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Because problematic smartphone use (PSU) is rising among adolescents, it is vital First submission received:
to analyze the potential causes and psychosocial consequences affecting this target ~ May 1, 2022
population. Current theoretical frameworks suggest that specific personal core

characteristics might predispose individuals to experience increases in this problematic ~ Revisions received:
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a personal resource, critical thinking disposition, and a potential negative

consequence, reduced academic engagement, and the underlying role of perceived  Accepted for publication:
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of 688 adolescents (54% females, 46% males) aged 12 to 18 years from Southern Spain.

Participants completed self-report questionnaires to assess critical thinking disposition  Editor in charge:
(VIA-Youth), perceived stress (Perceived Stress Scale), PSU (Smartphone Addiction Scale- Maeéva Flayelle
Short Version), and academic engagement (Utrecht Work Engagement Scale-Students).

We analyzed a serial mediation model using PROCESS (SPSS), in which critical thinking

disposition was the independent variable, perceived stress and PSU were the first and

second mediators, respectively, and academic engagement was the outcome variable.

Our results indicated that lower critical thinking disposition was linked to increased

perceived stress, which was associated with higher PSU, resulting in decreased

academic engagement. These findings provide empirical support for the pathways

model of PSU, the maladaptive coping theories, and the I-PACE model of behavioral

addictions. Furthermore, we discuss our results highlighting the important implication

of training adolescents to think critically regarding their smartphone usage to reduce

their stress levels, to avoid using smartphones as a coping strategy, and hence,

to improve their student's attitudes toward school.
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Introduction

By 2020 there was an estimated global smartphone penetration rate of 78%, which had increased by more than
30% even in the previous five years (Statista, 2021a). Smartphone users are growing in numbers each year, and



reports show that in 2021 there were more than 6.3 billion users (Statista, 2021b). The rapid growth indicates that
smartphones are an intrinsic part of everyday lives; thus, it is important to understand the impact this device has
on individuals' well-being. Because some of this influence might be detrimental, research efforts about the
negative consequences of smartphone usage are increasing (Busch & McCarthy, 2021).

Currently, there is no consensus about the most accepted scientific nomenclature to refer to this phenomenon,
as some scholars prefer to use the terms “smartphone addiction” (Lin et al., 2016), “smartphone use disorder”
(Montag et al., 2019), or “problematic smartphone use” (Panova & Carbonell, 2018). Problematic smartphone-
related behaviors have not yet been included as a mental disorder neither in the ICD-11 (World Health
Organization, 2019), or the DSM-5 (American Psychiatric Association, 2013). However, gambling disorder and
gaming disorder are Internet-related behavioral addictions that are associated with problematic smartphone use
(Derevensky et al., 2019; Elhai et al., 2021), and that have already been acknowledged as mental health disorders
or are under consideration for inclusion (American Psychiatric Association, 2013; World Health Organization,
2019). Therefore, several scholars argue that problematic smartphone-related behaviors also merit further
research to determine whether or not to consider them as a disorder (for discussions on the matter see Montag
etal.,, 2019). Thus, in this study we opted to use the term problematic smartphone use (PSU) avoiding pathologizing
individuals on the basis of their common or productive behavior, but still recognizing that some negative
consequences might derive from excessive smartphone use (Elhai et al., 2019; Kardefelt-Winther et al., 2017).
Despite the preferred terminology, most researchers consider that PSU refers to an excessively frequent use of
the smartphone, leading to the functional impairment of the academic, occupational, or social domains (Billieux
et al., 2015).

PSU is associated with lower subjective well-being and negative health outcomes (Busch & McCarthy, 2021;
Horwood & Anglim, 2019; Sohn et al., 2019). Moreover, PSU has been documented as a public health concern (Van
Velthoven et al., 2018; World Health Organization, 2015). One of the reasons might lie in the distinction between
generalized and specific Internet-related problems proposed in the cognitive-behavioral model of pathological
Internet use (Davis, 2001). The model assumes that individuals with problematic usage of digital technology might
have a multidimensional overuse of the Internet (i.e., a generalized pattern) or be dependent on a specific function
(i.e., a specific pattern). Because this classification was proposed before smartphones were ubiquitous, recent
studies have suggested that PSU could be considered a problematic Internet-related behavior with a generalized
pattern (Chen et al., 2020; W. Su et al., 2020). Some researchers suggest that, when investigating behavioral
addictions, it is important to specify the content or application being used, because individuals might differ on
their usage motives and needs, anticipated rewards, and use expectancies (Brand et al., 2019). This notion has led
some scholars to imply that people do not become addicted to smartphones any more than alcoholics become
addicted to bottles (Kuss & Griffiths, 2017). However, other researchers argue that specification about the devices
should not be discarded altogether because there might be differences in behavioral usage patterns, technological
features, or preferred contents or applications (Montag et al., 2019). In addition, network analyses evidence also
suggests that specific (e.g., cybersex and gaming addiction) and generalized (e.g., Internet and smartphone
addiction) problematic behaviors are independent but interrelated constructs (Baggio et al., 2018). Consequently,
research would benefit from some level of detail in the conceptualization of problematic behaviors because the
context on which they take place matters for prevention and treatment recommendations (Elhai et al., 2019). In
accordance with current DSM and ICD diagnostic criteria for related disorders (i.e., gambling and gaming disorder),
it has been proposed that PSU could be synonymous to generalized, unspecified Internet-use disorder,
predominantly mobile via a smartphone (Montag et al., 2019), which might be particularly worthy of study because
smartphones might be used as a means to enable other behavioral issues, such as problematic social networking,
shopping, gambling, or gaming (Kuss & Griffiths, 2017; Montag et al., 2019).

Furthermore, younger generations are the most active adopters of digital technology (Valkenburg & Piotrowski,
2017; World Health Organization, 2015). Accordingly, research suggests that adolescents and youth have an
increased vulnerability to PSU (Csibi et al., 2019; Kuss et al., 2018), with most studies showing prevalence rates
that range from 10% to 30% (Field, 2020; Sohn et al., 2019). At present, most social interactions with peers occur
through social media and smartphones (Crone & Konijn, 2018). Thus, today's youth face traditional developmental
tasks in a hybrid reality between offline and (increasingly) online environments (Granic et al., 2020).

Adolescence is considered a period of significant developmental changes, where physical, cognitive, and social-
emotional transitions do not often occur synchronously (Valkenburg & Piotrowski, 2017). For instance, adolescents
experience an increase in impulsivity and risk-taking behavior (Berman, 2018; Valkenburg & Piotrowski, 2017).
Moreover, social relationships play a progressively more important role in adolescents’ development and



individuals learn about accepted behaviors from their peer group; thus risk-taking behavior is exacerbated in their
presence (Valkenburg & Piotrowski, 2017). Furthermore, neurophysiological developments during this stage are
responsible for adolescents’ higher levels of experienced and perceived stress (Skinner & Zimmer-Gembeck, 2016).
Therefore, youths often find themselves attempting to cope with challenges from numerous stressors, such as
home life, academic performance and attendance, romantic relationships, peer pressure, teacher interaction,
future uncertainty, school-leisure conflict, financial pressure, and emerging adult responsibilities (Byrne et al.,
2007). Finally, more complex cognitive functions such as abstract thought, meta-cognition, and social cognition
start to develop in adolescence (Valkenburg & Piotrowski, 2017). Nonetheless, burgeoning emotional states and
inexperience affect self-regulation, rational decision-making, and critical thinking (Ellerton, 2019). Consequently,
the diversity and magnitude of the transitions that are experienced during adolescence might be part of the
explanation for the vulnerability to PSU found in this population.

Theory

The present study aimed to investigate the correlates of PSU by testing a path linking what could be possible
causes and consequences, based on different theoretical frameworks. First, an integrative approach to Internet-
related disorders is the interaction person-affect-cognition-execution or I-PACE model (Brand et al., 2019). The
theory proposes that addictive behaviors are a consequence of the interaction between predisposing personal
core characteristics, affective and cognitive responses to triggers, and the decision to engage in specific (i.e.,
problematic) behaviors. Regarding the present study, the I-PACE model highlights the importance of considering
personal characteristics as potential predisposing factors of PSU.

Second, the pathways model of PSU suggests that there are distinct routes to this phenomenon: (a) an excessive
reassurance pathway that is associated with a dependent or addictive usage of the smartphone; (b) an impulsive
pathway that may lead to addictive, antisocial, and/or dangerous use of the device; and (c) an extraversion
pathway that may be associated with a risky usage of smartphones (Billieux et al., 2015; Canale et al., 2021; Pivetta
et al.,, 2019). The pathways model is relevant to the present research as it provides orientation about potential
individual differences that might be at the core of PSU. For instance, Canale et al. (2021) suggested that individuals
coursing the first pathway (a) are driven to obtain reassurance about social relationships, which relates to a poor
attachment style; those whose PSU is better explained by pathway (b) are prompted by the lack of planning and a
sense of urgency; and the PSU of people with high sensation-seeking behavior is better described by pathway (c).

Finally, several theoretical approaches serve as a reference to propose PSU as a maladaptive coping mechanism.
To illustrate, compensatory Internet use theory (CIUT) suggests that many people might attempt to reduce the
negative emotions experienced after a stressful event by overusing the Internet (Kardefelt-Winther, 2014).
Furthermore, the components model of behavioral addictions (i.e., the mood-modification component) assumes
that individuals might repeat a specific behavior (e.g., engaging in an excessive or problematic manner with the
smartphone) to produce a reliable shift in their emotional state as a coping strategy and to feel better (Griffiths,
2019). Built on the general notion that problematic Internet usage might be a coping mechanism for some, Elhai
et al. (2019) suggested that, although people might attempt other adaptive or maladaptive ways of coping with
stressful events, the availability and portability of smartphones make them the most obvious choice for many to
alleviate negative feelings. The proposal of PSU as a coping mechanism is relevant to this research because it
highlights that, while dysfunctional, the strategy might be relatively common for some adolescents who do not
know how to properly manage stress levels.

Furthermore, one of the core features of problematic behaviors is that they lead to functional impairment and
negative consequences (Elhai et al., 2019; Griffiths, 2019). Consistent with this notion, if PSU is thought of as a
maladaptive coping strategy, then it should result in adverse emotional, physical, social, or academic outcomes
(for a review of some of the consequences of PSU see Busch & McCarthy, 2021). Byrne et al. (2007) found that
academic stressors exhibit the greatest frequency during adolescence; thus it is possible to say tentatively that
negative educational consequences deriving from PSU might be among the most notorious effects for this
population.



The Present Study

Due to the increasing concerns regarding PSU in adolescents and the gaps on research addressing this issue in
this population, the present study aimed at investigating a possible predisposing factor and a potential negative
consequence of using smartphones to cope with stress.

First, because the cognitive changes during adolescence might affect rational decision-making (Ellerton, 2019) and
stress levels (Skinner & Zimmer-Gembeck, 2016), in our study we posited that low critical thinking would be
associated with elevated levels of perceived stress (H1). Critical thinking refers to a purposeful, self-regulatory
process of reasonable and reflective thinking that results in decision-making (Ennis, 2018; Facione, 1990). It is a
personal resource composed of abilities (e.g., interpretation, analysis, evaluation, inference, explanation, and self-
regulation) and dispositions (e.g., open-mindedness, using credible sources of information, changing position in
the face of evidence, taking into account the total situation; Ennis, 2018; Facione, 1990). Based on the I-PACE
model, critical thinking could be a personal core characteristic that might be a predisposition towards PSU.
Meanwhile, perceived stress is defined as the experience of life as unpredictable, uncontrollable, or overloaded
(Cohen & Williamson, 1988). Critical thinking might be negatively associated with stress levels, as it may allow
individuals to question stress-inducing stimuli (Escola-Gascon et al., 2021). In addition, previous studies have
empirically supported this correlation (Escola-Gascén et al., 2021; Kim et al., 2015; M. R. Su & Shum, 2019).

Second, the relation between stress and PSU is well-established in the scientific literature (Chiu, 2014; Q.-Q. Liu
et al.,, 2018; Samaha & Hawi, 2016; Wang et al., 2020; H. Yang et al., 2021). Thus, in accordance with the proposal
that suggests PSU might be a coping mechanism (Elhai et al., 2019; Griffiths, 2019; Kardefelt-Winther, 2014), we
postulated that increased levels of perceived stress are related to greater PSU (H2).

Third, one of the main aspects for considering PSU as a problematic or addictive behavior is that it ought to have
negative consequences (Elhai et al., 2019; Griffiths, 2019). Therefore, since the academic context is among the
most important during adolescence (Bronfenbrenner, 1979; Byrne et al., 2007), in the present study we posited
that higher levels of PSU are associated with lower levels of student engagement (H3). Academic engagement is a
positive and fulfilling mental state that is characterized by vigor, absorption, and dedication in the educational
setting (Schaufeli et al., 2002). To the best of our knowledge, no prior research has explored the association
between PSU and academic engagement. Nonetheless, some studies have found that higher PSU is associated
with increased school conflict (Hong et al., 2012; Mahapatra, 2019), academic procrastination (Z. Yang et al., 2019a,
2019b), and diminished classroom connectedness (Soomro et al., 2019). Therefore, there is some preliminary
evidence to suggest that negative academic attitudes, such as diminished academic engagement, might be among
the consequences of PSU.

Finally, in accordance with the I-PACE (Brand et al., 2019) and pathways models (Billieux et al., 2015; Canale et al.,
2021) that propose an integrative framework for the development of PSU, starting from personal characteristics
and ending in negative consequences, we propose that perceived stress and PSU will serially mediate the linkage
between critical thinking and academic engagement among adolescents. That is, lower levels of critical thinking
are related to higher levels of perceived stress, which are associated with greater PSU and, consequently,
decreased student engagement (H4). The proposed model is presented in Figure 1.

Figure 1. The Proposed Serial Mediation Model.
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Methods

Procedure

Secondary education schools in the Malaga province (Spain) were contacted via telephone to invite them to
participate in the present investigation. Thirteen schools were reached, and five of them agreed to participate (one
private and four public). The main reason for refusal was the lack of time to complete the questionnaires during
class hours. The administration of the schools signed an informed consent. Furthermore, the parents or legal
guardians of the adolescents were also asked for their consent: in four schools the consent was given passively
(i.e., they were informed of the research process and unless they refused, all adolescents were asked to
participate), and in one school the consent was given actively (i.e., they had to sign and return the consent form
for the adolescent to participate in the study). All the students who had a fluent understanding of the Spanish
language agreed to participate.

Data collection was held in the schools during regular class hours in the presence of a teacher, from January to
February of 2021. Due to the COVID-19 pandemic restrictions, researchers were not admitted to the centers.
Therefore, a video of the instructions and ethical considerations was sent to the schools, in which the adolescents
were informed of the objectives of the study and they were guaranteed of the anonymity, confidentiality, and
voluntary participation in the study (World Medical Association, 2013). The questionnaires were completed in an
online (four schools) and paper (one school) format, over a duration of approximately 45 minutes.

Participants

The sample of this study was composed of 688 adolescents (54% females, 46% males) within the ages of 12 and
18 years (M=14.23, SD = 1.76). It is worth noting that based on the adolescent population of the province of Malaga
(n =188,067), a sample of 599 is required to make statistical inferences with a 95% confidence interval and a 4%
sample error (National Institute for Statistics, 2021). Regarding school course, 26.4% of the participants were in
the first year of compulsory secondary education, 23.7% in the second year, 12.4% in the third year, and 15.5% in
the fourth year. Additionally, 12% attended the first year of Baccalaureate and 10% the second year.

Instruments

Critical Thinking

The Spanish version of the subscale of judgment/open-mindedness on the Values-In-Action-Youth questionnaire
(VIA-Y; Giménez Hernandez et al., 2010; Park & Peterson, 2006) was used to assess critical thinking disposition.
The scale assesses the adolescent’s perceptions about their ability to make decisions based on critical judgment
and their disposition to gather all the relevant information of a situation before arriving at conclusions. It is
composed of eight items (e.g., | make decisions only when | have all of the facts) that are answered on a scale ranging
from 1 (very much like me) to 5 (not like me at all), so higher scores indicate better critical thinking disposition.
Evidence of the concurrent and predictive validity of the Spanish version of the VIA-Y is found in Giménez
Hernandez et al. (2010). In our study, the reliability of the scale was adequate (a=.69, Q =.70, AVE = .34, CR =.76).

Perceived Stress

The Spanish short version of the Perceived Stress Scale (PSS4; Cohen & Williamson, 1988; Herrero & Meneses,
2006) was used to measure this construct. The PSS4 assesses the extent to which individuals perceive life as
uncontrollable, overloaded, or unpredictable (e.g., How often have you felt difficulties were piling up so high that you
could not overcome them?). It is composed of four items that are answered on a scale ranging from 1 (never) to 5
(always); thus, higher scores suggest worse levels of perceived stress. Evidence for the factorial and predictive
validity of the PSS4 is found in the work of Cohen and Williamson (1988). In our sample, the reliability of the PSS4
was acceptable (a =.60, Q = .62, AVE = .39, CR =.61).



Problematic Smartphone Use (PSU)

The Spanish short version of the Smartphone Addiction Scale (SAS-SV; Kwon et al., 2013; Lopez-Fernandez, 2017)
was used to assess PSU. The SAS-SV contains 10 items that are answered on a scale from 1 (strongly disagree) to 6
(strongly agree). An example item is | have my smartphone in my mind even when | am not using it, so higher scores
indicate higher PSU. The validity of the SAS-SV in Spanish samples is supported in Lépez-Fernandez (2017). The
reliability of the scale in our study was satisfactory (a = .87, Q = .86, AVE = .35, CR = .81).

Academic Engagement

This construct was assessed using the Spanish short version of the Utrecht Work Engagement Scale for Students
(UWES-9S; Carmona-Halty et al., 2019; Schaufeli et al., 2002). The UWES-9S measures the levels of vigor,
absorption, and dedication that students experience with regard to their academic activities. It is composed of
nine items (e.g., my studies inspire me) that are answered on a scale from 0 (never) to 6 (always); thus, higher scores
suggest greater levels of engagement. Carmona-Halty et al. (2019) presented supporting evidence for the validity
of the UWES-9S. The reliability of the scale in our study was excellent (a =.93, Q =.93, AVE = .64, CR = .94).

Statistical Analyses

Analyses were conducted using SPSS 23 (IBM Corp., 2015). Descriptive statistics were calculated and Pearson
bivariate correlations were estimated. Moreover, because all the variables were measured using self-report
guestionnaires, common-method bias could be a problem. We used Harman'’s single-factor test to assess for this
bias. According to this method, all the study variables are entered in an exploratory factor analysis. Afterwards,
the results of the unrotated factor matrix are examined to determine the number of factors with eigen-values
higher than one. The assumption of this procedure is that if common-method variance is present, then the
majority of the covariance of the variables will be accounted for by a single-factor, or only one factor will emerge
(Podsakoff & Organ, 1986).

The PROCESS macro was used to carry out the multiple mediation analysis (Hayes, 2018). The assumptions of
normality, multicollinearity, independence of errors, and homoscedasticity were tested prior to conducting the
analyses. Because the last assumption was not met, heteroscedasticity-consistent estimators were used
(Davidson-MacKinnon). Model 6 was applied to test for the serial mediation path from critical thinking disposition
(antecedent variable) to perceived stress (first mediator) to PSU (second mediator) to student engagement
(dependent variable). Sociodemographic variables, such as age and sex, were entered as covariates, as evidence
suggests a significant effect on academic engagement (Perkmann et al., 2021). The bootstrapping method (i.e.,
5,000 resamples) was used to assess the statistical significance of the indirect effects, using 95% confidence
intervals. An effect was considered significant if the 95% Cl did not include zero.

Results
Preliminary Analysis

Table 1 shows the descriptive statistics and Pearson bivariate correlations between the study variables. As
presented, critical thinking was negatively associated with perceived stress (r = -.25) and PSU (r = -.24), and
positively related to student engagement (r = .27). Furthermore, perceived stress was positively correlated with
PSU (r = .30) and negatively related to academic engagement (r = —.30). Finally, PSU and academic engagement
were negatively correlated (r = -.27).

Table 1. Descriptive Statistics and Correlations Between Study Variables.

Variable M SD 1 2 3 4
1. Critical thinking 3.47 0.63 1

2. Perceived stress 2.69 0.80 -.25" 1

3.PSU 27.38 10.99 =24 .30 1

4. Academic engagement 2.54 1.53 27 -.30™ =27 1

Note. *p <.01.



Regarding the common-method bias, the exploratory factor analysis suggested by Harman'’s single factor test
(Podsakoff & Organ, 1986) indicated that six factors were extracted, and the first one accounted for only 26% of
the variance. Because more than one factor was extracted, and the first one only accounted for a small proportion
of the variance, common-method bias was not an issue in our study.

Serial Mediation Model

Figure 2 and Table 2 present the results of the serial mediation model. As shown, the results indicate a significant
total effect of critical thinking on academic engagement, B=0.67, SE(HC3) = 0.09, p <.001. Regarding the covariates,
the total effect of age on academic engagement was significant, B = -0.08, SE(HC3) = 0.03, p = .009, while the total
effect of sex was not, B=0.12, SE(HC3) = 0.11, p = .304. Moreover, all of the direct effects were statistically different
from zero (i.e., p <.001). In addition, because the 95%Cl did not include zero, the results suggest that all of the
indirect effects were statistically significant. That is, first, perceived stress mediated the association between
critical thinking and academic engagement, indirect effect = 0.12, BootSE = 0.03, 95% CI [0.06, 0.19]. Second, PSU
mediated the link between critical thinking and academic engagement, indirect effect = 0.07, BootSE = 0.02, 95% Cl
[0.03, 0.13]. Finally, perceived stress and PSU serially mediated the relation between critical thinking and academic
engagement, indirect effect = 0.02, BootSE = 0.01, 95% CI [0.01, 0.03]. In sum, lower levels of critical thinking were
associated with higher levels of perceived stress, which in turn were linked to higher PSU. Finally, greater PSU was
related to lower levels of academic engagement. The complete serial mediation model accounted for 8.5% of the
variance in academic engagement, and it was statistically significant, Fze37) = 18.61, p = <.001.

Figure 2. Results of the Serial Mediation Analysis.
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Table 2. Effects in the Multiple Mediation Model (N = 641).
B SE (HC3) p LLCI ULCl

Total effects

CT — academic engagement 0.67 0.09 <.001 0.48 0.85

Sex — academic engagement 0.12 0.1 .304 -0.11 0.35

Age — academic engagement -0.08 0.03 .009 -0.15 -0.02
Direct effects

CT — perceived stress -0.32 0.04 <.001 -0.42 -0.23

CT — PSU -3.55 0.67 <.001 -4.87 -2.23

Perceived stress — PSU 2.78 0.53 <.001 1.72 3.83

Perceived stress — academic engagement -0.38 0.08 <.001 -0.54 -0.23

PSU — academic engagement -0.02 0.01 <.001 -0.03 -0.01

CT — academic engagement 0.44 0.09 <.001 0.25 0.62
Indirect effects Boot Effect Boot SE Boot LLCI Boot ULCI

CT — perceived stress — academic engagement 0.12 0.03 0.06 0.19

CT — PSU — academic engagement 0.07 0.02 0.03 0.13

CT — perceived stress — PSU — academic engagement 0.02 0.01 0.01 0.03

Note. CT = Critical thinking. PSU = Problematic smartphone use. B = unstandardized coefficient; SE (HC3) = Heteroscedasticity Consistent
Standard Error; LLCI = 95 % lower limit confidence interval; ULCI = 95 % upper limit confidence interval. Boot = statistics for the indirect
effects are the result of the bootstrapping method. Covariates: age and sex.



Discussion

Most adolescents today are growing up in an increasingly digitalized reality, frequently connecting with peers and
learning about the world through a smartphone (Crone & Konijn, 2018; Granic et al., 2020). Therefore, it is essential
to understand the role that the use of technology might play in the development of numerous academic, social,
and health-related outcomes. Based on several theoretical frameworks, the present study used a sample of
Spanish adolescents to analyze a mediation-based model of the cross-sectional link of critical thinking with
academic engagement, as serially mediated by perceived stress and PSU.

First, the results showed that lower levels of critical thinking were associated with an increased perception of
stress, which supports H1, in accordance with previous findings (Escola-Gascén et al., 2021; Kim et al., 2015).
Critical thinking might help to reduce stress levels because it allows individuals to reflect about and question
stress-inducing stimuli, as well as to reinterpret the experience of uncertainty by identifying the reasons why an
individual might feel stressed (Escola-Gascon et al., 2021). In addition, a few intervention studies have found that
training critical thinking helps to ameliorate stress (Okide et al., 2020; Ugwuozor et al., 2021). Nonetheless, the
aforementioned studies have not been conducted on adolescent samples. In relation to this matter, the research
of Flor et al. (2013) suggests that teaching critical thinking skills fosters an internal locus of control and has a
positive impact on the psychological well-being of adolescents. Therefore, our study expands on the preliminary
evidence indicating that promoting critical thinking attitudes might help adolescents manage their perception of
stressful situations.

Second, our results indicated that increased levels of perceived stress were linked to higher scores on PSU, which
provided support for the second hypothesis. As mentioned earlier, the association between stress and PSU is well
established in the cyberpsychology literature (Chiu, 2014; Q.-Q. Liu et al., 2018; Samaha & Hawi, 2016; Wang et al.,
2020; H. Yang et al., 2021). Although some studies suggest that the link between smartphone overuse and stress
might be bi-directional (Stankovi¢ & NeSi¢, 2022; Stankovi¢ et al., 2021), most of the research explains this
connection by asserting that smartphones are being used as a mechanism to alleviate negative emotions and
experiences of pain, tension, and loneliness (Chiu, 2014), as a tool to pass the time and reduce negative feelings,
but without eliminating the source of these emotions (Q.-Q. Liu et al., 2018), to escape from problems (Wang et
al., 2020), and to satisfy needs in the face of adversity (H. Yang et al., 2021). That is, the association between stress
and PSU seems to be best explained by the theories that have proposed that smartphones are used as a coping
mechanism by a minority of people (Elhai et al., 2019; Griffiths, 2019; Kardefelt-Winther, 2014). Relatedly, according
to Elhai and collaborators (2019), because smartphones have been an integral part of the lives of most of today's
adolescents, and because these devices have increasingly more applications that facilitate information seeking,
entertainment, and social connections, it seems understandable that many adolescents would continue to use
smartphones to find relief if no other, more beneficial, option is presented to them.

Third, we also found evidence to support the third hypothesis of our study, which assumed that higher levels of
PSU would be associated with lower levels of academic engagement. Prior research has indicated that the most
frequently studied negative educational outcome deriving from PSU is academic achievement (e.g., Bukhori et al.,
2019; Grant et al., 2019; Hawi & Samaha, 2016; Nayak, 2018; Samaha & Hawi, 2016; Winskel et al., 2019). For
instance, a recent meta-analytic study found that engagement is a proximal robust predictor of academic
performance (Lei et al., 2018). Thus, fostering academic engagement seems a promising path to improve academic
outcomes in adolescents. Nonetheless, at present, no previous research has shed light on the association between
PSU and academic engagement among adolescents. Therefore, our study provides novel evidence that expands
prior results suggesting that higher PSU might be associated with a decreased attitude toward learning and
academic achievement in high school students (Hong et al., 2012; Mahapatra, 2019; Soomro et al., 2019; Z. Yang
et al., 2019a, 2019b).

Interestingly, although no specific hypothesis about the direct relation between critical thinking and PSU was
posited, our results indicate a strong and negative association between both dimensions. Our findings might be
understood from the I-PACE (Brand et al., 2019) and pathways model (Billieux et al., 2015; Canale et al., 2021),
suggesting that some personal characteristics might be at the core of PSU. Several studies have suggested that
low critical thinking is associated with a tendency toward a problematic usage of digital technology. For instance,
it has been linked to problematic Internet (D. Liu et al., 2021) and social media use (Thomas, 2020). To the best of
our knowledge, there is no prior research about the association between critical thinking and PSU. Therefore, our
novel findings could set the base for more research regarding this connection. To support this contention, Dwyer



et al. (2014) suggested that critical thinking could be especially important in a 215t century setting where new
information is constantly being produced. Thus, individuals who engage critically with that information are better
equipped to solve problems constructively, draw reasonable conclusions, and make informed decisions.
Consequently, fostering critical thinking could potentially help adolescents make better decisions regarding digital
environments and their smartphone usage, although more research is needed to support this idea.

Furthermore, despite the fact that no inferences were made about the relation between critical thinking and
academic engagement, our results suggest that these variables are positively linked. Critical thinking has been
associated with positive emotions toward achievement (Thomas, 2020) and better academic performance (Fong
et al., 2017; Musa, 2020), beyond general cognitive ability (Ren et al., 2020). Based on these results, a tentative
conclusion is to think that critical thinkers might be more captivated by school content and apply key ideas in
different settings, which makes them more engaged and motivated in their schoolwork (Agger & Koenka, 2020).

Finally, regarding the fourth hypothesis, our evidence supports the serial mediation model in which lower levels
of critical thinking were associated with higher levels of perceived stress, which were linked to increased PSU,
thereby resulting in a decrease in academic engagement. Further, our findings highlight the importance of testing
integrative models from an empirical perspective to gain a better understanding of this complex phenomenon.
Thereby, we consider that our study provides empirical data to support the I-PACE (Brand et al., 2019) and
maladaptive coping (Elhai et al., 2019; Griffiths, 2019; Kardefelt-Winther, 2014) models regarding PSU in
adolescents. In sum, our results show a plausible path that integrates a personal characteristic, such as low critical
thinking disposition, which may make some adolescents more prone toward experiencing stress, and which they
might attempt to dampen by using their smartphone as a coping strategy that may eventually lead to a decrease
in academic engagement. Furthermore, Canale et al. (2021) proposed that the excessive reassurance pathway to
PSU is consistent with the maladaptive coping strategy proposal. Moreover, these researchers also indicated that
PSU following the impulsive pathway might be prompted by thoughtless urgency and lack of planning
(Canale et al., 2021). In addition, our study also provides indirect support for at least two of the pathways leading
to PSU (Billieux et al., 2015), by presenting empirical data to suggest that PSU might be a maladaptive coping
mechanism (i.e., excessive reassurance pathway) and that it may result from a diminished capacity to think
critically (i.e., impulsive pathway). Based on these preliminary findings, investigators should aim in future studies
to evaluate whether this interpretation of the results remains when using tests for the different paths leading to
PSU (e.g., Kuss et al., 2018).

The main strength of our research was presenting evidence to support an integrative model that considers
potential antecedents and consequences of PSU. Nonetheless, our study is not without limitations. First, although
our serial mediation model was based on theoretical grounds, we used cross-sectional data. Thus, we cannot make
proper assumptions regarding the causal relations between the study variables. Future research could address
this limitation by implementing a longitudinal design. Second, self-report data is susceptible to certain cognitive
biases. In our study we dismissed common method bias, but we did not test for social desirability bias. Because
of the sensitive nature of the variables we assessed, it is possible that the adolescents may have overestimated
their critical thinking disposition or underestimated their PSU levels (Krumpal, 2013). Although there are
differences between the aspects being tapped by self-report and behavioral measures (Dang et al., 2020),
investigators in future studies might want to assess critical thinking skills and objective smartphone usage to
overcome this limitation. For instance, Ryding & Kuss (2020) have found that screen usage time and checking
patterns are the most common strategies to objectively assess PSU. Third, the reliability indexes of the perceived
stress and critical thinking scales were lower than expected, despite replicating the results of previous studies
(Cohen & Williamson, 1988; Giménez Hernandez et al., 2010). Accordingly, Ziegler et al. (2014) argued that short
scales (i.e., fewer than 10 items) should focus more on construct representation than internal consistency,
especially when used in group instead of individual interpretation. Nonetheless, future research work should use
longer versions of these scales to surmount this shortcoming. Finally, the established cut-off score to the
determine high-risk PSU for the SAS-SV is 31 points for males and 33 points for females (Kwon et al., 2013). In our
sample, the mean score for PSU was 27.38 in general, 25.12 for males, and 29.20 for females. These results suggest
that the mean of our sample is below the corresponding cut-off scores, indicating low-risk PSU. Although there
are current discussions about the transcultural validity and present appropriateness of this criterium, the cut-off
score proposed by Kwon et al. (2013) remains the most widely used parameter to determine high- and low-risk
PSU (Olson et al., 2022). Therefore, our results are representative of a low-risk PSU community sample of
adolescents and should be interpretated with caution. Future studies might analyze our model in a high-risk PSU
sample to assess the potential replicability of our results.



Despite the aforementioned limitations, the results of our study have at least one important implication. Research
suggests that critical thinking can improve with specific training (Abrami et al., 2015; Alsaleh, 2020). Concerning
the variables that moderate the effectiveness of critical thinking interventions, the meta-analysis of Abrami et al.
(2015) found that training had a positive and significant effect in learners from elementary to undergraduate levels,
across different subject matter and irrespective of the duration of the intervention (e.g., from one hour to over
one semester long). Following Ennis's (1989) classification, scholars have found that experimental groups showed
increased critical thinking over controls despite employing direct, infusion, immersion, or mixed approaches
(Abrami et al., 2015). Similarly, these authors found that using the strategies of dialogue and anchored problem-
solving yielded larger effects than mentoring, although all three favored the experimental groups and the best
results were found when these strategies were combined. Finally, some studies have indicated that the most
effective techniques for teaching critical thinking are dialogues in which the teacher poses a question, whole-class
and small-group discussions led by the teacher, applied problem-solving, and role playing (Abrami et al., 2015).

In addition, critical thinking training may include general or specific content (Ennis, 2018). Although Ennis (2018)
indicated that most teaching concentrates on general critical thinking, he asserted that subject-specific programs
are important because they emphasize reflective thinking focused on what to believe or do in a particular field.
Consequently, interventions aiming to reduce the risk of developing PSU in adolescents should focus on teaching
about how to think critically to enhance healthy digital technology usage. For instance, Escola-Gascén et al. (2021)
suggested that critical thinking could be employed to detect fake news online. Similarly, future studies could focus
on the most problematic aspects of PSU for adolescents and encourage group discussions, problem-solving, and
role playing to foster a beneficial use of the smartphone.

Furthermore, according to our results, adolescents might be using smartphones as a maladaptive coping
mechanism; therefore, future interventions could aim to teach youth about personal resources and adaptive
strategies to manage stress levels. For example, Arrivillaga et al. (2022) found that emotional intelligence, which is
the ability to perceive, understand, and manage emotions effectively (Mayer et al., 2016), acted as a buffer against
PSU. In addition, another study found that adolescents with higher risk for PSU tended to use more maladaptive
coping strategies than low-risk users (e.g., rumination, self-blame, blaming others, and catastrophizing; Extremera
et al., 2019). Therefore, it can be inferred from our findings that teaching adaptive emotion regulation strategies
(i.e., positive reappraisal, positive refocusing, refocus on planning, and putting the situation into perspective) could
shield adolescents from experiencing intense stress, which would help them to lower PSU and become more
motivated, engaged, and successful in school. Finally, studies have suggested that positive parental mediation is
negatively associated with PSU in adolescents (Meeus et al., 2019; Nielsen et al., 2020). Accordingly, our results
might point toward the importance of preventing PSU by fostering parental mediation of adolescents’ smartphone
use, as an external form of regulation, which might also have a positive impact on their academic success.

Conclusion

Our study has provided evidence which suggests that perceived stress and PSU act as serial mediators between
critical thinking and academic engagement, meaning that adolescents with reduced critical thinking have a greater
tendency to perceive stress, which, in turn, leads to PSU as a maladaptive strategy, resulting in less academic
engagement. Finally, by placing critical thinking as an antecedent of interest of PSU, future intervention programs
should consider the role of critical thinking in the context of healthy usage of smartphones among adolescents.

Conflict of Interest

The authors do not have any conflicts of interest to report.

Authors’ Contributions

Christiane Arrivillaga: conceptualization, formal analysis, funding acquisition, investigation, methodology, and
writing—original draft, review, and editing. Lourdes Rey: conceptualization, funding acquisition, methodology,
project administration, supervision, and writing—review and editing. Natalio Extremera: conceptualization,
funding acquisition, methodology, project administration, supervision, and writing—review and editing.



Acknowledgement

This work was financially supported by the University of Malaga (PPIT.UMA.A2.2019), the PAIDI group CTS-1048
(Junta de Andalucia), and the Ministry for Science and Innovation in Spain (PID2020-117006RB-100).

References

Abrami, P. C., Bernard, R. M., Borokhovski, E., Waddington, D. I., Wade, C. A., & Persson, T. (2015). Strategies for
teaching students to think critically: A meta-analysis. Review of Educational Research, 85(2), 275-314.
https://doi.org/10.3102/0034654314551063

Agger, C. A., & Koenka, A. C. (2020). Does attending a deeper learning school promote student motivation,
engagement, perseverance, and achievement? Psychology in the Schools, 57(4), 627-645.
https://doi.org/10.1002/pits.22347

Alsaleh, N.]J. (2020). Teaching critical thinking skills: Literature review. TOJET: The Turkish Online Journal of
Educational Technology, 19(1), 21-39. http://www.tojet.net/articles/v19i1/1913.pdf

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.).
https://doi.org/https://doi.org/10.1176/appi.books.9780890425596

Arrivillaga, C., Rey, L., & Extremera, N. (2022). Psychological distress, rumination and problematic smartphone
use among Spanish adolescents: An emotional intelligence-based conditional process analysis. Journal of Affective
Disorders, 296, 1-8. https://doi.org/10.1016/j.jad.2021.09.021

Baggio, S., Starcevic, V., Studer, J., Simon, O., Gainsbury, S. M., Gmel, G., & Billieux, J. (2018). Technology-mediated
addictive behaviors constitute a spectrum of related yet distinct conditions: A network perspective. Psychology of
Ad(dictive Behaviors, 32(6), 564-572. https://doi.org/10.1037/adb0000379

Berman, H. (2018). An overview of adolescent mental health. In A. Radovic & M. Moreno (Eds.), Technology and
adolescent mental health (pp. 3-20). Springer. https://link.springer.com/chapter/10.1007/978-3-319-69638-6_1

Billieux, J., Maurage, P., Lopez-Fernandez, O., Kuss, D. )., & Griffiths, M. D. (2015). Can disordered mobile phone
use be considered a behavioral addiction? An update on current evidence and a comprehensive model for future
research. Current Addiction Reports, 2(2), 156-162. https://doi.org/10.1007/s40429-015-0054-y

Brand, M., Wegmann, E., Stark, R., Muller, A., Wélfling, K., Robbins, T. W., & Potenza, M. N. (2019). The interaction
of person-affect-cognition-execution (I-PACE) model for addictive behaviors: Update, generalization to addictive
behaviors beyond internet-use disorders, and specification of the process character of addictive behaviors.
Neuroscience and Biobehavioral Reviews, 104, 1-10. https://doi.org/10.1016/j.neubiorev.2019.06.032

Bronfenbrenner, U. (1979). The ecology of human development: Experiments by nature and design. Harvard
University Press.

Bukhori, B., Said, H., Wijaya, T., & Nor, F. M. (2019). The effect of smartphone addiction, achievement motivation,
and textbook reading intensity on students’ academic achievement. International Journal of Interactive Mobile
Technologies, 13(9), 66-80. https://doi.org/10.3991/ijim.v13i09.9566

Busch, P. A., & McCarthy, S. (2021). Antecedents and consequences of problematic smartphone use: A systematic
literature review of an emerging research area. Computers in Human Behavior, 114, Article 106414.
https://doi.org/10.1016/j.chb.2020.106414

Byrne, D. G., Davenport, S. C., & Mazanoy, J. (2007). Profiles of adolescent stress: The development of the
adolescent stress questionnaire (ASQ). Journal of Adolescence, 30(3), 393-416.
https://doi.org/10.1016/j.adolescence.2006.04.004

Canale, N., Moretta, T., Pancani, L., Buodo, G., Vieno, A., Dalmaso, M., & Billieux, J. (2021). A test of the pathway
model of problematic smartphone use. Journal of Behavioral Addictions, 10(1), 181-193.
https://doi.org/10.1556/2006.2020.00103

Carmona-Halty, M. A., Schaufeli, W. B., & Salanova, M. (2019). The Utrecht Work Engagement Scale for Students
(UWES-9S): Factorial validity, reliability, and measurement invariance in a Chilean sample of undergraduate
university students. Frontiers in Psychology, 10, Article 1017. https://doi.org/10.3389/fpsyg.2019.01017



Chen, I.-H., Pakpour, A. H., Leung, H., Potenza, M. N., Su, J.-A., Lin, C.-Y., & Griffiths, M. D. (2020). Comparing
generalized and specific problematic smartphone/internet use: Longitudinal relationships between smartphone
application-based addiction and social media addiction and psychological distress. Journal of Behavioral
Addictions, 9(2), 410-419. https://doi.org/10.1556/2006.2020.00023

Chiu, S.-I. (2014). The relationship between life stress and smartphone addiction on Taiwanese university
student: A mediation model of learning self-efficacy and social self-efficacy. Computers in Human Behavior, 34,
49-57. https://doi.org/10.1016/j.chb.2014.01.024

Cohen, S., & Williamson, G. (1988). Perceived stress in a probability sample of the United States. In S. Scapacan &
S. Oskamp (Eds.), The social psychology of health (pp. 31-67). Sage.

Crone, E. A, & Konijn, E. A. (2018). Media use and brain development during adolescence. Nature
Communications, 9, Article 588. https://doi.org/10.1038/s41467-018-03126-x

Csibi, S., Griffiths, M. D., Demetrovics, Z., & Szabo, A. (2021). Analysis of problematic smartphone use across
different age groups within the ‘components model of addiction’. International Journal of Mental Health and
Ad(diction, 19, 616-631. https://doi.org/10.1007/s11469-019-00095-0

Dang, J., King, K. M., & Inzlicht, M. (2020). Why are self-report and behavioral measures weakly correlated? Trends
in Cognitive Sciences, 24(4), 267-269. https://doi.org/10.1016/j.tics.2020.01.007

Davis, R. A. (2001). Cognitive-behavioral model of pathological internet use. Computers in Human Behavior, 17(2),
187-195. https://doi.org/10.1016/S0747-5632(00)00041-8

Derevensky, J. L., Hayman, V., & Gilbeau, L. (2019). Behavioral addictions excessive gambling, gaming, internet,
and smartphone use among children and adolescents. Pediatric Clinics of North America, 66(6), 1163-1182.
https://doi.org/10.1016/j.pcl.2019.08.008

Dwyer, C. P., Hogan, M. J., & Stewart, I. (2014). An integrated critical thinking framework for the 21st century.
Thinking Skills and Creativity, 12, 43-52. https://doi.org/10.1016/j.tsc.2013.12.004

Elhai, J. D., Levine, ). C., & Hall, B. J. (2019). The relationship between anxiety symptom severity and problematic
smartphone use: A review of the literature and conceptual frameworks. Journal of Anxiety Disorders, 62, 45-52.
https://doi.org/10.1016/j.janxdis.2018.11.005

Elhai, J. D., McKay, D., Yang, H., Minaya, C., Montag, C., & Asmundson, G. J. G. (2021). Health anxiety related to
problematic smartphone use and gaming disorder severity during COVID-19: Fear of missing out as a mediator.
Human Behavior and Emerging Technologies, 3(1), 137-146. https://doi.org/10.1002/hbe2.227

Elhai, J. D., Yang, H., & Levine, J. C. (2019). Applying fairness in labeling various types of internet use disorders.
Commentary on: How to overcome taxonomical problems in the study of Internet use disorders and what to do
with “smartphone addiction”? Journal of Behavioral Addictions, 9(4), 924-927.
https://doi.org/10.1556/2006.2020.00071

Ellerton, P. (2019). Critical thinking in adolescence. In S. Hupp &. Jewell (Eds.), The encyclopedia of child and
adolescent development (pp. 1-10). https://doi.org/10.1002/9781119171492.wecad370

Ennis, R. H. (1989). A taxonomy of critical thinking disposition and abilities. In J. B. Baron & R. J. Sternberg (Eds.),
Teaching thinking skills: Theory and practice. (pp. 9-26). W. H. Freeman, Times Books, Henry Holt & Co.

Ennis, R. H. (2018). Critical thinking across the curriculum: A vision. Topoi, 37(1), 165-184.
https://doi.org/10.1007/s11245-016-9401-4

Escola-Gascén, A., Dagnall, N., & Gallifa, J. (2021). Critical thinking predicts reductions in Spanish physicians’
stress levels and promotes fake news detection. Thinking Skills and Creativity, 42, Article 100934.
https://doi.org/10.1016/j.tsc.2021.100934

Extremera, N., Quintana-Orts, C., Sdnchez-Alvarez, N., & Rey, L. (2019). The role of cognitive emotion regulation
strategies on problematic smartphone use: Comparison between problematic and non-problematic adolescent
users. International Journal of Environmental Research and Public Health, 16(17), Article 3142,
https://doi.org/10.3390/ijerph16173142

Facione, P. A. (1990). Critical thinking: A statement of expert consensus for purposes of educational assessment
and instruction executive summary. [Executive summary]. The California Academic Press, 423, 1-19.



Field, T. (2020). Cell phone addiction in adolescents: A narrative review. Open Access Journal of Addiction and
Psychology, 3(4), 1-10. https://doi.org/10.33552/0AJAP.2020.03.000568

Flor, R. K., Bita, A., Monir, K. C., & Zohreh, Z. Z. (2013). The effect of teaching critical and creative thinking skills on
the locus of control and psychological well-being in adolescents. Procedia - Social and Behavioral Sciences, 82, 51-
56. https://doi.org/10.1016/j.sbspro.2013.06.223

Fong, C.J., Kim, Y., Davis, C. W., Hoang, T., & Kim, Y. W. (2017). A meta-analysis on critical thinking and community
college student achievement. Thinking Skills and Creativity, 26, 71-83. https://doi.org/10.1016/j.tsc.2017.06.002

Giménez Hernandez, M., Vazquez Valverde, C., & Hervas Torres, G. (2010). La medida de las fortalezas psicoldgicas
en adolescentes (VIA-Youth): Relaciéon con clima familiar, psicopatologia y bienestar psicolégico. [Measurement of
psychological strengths in adolescents (VIA-Youth): Associations with family climate, psychopathology, and
psycholoical well-being]. [Unpublished doctoral dissertation]. Universidad Complutense de Madrid.

Granic, |., Morita, H., & Scholten, H. (2020). Beyond screen time: Identity development in the digital age.
Psychological Inquiry, 31(3), 195-223. https://doi.org/10.1080/1047840X.2020.1820214

Grant, J. E., Lust, K., & Chamberlain, S. R. (2019). Problematic smartphone use associated with greater alcohol
consumption, mental health issues, poorer academic performance, and impulsivity. fournal of Behavioral
Addictions, 8(2), 335-342. https://doi.org/10.1556/2006.8.2019.32

Griffiths, M. D. (2019). The evolution of the “components model of addiction” and the need for a confirmatory
approach in conceptualizing behavioral addictions. Dusunen Adam The Journal of Psychiatry and Neuroloogical
Sciences, 32(3), 179-184. https://doi.org/10.14744/DAJPNS.2019.00027

Hawi, N. S., & Samaha, M. (2016). To excel or not to excel: Strong evidence on the adverse effect of smartphone
addiction on academic performance. Computers and Education, 98, 81-89.
https://doi.org/10.1016/j.compedu.2016.03.007

Hayes, A. (2018). Introduction to mediation, moderation, and conditional process analysis. A regression-based
approach. The Guilford Press.

Herrero, J., & Meneses, J. (2006). Short web-based versions of the Perceived Stress (PSS) and Center for
Epidemiological Studies-Depression (CESD) Scales: A comparison to pencil and paper responses among Internet
users. Computers in Human Behavior, 22(5), 830-846. https://doi.org/10.1016/j.chb.2004.03.007

Hong, F.-Y., Chiu, S.-I., & Huang, D.-H. (2012). A model of the relationship between psychological characteristics,
mobile phone addiction and use of mobile phones by Taiwanese university female students. Computers in
Human Behavior, 28(6), 2152-2159. https://doi.org/10.1016/j.chb.2012.06.020

Horwood, S., & Anglim, J. (2019). Problematic smartphone usage and subjective and psychological well-being.
Computers in Human Behavior, 97, 44-50. https://doi.org/10.1016/j.chb.2019.02.028

IBM Corp. (2015). IBM SPSS Statistics for Windows (Version 23.0.) [Computer software]. IBM Corp.
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-23

Kardefelt-Winther, D. (2014). A conceptual and methodological critique of internet addiction research: Towards a
model of compensatory internet use. Computers in Human Behavior, 31, 351-354.
https://doi.org/10.1016/j.chb.2013.10.059

Kardefelt-Winther, D., Heeren, A., Schimmenti, A., van Rooij, A., Maurage, P., Carras, M., Edman, J., Blaszczynski,
A., Khazaal, Y., & Bilieu, J. (2017). How can we conceptualize behavioral addiction without pathologizing
common behaviors? Addiction, 112(10), 1709-1715. https://doi.org/10.1111/add.13763

Kim, H., Lee, E. K., & Park, S.-Y. (2015). Critical thinking disposition, self-efficacy, and stress of Korean nursing
students. Indian jJournal of Science and Technology, 8(18), 83-89. https://doi.org/10.17485/ijst/2015/v8i18/76710

Krumpal, I. (2013). Determinants of social desirability bias in sensitive surveys: A literature review. Quality and
Quantity, 47(4), 2025-2047. https://doi.org/10.1007/s11135-011-9640-9

Kuss, D. J., & Griffiths, M. D. (2017). Social networking sites and addiction: Ten lessons learned. International
Journal of Environmental Research and Public Health, 14(3), Article 311. https://doi.org/10.3390/ijerph14030311



Kuss, D. ., Harkin, L., Kanjo, E., & Billieux, J. (2018). Problematic smartphone use: Investigating contemporary
experiences using a convergent design. International Journal of Environmental Research and Public Health, 15(1),
Article 142. https://doi.org/10.3390/ijerph15010142

Kwon, M., Kim, D.-J., Cho, H., & Yang, S. (2013). The smartphone addiction scale: Development and validation of a
short version for adolescents. PLoS ONE, 8(12), Article 83558. https://doi.org/10.1371/journal.pone.0083558

Lei, H., Cui, Y., & Zhou, W. (2018). Relationships between student engagement and academic achievement: A
meta-analysis. Social Behavior and Personality, 46(3), 517-528. https://doi.org/10.2224/sbp.7054

Lin, Y.-H., Chiang, C.-L., Lin, P.-H., Chang, L.-R., Ko, C.-H., Lee, Y.-H., & Lin, S.-H. (2016). Proposed diagnostic criteria
for smartphone addiction. PLoS ONE, 11(11), Article 0163010. https://doi.org/10.1371/journal.pone.0163010

Liu, D., Ma, Y., Zhuang, K., Chen, Q., Shi, B., & Qiu, J. (2021). Linking temporal-parietal junction to internet
addiction tendency: Moderating effect of critical thinking. Journal of Behavioral Addictions, 10(3), 759-766.
https://doi.org/10.1556/2006.2021.00049

Liu, Q.-Q., Zhang, D.-)., Yang, X.-)., Zhang, C.-Y., Fan, C.-Y., & Zhou, Z.-K. (2018). Perceived stress and mobile phone
addiction in Chinese adolescents: A moderated mediation model. Computers in Human Behavior, 87, 247-253.
https://doi.org/10.1016/j.chb.2018.06.006

Lopez-Fernandez, O. (2017). Short version of the Smartphone Addiction Scale adapted to Spanish and French:
Towards a cross-cultural research in problematic mobile phone use. Addictive Behaviors, 64, 275-280.
https://doi.org/10.1016/j.addbeh.2015.11.013

Mahapatra, S. (2019). Smartphone addiction and associated consequences: Role of loneliness and self-
regulation. Behaviour and Information Technology, 38(8), 833-844.
https://doi.org/10.1080/0144929X.2018.1560499

Mayer, ). D., Caruso, D. R., & Salovey, P. (2016). The ability model of emotional intelligence: Principles and
updates. Emotion Review, 8(4), 290-300. https://doi.org/10.1177/1754073916639667

Meeus, A., Eggermont, S., & Beullens, K. (2010). Constantly connected: The role of parental mediation styles and
self-regulation in pre-and early adolescents’ problematic mobile device use. Human Communication Research,
45(2), 119-147. https://doi.org/10.1093/hcr/hqy015

Montag, C., Wegmann, E., Sariyska, R., Demetrovics, Z., & Brand, M. (2020). How to overcome taxonomical
problems in the study of Internet use disorders and what to do with “smartphone addiction”? Journal of
Behavioral Addictions, 9(4), 908-914. https://doi.org/10.1556/2006.8.2019.59

Musa, M. (2020). Investigation of the relationship between critical thinking levels and academic achievement
levels of students in Faculty of Sports Science. Educational Research and Reviews, 15(7), 370-376.
https://doi.org/10.5897/err2020.3946

National Institute for Statistics. (2021). Poblacién por comunidades y provincias, edad (grupos quinquenales) y sexo.
[Population by communities and provinces, age (five-year groups) and sex].
https://www.ine.es/jaxi/Datos.htm?path=/t20/e245/p04/provi/l0/&file=0ccaa003.px

Nayak, J. K. (2018). Relationship among smartphone usage, addiction, academic performance and the
moderating role of gender: A study of higher education students in India. Computers and Education, 123, 164-
173. https://doi.org/10.1016/j.compedu.2018.05.007

Nielsen, P., Favez, N., & Rigter, H. (2020). Parental and family factors associated with problematic gaming and
problematic internet use in adolescents: A systematic literature review. Current Addiction Reports, 7(3), 365-386.
https://doi.org/10.1007/s40429-020-00320-0

Okide, C. C., Eseadi, C., Ezenwaji, I. O., Ede, M. O., Igbo, R. O., Koledoye, U. L., Ekwealor, N. E., Osilike, C., Okeke, N.
M., Igwe, N.J., Nwachukwu, R. U., Ukanga, L. P., Olajide, M. F., Onuorah, A. E., Ujah, P., Ejionueme, L. K., Abiogu, G.
C., Eskay, M., & Ugwuanyi, C. S. (2020). Effect of a critical thinking intervention on stress management among
undergraduates of adult education and extramural studies programs. Medicine, 99(35), Article 21697.
https://doi.org/10.1097/MD.0000000000021697

Olson, J. A., Sandra, D. A., Colucci, E. S., Al Bikaii, A., Chmoulevitch, D., Nahas, J., Raz, A., & Veissiére, S. P. L. (2022).
Smartphone addiction is increasing across the world: A meta-analysis of 24 countries. Computers in Human
Behavior, 129, Article 107138. https://doi.org/10.1016/j.chb.2021.107138



Panova, T., & Carbonell, X. (2018). Is smartphone addiction really an addiction? Journal of Behavioral Addictions,
7(2), 252-259. https://doi.org/10.1556/2006.7.2018.49

Park, N., & Peterson, C. (2006). Moral competence and character strengths among adolescents: The
development and validation of the Values in Action Inventory of Strengths for Youth. Journal of Adolescence, 29(6),
891-909. https://doi.org/10.1016/j.adolescence.2006.04.011

Perkmann, M., Salandra, R., Tartari, V., McKelvey, M., & Hughes, A. (2021). Academic engagement: A review of the
literature 2011-2019. Research Policy, 50(1), Article 104114. https://doi.org/10.1016/j.respol.2020.104114

Pivetta, E., Harkin, L., Billieux, J., Kanjo, E., & Kuss, D. J. (2019). Problematic smartphone use: An empirically
validated model. Computers in Human Behavior, 100, 105-117. https://doi.org/10.1016/j.chb.2019.06.013

Podsakoff, P. M., & Organ, D. W. (1986). Self-reports in organizational research: Problems and prospects. Journal
of Management, 12(4), 531-544. https://doi.org/10.1177/014920638601200408

Ren, X, Tong, Y., Peng, P., & Wang, T. (2020). Critical thinking predicts academic performance beyond general
cognitive ability: Evidence from adults and children. Intelligence, 82, Article 101487.
https://doi.org/10.1016/j.intell.2020.101487

Ryding, F. C., & Kuss, D. J. (2020). Passive objective measures in the assessment of problematic smartphone use:
A systematic review. Addictive Behaviors Reports, 11, Article 100257. https://doi.org/10.1016/j.abrep.2020.100257

Samaha, M., & Hawi, N. S. (2016). Relationships among smartphone addiction, stress, academic performance,
and satisfaction with life. Computers in Human Behavior, 57, 321-325. https://doi.org/10.1016/j.chb.2015.12.045

Schaufeli, W. B., Martinez, I. M., Pinto, A. M., Salanova, M., & Bakker, A. B. (2002). Burnout and engagement in
university students a cross-national study. Journal of Cross-Cultural Psychology, 33(5), 464-481.
https://doi.org/10.1177/0022022102033005003

Skinner, E. A., & Zimmer-Gembeck, M. J. (2016). The development of coping: Stress, neurophysiology, social
relationships, and resilience during childhood and adolescence. Annual Review of Psychology, 58, 119-144.
https://doi.org/10.1146/annurev.psych.58.110405.085705

Sohn, S., Rees, P., Wildridge, B., Kalk, N.J., & Carter, B. (2019). Prevalence of problematic smartphone usage and
associated mental health outcomes amongst children and young people: A systematic review, meta-analysis and
GRADE of the evidence. BMC Psychiatry, 19(1), Article 397. https://doi.org/10.1186/512888-019-2393-z

Soomro, K. A, Zai, S. A. Y., Nasrullah, & Hina, Q. A. (2019). Investigating the impact of university students’
smartphone addiction on their satisfaction with classroom connectedness. Education and Information
Technologies, 24, 3523-3535. https://doi.org/10.1007/s10639-019-09947-7

Stankovi¢, M., & NeSi¢, M. (2022). Association of internet addiction with depression, anxiety, stress, and the
quality of sleep: Mediation analysis approach in Serbian medical students. Current Research in Behavioral
Sciences, 3, Article 100071. https://doi.org/10.1016/j.crbeha.2022.100071

Stankovi¢, M., Nei¢, M., Cicevi¢, S., & Shi, Z. (2021). Association of smartphone use with depression, anxiety,
stress, sleep quality, and internet addiction. Empirical evidence from a smartphone application. Personality and
Individual Differences, 168, Article 110342. https://doi.org/10.1016/j.paid.2020.110342

Statista. (2021a). Global smartphone penetration rate as share of population from 2016 to 2020. Retrieved from
https://www.statista.com/statistics/203734/global-smartphone-penetration-per-capita-since-2005/

Statista. (2021b). Number of smartphone users from 2016 to 2021. Retrieved from
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/

Su, M. R., & Shum, K. K. (2019). The moderating effect of mindfulness on the mediated relation between critical
thinking and psychological distress via cognitive distortions among adolescents. Frontiers in Psychology, 10, Article
1455. https://doi.org/10.3389/fpsyg.2019.01455

Su, W., Han, X, Yu, H., Wu, Y., & Potenza, M. N. (2020). Do men become addicted to internet gaming and women
to social media? A meta-analysis examining gender-related differences in specific internet addiction. Computers
in Human Behavior, 113, Article 106480. https://doi.org/10.1016/j.chb.2020.106480



Thomas, D. (2020). Social media addiction, critical thinking and achievement emotions among EFL students in
Thailand. Asia Pacific Journal of Educators and Education, 35(1), 157-171.
https://doi.org/10.21315/apjee2020.35.1.9

Ugwuozor, F. O., Otu, M. S., & Mbaji, I. N. (2021). Critical thinking intervention for stress reduction among
undergraduates in the Nigerian universities. Medicine, 700(11), Article 25030.
https://doi.org/10.1097/MD.0000000000025030

Valkenburg, P. M., & Piotrowski, J. T. (2017). Plugged in: How media attract and affect youth. Yale University Press.
https://doi.org/10.12987/yale/9780300218879.001.0001

van Velthoven, M. H., Powell, J., & Powell, G. (2018). Problematic smartphone use: Digital approaches to an
emerging public health problem. Digital Health, 4, 1-9. https://doi.org/10.1177/2055207618759167

Wang, J.-L., Rost, D. H., Qiao, R.-J., & Monk, R. (2020). Academic stress and smartphone dependence among
Chinese adolescents: A moderated mediation model. Children and Youth Services Review, 118, Article 105029.
https://doi.org/10.1016/j.childyouth.2020.105029

Winskel, H., Kim, T.-H., Kardash, L., & Belic, I. (2019). Smartphone use and study behavior: A Korean and
Australian comparison. Heliyon, 5(7), Article 02158. https://doi.org/10.1016/j.heliyon.2019.e02158

World Health Organization. (2015). Public health implications of excessive use of the internet, computers,
smartphones and similar electronic devices: Meeting report. WHO Press.
https://apps.who.int/iris/bitstream/handle/10665/184264/9789241509367_eng.pdf?sequence=1

World Health Organization. (2019). International statistical classification of diseases and related health problems
(11th ed.). https://icd.who.int/

World Medical Association. (2013). Declaration of Helsinki: Ethical principles for scientific requirements and research
protocols. https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/

Yang, H., Liu, B., & Fang, J. (2021). Stress and problematic smartphone use severity: Smartphone use frequency
and fear of missing out as mediators. Frontiers in Psychiatry, 12, Article 659288.
https://doi.org/10.3389/fpsyt.2021.659288

Yang, Z., Asbury, K., & Griffiths, M. D. (2019a). “A cancer in the minds of youth?” A qualitative study of problematic
smartphone use among undergraduate students. International Journal of Mental Health and Addiction, 19, 934~
946. https://doi.org/10.1007/s11469-019-00204-z

Yang, Z., Asbury, K., & Griffiths, M. D. (2019b). An exploration of problematic smartphone use among Chinese
university students: Associations with academic anxiety, academic procrastination, self-regulation and subjective
wellbeing. International Journal of Mental Health and Addiction, 17, 596-614. https://doi.org/10.1007/s11469-018-
9961-1

Ziegler, M., Kemper, C. )., & Kruyen, P. (2014). Short scales - Five misunderstandings and ways to overcome them.
Journal of Individual Differences, 35(4), 185-189. https://doi.org/10.1027/1614-0001/a000148



About Authors

Christiane Arrivillaga is a Ph.D. Candidate in the Department of Social Psychology at the Faculty of Psychology,
University of Malaga (Spain). She is a member of the Applied Positive Lab. Her research interests include positive
personal resources to prevent Internet-related problematic behaviors in adolescents and promote their well-
being.

Lourdes Rey is an Associate Professor in the Department of Personality, Assessment, and Psychological
Treatment and the Vice Dean of Research, Graduate Studies, and Research Laboratories at the Faculty of
Psychology, University of Malaga (Spain). She is also the Principal Investigator of the Applied Positive Lab. Her
research interests include positive personal resources in health, well-being, and psychological adjustment in
applied settings.

Natalio Extremera is a Full Professor in the Department of Social Psychology at the Faculty of Psychology,
University of Malaga (Spain). He is a senior member of the Applied Positive Lab and an active member of several
national and international research societies. He has been the Principal Investigator in several funded projects
regarding emotional intelligence training in educational settings. His research interests include the assessment,
development, and training of emotional intelligence in applied settings.

B3 Correspondence to
Christiane Arrivillaga, Department of Social Psychology, Faculty of Psychology, University of Malaga, Campus de
Teatinos s/n, Malaga 29071, Malaga, Spain, carrivillagad@uma.es

© Author(s). The articles in Cyberpsychology: Journal of Psychosocial Research on Cyberspace are open access
articles licensed under the terms of the Creative Commons BY-NC-ND 4.0 International License which permits
unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly
cited.

Cyberpsychology: Journal of Psychosocial Research on Cyberspace (https://cyberpsychology.eu/)

ISSN: 1802-7962 | Faculty of Social Studies, Masaryk University




