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Abstract
Purpose  The Glasgow Sleep Effort Scale was developed with the aim of measuring sleep effort. The present study evalu-
ates the psychometric properties of the European Portuguese version of the scale through classical test theory (specifically 
confirmatory factor analysis), item response theory, and network analysis.
Methods  It was used an existing database comprising a community sample of 227 Portuguese adults, aged 20–74 (M = 42.99; 
SD = 12.44) years old, comprising 49.8% women and 50.2% men.
Results  In confirmatory factor analysis, a well-adjusted to data one-factor model was identified, with sleep effort as the single 
factor. Item response theory analysis indicated an adequate performance of all items and satisfactory coverage of the latent 
trait, with items 3 (a = 3.37), 4 (a = 3.18), and 6 (a = 3.02) as the most discriminative ones. Considering network analysis, 
items 4 and 7 presented the strongest edge weight (.48). Item 1 was displayed at the centre of the networks and accounted 
for the largest number of connections with the remaining items.
Conclusion  The results suggest that the Glasgow Sleep Effort Scale is a reliable measure, comprising highly discriminative 
items with good centrality indices.

Keywords  Sleep effort · Psychometrics · Classical test theory · Item response theory · Network analysis

1  Introduction

Insomnia is generally considered the most common sleep 
disorder, and one of the mental health disorders with higher 
prevalence rates. As a chronic and clinically significant 

disorder, its prevalence is approximately 10%, but nearly 
40% of the population reports poor sleep complaints [1]. 
According to the International Classifications of Sleep Dis-
orders (ICSD-3) [2] and the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5) [3], insomnia comprises 
self-reported difficulties in either falling asleep, maintain-
ing sleep, and/or waking-up earlier than the desired time. 
The mentioned difficulties must be specifically present at 
least three nights per week, for 3 months, and occur despite 
adequate circumstances and opportunity to sleep. Dysfunc-
tion in daily life must also be addressed in several areas [1].

Within the large set of theories on the aetiology and 
pathophysiology of insomnia, the hyperarousal construct 
is often highlighted [4]. According to the psychobiologi-
cal inhibition model by Espie [5], under normal conditions, 
sleep occurs without attention, intention, or effort. In the 
presence of possible stressful life events, there is physiologi-
cal and psychological arousal. Consequently, the inhibition 
of sleep-related de-arousal occurs, leading to insomnia 
symptoms [6].
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Sleep effort became an important symptom of psycho-
physiological insomnia, which led to the development of 
a scale aimed to measure it—the Glasgow Sleep Effort 
Scale—GSES. The authors, considering pilot versions of 
the scale, posited a conceptual model of sleep effort with 
seven main components, where each one was assigned to an 
item. The GSES is short, of easy application and the initial 
validation studies demonstrated good indicators of sensitiv-
ity, specificity, and discriminant validity [7].

The first validation study of the GSES was conducted 
by Broomfield and Espie (2005) comprising a sample of 
insomnia patients and good sleepers (healthy controls). 
Results from 89 insomnia patients and 102 good sleepers 
indicated adequate internal consistency values (Cronbach’s 
α = 0.77) and good ability to differentiate groups. A 2-point 
cut-off correctly identified 93.3% of the patients and 87.3% 
of good sleepers. For a 3-point cut-off, 82.2% patients and 
92.5% good sleepers were accurately identified by the scale. 
Recurring to a principal component analysis (PCA), a single 
component accounted for 62.6% of the variance and each 
item presented a significant loading on this component with 
a mean α of 0.79 [7]. In the study by Kohn and Espie [8], 
encompassing three groups (psychophysiological insomnia 
patients, insomnia associated with mental disorder patients, 
and good sleepers), results showed a higher score in the 
insomnia group associated with other mental disorders, fol-
lowed by the group with psychophysiological insomnia and 
the good sleepers.

In 2016, the European Portuguese version of GSES [9] 
was studied in a young adult sample, with good psycho-
metric properties. Results showed good internal consistency 
(α = 0.79). The GSES has been widely used in studies with 
insomnia patients [10–13], and specifically in insomnia 
behavioural treatments such as stimulus control-based ther-
apy [14] or sleep restriction therapy [15]. Sleep effort was 
also associated with sleep disturbance severity in patients 
with anxiety and depressive disorders [16] and in insomnia 
and major depressive disorders [17].

Up to now, what is known on the GSES is exclusively 
based in classical psychometric approaches—Classical Test 
Theory (CTT). Actually, this is a mainstream practice in 
self-report measures in sleep medicine and other domains. 
Although it is not an erroneous practice, evidence for more 
alternative and contemporary approaches, such as the Item 
Response Theory (IRT) and Network Analysis (NA), is lack-
ing [18].

When describing psychometric approaches in psycho-
logical test development, Factor Analysis and IRT are good 
examples of what is referred to continuous Latent Variable 
Models (LVM). Unobservable elements (latent variables) 
are considered the ultimate cause of one’s response to each 
item of a test. In particular, these are the “factors” in factor 
analysis and “latent traits” in IRT [19, 20].

Factor analysis relies on correlation patterns [21]. Groups 
of variables that are highly associated constitute a factor. 
Factors are described as attributes or dimensions that vary 
along with different individuals and, consequentially, along 
a test scale [21, 22]. In psychometrics, factor analysis is 
important to evaluate construct validity. The dimensional or 
internal structure can be assessed either in an exploratory or 
confirmatory manner. In Exploratory Factor Analysis (EFA), 
it is the data that will guide the composition of the factors 
[20]. In turn, CFA is related to very specific hypotheses 
about a test’s internal structure, either in the number of fac-
tors identified, the relations between factors and the items, 
and the feasible associations between the factors. Moreover, 
CFA is often used in later stages of test development, when 
there is a clearer comprehension about the constructs, the 
item properties, and the test itself [23]. It is noteworthy to 
refer that both EFA and PCA share the aim of reducing data 
sets, despite different theoretical foundations. In PCA, all 
variance (shared and unique) in the data is analysed, assum-
ing no error. EFA considers only shared variance and error 
variance is assumed. For this reason, in PCA, the extracted 
variables are labeled components and not factors [21].

Despite its wide utilization, classical psychometrics pre-
sent some problematic issues that may be surpassed with 
other approaches. For instance, CTT techniques often rely on 
the interpretation of test scores, which can be limited when 
we can obtain information on the participant performance 
in each of the items [24]. Therefore, IRT is a set of mathe-
matical and statistical techniques used to estimate important 
intrinsic parameters of the items [25]. It allows the descrip-
tion of the “relationship between the latent trait, the proper-
ties of the items in the scale, and respondents’ answers to 
the individual items” [26] (p. 171). This relationship is best 
described by a monotonic increasing mathematical equation 
named Item Characteristic Curve (ICC) [27]. In this regard, 
as the individual’s latent trait level (Θ) raises, the same pat-
tern is observed in the probability of one’s endorsing an item 
[28]. The main parameters for IRT analysis are item loca-
tion/difficulty (b), discrimination (a), guessing (c), and trait 
score. Item location (b), also referred to as item difficulty, 
is related to the position on theta where the probability of 
endorsing an item is equal to 50% in the simplest dichotomic 
case [24, 27, 28]. In polytomic items, several b parameters 
must be calculated, since they comprise intersection points 
between two curves. These determine the theta value where 
the individual achieves the next superior value [24]. The dis-
crimination parameter (a) corresponds to the ICC slope at b. 
It enables the description of how well an item distinguishes 
between different participants taking into consideration their 
levels of latent trait [26, 28]. Finally, the (c) guessing param-
eter evaluates the probability of responding correctly to an 
item by chance [24, 28]. To conduct an IRT analysis, one 
must consider unidimensional models, which are evaluated 
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with factor analysis [24]. If multiple dimensions come up, 
researchers must ensure that one-dimension accounts for at 
least 20% of the variance [28]. Other key assumption is local 
independency, meaning that each item is statistically inde-
pendent of responses of the remaining and it is only influ-
enced by theta levels [26]. Further, monotonicity refers to 
the assumption of increased probability of endorsing an item 
as the one’s latent trait increases [28], a principle present 
in the ICC [26, 28]. Finally, item invariance accounts item 
parameters’ consistency across distinct populations. When 
there are differences in item responses between groups, there 
is differential item functioning (DIF) [28].

More recently, NA emerges as an alternative theoretical 
approach that is not new in the science domain, but it has 
just recently gained relevance in psychopathology. Up to 
this point, this approach is still not extensively used in men-
tal health, despite its particular significance for this context 
due to the massive number of variables and its interactions 
[29, 30]. Instead of a latent variable explaining the data (or 
underlying disorder), it is posited a network of symptoms 
that are associated—sometimes of causal nature [29]. Psy-
chopathology can be viewed as a system comprising symp-
toms and signs that is complex, dynamic, and interchange-
able [31, 32]. In the basic structure of NA are nodes and 
edges. Briefly, nodes are the representation of objects or 
variables that one wants to examine, and edges comprise 
the relationships between nodes. In psychological networks, 
nodes are observed psychological variables (e.g., symptoms, 
behaviours, cognitions, etc.) and edges are unknown statisti-
cal associations (e.g. correlations, predictive relationships) 
[30, 32, 33]. Additionally, a node can also be a representa-
tion of a particular scale item, a sub-scale, or even a compos-
ite scale and edges can represent relationships such as symp-
tom comorbidity [30]. Furthermore, this approach allows the 
identification of the most central symptoms that are used to 
diagnose and plan treatment [32, 34]. It is also noteworthy 
that, in sleep behaviour, “bridge” symptoms—those which 
link two sets of networks—are fundamental pieces consider-
ing the comorbidity with other psychological and medical 
disorders [35]. By intervening in specific nodes’ subnet-
works, and eventually the whole network, those symptoms 
can be activated or deactivated for a certain duration [34]. 
Hitherto, there is scarce evidence on the use of this approach 
in the sleep medicine field [35].

Particularly, in psychometrics, recent evidence has 
been highlighting the combination of other novel network 
approaches with psychometric techniques from CTT and IRT 
for a more accurate evaluation of self-report measures [36]. 
Moreover, despite a large amount of published literature on 
reliable and valid measures in clinical and research practice, 
there has been growing interest in the reduction of the meas-
ures’ dimension (e.g., the Insomnia Severity Scale [ISI-3]) 
to overcome the burden of patients with time-consuming 

clinical evaluations and research protocols [18, 37]. Even 
though minimal patient overload on the assessment with 
short measures (such as the ISI-3 when singly used), in full 
clinical evaluations “each item represents additional burden” 
[37] (p. 105).

The major aim of the current study is to assess the psy-
chometric properties of the European Portuguese version 
of the GSES using CTT, IRT, and NA. In an attempt to 
build upon psychometric research, this study examines if 
the mentioned psychometric approaches can (or cannot) be 
complementary.

2 � Methods

2.1 � Participants

This study is a secondary data analysis using an existing 
database [38] comprising a non-probabilistic sample of 227 
Portuguese adults. The main aim of that study was to assess 
the psychometric properties of the Basic Scale on Insomnia 
complaints and Quality of Sleep (BaSIQS), the GSES and 
GCTI in its Portuguese European version. Insomnia com-
plaints and sleep quality, sleep effort, and thoughts when one 
cannot fall asleep were examined as well. The author tried to 
recruit the most heterogeneous and representative sample of 
the Portuguese adult population in the North region of the 
country. Inclusion criteria were: (a) age of 20 or more years, 
(b) having or have had a professional occupation, and (c) the 
voluntary participation in the study.

Participants were aged between 20 and 74  years 
(M = 42.99, SD = 12.44). Women represented 50.2% of the 
sample (n = 114) and men the remaining 49.8% (n = 113). 
Regarding marital status, the majority was married or was 
living in cohabitation (68.3%). In addition, most of the par-
ticipants were also employed (82.8%) in the tertiary sector 
of activities (commerce, tourism, transportation, and finan-
cial activities) (53.7%) and, particularly, in the 7th profes-
sional group (qualified industry and construction workers 
and craftsmans) (38.8%). The professional activities were 
assigned accordingly to the Portuguese Professions Clas-
sification (National Institute of Statistics [NIS], 2010).

Participants were also inquired about clinical and health 
issues and 20.3% reported sleep problems, 9.7% had received 
treatment for these problems, and 11% of the respondents 
mentioned taking medication for sleep problems.

2.2 � Measures

For the present study, there were considered only two meas-
ures of the four used by Alves [38], namely the Sociode-
mographic and Clinical Data Sheet and the Glasgow Sleep 
Effort Scale (GSES).
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2.2.1 � Sociodemographic and Clinical Data Sheet

This questionnaire constitutes a brief set of sociodemo-
graphic and clinical questions to describe the sample. 
Regarding sociodemographic information, participants 
responded questions about their age, sex, marital status (sin-
gle/married or cohabitation/separated/divorced/widower), 
education level (corresponding to the Portuguese education 
system) (basic education—1st cycle/2nd cycle/3rd cycle/
secondary school/higher education), actual professional 
situation (employed/non-employed/sick leave/retired), and 
profession. The clinical part of the questionnaire comprised 
questions about the presence of sleep problems (yes/no), 
treatment of sleep problems (yes/no), about taking medica-
tion or sleep supplements (yes/no), diagnosis of physical or 
mental disease (yes/no) and, finally, a question about taking 
other types of medication (yes/no) [38].

2.2.2 � Glasgow Sleep Effort Scale (GSES; Broomfield & Espie, 
2005; European Portuguese Adaptation by Meia‑Via 
et al., 2012)

The GSES is a measure of one’s effortful preoccupation with 
sleep. It is constituted by seven items that are referred to past 
week’s sleep pattern and are assessed on a 3-point Likert 
scale (0 = not all, 1 = to some extent, and 2 = very much). 
Total scores are obtained by the sum of the score of each 
item, in a possible total of 14 points. Higher score denotes 
greater sleep effort [7]. The internal consistency value for 
the current sample was 0.82 (cf. Introduction).

2.3 � Procedures

The procedure here described is the one adopted by Alves 
[38]. First, it was requested permission to the authors respon-
sible for the GSES European Portuguese version. According 
to the population characterization presented in NIS [39], 
data were collected in several locations (e.g., public streets, 
workplaces, or through family relatives or acquaintances) 
to obtain the most representative sample of the Portuguese 
population possible. The instruments were applied individu-
ally or in small groups, always ensuring the adequate condi-
tions for its application. Participants were informed on the 
study goals and gave their informed consent. The study was 
approved by the Department and University to which the last 
author belongs. In addition, the study was performed in line 
with the principles of the Declaration of Helsinki.

2.4 � Data Analysis

Descriptive statistics of the sample, such as means, stand-
ard deviations, frequencies, minimum and maximum 
scores, as well as inference tests and operative properties, 

were conducted using IBM SPSS Statistics v.27 for Win-
dows. Considering a sample with n > 30, the Central Limit 
Theorem (CLT) and observed skewness and kurtosis val-
ues within −2 and 2 range, it may be assumed that the 
dataset follows approximately a normal distribution [40, 
41]. However, a more robust estimation method—boot-
strapping—was used to reduce bias in the analysis. There 
were used 1000 bootstrap samples by default, and there 
were determined Bias corrected accelerated (BCa) boot-
strapped 95% confidence intervals (CIs) [40].

A first analysis aimed to evaluate significant differences 
between men and women and between groups with and 
without sleep problems was performed with independent 
samples t tests. Effect sizes were considered small, moder-
ate, and large for Cohen’s d of 0.2, 0.5, and 0.8, respec-
tively [40]. All analyses and calculations were performed 
considering a level of significance at p < 0.05.

To conduct CFA analysis and examine underlying fac-
torial structure of the GSES and respective goodness-of-
fit indices, JASP 0.14.0.0 software was used. CFA was 
carried out using the Robust Diagonally Weighted Least 
Squares (RDWLS) estimator, which accounts for poly-
choric correlation matrices of Likert-type scales and does 
not consider the normality assumption of data [42]. To 
determine model adjustment, multiple fit indices such as 
the Chi-square test (χ2), the Chi-Square Critical Ratio (χ2/
df), the Comparative Fit Index (CFI), Tucker–Lewis Index 
(TLI), and the Root-Mean-Square Error of Approximation 
(RMSEA) were calculated. The model is considered ade-
quate to the data if χ2 is not significant, that is, χ2 > 0.05 
[43] and χ2/df < 5 (ideally < 3) [44]; goodness-of-fit indi-
ces GFI and TLI with values closer to 1.0 are indicative 
of better fit, with minimum preferred values of 0.90 (ideal 
values of 0.95) [44, 45]. The RMSEA ≤ 0.08 is considered 
preferable (ideally ≤ 0.06) [43]. Pertaining to local adjust-
ment of the model, the standardized factors’ loadings (λ) 
must be significant (p < 0.05) and equal or superior to 0.50 
(ideally ≥ 0.7) [44, 46]. In addition, it was also computed 
the Average Variance Extracted (AVE) to examine con-
vergent validity of the measure as well as the composite 
reliability (CR), which is an alternative parameter to Cron-
bach’s α. Adequate values of CR should be ≥ 0.70 and of 
AVE should be ≥ 0.50 [46].

Beyond CFA, an additional analysis of the operative prop-
erties of the GSES was conducted to examine clinical accu-
racy examination and identification of the optimal cut-off 
point. Sensitivity and specificity of the scale and the Area 
Under the Curve (AUC) were performed using the Receiver-
Operative Characteristic (ROC) curve and the Youden’s 
index (J). The latter was computed to suggest an optimal 
cut-off point. For the identification of the participants cor-
rectly identified as having “insomnia” (continuous variable) 
and having/not having sleep problems (dichotomic variable), 
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the Positive Predictive Value (PPV) and the Negative Predic-
tive Value (NPV) were also calculated.

The IRTPRO 4.2 (Item Response Theory for Patient-
Reported Outcomes) student version was used for IRT anal-
ysis. The Graded Response Model (GRM) for polytomous 
items was considered due to its wide utilization in IRT mod-
els for ordered Likert rating scales [26]. Two parameters’ 
models (2PL) account for the estimation of discrimination 
and location along the continuum of values, which is con-
ceived as a “z score”. Difficulty values (b) normally vary 
from −3 (easy items) to 3 (difficult items). Moreover, dis-
crimination parameter (a) ranges between 0 (no discrimina-
tion) and 3 (perfect discrimination). Values comprehended 
between 0.6 and 1.8 were considered appropriated [24] and 
for some authors, values above 1.7 are considered very high 
[47]. S-χ2 indicator was determined to evaluate model fit 
with significance levels at 0.01. Statistically significant items 
were considered not adjusted to the model.

Network analysis was conducted in R [48]. Regularized 
partial correlations were computed to estimate the network. 
For the purpose, EBICglasso regularization was chosen—
a Gaussian graphical model which uses Least Absolute 
Shrinkage and Selection Operator (LASSO) with Extended 
Bayesian Information Criterion (EBIC) model selection 
[33]. This estimation procedure is useful to control spuri-
ous edges due to sampling error and minimize the prob-
ability of type-I errors [49]. In the estimated network, nodes 
correspond to the GSES items and edges to its correlations. 
Since data are ordinal (a Likert-type variable), a polychoric 
correlation matrix among the seven items was considered as 
input [33, 50]. In this case, edge weights constitute partial 
correlation coefficients [50]. Zero-valued correlations are 
indicative of independent relationships between the items. 
Network estimation and visualization were possible using 
the R-packages “bootnet”, which comprises the EBICglasso 
estimator (Epskamp et al., 2017) and “qgraph” [51]. Cen-
trality indices were calculated for each item in the network, 
namely strength, closeness, betweenness and expected influ-
ence and were computed as Z-scores. The most central nodes 
were topographically displayed at the centre of the network 
using the Frucherman–Reigold algorithm [32].

To explore network accuracy and stability for small 
sample sizes, an analysis of bootstrap type was conducted 
using the R “bootnet” package. “Bootstrapping involves 
repeatedly estimating a model under sampled or simulated 
data and estimating the statistic of interest.” [33] (p. 5). To 
examine the accuracy and stability of the edge weights, non-
parametric bootstrapping was used, which is recommended 
for ordinal data analysis. The case-dropping bootstrap pro-
cedure was chosen to assess the centrality indices stabil-
ity [33, 52]. The correlation stability (CS) coefficient for 
centrality indices was determined and considered adequate 
if above 0.25 (preferable if > 0.50) [33]. Difference tests by 

bootstrapping were determined to examine significant dif-
ferences between the edge weights and node centrality [52].

3 � Results

3.1 � Descriptive Statistics

GSES total mean score was 3.03 (SD = 2.95) (min = 0; 
Max = 12). Maximum coefficient values were 1.16 for skew-
ness and 1.06 for kurtosis, considering the sex variable. 
Regarding the “sleep problem” variable, maximum coef-
ficient values were 1.29 for skewness and 1.95 for kurtosis.

3.2 � Differences Between Men and Women 
and Individuals with and Without “Sleep 
Problems”

A Student’s t test for independent samples with bootstrap-
ping indicated that the GSES scores were significantly higher 
in women (M = 3.57, SD = 3.25) relatively to men (M = 2.49; 
SD = 2.50). This difference achieved a large effect size: 
t(211.76) = −2.82, p = 0.005, Cohen’s d = 2.90, BCa boot-
strapped 95%CI = [−1.89 to −0.37] (Field, 2017). Relatively 
to sleep problems, the difference between groups was signifi-
cant, achieving a large effect size: t(57.89) = 8.49, p = 0.001, 
Cohen’s d = 2.44, Bca bootstrapped 95%CI = [3.16–5.02] 
[40]. The “sleep problems” group (M = 6.30, SD = 3.08) 
presented higher GSES scores than the “without sleep prob-
lems” group (M = 2.20, SD = 2.26).

3.3 � CFA

A one-factor model—sleep effort—was tested. The overall 
fit was not significant χ2 (14) = 11.85, p = 0.619, suggesting a 
good fit between data and the proposed model. Other fit indi-
ces: χ2/df = 0.85; CFI = 1.00, TLI = 1.00 and RMSEA = 0.00 
[90% IC = 0.00–0.055], were considered excellent. Consid-
ering local model adjustment (cf. Fig. 1), all factor loadings 
were statistically significant (p ≤ 0.001) ranging from 0.54 
(Item 2) to 0.76 (Item 7), which is indicative of good local 
adjustment. According to the recommendations of several 
authors [44–45], the one-factor model for GSES in the cur-
rent sample was considered well-adjusted to data.

In terms of convergent validity, it was obtained an 
AVE = 0.43 which is below the recommended value of 0.50. 
Composite reliability (CR) was 0.84, which is considered 
a good value, surpassing the recommended value of 0.70.

3.4 � GSES Operative Properties

The obtained ROC curve is displayed in Figure S1 (see 
Supplementary Material). The optimal cut-off point 
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score according to the Youden’s index (J) in identifying 
an individual with “sleep problems” was 4 with 78.3% 
of sensitivity and 77.3% of specificity (AUC​ = 0.86, 
95%CI = [0.80–0.92], SE = 0.03; p < 0.005). The pro-
portion of individuals correctly identified by the meas-
ure as having “sleep problems” (PPV) was of 78.3%, 
95%CI = [65.39–87.27] and the proportion of partici-
pants correctly identified as “not having sleep problems” 
and who do not have them (NPV) was of 77.4%, 95% 
CI = [73.39–80.87].

3.5 � IRT Analysis

Examining the assumptions of IRT analysis, unidimension-
ality was assessed with CFA (cf. CFA section), and a single 
factor was identified—sleep effort—with good goodness-
of-fit indices. Considering the local independence assump-
tion, LD statistics were all values under the threshold of 
|10| used to indicate violation of this principle (Min = −0.5; 
Max = 2.8) [53], which is evidence for local independency. 
Monotonicity was also evidenced by the direct observation 
of the Test Information Curve (cf. Figure S2). There was 
no significant (DIF) between the groups with and without 
“sleep problems” (p > 0.01), with p values minimum of 0.12 
and maximum of 0.75. Items measured information equally 
between both groups (cf. Figure S3).

All items performed adequately in the GRM analysis for 
polytomous items using an alpha threshold of 0.01. In this 
regard, χ2 P values ranged between 0.23 and 0.84 (M = 0.58). 
Nevertheless, as observed by the p values, items performed 
differently. Parameters of discrimination (a) and location 
(b1 and b2) are presented in Table 1. All item discrimination 
values (Min = 1.36; Max = 3.37) ranged from 0.60 to 1.80 
[24] being considered appropriate. Items 1, 3, 4, 6, and 7 
were considered items with very high discrimination, with 
a > 1.7 [47]. Item 3 had the higher discrimination param-
eter (a = 3.37), followed by item 4 (a = 3.18) and item 6 
(a = 3.02). Item 5 had the lowest discrimination parameter 
(a = 1.36), which is explained by the high probability of not 
endorsing this item (69.2% of the participants responded 
negatively to this item). Values of b1 and b2 ranged between 
−0.23 and 1.42 and 1.19 and 2.61, respectively, which indi-
cates satisfactory coverage of the latent trait.

A visual representation of each item precision is pre-
sented in Fig. 2. Each individual plot shows the contribution 
of each item to the scale in terms of given information across 
a range of theta values.

As observed, item 3 can be considered the most 
informative item, however, in a restrict theta value range. 

Fig. 1   Confirmatory factor analysis of the GSES. Note. Standardard-
ized coefficients are displayed. Labels: GSES_1: “I make too much of 
an effort to fall asleep, when it should happen naturally”; GSES_2: “I 
feel that I should be able to control my sleep”; GSES_3: “At night, I 
put off going to bed for fear of not being able to sleep”; GSES_4: “If 
I can’t fall asleep I get worried”; GSES_5: “I feel like I’m not very 
good at sleeping”; GSES_6: “Before going to bed I get anxious about 
my sleep”; GSES_7: “I worry about the consequences of not sleep-
ing”

Table 1   GSES item description 
and corresponding parameter 
estimates and fit statistics

GSES Glasgow Sleep Effort Scale

Item Parameter estimates S-χ2

a b1 b2 χ2

1. I make too much of an effort to fall asleep, when it 
should happen naturally

2.55 0.48 1.66 8.06

2. I feel that I should be able to control my sleep 1.40 0.23 2.61 11.81
3. At night, I put off going to bed for fear of not being 

able to sleep
3.37 1.42 2.10 11.22

4. If I can’t fall asleep I get worried 3.18 −0.11 1.64 7.65
5. I feel like I’m not very good at sleeping 1.36 0.80 2.21 20.83
6. Before going to bed I get anxious about my sleep 3.02 1.09 2.30 5.34
7. I worry about the consequences of not sleeping 2.84 −0.23 1.19 8.16
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Particularly, this item showed the most precise informa-
tion when considering higher latent trait—sleep effort—
levels. The next most informative items across the theta 
continuum were item 4, 6 and 7. Items 5 and 2 can be 
identified as the less informative items, despite provid-
ing some information on the evaluated construct. Items 
1, 2, 4, 6, and 7 presented two theta intervals where most 
information on the construct is given. The majority of 
the items provided less information for negative values of 
theta. On the other hand, all items were informative for 
positive levels of the latent trait. Considering, for exam-
ple, item 6, the most precise information was mainly pre-
sent in positive theta values. The information graphic for 
item 4 displayed an information peak around the average 
theta level (Θ = 0) and another in the positive range of 
values.

Concerning total scale information, the Total Informa-
tion Curve plot with the corresponding standard errors is 
displayed in Figure S4. Higher information scores were 
concentrated between a theta interval of 1 and 2, which 
represents relatively high sleep effort levels. As expected, 
as the latent trait value increases, expected scores increase 
as well.

3.6 � Network Analysis

Figure 3 displays the resulting graphical representation of 
the network structure pertaining to the GSES items. This 
network comprised 19 non-zero edges out of 21 possible 
edges (mean weight 0.13). Items 4 and 7 presented the 
strongest edge weight (0.48). Similarly, items 1 and 5 (0.35) 
and items 3 and 6 (0.34) were strongly correlated. Item 1 
was displayed at the centre of the network and encompasses 
the largest number of connections with other items. None-
theless, it is also worth noting that several nodes from differ-
ent clusters are associated and all correlations were positive.

Centrality indices (betweenness, closeness, strength and 
expected influence) of each item are visually presented in 
Fig. 4. Item 1, directly related to sleep effort, was high-
lighted as the most central and important node of the net-
work, with the highest values of betweenness (1.96), close-
ness (1.48), strength (1.34), and expected influence (1.34). 
On the other hand, item 2 appeared as the item with lower 
centrality indices.

Nevertheless, the observed differences in the computed 
parameters (e.g., edge weight and centrality indices) are 
justified when considered the accuracy of the network 

Fig. 2   IRT-based Item Information Curves for the European Portu-
guese version of the GSES (N = 227). Note: Values of Θ are displayed 
in the horizontal axes, ranging from −3 to 3, whereas item informa-
tion is displayed in the y-axes, ranging from 0 to 3.5, correspond-
ing to the precision of each item measuring the construct. Labels: 
GSES_1: “I make too much of an effort to fall asleep, when it should 

happen naturally”; GSES_2: “I feel that I should be able to control 
my sleep”; GSES_3: “At night, I put off going to bed for fear of 
not being able to sleep”; GSES_4: “If I can’t fall asleep I get wor-
ried”; GSES_5: “I feel like I’m not very good at sleeping”; GSES_6: 
“Before going to bed I get anxious about my sleep”; GSES_7: “I 
worry about the consequences of not sleeping”
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structure [edges] as well as the stability of centrality indi-
ces. The large non-parametric bootstrapped 95% confi-
dence intervals (CIs) using 2500 bootstrap samples for 
the network edges were indicative of significant variabil-
ity in edge weight estimation (cf. Figure S5). Thus, the 
interpretation of the order of the edge-weight estimates 
must be made with caution. Network structures that are 
relatively unstable do not need to be discharged. Instead, 
those are interpreted in the presence of some problematic 
issues (e.g., estimation problems due to a small N size or 
equally strong edges) [33, 52].

Pertaining to centrality stability (cf. Figure S6), 
the CS-coefficient indicated that expected influence 
(CS(cor = 0.7) = 0.52) performed better than strength 
(CS(cor = 0.7) = 0.44), closeness (CS(cor = 0.7) = 0.28) 
and betweenness (CS(cor = 0.7) = 0.13). All centrality indi-
ces, excepting expected influence, were not sufficiently 
stable, since did not meet the recommended cut-off value 
of 0.50. Strength and closeness were considered adequate 
(CS(cor = 0.7) > 0.25) and betweenness did not reach the 
minimum cut-off of 0.25 as suggested by Epskamp et al. 
[33]. Only expected influence was a stable index for mean-
ingful inference.

Finally, the bootstrapped test for significant differences 
was conducted to compare edge weights and centrality indi-
ces (cf. Figures S7 and S8).

4 � Discussion

The present study had as objective the study of psychomet-
ric properties of the GSES using three different psychomet-
ric approaches. For this purpose, we examined the factor 
structure of the GSES, performed IRT analysis to identify 
the items that provided the greatest amount of information 
related to the latent variable (sleep effort) and identified the 
item network structure, highlighting its most central nodes. 
This is the first published study to the best of our knowledge 
converging the mentioned psychometric approaches in the 
evaluation of a test structure in the sleep medicine field [18].

The CFA suggests a unidimensional factor structure 
and local independence, which are assumptions for IRT 
analysis. All items load significantly on a single factor—
sleep effort. This is indication for a model with good local 
adjustment and an overall good fit between data and the 
proposed model with excellent fit indices. The measure 
was proved to be reliable, with CR = 0.84. Item 7 (0.76) 
and item 4 (0.75) are related to worry with the conse-
quences of not sleeping and worry of not being able to 
fall asleep, respectively, and item 1 (0.74) is related to 
increased effort to fall asleep, present the greatest factor 
loadings. In the European Portuguese version of the GSES, 
a cut-off point was not determined [9], so we decided to 
examine this topic in a more diverse sample, establishing 

Fig. 3   Estimated Network Structure of the European Portuguese ver-
sion of GSES (N = 227). Note: Blue lines denote positive associa-
tions. If there were negative correlations, they would be represented 
in red colour. Thicker and brighter edges are indicative of stronger 
associations. Labels: GSES_1: “I make too much of an effort to 
fall asleep, when it should happen naturally”; GSES_2: “I feel that 

I should be able to control my sleep”; GSES_3: “At night, I put off 
going to bed for fear of not being able to sleep”; GSES_4: “If I can’t 
fall asleep I get worried”; GSES_5: “I feel like I’m not very good 
at sleeping”; GSES_6: “Before going to bed I get anxious about my 
sleep”; GSES_7: “I worry about the consequences of not sleeping”
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a 4-point cut-off for this scale. This is an important con-
tribution due to the pathognomonic characteristics of this 
measure and its wide utilization in clinical practice.

Concerning IRT, the results indicate that the items per-
formed differently in terms of the given information on 
sleep effort. All items present good discrimination param-
eters, whereby items 1, 3, 4, 6, and 7 are considered very 
discriminative (a > 1.7). This is a conclusion that goes 
in the same direction that the factor loadings previously 
identified for items 1, 4, and 7, with higher factor loadings 
for these items. Item 3 (a = 3.18), related to the avoiding 
behaviour of putting off going to bed due to fear of not 
being able to sleep, has the greatest item precision for 
higher levels of sleep effort. Item 4, related to worry of not 
being able to fall asleep, and item 6, related to sleep anxi-
ety before going to bed, are the following most discrimi-
native items, with two differential levels of theta where 
the higher item precision is reached. Overall based on our 
results, the GSES was proved to be a good measure in indi-
viduals with higher values of the latent variable—sleep 
effort—that is, those who endorse moderate-to-severe 
symptomatology.

Moreover, items 2 (a = 1.40), related to self-abilities to 
control one’s sleep, and 5 (a = 1.36), related to sleep self-
efficacy, present poor performance, being the least discrimi-
native items of the scale and also giving the lowest amount 
of information. This is a congruent conclusion with the 
low factor loading in CFA for mentioned items. The results 
demonstrate that, statistically and in the current sample, 
those items may be not considered as much useful as the 
remaining, which does not mean that the same pattern of 
response will be identified for other samples, namely clini-
cal ones. Concerning groups, a DIF analysis demonstrates 
a nonsignificant difference between the groups with and 
without “sleep problems”, suggesting no influence of other 
dimensions beyond the main construct in the response to 
the items. The GSES seems to be an equivalent measure in 
both groups [24].

Concerning NA, the most central node of the network is 
item 1 (strength = 1.34), directly associated with effort to 
fall asleep. It is also one of the items with the greatest fac-
tor loading on sleep effort. Then, item 7 and item 4 appear 
as significant central nodes, a result that is in line with was 
found for the items with higher factor loading on the latent 

Fig. 4   Standardized scores regarding centrality indices for the GSES 
items. Note: Centrality indices are presented as Z-scores. Labels: 
GSES_1: “I make too much of an effort to fall asleep, when it should 
happen naturally”; GSES_2: “I feel that I should be able to control 
my sleep”; GSES_3: “At night, I put off going to bed for fear of 

not being able to sleep”; GSES_4: “If I can’t fall asleep I get wor-
ried”; GSES_5: “I feel like I’m not very good at sleeping”; GSES_6: 
“Before going to bed I get anxious about my sleep”; GSES_7: “I 
worry about the consequences of not sleeping”
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variable. Considering all psychometric approaches, item 4, 
directly related to the worry of not being able to fall asleep, 
loads significantly on the latent variable, is very discrimina-
tive and one of the most important nodes of the estimated 
network. Contrary to these findings, item 2, related to self-
abilities to control one’s sleep presents the lowest factor 
loading, is the second least discriminative item and presents 
the lowest centrality indices. Additionally, according to the 
network structure, item 4 is strongly correlated to item 7, 
and these are related to worry of not falling sleep and the 
consequences of not sleeping, respectively. Likewise, items 
1 and 5 are strongly correlated and associated to effort to fall 
asleep and abilities in falling asleep, respectively. Also, there 
is a strong correlation between item 3 and 6, that refer to 
avoidance behaviours in getting to bed for fear of not being 
able to sleep and the anxiety about one’s sleep, respectively.

Interestingly, the evaluation of the GSES with the three 
psychometric approaches revealed that the items assessing 
worry in not being able to fall asleep (i4) and the conse-
quences of not sleeping (i7), as well as the one related to the 
increased effort to fall asleep (i1), are crucial items regarding 
clinical practice. Patients with insomnia are actively focused 
on their sleep difficulties and commonly present perfor-
mance anxiety about sleeping with dysfunctional thoughts. 
Insomniac patients often exhibit excessive and conscious 
effort and intention when lying in bed to fall asleep, which 
is associated with cognitive and physiological arousal. How-
ever, they may be able to fall asleep in contexts outside their 
bedrooms and without the intention to sleep [2]. Thereby, 
in clinical practice, it may be useful to use the GSES in the 
evaluation of sleep behaviours and sleep hygiene, consid-
ering cognitive-behavioural therapy for insomnia (CBT-I) 
[54]. Accordingly, CBT-I-related techniques (e.g., stimulus 
control and sleep restriction treatments) may be useful to 
modify the Attention–Intention–Effort pathway [5, 6], con-
tributing to the overcoming of sleep inhibitory mechanisms 
and reestablishment of adaptative “setting conditions” for 
the reinstallation of default sleep [5].

Despite distinguish characteristics between the mentioned 
psychometric methods, network approaches must be con-
sidered as a complementary in the application of CTT and 
IRT [36]. It allows a more complete assessment of meas-
ures, and the reduction of several limitations in each of the 
approaches [55]. NA is developed as a promising approach 
in psychometrics, psychological evaluation, and more spe-
cifically in research on test development and sophistication. 
It becomes interesting the use of NA in the comprehension 
of psychological phenomena and intervention in psychopa-
thology, considering individuals with their idiosyncrasies 
[34]. Previous approaches, e.g., IRT, posit that symptoms 
covariance is a consequence of an underlying latent varia-
ble—a common latent cause [32, 34]. However, the latter is 
related to a few limitations. According to NA approaches in 

psychopathology, symptoms are not a reflection of an under-
lying mental disorder but instead elements of its constitution 
[32]. NA is a major contribution in the study of comorbidity 
with bridge symptoms analysis. Particularly, identifying the 
most central nodes and its interactions allows the activation/
deactivation of the links in the network structure and tailor 
intervention in the most influential nodes [56].

This study is a contribution to the utilization and devel-
opment of sophisticated self-report measures within behav-
ioural sleep medicine and it enables the understanding of 
sleep effort phenomenon. Nevertheless, and despite an 
approximately representative sample of the Portuguese 
population comprising a diverse and heterogeneous sample 
described according to CENSOS 2011 [39], this constitutes 
a community sample with relatively small size. Therefore, 
any generalization to well-defined clinical groups or the 
Portuguese population must be made with caution. Despite 
the number of participants, our analyses are justified and 
robust. In CFA, in terms of absolute numbers, the acceptable 
minimum sample size is 50 participants for measurement 
models, varying up to 400 participants. In terms of propor-
tion/ratio, there are recommended 5 participants up to 20 
or more participants per item. Our sample comprises 227 
participants and nearly 32 participants per item, and with the 
mentioned reasons, our analysis is robust [23]. Considering 
IRT, despite a relatively small sample size, and the require-
ment comprises at least 250 responses (ideally 500) [57], the 
GSES items were considered very discriminative. Moreover, 
small samples in IRT analysis are quite common in other 
studies [58]. In NA and psychological networks, centrali-
ties indices such as strength are parameters estimated from 
sample data, which are directly related to the sample size 
[30, 33]. Furthermore, due to the novelty of this approach, 
there is no sample dimension reference method in this type 
of analysis to obtain accurate and stable edge weights as well 
as centrality estimates [59].

In the sleep medicine field, non-clinical samples are often 
used due to the accessibility in data collection [60], and the 
GSES seems to be a relevant measure in primary health care. 
In further studies, it would be beneficial to collect data from 
a larger and representative sample of the Portuguese popula-
tion, with an update of each of the categories, namely sex, 
education level, activity sector, and professional group. It 
would be also relevant to explore a larger number of clinical 
samples beyond patients with insomnia. Finally, we posit 
that is essential for the evaluation of measures used in our 
clinical and research practice (in sleep medicine and other 
domains) concerning a complementary integration of the 
psychometric approaches.

Due to the standardized utilization of sleep measures 
in clinical assessment and therapy as a diagnostic comple-
mentary exam, we believe that the conclusions obtained 
with the present study can establish a starting point in the 



75Sleep and Vigilance (2023) 7:65–77	

1 3

consideration of more advanced psychometric approaches 
in test sophistication. The promising study’s results suggest 
that the GSES seems to be a good example of a sleep effort 
measure for the Portuguese population with higher latent 
trait—sleep effort—values, that is, with moderate-to-severe 
symptomatology. Regarding practical implications of this 
study, we underline the development of shorter but still reli-
able and valid self-report measures to bridge the concern-
ing with the overloading of patients with extensive research 
protocols and clinical evaluations [18, 37]. Ultimately, we 
suggest that it is possible to identify potential core items of 
the scale in assessment and as intervention tools for insom-
nia, without compromising its discriminative power. To this 
end, we may consider, for example, item factor loadings in 
the sleep effort construct (for CFA), item parameter levels 
and item and test information curves (for IRT analysis), and 
node centrality (for NA) combined.
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