
remaining 11 items. According to the eigenvalue data, these
three factors had values greater than 1. The eigenvalue of the
first factor was 2.66, and the explained variance was 24.2%.
The eigenvalue of the second factor was 2.38, and the variance
explained by it was 21.7%. The eigenvalue of the third factor
was 2.24, and the explained variance was 20.4%. Together,
the three factors explain 66.2% of sleep features. As described
in the Data Analysis section, this value has been accepted in
the literature. The scree plot obtained from the TSS confirmed
a three-factor structure (Figure 1). The scree plot shows that
the TSS had three factors, all of which had eigenvalues greater
than 1. Based on these results, the scale was determined to
have a three-factor structure. Axis rotation was performed to
determine the factors in which the 11 items of the TSS were
located. As three factors were determined to be related, oblimin
rotation was performed. The items for these factors are listed in
Table 2. Four items were grouped under factor 1, three under
factor 2, and four under factor 3. After the rotation process, the
factor load values ranged from 0.44 to 0.97. The items under
these factors were analyzed, and the factors were named.
Factor 1 consisted of the 9%, 14" 15" and 16" items and was
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Figure 1. Scree plot obtained from Troy Sleep Scale data in
exploratory factor analysis

Table 1. EFA initial loadings and item-total correlations

Item Initial Extraction Corrected item-total correlation
1 0.68 0.77 0.71
2 0.58 0.58 0.58
5 0.49 0.50 0.46
9 0.46 0.45 0.63
13 0.50 0.52 0.65
14 0.63 0.64 0.76
15 0.72 0.61 0.74
16 0.76 0.70 0.79
21 0.63 0.66 0.66
22 0.68 0.68 0.68
23 0.62 0.65 0.69
EFA: Exploratory factor analysis
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named Dysfunction Due to Sleep Disorder (DSD) (minimum 4,
maximum 20 points). Factor 2 consisted of items 21, 22, and
23 and was labeled Affective Symptoms Due to Sleep Disorder
(ASD) (minimum 3, maximum 15 points). Factor 3 consisted
of items 1, 2, 5, and 13 and was called sleep quality (SQ)
(minimum 4, maximum 20 points). No reverse-scored items
were used for these factors.

Construct Validity (CFA)

The analyses revealed a 3-factor structure for the TSS, which
consisted of 11 Likert-type items. The accuracy of this structure
was analyzed using CFA. The diagram obtained from the analysis
of the CFA data file is shown in Figure 2. When the diagram
obtained from the CFA was examined, the 5" item under the 3
factor had the lowest correlation (0.52). The highest correlation
value was the 22nd item under the 2nd factor. As a result of the
CFA, the fit indices were calculated as X?/sd=1.98, CFI=0.98,
TLI=0.97, SRMR=0.04, and RMSEA=0.06. In the DFA analysis,
a covariance link was established by modifying the error terms
of items 1-2 and 15-16. In this case, a correlation between the
error terms of items 1 and 2 as well as 15 and 16 was accepted.
Creating a covariance modification between the unknown parts

of these items also showed that there were some semantic links
between the items.

Reliability of Troy Sleep Scale

The reliability of the TSS was analyzed using Cronbach’s alpha,
McDonald’s omega, and the marginal reliability coefficients.
The 11 items were subjected to reliability analyses as a single-
factor scale with three separate factors. Cronbach’s alpha
reliability value of the first factor was 0.89, McDonald’s omega
reliability value was 0.89, and the marginal reliability value was
0.88. The Cronbach’s alpha reliability value of the second factor
was 0.88, the McDonald’s omega reliability value was 0.89,
and the marginal reliability value was 0.86. The Cronbach’s
alpha reliability value of the third factor was 0.82, McDonald’s
omega reliability value was 0.83, and the marginal reliability
value was 0.89. The Cronbach’s alpha reliability value of the TSS
was 0.91 and the McDonald’s omega reliability value was 0.92.
The values obtained from the analyses of the reliability levels of
the scale are 0.70 and above and had sufficient reliability.'> A
test-retest procedure was performed to determine the reliability
level. Sixty-six participants were administered the scale again
one month later. The level of consistency was examined by

Table 2. Factors and items in the factors after oblimin rotation
tems Factors
1 2 3
15 The sleep problem | experience at night prevents me from doing my work during the day. 0.972
16 My night-time sleep problems impair my daytime functioning. 0.811
9 | cannot focus on my work during the day due to insomnia at night. 0.525
14 | suffer from forgetfulness during the day due to sleep problems at night. 0.519
22 | am constantly nervous and irritable due to sleep problems. 0.967
21 My tolerance for people is decreasing due to sleep problems. 0.771
23 I’'m easily depressed because of the sleep problems I've been having. 0.714
1 I have trouble falling asleep at night. 0.890
2 | spend much time in bed at night until | fall asleep. 0.870
13 | have anxiety about not being able to sleep when | go to bed. 0.479
5 If I wake up at night, | find it difficult to fall asleep again. 0.440
Factor 1: DSD: Dysfunction due to sleep disturbance, Factor 2: ASD: Affective symptoms due to sleep disturbance, Factor 3: SQ: Sleep quality

@.51 @.36 @ 33 43 o 24 @_29

@ 9 &Y & §-
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26

ltem14 ltem15 ltem16
1.9 2.1 2.1

Iltem21
2.1

Item5
2.3

Item2
2.9

Item1
2.7

Item22 Item23 Iltem13
2.2 2 1.7

Figure 2. Confirmatory factor analysis diagram of the 3-factor structure of the Troy Sleep Scale
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comparing the scores of the test and retest administrations. Table
3 presents the correlation results. The first-factor correlation of
the scale, which was administered to 66 participants with an
interval of one month and whose structure was discovered
according to EFA, was 0.81, the second-factor correlation was
0.80, and the third-factor correlation was 0.86. For the 11-item
total score, the correlation between the data from the first and
second administration was analyzed, and a correlation value of
0.88 was obtained. The correlation values obtained correspond
to high reliability.

Validity Evidence for the Troy Sleep Scale

Factor 1 IRT Validity Evidence

IRT analyses were conducted using data from 494 students.
The generalized partial credit model (GPCM) calibrated the IRT
factor item. The GPCM calculated S\_y? (degrees of freedom),
RMSEA, level of significance, “a” (item discrimination) and
“b” (item difficulty) parameters, and standard errors for each
item separately (Table 4). According to the GPCM, the RMSEA

threshold value for acceptable item fit is 0.08. With a value
below this threshold, an item is considered to fit the model. The
item fit statistics revealed that all items had RMSEA values below
0.05, indicating that the provided model fit according to the
GPCM. The discrimination value, or “a” parameter, of an ideal
scale item in IRT should be between 0.5 and 2. In the literature,
the range for this parameter is between 0.75 and 2.50, which
is considered acceptable. Based on the GPCM estimations
(Log-likelihood, p<0.05), the compatibility of the items was
confirmed. The item characteristic curves depicted that Items 9,
14, 15, and 16 worked well with their options in the response
set. The item information function is a graphical representation
that illustrates the range of the feature measured in the scale.
The higher the peak of the curve in the item information
function, the more information an item provides. Items 15 and
16 in Factor 1 were the most informative, while Item 9 provided
relatively less information than the other items.

Factor 2 IRT Validity Evidence
According to the item fit statistics, all the items’ RMSEA values

Table 3. Correlation level between initial and final administration of Troy Sleep Scale

Scale/ factors n r p

Factor 1 Test* factor 1 retest administrations 66 0.808 <0.001

Factor 2 Test* factor 1 retest administrations 66 0.804 <0.001

Factor 3 Test* factor 1 retest administrations 66 0.860 <0.001

Whole Scale Test* Whole Scale retest administrations 66 0.878 <0.001

Table 4. Item parameters based on the GPCM for Factors 1, 2, and 3

Factor 1

'rfjm a (SE) b1 (SE) b2 (SE) b3 (SE) b4 (SE) S X df RMSEA
9 1.475 (0.144) -1.361 (0.130) -0.189 (0.096) 1.161 (1.120) 2.767 (0.279) 18.308 12 0.033
14 1.646 (0.168) 0.014 (0.093) 0.629 (0.103) 1.491 (0.144) 2.293 (0.241) 17.196 13 0.026
15 4.856 (0.643) -0.518 (0.064) 0.471 (0.062) 1.311 (0.084) 2.361 (0.173) 14.418 9 0.035
16 4.884 (0.656) -0.681 (0.067) 0.323 (0.061) 1.114 (0.077) 2.008 (0.131) 14.823 7 0.048
Iteration=22 Log-likelihood: -2111.636 p<0.05

Factor 2

'rfgm a (SE) b1 (SE) b2 (SE) b3 (SE) b4 (SE) S X df RMSEA
21 2.809 (0.333) -0.76 (0.079) 0.214 (0.072) 0.837 (0.082) 1.897 (0.140) 6.126 4 0.033
22 5.072 (0.846) -0.499 (0.064) 0.375 (0.061) 1.214 (0.082) 2.030 (0.137) 8.243 0.046
23 2.165 (0.230) -0.668 (0.086) 0.156 (0.080) 1.049 (0.100) 1.893 (0.158) 5.790 5 0.018
Iteration=100 Log-likelihood: -1711.795 p<0.05

Factor 3

:;‘g’“ a (SE) b1 (SE) b2 (SE) b3 (SE) b4 (SE) s X df RMSEA
1 7.027 (1.968) -1.479 (0.092) -0.254 (0.058) 0.534 (0.061) 1.457 (0.089) 14.594 11 0.026
2 2.527 (0.303) -1.766 (0.127) -0.448 (0.078) 0.160 (0.075) 1.401 (0.106) 22.659 13 0.039
5 0.476 (0.062) -1.694 (0.308) 0.960 (0.281) 1.275 (0.325) 4.106 (0.695) 31.338 24 0.025
13 1.197 (0.132) 0.199 (0.118) 0.829 (0.139) 1.560 (0.197) 1.695 (0.249) 35.134 17 0.047
Iteration=26 Log-likelihood: -2417.189 p<0.05

SE: Standart error, RMSEA: Root mean square error of approximation, GPCM: Generalized partial credit model

57



Akinci et al.
Development of the Troy Sleep Scale

were less than 0.05. Based on this result, it was determined that
the three items of Factor 2 provided an adequate fit according
to the generalizability theory (GPCM). The discrimination levels
of Iltems 21 and 23 were optimal. The estimations based on the
GPCM (Log-likelihood ratio, p<0.05) confirmed the fit of the
items. The item characteristic curves revealed that all options
for items 21, 22, and 23 were functional. Upon analyzing the
item information functions of Factor 2 items, it was found that
Item 22 was the most informative. Item 23 provided relatively
less information than the other items (Table 4).

Factor 3 IRT Validity Evidence

Furthermore, the RMSEA values for all the items in Factor 3 were
also less than 0.05. Consequently, it was concluded that the
four items of Factor 3 provided an adequate fit according to the
GPCM. Items 2, 5, and 13 discrimination levels for Factor 3 were
ideal. The GPCM (Log-likelihood ratio, p<0.05) demonstrated
the fit of the measurement tool items. The item characteristic
curve of Item 13 revealed that the “most of the time” option
was less effective than the other options. The remaining items
functioned effectively with their respective options. Upon
analyzing the item information functions of Factor 3 items, it
was observed that Items 1, 2, and 5 were the most informative.
Item 13 provided relatively less information than the other
items (Table 4).

Concurrent Validity

The correlation between the scores obtained by the participants
from the sleep assessment scale developed in this study and the
scores obtained by the same participants from the PSQI was
0.73. In line with these results, the obtained correlation value
corresponded to a robust and high-level correlation.**#¢ In this
case, the concurrent validity level of the sleep assessment scale
developed in this study was high. The Turkish form of the TSS
is presented in Appendix 1.

Discussion

In this study, the TSS scale was developed to assess subjective
sleep problems and their consequences and its psychometric
properties were analyzed. The results showed that this scale is
valid and reliable for medical students in the Turkish population.
The 5-point Likert scale consists of 11 items, and the construct
validity analyses in the study showed that the scale had 3
factors. When the factors were analyzed, it was determined that
the items of the first factor were related to “DSD” the items
of the second factor were related to “ASD” and the items of
the third factor was related to “ (SQ; problems with initiating
and maintaining sleep)”. The CFA confirmed this structure. In
addition, to evaluate its criterion-based validity, its correlation
with the PSQI, accepted as the gold standard in the assessment
of sleep quality, was examined, and a strong correlation was
found. The reliability value was calculated for all scale items,
and the test-retest reliability value was also high. To evaluate
the structural validity, EFA indicated that the scale had three
factors, and this three-factor structure explained 66% of the
total variance. The KMO and Bartlett’s sphericity test values
were significant in EFA. The initial, subtracted, and corrected
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item-total values of the final 11 items in the TSS were between
0.45 and 0.79. These values are within acceptable limits when
compared to other scales such as the PSQI, Athens Insomnia
Scale, and Jenkins Sleep Scale.*”** Subsequent CFA supported
this three-factor structure. The literature shows these fit indices
confirm this structure.?’:28303234 |nternal reliability results were
similar to or better than the PSQI, Athens Insomnia Scale, and
Jenkins Sleep Scale scores. When the test-retest correlation for
the TSS was analyzed as another reliability indicator, a high
correlation level was observed. Criterion-based validity analysis
of the TSS was performed by examining its correlation with
the PSQI scores, which are accepted as the gold standard for
sleep. The results showed a strong correlation between the TSS
and the PSQI. The present findings demonstrated the potential
utility of a three-dimensional assessment of sleep disturbance by
scoring three factors of the TSS rather than a single sleep quality
index. Notably, the sleep efficiency, perceived sleep quality, and
daily disturbance subscales of the PSQI’s three-factor validation
study were similar to those of the TSS.*° Three-Factor Scale
has the advantage of obtaining various assessments of sleep
problems on a single scale. More information on the type and
nature of sleep problems may be necessary to guide treatment
choices. Despite these advantages, caution is advised when
generalizing these findings, as they were obtained using only a
young non-clinical population. It is also vital to recognize that
these three factors may help to differentiate between those with
and without sleep disorders. Sleep-related dysfunction, one
of the factors on the TSS, is present in individuals with sleep
disorders.>' Sleep quality is closely related to an individual’s
physical, cognitive, or emotional functionality.’>%* Sleep quality
also affects cognitive areas, such as attention and memory
(related to functionality).>* In addition, quality of life, which
is related to functionality, has been reported to be related to
sleep quality.® There is a bidirectional relationship between
mood and sleep disorders; sleep and symptoms are included
in the diagnostic criteria for mood disorders, and sleep
disorders are risk factors for the emergence and recurrence
of depression.*® Taken together, sleep disturbances are closely
related to mood symptoms and functioning beyond sleep
initiation, maintenance, and adequate sleep duration, and this
has made this sleep scale helpful. The findings of this study
should be evaluated considering its limitations. First, since it
was conducted with university students and residents, it is
not representative of the general population because it was
administered to a limited age group. Second, this study was
conducted on individuals with self-efficacy. This may limit the
ability to determine the validity of these results in a broader
population. Third, the scale was not administered to a clinical
sample; it must be investigated for sleep disturbances due to
mental disorders or other medical illnesses. Fourth, using PSQI
as the only scale for concurrent validity is another weakness of
the study. Despite these limitations, the study also has strengths.
The fact that the scale was prepared considering Turkish culture
and language features increased the comprehensibility of the
scale. To our knowledge, a scale related to sleep in Turkish
has not been developed before. In addition, the fact that IRT
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analysis was performed while developing the scale is another
strength of this study.

Conclusion

In conclusion, our research demonstrated that the TSS is a
valid and dependable instrument for assessing sleep. This newly
devised scale exhibited desirable properties, including self-
administration, internal consistency, reliability, and construct
validity, in a sample of university students. Consequently, it is
a sound psychometric measurement tool for medical student
populations. However, future studies are necessary to evaluate
the scale’s psychometric properties across various age groups,
such as adolescents and the elderly, as well as in clinical samples
with sleep disorders.
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Appendix 1. English Forms of Troy Sleep Scale

The Troy Sleep Scale (English form)*

Answer the following questions taking into account your sleep habits in the last 1 (ONE) month:
1: Never

2: Rarely

3: Sometimes

4: Most of the time

5: Always

Item no. Items Mm@ & [®» (G
1 The sleep problem | experience at night prevents me from doing my work during the day.
2 My night-time sleep problems impair my daytime functioning.

3 | cannot focus on my work during the day due to insomnia at night.

4 | suffer from forgetfulness during the day due to sleep problems at night.

5 | am constantly nervous and irritable due to sleep problems.

6 My tolerance for people is decreasing due to sleep problems.

7 I’'m easily depressed because of the sleep problems I've been having.

8 | have trouble falling asleep at night.

9 | spend much time in bed at night until | fall asleep.

10 | have anxiety about not being able to sleep when | go to bed.

11 If I wake up at night, | find it difficult to fall asleep again.

*The Troy Sleep Scale was developed in Turkish. English translations of the scale items are given for international readers to understand, but they should not be
considered an English cultural adaptation
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