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Abstract
The present study evaluated the psychometric properties of the Serbian Smartphone Appli-
cation-Based Addiction Scale (SABAS) and the original English version of the same scale 
administered to a Serbian-speaking sample. In Study 1, 599 participants completed Ser-
bian SABAS, with 189 having both test and retest data. Results suggested good internal 
consistency (α = .81) and test–retest reliability (ICC = .795, p < .001, 95% CI [.731, .844], 
rtest-retest = .803) of the scale. Convergent validity of the SABAS was evaluated through cor-
relations with the Smartphone Addiction Scale–Short Version (SAS-SV), as well as with 
anxiety, depression, worry, duration, and purpose of smartphone use. Divergent validity of 
the SABAS was evaluated through comparing the correlations with entertainment and pro-
ductive smartphone use. The modified CFA model showed an acceptable fit (χ2(8) = 25.53, 
p = .001, CFI = .961, TLI = .926, RMSEA = .096, SRMR = .042), confirming the uni-
dimensionality of the SABAS. In the second study, the English SABAS, completed by 
335 non-native speakers from Serbia, also showed a good fit of the single-factor model 
(χ2(9) = 12.56, p = .184, CFI = .990, TLI = .984, RMSEA = .036, SRMR = 0.026), and good 
psychometric features. Based on the study’s findings, the Serbian version of SABAS is a 
reliable and valid measure for screening the risk of smartphone addiction. Moreover, the 
English version can be used among non-native Serbian English speakers.

Keywords Behavioural addiction · Mobile phone · Psychometric · Smartphone addiction · 
Validation, SABAS

Problematic Smartphone Use and Smartphone Addiction 

Smartphone addiction (SA) and problematic smartphone use (PSU) have been recognised 
as an important and clinically relevant area for research and a growing public health con-
cern (Lopez-Fernandez et al., 2017). Although SA and PSU are frequently used as syno-
nyms (Busch & McCarthy, 2021), some scholars prefer the use of PSU because it does 
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not imply the addictive nature of this behaviour and does not contain diagnostic labelling 
(Panova & Carbonell, 2018). Irrespective of terminology, it should be noted that although 
SA has not yet been considered a formal diagnostic disorder in Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5; American Psychiatric Association, 2013), criteria 
for smartphone addiction have been suggested (Y.-H. Lin et al., 2016).

Problematic smartphone use in its most extreme form can be defined as ‘a behavioral 
addiction including the core components of addictive behaviours, such as cognitive sali-
ence, loss of control, mood modification, tolerance, withdrawal, conflict, and relapse’ (Bil-
lieux et al., 2015, p. 157). These components come from the ‘addiction components model’ 
that posits that all addictions, whether substance-based or behaviour-based, consist of these 
key components (Griffiths, 2005). In the context of PSU, salience refers to the cognitive, 
emotional, and affective dominance of smartphone use in an individual’s life. Mood modi-
fication refers to engaging in smartphone use for its arousing or calming effect, including 
avoidant coping mechanisms (e.g., Cho, 2020). Tolerance indicates the need to increase the 
frequency and duration of smartphone use over time to reach the effects that the same behav-
iour induced previously. Withdrawal refers to negative psychophysiological symptoms that 
occur when activity is stopped or abruptly decreased. Conflict denotes conflicts resulting 
from smartphone use, which can be intra- or interpersonal (e.g., a conflict with family mem-
bers and/or occupational/educational activities due to smartphone use). Lastly, relapse refers 
to the rapid recurrence of previous patterns of smartphone use after a period of abstinence to 
the same or even higher intensity than before (Griffiths, 2005).

Recent authors consider PSU and SA to represent two different points on the same con-
tinuum, with SA lying at the upper end (a conceptualisation that is in line with McMurran’s 
idea [1994] of the severe use-to-abuse spectrum). This differentiation between PSU and 
SA may be necessary because all smartphone addicts are problematic smartphone users, 
but not all problematic smartphone users are addicted to smartphones (Griffiths, 2016). In 
addition, Griffiths and others claim that the resulting detrimental consequences of behav-
iour distinguish addiction from excessive nonpathological behaviour (Griffiths, 2005; 
Szabo & Demetrovics, 2022).

For example, those who use their smartphones excessively tend to report higher levels 
of depression, anxiety, stress (Elhai et al., 2017), and sleep disturbances (Sohn et al., 2019; 
Thomée et al., 2011). Additionally, PSU can result from poor coping mechanisms where 
individuals use their smartphones as a distraction from negative feelings and experiences 
(Cho, 2020). Finally, PSU can put individuals in life-threatening situations, such as those 
caused by using a smartphone while driving (Barkana et  al., 2004; White et  al., 2004). 
Although the present study focuses on validating the Serbian translation of the SABAS, 
which contains the term ‘addiction’ in it, the authors perceive the SABAS as a measure of 
problematic behaviour that could put individuals at risk for SA. In fact, increasing scores 
on this instrument can be conceptualised as representing a higher PSU and therefore a 
higher risk of — or susceptibility to — smartphone addiction.

The Assessment of Smartphone Addiction/Problematic Smartphone 
Use

To date, numerous instruments assessing SA/PSU have been developed (e.g., Problematic 
Mobile Phone Use Questionnaire [PMPUQ]; Billieux et  al., 2008; Smartphone Addiction 
Scale [SAS]; Kwon et al., 2013; Smartphone Addiction Inventory [SPAI]; Y.-H. Lin et al., 
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2014), but many of these instrument do not have any theoretical framework underpinning 
the items. For example, many scales have content derived from DSM criteria for gambling 
or substance use disorders (Flayelle et al., 2022; Harris et al., 2020b), suffer from specific 
shortcomings, as pointed out in previous reviews (Ellis et al., 2019; Harris et al., 2020b), and 
do not have satisfactory reliability, and their test–retest reliability often remains unreported 
(Harris et  al., 2020b). Also, scales that assess SA/PSU usually correlate weakly with 
objectively measured rapid phone checking, which could be closely related to behavioural 
addiction (Ellis et al., 2019).

In general, most of these instruments are poor predictors of the objective indices 
of technology use in terms of patterns of use (such as phone checking and notification 
receiving) and usage frequency (Ellis et  al., 2019). However, it could also be argued 
that a poor correlation between SA/PSU and use frequency exists because frequent use 
does not always mean problematic/addictive use (Emanuel et  al., 2015). On the one 
hand, an individual can spend an extended amount of time using a smartphone, but 
their activities may be focused on fulfilling a concrete (e.g., a work-related) task, and 
therefore less interfering with everyday life (see De-Sola Gutiérrez et al., 2016; Tossell 
et  al., 2015). On the other hand, an individual can use a smartphone maladaptively 
as a coping mechanism for a particular underlying psychological problem or need 
(Kardefelt-Winther, 2014, 2017).

The development of SABAS items was grounded by adapting six items from the Exer-
cise Addiction Inventory (Griffiths et al., 2005) to fit PSU/SA, with each item representing 
one component of the ‘addiction components model’. According to Yu and Sussman (2020), 
items from the Smartphone Addiction Inventory (SPAI; Y.-H. Lin et  al., 2014) and the 
Korean Smartphone Addiction Proneness Scale for Youth (SAPS; Kim et al., 2014) could 
also probably assess the components of addiction from Griffiths’ model. However, unlike 
SABAS, these scales were not explicitly derived from the ‘addiction components model’ 
(they were either based on the DSM criteria or on previous scales and findings) and have 
considerably more items than the SABAS.

Originally developed in Hungarian as a screening tool for SA in children (Csibi et  al., 
2016), the SABAS has subsequently been validated on adult population samples in different 
languages, such as English (Csibi et al., 2018; Mason et al., 2022), Chinese (Chen et al., 2020; 
Yam et al., 2019), Italian (Soraci et al., 2021), Persian (C.-Y. Lin et al., 2019), Turkish (Gökler 
& Bulut, 2019), Bangla (Islam et al., 2021), Indonesian (Nurmala et al., 2022), and Arabic 
(Vally & Alowais, 2022). The English version has been used previously in studies where 
participants were not strictly native English speakers (e.g., Csibi et al., 2018). The results of 
these studies have suggested the unidimensionality of the scale, as well as good reliability and 
validity. However, some findings have questioned its temporal stability (Harris et al., 2020b). 
To date, no studies have examined the characteristics of the Serbian version of the scale. A 
Serbian translation of the SABAS was used in one study in the Serbian language (Sojević 
et  al., 2018). However, the psychometric properties (apart from Cronbach’s α) were not 
presented. Additionally, the translation procedure did not include a back translation process, 
and the study was conducted exclusively on university students. Therefore, in present study, 
the SABAS was retranslated using back translation procedure and validated using a sample 
from the general Serbian population.
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The Present Study

The present study comprised two studies. The goal of Study 1 was to evaluate the factor 
structure of the SABAS translated into the Serbian language, including item analysis, 
convergent validity, and test–retest reliability. The goal of Study 2 was to evaluate the English 
version of the SABAS completed by English-speaking Serbian participants and to compare 
it with the Serbian version. The Serbian SABAS was expected to have a one-factor structure 
and there would be good (i) internal consistency, (ii) test–retest reliability, and (iii) convergent 
validity, divergent validity, and (as a consequence) good construct validity. More specifically, 
it was expected that there would be a strong positive correlation between the SABAS and the 
short version of the Smartphone Addiction Scale (SAS-SV) scores, as both scales assess the 
same construct. It was also expected that there would be a moderate positive correlation of 
the SABAS score with depression and anxiety, based on previously published research (e.g., 
Elhai, et al., 2017), as well as a moderate positive correlation with entertainment use (van 
Deursen et al., 2015; Zhang et al., 2014), and a positive relationship with smartphone use 
duration (Haug et al., 2015). Lastly, it was expected that there would be a positive relationship 
between the SABAS scores and the two aspects of worry (i.e., severity and control). This is 
because worry is closely related to the aforementioned symptoms of anxiety and depression 
and has been directly investigated in the context of SA/PSU (Elhai et al., 2019).

To get some insight into the divergent validity of the SABAS, the study compared the 
correlation of the SABAS scores with ‘entertainment smartphone use’ and with ‘produc-
tive smartphone use’. It was expected that there would be a significantly stronger relation-
ship between SABAS and entertainment use than with productive use. This is based on 
the aforementioned findings that the use of smartphones for entertainment is related to the 
problematic use of smartphones, whereas focused use on concrete tasks and productive 
goals (such as education and the achievement of social connectedness) is not related to 
PSU and can have positive psychosocial effects (see De-Sola Gutiérrez et al., 2016; Hor-
wood & Anglim, 2019). The study also examined the ability of the SABAS to differentiate 
between low and high-average smartphone use. It was expected that the high-use group 
would have significantly higher scores on the SABAS than the low-use groups (Tossell 
et al., 2015). Finally, the participants were classified into ‘normal to mild’ and ‘moderate 
to extremely severe’ anxiety and depression groups, respectively, and their differentiation 
concerning their SABAS scores was tested. It was expected that the ‘moderate to extremely 
severe’ group in both anxiety and depression would have significantly higher scores on 
SABAS than the ‘normal to mild’ groups.

Study 2 examined whether the English version of the SABAS scale could also be used 
to screen the risk of SA among non-native English speakers, in this case, among partici-
pants whose first language was Serbian but who reported having a good command of Eng-
lish. It was expected that the English SABAS would have good psychometric properties, 
including internal consistency and unidimensionality.

Study 1: Method

Sample and Procedure

A convenience sample was recruited from the general Serbian population using social 
media (e.g., Facebook) and instant messaging applications (e.g., Viber, WhatsApp), 
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which were used to provide a link to the survey. Participants were required to be 
18 years or older and smartphone users. Data were collected in two phases. Data from 
the first phase (T1) were collected at the end of January 2022 using the Qualtrics 
platform (Qualtrics, 2022). In total, 600 participants completed the survey in T1 
(Mage = 39.82  years, SD = 10.87; 57.93% female). There were no missing data values. 
During data cleaning, one participant was identified as being under 18 years of age and 
was therefore excluded. The final sample comprised 599 participants. More than a third 
of the participants had a university or college degree (41.40%), 23.37% had a master’s 
degree, and 5.51% had a Ph.D. Approximately a quarter of the participants had gradu-
ated from high school (23.04%), and 6.34% were university or college students at the 
time of data collection. Two participants only finished elementary school.

For those who agreed to participate in the second phase of Study 1, a survey link was 
automatically sent to an individual (via Qualtrics) three weeks after they completed the 
first phase to collect retest data (T2 data). The responses were matched using an ID code 
that the participants generated themselves. A total of 377 participants initially agreed to 
participate in the retest, although only 201 participants completed it. Since not all T2 
data matched the T1 data due to invalid ID codes, only 189 responses provided valid test 
and retest data (62.43% female).

Ethics

Informed consent was obtained from all participants included in the study. Ethical per-
mission for the study was obtained from the first author’s university Research Ethics 
Board (2021/608). Participation was completely anonymous and voluntary. Those who 
agreed to participate in the retest were presented with the General Data Protection Reg-
ulation (GDPR) document because they had to provide their email address. No material 
compensation was provided for participating in the study. Participants were informed 
that they could withdraw from participation without any consequences.

Instruments

Smartphone Use Questions Participants were asked to estimate their daily use of smart-
phones on a typical weekday and a typical weekend in hours (similar to Kwon et al. [2013] 
and Nikolic et al. [2022]). Prior to conducting t-tests where ‘high’ and ‘low’ smartphone 
use groups were compared to the SABAS scores, weekday use was multiplied by five, and 
weekend use was multiplied by 2, and the two products were added up and divided by 
seven to get the daily average time spent on smartphones. In addition, two questions were 
asked to assess the frequency of smartphone use for specific purposes (i.e., entertainment, 
boredom, leisure), as well as the use of smartphones to fulfil concrete tasks (i.e., work, 
finances, and communication). The answers were given on a scale from 1 (almost never) to 
7 (almost always) (see Appendix 1 for the actual questions).

Smartphone Application‑Based Addiction Scale (SABAS; Csibi et al., 2018) The six-item 
Serbian version of the SABAS was used to assess the risk of smartphone addiction (SA). The 
translating procedure was broadly based on the protocol suggested by Beaton et al. (2000). 
More specifically, the SABAS items were translated from English to Serbian by a certified 
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English language teacher and an English language and literature graduate. The authors com-
piled a single version from these two translations, then back-translated to English by a third 
bilingual individual who had not previously seen the original items. The meaning of the ele-
ments in the back-translated version did not substantially change from the original version. 
Finally, the authors made slight changes according to their expertise and created a final ver-
sion of the Serbian SABAS. Items are rated on a 6-point response scale from 1 (strongly disa-
gree) to 6 (strongly agree), and a higher score on the scale (out of 36) indicates a greater risk 
of SA. The SABAS items in Serbian and English language are shown in Appendix 2.

Smartphone Addiction Scale Short Version (SAS‑SV; Kwon et al., 2013; Serbian version: 
Nikolic et al., 2022) The ten-item Serbian translation of the short version of the SAS was 
used to assess the risk of smartphone addiction. Items are rated on a 6-point response scale 
from 1 (strongly disagree) to 6 (strongly agree). Cronbach’s alpha of the SAS-SV scale in 
the present study was very good (α = 0.88).

Depression Anxiety Stress Scale (DASS‑21; Lovibond & Lovibond, 1995; Serbian ver‑
sion: Jovanovic et  al., 2014) This instrument is a 21-item measure typically used to 
assess symptoms of depression, anxiety, and stress, in both clinical and nonclinical set-
tings. In the present study, only the depression and anxiety subscales were used, com-
prising 14 items (seven items each). Participants are instructed to rate the presence of 
symptoms they experienced during the past seven days, using a 4-point response scale 
from 0 (did not apply to me at all) to 3 (applied to me very much or most of the time). 
Cronbach’s alpha of the two subscales in the present study were very good (depression: 
α = 0.88; anxiety: α = 0.81).

Worry Two questions were formulated for the purpose of the present study to assess two 
components of worry (i.e., Hirsch & Mathews, 2012; Hirsch et al., 2013), namely, worry 
severity (‘On a scale from 1 to 5, indicate how much you usually worry’) and perceived 
control over worrying (e.g., ‘I feel like I usually do not have control over how much I 
worry’). The items were rated on 5-point response scales, with higher scores indicating 
higher intensity of worry and the lower perceived control over worry, respectively.

Data analysis

Both exploratory factor analysis (EFA), with principal axis factoring (a recommended 
method when multivariate normality is violated [Costello & Osborne, 2005]), and con-
firmatory factor analysis (CFA) were performed on two randomly selected subsamples, 
using a pseudorandom number generator to select the cases from the data. Each sub-
sample consisted of approximately 50% of the sample. The number of factors in EFA 
was determined using minimum rank parallel analysis, the Guttman-Kaiser criterion, 
and the scree diagram. Loadings > 0.50 were considered acceptable (Hair et al., 2010). 
The model fit in CFA was considered acceptable if χ2 was non-significant, and the com-
parative fit index (CFI) and the Tucker-Lewis index (TLI) were > 0.90, and the root 
mean square error of approximation (RMSEA) and the standardised root mean square 
residual (SRMR) were < 0.08 (Hu & Bentler, 1999). Parameters were estimated using 
robust maximum likelihood (MLR) due to the nonnormal multivariate distribution of 
the items.
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The mean inter-item correlation (MIC), squared multiple correlations (SMC), and 
corrected item-total correlations were calculated as a measure of item discrimina-
tion. The corrected item-total correlation and SMC both represent how well an item is 
related to the rest of the items. Corrected item-total correlation should be > 0.30 (Field 
et al., 2012), and for SMC values > 0.20 can be considered acceptable (see Dinić, 2019). 
Finally, Cronbach’s α if the item is deleted, was computed. Additionally, convergent 
validity was assessed using Pearson’s correlation coefficient r. Divergent validity was 
assessed by testing the difference in the correlations between the SABAS score and 
entertainment use and productive use, using the test of dependent correlations differ-
ence (Steiger, 1980). The internal consistency of the SABAS was assessed with Cron-
bach’s α and ωtotal. The composite reliability (CR) and the average variance extracted 
(AVE) were also computed. Test–retest reliability was determined with the r and intra-
class correlation coefficient (ICC, two-way mixed effects, single measure, absolute 
agreement). An ICC of 0.75 indicates good test–retest reliability (Koo & Li, 2016). To 
examine the ability of the scale to discriminate between ‘normal to mild’ and ‘moder-
ate to extremely severe’ levels of anxiety/depression, t-tests with SABAS score as the 
outcome measure used.

Regarding depression, participants were classified into the first group if they 
scored ≤ 13 (‘normal to mild’) points and into the second group if their score was > 14 
(‘moderate to extremely severe’). As for anxiety, the cut-off for the first group was ≤ 9 
(‘normal to mild’), and for the second group was > 10 (‘moderate to extremely severe’). 
These scores are comparable to the scores obtained with DASS-42, since they were 
multiplied by two (Lovibond & Lovibond, 1995). Furthermore, a t-test was used to test 
the difference between the ‘low’ average weekly smartphone use group, which com-
prised 151 participants (25% of the lowest scores on average smartphone use) and the 
‘high’ smartphone use group (25% of the highest scores on average smartphone use), 
which comprised 160 participants. Finally, to check for the gender differences among 
variables, a series of t-tests was used with adjusted significance levels, and Cohen’s d 
measures of effect size.

Data were analysed in R programming language (R Core Team, 2022) using 
‘tidyverse’ (Wickham et  al., 2019), ‘lavaan’ (Rosseel, 2012), ‘psych’ (Revelle, 2022), 
‘rstatix’ (Kassambara, 2021), ‘dlookr’ (Ryu, 2022), ‘irr’ (Gamer & Lemon, 2019), ‘sem-
Tools’ (Jorgensen et  al., 2021), ‘semPlot’ (Epskamp, 2022), ‘stringdist’ (van der Loo, 
2014), ‘fuzzyjoin’, ‘EFA.MRFA’ (Navarro-Gonzalez & Lorenzo-Seva, 2021), ‘mvnor-
malTest’ (Zhang et  al., 2020), ‘MVN’ (Korkmaz et  al., 2014), and ‘diffcor’ (Blötner, 
2022) packages. The data, including the test–retest data and the R analysis code, are 
available upon request from the corresponding author.

Study 1: Results

Descriptive Statistics

The descriptive statistics, along with the gender differences, are shown in Table 1. Gender 
differences were found in SABAS scores, anxiety, and worry severity, with females scoring 
higher than males on all three scales. Considering the univariate distribution, the SABAS 
scores were right-skewed. However, their distribution did not significantly deviate from 
the normal distribution since the skewness and kurtosis values were within the acceptable 
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range of ± 1.0 (George & Mallery, 2020). Anxiety and depression scores were highly right-
skewed, meaning that only a small number of participants exhibited higher scores on the 
two scales. This is to be expected since the sample was drawn from a non-clinical popula-
tion. As for multivariate normality of the SABAS items, both Mardia’s test (multivariate 
skewness was 330.91, p < 0.001, and multivariate kurtosis was 4.70, p < 0.001) and Henze-
Zirkler test (HZ = 4.96, p < 0.001) indicated the violation of this assumption. No multi-
collinearity among SABAS items was found, since no inter-item correlation was > 0.80, 
and the determinant of the item correlation matrix was 0.164, and therefore greater than 
0.00001 (Field et al., 2012).

The Structure of the SABAS

The sample was randomly split, and 300 participants were included in the EFA. The Kai-
ser–Meyer–Olkin coefficient was good (KMO = 0.81), and the Bartlett’s sphericity test was 
significant, χ2(15) = 507.38, p < 0.001, suggesting that the data were adequate for factor 
analysis (Field et al., 2012). The minimum rank parallel analysis, the Guttman-Kaiser cri-
terion, and visual inspection of the scree diagram indicated that only one factor should be 
extracted. The single factor explained 41.3% of the variance of the original data. All load-
ings in the pattern matrix were > 0.50, except for Item 1, which was > 0.40.

The CFA was conducted on the second half of the sample (N = 299). Six items loaded 
onto a single factor, representing smartphone addiction. However, several problems 
emerged during both the global and local model fit inspection. The model fit was as follows: 
χ2(9) = 41.95, p < 0.001, CFI = 0.928, TLI = 0.881, RMSEA = 0.122, and SRMR = 0.046. 
The χ2 fit index is highly dependent on sample size, so it was no surprise that it was sig-
nificant for this model. The CFI and SRMR showed an acceptable fit. However, TLI and 
RMSEA were not in an acceptable range, which raised concerns. One reason for this could 

Table 1  Descriptive statistics of the total sample (N = 599), male subsample (n = 252), and female subsam-
ple (n = 347) with mean differences and effect sizes

p-values were adjusted using Benjamini–Hochberg method. M, mean score; SD, standard deviation; d, 
Cohen’s d effect size; SABAS, Smartphone Application-Based Addiction Scale; SAS-SV, Smartphone 
Addiction Scale–Short Version; Entertainment, entertainment use of smartphones; Productive, productive 
use of smartphone
* p < .05. **p < .01

Scale Total Males Females t(df) d

M SD M SD M SD

SABAS 15.77 5.67 15.06 5.79 16.28 5.53 -2.59(526)* -0.21
SAS-SV 22.33 8.76 21.80 9.17 22.71 8.45 -1.23(514) -0.10
Entertainment 5.10 1.39 5.07 1.39 5.13 1.39 -0.52(542) -0.04
Productive 5.74 1.33 5.63 1.42 5.82 1.26 -1.61(501) -0.13
Weekday use 3.89 2.40 3.90 2.43 3.88 2.38 0.08(534) 0.01
Weekend use 4.47 3.02 4.52 3.19 4.44 2.89 0.32(508) 0.03
Anxiety 2.90 3.10 2.44 2.76 3.24 3.28 -3.27(584)** -0.27
Depression 3.39 3.84 3.29 3.80 3.46 3.88 -0.55(547) -0.05
Worry severity 3.29 1.00 3.11 0.97 3.43 1.00 -3.87(551)** -0.32
Worry control 2.57 1.22 2.47 1.18 2.65 1.24 -1.81(558) -0.15



International Journal of Mental Health and Addiction 

1 3

be the sample size, but in the CFA, the sample was not too small. Furthermore, models 
with small degrees of freedom tend to have an inflated RMSEA (Kenny et al., 2015). On 
the other hand, the TLI is largely dependent on the size of the correlations between the 
observed variables in the model. However, it could not be determined whether this caused 
the TLI to be below the threshold. Therefore, the analysis relied on inspection of local 
misfit and modification indices. Item 1 had high standardised residuals with other items, all 
z >|2| (except with Item 4). The standardised residuals of Item 4 with Items 5 and 6 were 
also high. In contrast, SRMR still indicated an acceptable discrepancy between observed 
and model-implied covariance. Modification indices suggested that allowing the errors of 
Items 1 and 5 and Items 4 and 6 to correlate would improve the model fit.

The modification index (MI) was highest for the correlated errors of Item 1 and Item 5 
(MI = 21.04). The next highest MI was for Item 4 and Item 6 pairing (MI = 20.23). In addi-
tion, the expected parameter change (EPC) was the highest for this pair of items. Therefore, 
the model was modified by allowing the errors of Items 4 and 6 to correlate since they could 
be mutually more related than the other items. They seemed to reflect increased smartphone 
use over time, followed by reduced control over smartphone use. The correlation of the two 
items’ errors was r = 0.34. Table 2 shows standardised loadings and communalities of EFA, 
and standardised loadings and R2 of the modified CFA model. The fit indices of the modi-
fied model were: χ2(8) = 25.53, p = 0.001, CFI = 0.961, TLI = 0.926, RMSEA = 0.096, and 
SRMR = 0.042. The modified model, with unstandardized parameters, is presented in Fig. 1.

All standardised loadings were > 0.50 in the modified model, satisfying previously 
established criteria (Hair et al., 2010). Item 1, reflecting the salience aspect of addiction, 
performed weakly since it had the lowest loadings in both EFA and CFA, communality, 
and the proportion of explained variance by the latent factor. Nevertheless, it was con-
cluded that the unidimensionality of the Serbian translation of the SABAS was supported.

Item Analysis and Reliability of the Serbian SABAS

Item 1 had the lowest corrected item-total correlation while still being acceptably high. Item 
1 and Item 2 had the lowest SMC, indicating that those two were less correlated with the 
remaining items. The mean average response on items was 2.63 (SD = 0.94), which is lower 
than the theoretical mean (M = 3.5). This finding means that, in general, participants tended to 
agree less with the items. Item 5 appeared to be the ‘most difficult’, and Item 4 the ‘easiest’ 

Table 2  Results of the exploratory factor analysis and modified model of the confirmatory factor analysis of 
items in the Smartphone Application-Based Addiction Scale

All parameters in the CFA were significant at p < .001. Std. loading, standardised loading; S.E., standard 
error

Item Addiction component EFA (N = 300) CFA (N = 299)

Std. loading Communality Std. loading S.E R2

1 Salience .44 .19 .52 - .27
2 Conflict .54 .29 .58 .15 .34
3 Mood modification .66 .44 .66 .23 .43
4 Tolerance .73 .54 .67 .23 .45
5 Withdrawal .65 .42 .76 .14 .58
6 Relapse .78 .60 .68 .22 .46
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(Table 3). However, ‘the easiest’ item on the scale had the average response closest to the theo-
retical mean. The internal consistency of SABAS was characterised as ‘very good’, with the 
Cronbach’s alpha being α = 0.81 and ωtotal = 0.81. The MIC was 0.41, which lies in the range 
from 0.20 to 0.50, suggesting that the scale was homogenous (Clark & Watson, 1995). Average 
variance extracted (AVE) calculated for the 299 participants from the T1 sample (a subsample 
used to carry out CFA) was 0.45, while it was 0.44 for the whole sample (N = 599) which sug-
gests that the item variance was not well explained by the SA latent variable. The CR was 0.82 
(N = 299), indicating good internal consistency (Fornell & Larcker, 1981; Lam, 2012).

The test–retest reliability was assessed with 189 participants, as described in the Method 
section. The intra-class coefficient suggests good reliability, ICC = 0.795, 95% CI [0.731, 
0.844], F(188, 149) = 9.1, p < 0.001. Pearson correlation between SABAS scores at T1 and 
T2 was r = 0.803, p < 0.001, 95% CI [0.745, 0.848], again indicating good test–retest reli-
ability of the scale.

Convergent and Divergent Validity of the Serbian SABAS

To examine the convergent validity of SABAS, correlations with SAS-SV, anxiety, depres-
sion, entertainment use, and worry aspects were calculated (Table  4). As expected, the 
SABAS had the highest correlation with the SAS-SV, indicating that the two scales shared 
approximately 62% variance. Next, SABAS score and entertainment smartphone use cor-
related strongly and positively, while the correlation with productive use was much lower, 
although still significant. The correlations of the SABAS score with hours used during a 
typical weekend and a typical weekday were positive and moderate, with the relationship 
slightly higher with the duration of smartphone use during the weekend. The correlations 
between SABAS scores and anxiety and depression scores were also positive and mod-
erate. As expected, the correlation of SABAS scores with worry severity and perceived 
control over worry was somewhat lower and could be described as low and positive. In 
addition, SABAS and SAS-SV scores showed a very similar pattern of correlations with 
other measures. The scores on the SABAS correlated significantly higher with entertain-
ment smartphone use, than with productive use (Z = 8.90, p < 0.001).

Moderate differences in SABAS scores were observed between the two anxiety and 
depression groups (Lovibond & Lovibond, 1995). ‘Normal to mild’ depression group 

Table 3  Inter-item correlations and item statistics of the Smartphone Application-Based Addiction Scale 
(N = 599)

All correlations were significant at p < .001 (adjusted using the Benjamini–Hochberg method). Item-total, 
corrected item-total correlation; SMC, squared multiple correlation; α if deleted, α if item is removed from 
the scale

Item Correlation M SD Item-total SMC α if deleted

1 2 3 4 5

1 1 2.44 1.18 .42 .22 .81
2 .32 1 2.22 1.35 .50 .25 .79
3 .23 .35 1 3.15 1.40 .57 .38 .78
4 .32 .40 .54 1 3.25 1.50 .65 .48 .76
5 .42 .38 .47 .42 1 2.11 1.12 .62 .42 .77
6 .30 .39 .48 .61 .54 2.60 1.35 .66 .48 .76
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(N = 498) had a mean score of 15.10 (SD = 5.51) on the SABAS, which was signifi-
cantly lower compared to the ‘moderate to extremely severe’ group (N = 101), which 
had a mean score of 18.80 (SD = 5.48), t(144) = 6.14, p < 0.001, d = 0.67. As for anxi-
ety, the first group (N = 457), had a mean score of 15.0 (SD = 5.56) on average, while 

Table 4  Pearson correlations of Smartphone Application-Based Addiction Scale, Smartphone Addiction 
Scale–Short Version, smartphone duration use, and purpose of use, anxiety, depression, and aspects of 
worry (N = 599)

1 2 3 4 5 6 7 8 9 10

1 SABAS 1

2 SAS-SV .79*** 1

3 Weekday .33*** .40*** 1

4 Weekend .39*** .44*** .64*** 1

5 Entertainment .52*** .53*** .44*** .47*** 1

6 Productive .16*** .15*** .21*** .19*** .40*** 1

7 Anxiety .31*** .35*** .18*** .20*** .23*** .03 1

8 Depression .29*** .28*** .09* .10* .16*** -.06 .71*** 1

9 Worry severity .20*** .22*** .14*** .14** .23*** .11** .43*** .35*** 1

10 Worry control .24*** .28*** .07 .09* .21*** .02 .52*** .49*** .67*** 1

p-values were adjusted using the Benjamini–Hochberg method; SABAS, Smartphone Application-Based 
Addiction Scale; SAS-SV, Smartphone Addiction Scale–Short Version; Entertainment, entertainment use of 
smartphones; Productive, productive use of a smartphone; Worry severity, the excessiveness of worrying; 
Worry control, perceived control over worrying
*p < .05. **p < .01. ***p < .001



International Journal of Mental Health and Addiction 

1 3

the second group (N = 142) had a mean score of 18.30 (SD = 5.24), which were also 
significantly different, t(247) = 6.55, p < 0.001, d = 0.62. Additionally, the ‘high’ smart-
phone use group (N = 160), had a mean SABAS score of 18.5 (SD = 5.67), which was 
significantly higher than the ‘low’ smartphone use group (N = 151) average of 12.7 
(SD = 4.93), t(307) = 9.71, p < 0.001, with a large effect size, d = 1.10.

Study 1: Discussion

Analysis showed that the structure of the SABAS was unidimensional, based on both EFA 
and CFA analyses. The global fit of the Serbian SABAS was somewhat weak, and a modi-
fication needed to be imposed. Errors in Item 4 (‘Over time, I fiddle around more and more 
with my smartphone.’) and Item 6 (‘If I try to cut the time I use my smartphone, I manage 
to do so for a while, but then I end up using it as much or more than before.’) were allowed 
to correlate since there is a specific similarity in the content of both items. The similarity of 
the content between the two items may be more obvious in the Serbian version of the scale. 
They corresponded with the tolerance and relapse aspects of the addiction, and both items 
might reflect the decreasing control over smartphone use over time. It should also be noted 
that in the Arabic study of the SABAS, two pairs of item errors were allowed to correlate 
(Items 2 and 5, and Items 5 and 6) to improve the fit, and the authors concluded that the 
unidimensionality was supported (Vally & Alowais, 2022).

The latent variable of smartphone addiction explained the most variance in Item 5, 
referring to withdrawal symptoms, followed by relapse, tolerance, and mood modifica-
tion. Exploratory factor analysis indicated that smartphone addiction was best defined by 
relapse, tolerance, and mood modification, followed by withdrawal. The results of both 
EFA and CFA suggest that salience and conflict components play a less significant role in 
defining the construct. It is possible that these two items do not reflect impairing aspects 
of smartphone use, as do items referring to withdrawal or relapse, for example. Thinking 
about a smartphone as a particularly important thing in one’s life could be considered com-
monplace nowadays since it makes a broad range of activities possible or much easier to 
perform. This is not necessarily related to functional impairment.

Similarly, conflicts that arise from because of an individual’s smartphone use could be 
rare nowadays, since peers, elders, and younger individuals use smartphones often in their 
social circles. If conflicts caused by smartphone use occur, they are probably not very seri-
ous or damaging to an individual. The results further suggest that in the Serbian version, 
there is a considerable covariance between tolerance and relapse that the latent factor could 
not explain, which resulted in allowing residuals of the items to covary.

Despite the need for model modification, SABAS appears to be a short, reliable, and 
valid measure for screening the risk of smartphone addiction (i.e., problematic smartphone 
use). The Serbian translation of the SABAS showed good psychometric properties, includ-
ing internal consistency, test–retest reliability, homogeneity, and convergent validity. There 
is also some evidence supporting divergent validity, primarily reflected in a stronger rela-
tionship of the SABAS with entertainment use than with productive use. As expected and 
consistent with previous studies, the SABAS score was closely related to the SAS-SV total 
score, which is a valid and reliable measure of SA (Harris et al., 2020a).

Furthermore, in line with expectations and the results of previous studies (e.g., Elhai 
et al., 2017), SABAS scores were moderately and positively related to anxiety and depres-
sion, supporting the convergent validity of the scale. The difference in SABAS scores 
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between the lower and higher anxiety/depression groups could be in line with the com-
pensatory internet use theory (Kardefelt-Winther, 2014). Individuals may engage in inter-
net use (or, in this case, smartphone use) to relieve negative moods, and if the motivation 
to use a specific technology is rooted in escaping real-life problems or compensating for 
unmet needs, an individual would likely increase the use of technology, for the compensa-
tion to take effect (Kardefelt-Winther, 2014). Unfortunately, this coping style maintains and 
aggravates emotional problems, which can lead to SA/PSU.

Next, correlations of weekday and weekend use in hours with SABAS were similar to cor-
relations of those measures with the SAS-SV in the present study as well as in previous studies 
(e.g., Nikolic et al., 2022). The moderate strength of the relationship between SA/PSU and the 
duration of use supports the aforementioned assumption that the frequency or duration of use is 
not crucial in determining the SA/PSU. Despite this result, in accord with the previous findings, 
individuals with higher smartphone use also had higher SABAS scores (Tossell et al., 2015), 
suggesting the scale’s ability to discriminate between low and heavy smartphone users. Finally, 
females had a slightly more pronounced risk of smartphone addiction than males, concurring 
with findings of previous studies (e.g., De-Sola Gutiérrez et al., 2016).

Study 2: Method

Participants

The English SABAS data were originally collected for a study on hedonic smartphone use 
(Vujić & Szabo, 2022). Data initially contained 410 responses collected online from English-
speaking participants from various countries, but the majority were from Serbia (N = 335, 
81.7%), and only these data were included in the study. Therefore, the English language was 
not the participants’ native language, but they were required to have a good command of Eng-
lish to participate in the research. In addition, participants were required to be smartphone 
users and be at least 18 years old. The mean age of this sample was 32.73 years (SD = 11.09), 
and the additional demographic characteristics are presented in Table  5. The participants 
were recruited online, using Qualtrics (Qualtrics, 2022) platform, by sharing the link to the 
survey on various social networks.

Instruments

Smartphone Application‑Based Addiction Scale (SABAS; Csibi et al., 2018) This was the 
original English version of the scale (see full description in Study 1).

Data analysis

Apart from the descriptive statistics and item correlations, the analysis included CFA with 
MLR estimation, followed by item analysis, which included the calculation of Cronbach 
α, ωtotal, CR, MIC, and AVE. It was expected that among the non-native English speakers, 
the English SABAS would show a unidimensional structure, good internal consistency, and 
acceptable AVE and MIC values.
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Study 2: Results

Confirmatory factor analysis and the reliability of the English SABAS

Table  6 shows the raw and standardised loadings and R2 of the English SABAS CFA 
model. A single-factor model showed an excellent global fit, χ2(9) = 12.56, p = 0.184, 
CFI = 0.990, TLI = 0.984, RMSEA = 0.036, SRMR = 0.026. Items 4, 3, and 6 had the 
highest loadings, while Item 2 (conflict) and Item 1 (salience) had the lowest loading 
and therefore did not meet the rule of being > 0.50, although all standardised load-
ings were > 0.40. Mardia’s test indicated significant multivariate skewness of the data 
(154.16, p < 0.001), but not kurtosis (0.2416, p = 0.809). Henze-Zirkler test suggested 
that the data did not have a multivariate normal distribution (HZ = 2.48, p < 0.001).

The English SABAS had a low AVE (0.37), while the CR was 0.76. It should be noted 
that the participants in Sample 1 (N = 599) who completed the Serbian SABAS and the 
participants in Sample 2 (N = 335) who completed the original English SABAS were 

Table 5  Demographic 
characteristics of the sample in 
Study 2 (N = 335)

Variable Category %

Gender Male 24.78
Female 75.22

Living with a spouse With spouse 52.84
Without spouse 47.16

Education High school 24.18
Postgraduate 17.31
University 58.51

Health Excellent 20.90
Good 56.72
Average 17.91
Below average 4.18
Poor 0.30

Living area Metropolitan area 17.31
Large town 54.33
Small town 21.79
Village 6.57

Table 6  Factor loadings from confirmatory factor analysis of the English version of the Smartphone Appli-
cation-Based Addiction Scale

All loadings were significant at p < .001; S.E., standard error; Std. loading, standardised loading

Item Addiction component Loading S.E z-value Std. loading R2

1 Salience 1 - - .492 .242
2 Conflict 0.895 0.145 6.176 .466 .218
3 Mood modification 1.686 0.222 7.610 .717 .515
4 Tolerance 1.549 0.201 7.705 .719 .517
5 Withdrawal 1.030 0.142 7.258 .515 .265
6 Relapse 1.404 0.195 7.201 .616 .379
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different in several aspects. The Study 1 sample was significantly older than Study 2 sam-
ple, t(680) = 9.44, p < 0.001, d = 0.65. The effect size could be characterised as medium 
(Cohen, 1988). Importantly, participants who completed the English SABAS had signifi-
cantly higher scores, t(707) = 2.53, p = 0.011, with the effect size being very small, d = 0.17.

The reliability of English SABAS was α = 0.76 (ωtotal = 0.76), CR = 0.77, and a 
MIC = 0.35. The average response on items was 2.79 (SD = 0.92). There were no extremely 
high or low item-total correlations. The most endorsed items were Item 4 (tolerance), Item 
3 (mood modification), and Item 6 (relapse). The least endorsed item was Item 2 (conflict). 
Item correlations and item statistics are shown in Table 7.

Study 2: Discussion

The English version of SABAS showed acceptable psychometric properties when com-
pleted by non-native English language speakers from Serbia. Although it had a slightly 
weaker internal consistency, was less homogenous, and had lower factor loadings in CFA 
compared to the Serbian SABAS, the English SABAS showed better overall model fit, 
undoubtedly supporting the unidimensional structure of the scale. However, less than 40% 
of the item variance was captured by the construct, leaving considerable variance that can 
be accounted for by error. The reliability of the scale was considered acceptable. Unlike 
the Serbian SABAS, the latent variable of ‘smartphone addiction’ in the English SABAS 
explained the largest amount of variability in Item 4 (‘Over time, I fiddle around more 
and more with my smartphone’), representing tolerance, and Item 3 (‘Preoccupying myself 
with my smartphone is a way of changing my mood, I get a buzz, or I can escape or get 
away, if I need to’), representing mood modification. It is concluded that, with some cau-
tion, the English version of SABAS could be used for quick screening for the risk of smart-
phone addiction among English speakers whose first language is Serbian.

Table 7  English Smartphone Application-Based Addiction Scale, inter-item correlations and item statistics 
(N = 335)

All correlations were significant at p < .001 (adjusted using the Benjamini–Hochberg method). Item-total, 
corrected item-total correlation; SMC, squared multiple correlation; α if deleted, α if item is removed from 
the scale

Item Correlation M SD Item-total SMC α if deleted

1 2 3 4 5

1 1 2.56 1.30 .44 .20 .74
2 .28 1 2.11 1.23 .42 .18 .75
3 .32 .29 1 3.15 1.50 .59 .38 .70
4 .36 .32 .54 1 3.24 1.38 .59 .38 .70
5 .33 .25 .39 .32 1 2.56 1.28 .46 .22 .74
6 .27 .34 .44 .44 .31 3.10 1.46 .53 .29 .72
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General Discussion

The first study evaluated the psychometric properties of the Serbian version of SABAS. 
The SABAS was translated into the Serbian language since, to the authors’ knowledge, 
regarding PSU, only the SAS-SV was previously back-translated, evaluated, and published 
(Nikolic et al., 2022). The SABAS differs from SAS-SV because it is based on the com-
ponents model of addiction, has a transparent theoretical background, and is shorter than 
the SAS-SV. Therefore, the SABAS validation in the Serbian language is an asset to the 
Serbian research community.

It is concluded that the results of the present study supported the unidimensionality 
Serbian SABAS, as well as having good psychometric properties, which is in accordance 
with previous validations of SABAS in English and other languages (Chen et al., 2020; 
Csibi et al., 2018; Gökler & Bulut, 2019; Islam et al., 2021; Lin et al., 2019; Nurmala 
et  al., 2022; Soraci et  al., 2021; Vally & Alowais, 2022; Yam et  al., 2019). This short 
instrument allows a researcher to assess the risk of smartphone addiction, defined by six 
components of addiction (Griffiths, 2005).

The second study examined whether English SABAS could be used to screen for SA 
among individuals from the Serbian population. For this purpose, a subset of the data 
used in a previous study was also used here. Internal consistency was higher in the Ser-
bian SABAS than in the English SABAS in Study 2, and the former generally showed 
better psychometric properties than the English version. This finding was expected 
since in Study 2 the participants did not complete the scale in their native language. 
Overall findings suggest that Serbian SABAS should be preferred for assessing PSU/
SA among individuals who speak Serbian as their first language, but the English version 
can be used in circumstances where the instrument is administered to English-speaking 
Serbian participants, for example, in cross-cultural studies.

Limitations and Future Directions

Given the limitations of the two studies, the findings should be treated with caution. For 
instance, a convenience sample was used, and the data were collected online. Therefore, 
self-selection bias may be present. Next, only 31.5% of participants took part in the retest 
due to not giving consent for participation, giving an incorrect ID code, or simply due 
to not responding. Lastly, in Study 1, the divergent validity of the Serbian version of the 
SABAS was assessed mainly by comparing the relationship of the SABAS with entertain-
ment and productive use. Future research should consider this and administer a measure 
that is theoretically completely unrelated to smartphone addiction, as well as thoroughly 
evaluate the criterion validity of the SABAS.

As for Study 2, a convenience online sample was also used. Additionally, English lan-
guage proficiency was not controlled, although it was explicitly required in the recruit-
ment text. In other words, how the participants specifically understood the items is not 
known. Next, in Study 2, the AVE was low, indicating the low average reliability of the 
English SABAS items when administered to non-native English speakers. This should be 
considered in future use of the English SABAS on non-native English-speaking popula-
tions. Finally, the test–retest reliability should also be evaluated on the English version.

The main practical value of the present study is the translation and validation of a 
theoretically based measure that can be used for the screening of the risk of smartphone 
addiction among the Serbian population. Smartphone addiction has the potential to be a 
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diagnostic entity. Therefore, having a brief psychometrically robust validated instrument 
would be of great importance for practitioners and researchers. The present study also 
showed that the English version of the SABAS can be used to appraise the risk of smart-
phone addiction among non-native English speakers from the Serbian population, which 
could potentially generalise to populations from other cultures as well, making it a useful 
tool for future cross-cultural studies.

Appendix 1

Questions related to the smartphone use purpose.

Serbian (as presented in the survey)

Entertainmen oncrete task

Koliko često koristite telefon za zabavu, iz 

dosade ili iz navike (npr. gledanje video 

klipova, provođenje vremena na društvenim 

mrežama, slušanje muzike, surfovanje po 

Internetu itd.)? Odgovor označite na skali od 

1 do 7.

Koliko često koristite telefon da biste 

ispunili neki konkretan zadatak (npr. 

komunikacija sa porodicom i prijateljima, 

plaćanje računa, navigacija, korišćenje 

telefona u vezi sa poslom ili učenjem itd.)? 

Odgovor označite na skali od 1 do 7.

English translation

Entertainmen

Ct

Ct oncrete task

How often do you use your smartphone for 

fun, out of boredom or habit (e.g., watching 

videos, scrolling through social media, 

listening to music, surfing on the Internet, 

etc.)? Use the seven-point scale to answer.

How often do you use your smartphone to 

fulfil a certain task (e.g., communication 

with friends and family, paying bills, 

navigation, using a smartphone for work or 

for study purposes etc.)? Use the seven-point 

scale to answer.
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Appendix 2

Contents of the Serbian and the English Smartphone Application-Based Addiction Scale 
items.

Item Component Serbian English

1 Salience
Moj telefon mi je najvažnija stvar 

na svetu.

My smartphone is the most 

important thing in my life.

2 Conflict

Dešavale su se svađe između mene 

i moje porodice (ili prijatelja) zbog 

moje upotrebe telefona.

Conflicts have arisen between me 

and my family (or friends) because 

of my smartphone use.

3
Mood 

modification

Koristim telefon kako bih 

popravio/la svoje raspoloženje (to 

mi pruža trenutno zadovoljstvo ili 

način da pobegnem od realnosti ili 

problema).

Preoccupying myself with my 

smartphone is away of changing 

my mood (I get a buzz, or I can 

escape or get away, if I need to).

4 Tolerance
Kako vreme prolazi, sve više 

traćim vreme na svom telefonu.

Over time, I fiddle around more 

and more with my smartphone.

5 Withdrawal

Ako ne mogu da koristim svoj

telefon kada hoću, budem 

nesrećan/a, razdražljiv/a ili 

promenljivog raspoloženja.

If I cannot use or access my 

smartphone when I feel like, I feel 

sad, moody, or irritable.

6 Relapse

Ukoliko pokušam da smanjim 

vreme provedeno na telefonu, to 

mi uspe na neko vreme, posle čega 

počnem da ga koristim isto toliko 

često ili čak više nego ranije.

If I try to cut the time I use my 

smartphone, I manage to do so for 

a while, but then I end up using it 

as much or more than before.
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