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Abstract

Digital behaviour in higher education must be approached not only as a psychological
phenomenon but also as a pedagogical issue with direct implications for academic well-
being and learning processes. The present study evaluates an integrated model that links
frequency of online activity, problematic Internet use, nomophobia, and phubbing among
university students. A quantitative-transversal methodology was applied. A structural
equation model was specified using partial least squares (PLS-SEM) in order to analyse the
combined direct and indirect effects between the constructs studied. The sample comprised
1922 Spanish university students. The instrument was made up of four scales designed to
assess the frequency and type of Internet use, problematic Internet use, nomophobia, and
phubbing. The results support the four hypotheses established via the model to explain
the relationships between the variables. The explanatory power of the model around
the construct of phubbing stood out, and nomophobia was determined to have a partial
mediating role between problematic Internet use and phubbing. Guidance is discussed for
the design of interventions to address the issues these phenomena cause.

Keywords: phubbing; nomophobia; problematic Internet use; online activity frequency;
smartphone; university; students; structural model; PLS-SEM

1. Introduction
1.1. Background

In higher education, students’ pervasive connectivity and smartphone-mediated en-
gagement have become a growing concern because they can erode attention, participation,
and academic wellbeing, as well as the quality of face-to-face interactions that underpin
collaborative learning. Digital technologies now permeate nearly all aspects of university
life, reshaping how students access information, communicate with peers and educators,
organise coursework, and participate in learning activities. Smartphones in particular
have become ubiquitous academic companions. Students depend on them for navigating
institutional platforms, coordinating group projects, and managing deadlines, but also
for social networking and entertainment (Duradoni et al., 2023; Pérez-Juárez et al., 2023).
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This continuous connection blurs the boundaries between study-related and leisure activ-
ities and places new demands on self-regulation (Wang et al., 2022). As several authors
argue (Dagani et al., 2025; Truzoli et al., 2019), digital behaviour in higher education must
therefore be approached not only as a psychological phenomenon but also as a pedagog-
ical issue with direct implications for attention, motivation, collaborative learning, and
classroom climate.

Recent educational research has emphasised that understanding students’ digital
habits requires moving beyond simplistic indicators such as screen time or number of
log-ins. A more meaningful distinction would be between intensive and problematic
use. Intensive behaviour often reflects the legitimate digital workload associated with
contemporary coursework, whereas Problematic Internet Use (PIU) arises when online
activity becomes difficult to control or begins to interfere with academic responsibilities
and emotional wellbeing (Caplan, 2007; Kuss & Lopez-Fernandez, 2016). The literature
consistently links PIU to attentional difficulties, procrastination, poorer academic perfor-
mance, and higher stress among university students, suggesting that its impact extends
into core learning processes (Moreno-Guerrero et al., 2020; Truzoli et al., 2019).

Beyond general Internet use, two smartphone-specific phenomena—nomophobia and
phubbing—have become increasingly important in higher education contexts. Nomopho-
bia, conceptualised as the anxiety or discomfort people experience when they are unable to
access or use their smartphones, is associated with higher cognitive load and difficulties
sustaining attention during learning tasks (Cheever et al., 2014; Rodríguez-García et al.,
2020). Phubbing (from phone-snubbing) is when people do not pay attention to face-to-face
interactions and instead engage with their phones. Research shows that it undermines
interpersonal communication, reduces social presence, and disrupts collaborative activities,
which are central to constructivist and active learning approaches (Pérez-Juárez et al., 2023;
Roberts & David, 2016). Importantly, nomophobia and phubbing represent two specific
manifestations of smartphone-based dependence that tend to emerge after broader pat-
terns of problematic Internet use, suggesting a sequential progression in students’ digital
behaviour (Duradoni et al., 2023; Elhai et al., 2021).

Despite rapid growth in research on PIU, nomophobia, and phubbing, empirical
evidence remains scarce and fragmented, and these constructs have largely been examined
separately. For example, studies have focused exclusively on PIU and psychological
distress, or analysed only a subset of relationships, such as PIU and nomophobia or
nomophobia and academic stress (Davey et al., 2018; Elhai et al., 2018). Although these
contributions are valuable, they provide only partial insights into how online activity
evolves into smartphone-specific emotional and behavioural patterns. In higher education,
where attention, presence, and peer interaction are at the core of learning, the absence of
an integrated perspective makes it difficult to understand how digital habits translate into
classroom-level outcomes (Moreno-Guerrero et al., 2020; Muñoz-Carril et al., 2025a).

This gap is particularly noteworthy; while a substantial body of research explains each
phenomenon separately, far fewer studies have examined how they unfold sequentially
within a unified model and from an explicitly educational perspective. Understanding the
progression—from frequent online activity to problematic Internet use, to anxious attachment
to the smartphone, and finally to disruptions in face-to-face communication—is crucial to
explaining why some students experience recurring challenges in attention, participation,
and collaborative work.

The present study addresses this gap by proposing an integrated, education-centred
model that links the frequency of online activity (FRE), problematic Internet use (PIU),
nomophobia, and phubbing in university students. The model assumes that frequent
engagement in online activities can set the stage for more dysregulated patterns of Internet
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use, which may in turn heighten students’ emotional dependence on their smartphones and
increase the likelihood of phone-related interruptions during face-to-face interactions. By
examining these constructs together, the study aims to improve our understanding of the
pattern of associations between students’ everyday digital habits and smartphone-related
emotional and behavioural tendencies in academic settings. This knowledge is essential
for informing strategies that support students’ self-regulation, promote healthier digital
practices, and foster more engaging learning environments. The next section outlines the
theoretical rationale supporting each of the relationships in the proposed model.

1.2. The Present Study: Research Model, Constructs and Hypotheses

Considering the aspects described above, the proposed research model is based on the
premise that the frequency of internet activities (FRE) is associated with greater problematic
Internet use (PIU), and that this maladaptive use is in turn linked to specific forms of
psychological dependency on smartphones such as nomophobia and phubbing, which may
interfere with wellbeing and the quality of interpersonal relationships in the university
context. In addition, nomophobia is assumed to act as an additional proximal antecedent
of phubbing behaviours.

Figure 1 shows a graphical representation of the proposed structural model, indicating
the hypothesised paths between the four constructs (frequency of Internet use, problematic
Internet use, nomophobia, and phubbing) and the suggested mediating relationships.

Figure 1. Research model with hypothesised paths.

The proposed model includes four direct hypotheses (H1–H4) corresponding to the struc-
tural paths shown in Figure 1. In addition, the model suggests a set of indirect effects that
are theoretically meaningful in higher education contexts: (a) PIU is expected to mediate the
association between frequency of online activity and nomophobia (FRE → PIU → Nomopho-
bia), and between frequency of online activity and phubbing (FRE → PIU → Phubbing);
(b) nomophobia is expected to partially mediate the relationship between PIU and phubbing
(PIU → Nomophobia → Phubbing), above and beyond the direct effect of PIU on phubbing
(H3); and (c) serial mediation is expected whereby FRE is associated with phubbing through
PIU and nomophobia (FRE → PIU → Nomophobia → Phubbing). These indirect paths are
examined in the mediation analysis section.
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The construct, frequency of Internet activity (FRE), refers to the intensity of university
students’ online activity in their day-to-day lives. This may include using social networks,
instant messaging, consuming audiovisual content, and playing videogames. The scientific
literature has shown that certain profiles of intensive use of social networks and other
digital services are associated with less favourable indicators of academic and psychosocial
adjustment in the university student population (Antoniadou, 2025). Although greater
frequency of use is not necessarily a problematic pattern, it does represent a context that
may be conducive to maladaptive use, where there are difficulties with self-regulation or
where the technology is the main coping strategy.

Problematic Internet use (PIU) is a pattern of excessive maladaptive use, associated
with a loss of control, interference with academic or social obligations, and significant
unease or distress when one cannot go online (Caplan, 2007; Kuss & Lopez-Fernandez,
2016). This pattern is usually linked to Internet use focused on emotional regulation,
avoidance of offline problems, or compulsively seeking social connection, which can
worsen the dependency and make it difficult to disconnect. Evidence gathered over recent
years suggests that PIU functions as a central node in the relationship between the intensity
of digital technology use and various negative consequences at the psychological, academic,
and relational level (Lu et al., 2025; Sánchez-Fernández et al., 2023).

Nomophobia becomes particularly important in this context. This is the excessive
fear or anxiety of being unable to access one’s smartphone or the services it provides (e.g.,
the Internet, social networks, or messaging). Recent reviews have reported significant
studies on nomophobia within adolescent and university populations, indicating a high
prevalence and a relationship with stress, anxiety, sleep-related problems, and difficul-
ties with academic performance (Moreno-Guerrero et al., 2020; Rodríguez-García et al.,
2020). These studies have consistently highlighted that being unable to contact or be con-
tacted, and the feeling of being disconnected from one’s social network are key triggers of
nomophobic anxiety.

On a behavioural level, the concept of phubbing becomes important. This refers
to behaviour where someone ignores or neglects people who are actually present in a
face-to-face interaction and instead pays attention to a smartphone (Muñoz-Carril et al.,
2025a). Structural studies have shown that phubbing is positively related to various
forms of technological addiction (e.g., addiction to mobile phones, the Internet, or social
networks), such that it can be understood as an observable manifestation of smartphones
being prioritised over personal interaction (Karadağ et al., 2015). In addition, recent studies
in university populations have indicated that a high prevalence of phubbing is associated
with greater intensity of smartphone use, more problems sleeping, and other indicators of
psychosocial discomfort.

Based on this conceptual model, the specific relationships between the constructs and
the study hypotheses are presented below.

1.2.1. Intensity of Online Activities as a Precursor to Problematic Internet Use

Various studies have indicated that an increase in frequency and time spent on online
activities is associated with greater likelihood of developing problematic patterns of Internet
use, especially when that use is aimed at emotional regulation or at avoiding offline
problems (Caplan, 2007; Kuss & Lopez-Fernandez, 2016). In the university setting, the
ready availability of mobile devices and the constant connectivity encourage patterns of
use that can, in certain cases, lead to dependency and loss of control, especially when
smartphones are the main form of leisure, socialisation, and coping with stress.

The studies examining profiles of social network use—and use of other digital
platforms—show that groups who are online more frequently exhibit less favourable
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indicators of academic fit and psychosocial wellbeing (Antoniadou, 2025). Although fre-
quency of use alone is not sufficient criteria for defining PIU, it is an important precursor, in
other words, a risk factor that increases the likelihood of developing maladaptive patterns
when combined with other factors such as self-control issues (Li et al., 2021) or impulsivity
traits (Sánchez-Fernández et al., 2023).

Considering these aspects, the following hypothesis is suggested:

Hypothesis 1 (H1). Higher frequency of activities on the Internet (FRE) in higher education
students will positively and significantly influence problematic Internet use (PIU).

1.2.2. From Problematic Internet Use to Nomophobic Smartphone Dependency

Recent research has shown that PIU is usually accompanied by strong emotional
and functional attachment to smartphones, which become the main way of accessing the
Internet, social networks, and various digital services (Kuss & Lopez-Fernandez, 2016).
From this premise, not having a smartphone available or not being able to go online may
be experienced as a loss of control or as social isolation, which encourages the appearance
of anxiety and unease, responses that are characteristic of nomophobia.

In addition, systematic reviews such as Rodríguez-García et al. (2020), have demon-
strated that nomophobia is particularly prevalent in adolescents and in university students,
and is related to indicators of psychosocial unease, stress, and academic problems. At
the same time, studies such as Moreno-Guerrero et al. (2020) showed moderate levels of
nomophobia in student teachers, with particular impact on anxiety when they were unable
to instantly get online. This evidence suggests that when Internet use acquires problematic
traits, device dependency or a need for constant online connection may intensify anxiety
about being disconnected, consolidating nomophobic patterns.

From this perspective, it seems reasonable to hypothesise that PIU will be a positive
predictor of nomophobia in university students:

Hypothesis 2 (H2). Problematic Internet use (PIU) in university students will have a positive,
significant effect on nomophobia.

1.2.3. Problematic Internet Use and Its Relationship to Phubbing

Phubbing is a behaviour that incorporates components of dependency and compul-
siveness in device use that become visible in face-to-face interactions. From a conceptual
point of view, Karadağ et al. (2015) considered phubbing to be the cumulative result of
various forms of digital “addiction” (to the Internet, social networks, or online games)
and showed that these addictions explained a substantial proportion of the variance of
phubbing behaviour.

Consistent with this view, various studies have documented phubbing as being partic-
ularly common in the young and university populations, and as being positively related
to indicators of problematic Internet and smartphone use. Barbed-Castrejón et al. (2024)
reported a high prevalence of phubbing in students aged 12 to 21 years old and a positive
correlation with problematic Internet use.

In this framework, PIU can be considered a notable risk factor that is strongly related
to phubbing behaviours. The greater the use of the Internet in the student’s life and the
harder they find it to regulate that, the greater the likelihood that attention will shift to the
device during face-to-face interactions.

Based on this, problematic Internet use is suggested to be positively related to a
tendency to engage in phubbing:
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Hypothesis 3 (H3). University students’ problematic Internet use (PIU) will positively and
significantly influence phubbing.

1.2.4. Nomophobia as a Precursor of Phubbing

In addition to the direct connection between PIU and phubbing, it is also worth considering
the specific role of nomophobia as a psychological mechanism that may encourage people to
resort to their smartphones during face-to-face interactions. Anxiety about not being connected,
being unable to access information, or not responding immediately to messages and notifications
may translate into paying constant attention to the device even in social contexts, increasing the
likelihood of interrupting or neglecting face-to-face communication.

Recent studies have shown that nomophobia and phubbing tend to occur together and
that both phenomena are associated with indicators of unease, excessive smartphone use,
and problems sleeping. For example, Guerra Ayala et al. (2024) showed that nomophobia
and phubbing were moderately related and that both predicted deficient sleep patterns
in university students. In addition, reviews about nomophobia have highlighted that the
need for constant connection and difficulty tolerating not being online are core elements of
the construct (Rodríguez-García et al., 2020), which fits with the tendency to repeatedly
check one’s smartphone during social interactions.

In line with this, the suggestion is that nomophobia will specifically contribute to
explaining phubbing behaviours, beyond the direct effect of PIU, leading to the follow-
ing hypothesis:

Hypothesis 4 (H4). The level of nomophobia exhibited by university students will positively and
significantly predict phubbing.

2. Materials and Methods
The study applied a quantitative methodology, with a non-experimental, transversal

ex post facto design, using a survey as the main data collection method (McMillan &
Schumacher, 2005).

2.1. Participants and Sociodemographic Characteristics

The sample comprised 1922 university students who were doing various bachelor’s
degree, double degree, and master’s courses at a public university in the north of Spain.
Most of the students (88.1%, n = 1694) were studying for bachelors’ degrees, followed by
those doing a double degree (7%, n = 134), and masters’ (4.9%, n = 94).

Three-quarters (76.2%; n = 1464) of the students identified as women, 23.3% (n = 449)
identified as men, while 0.5% (n = 9) indicated other gender identities.

The mean age of the participants was 21.28 years old (SD = 4.21).
Just over a third of the students (38%; n = 730) were in their first year, 22.9% (n = 441)

in their second, 16.4% (n = 315) their third, 16.2% (n = 312) in their fourth, 1.6% (n = 30) in
their fifth year (on double degrees), and 4.9% (n = 94) were on master’s courses.

Mean academic performance, assessed via their course grade point average on a scale
of 0–10, was 7.19 (SD = 1.27).

Lastly, looking at the daily frequency of Internet connection for non-academic pur-
poses, 31.8% of the students (n = 611) reported being online for four hours or more each
day, 26.8% (n = 516) reported between two-and-a-half and three hours, 23.7% (n = 455)
between three and four hours, 14.2% (n = 272) between one and two hours, and just 3.5%
(n = 68) reported being online for less than one hour a day.
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2.2. Instrument

The questionnaire used in this study included an initial block of sociodemographic
variables and four scales for evaluating the frequency and types of activities students
engaged in on the Internet, problematic Internet use, nomophobia, and phubbing. The
items used in the PLS-SEM model in the study were selected based on a combination of
theoretical-conceptual criteria (representativeness of key dimensions of each construct)
and psychometric criteria (adequate formative weight and reflective loadings). The items
retained, and their original numbering, along with descriptive statistics, are shown in
Table 1.

Table 1. Descriptive statistics for the items making up the questionnaire constructs.

Construct Item No Item Description M SD

Frequency of Internet
activities (FRE)

FRE-3 How often do you use social networks to VIEW other people’s content
(Instagram, Twitter/X, YouTube, TikTok, Facebook, etc.)? 2.45 1.31

FRE-10
How often do you use applications or platforms to stream or download
video-on-demand from the Internet (Netflix, HBO, Disney+,
Atresplayer, etc.)?

3.98 1.15

FRE-6
How often do you play online videogames with other people (strategy,
first-person shooters, sports sims; e.g., World of Warcraft, Call of Duty,
Fortnite, League of Legends, FIFA, etc.)?

2.88 1.59

FRE-8 How often do you shop online? 2.77 1.11

FRE-9
How often do you use applications or platforms to download or play
music on the Internet? (Spotify, Google Play, Deezer, YouTube Music,
SoundCloud, etc.)?

3.63 1.11

Problematic Internet
use (PIU)

PIU-2 How often do you stop what you’re doing to spend more time online? 1.92 0.73
PIU-4 When you have problems, do you go online to help you escape from them? 2.13 0.89
PIU-5 Do you think that life without the Internet is boring, empty, or sad? 1.68 0.76
PIU-7 When you’re not online, do you feel uneasy or concerned? 1.29 0.54

Nomophobia

NMP-7 If I don’t have a data signal or I can’t connect to a Wi-Fi network, I would
be constantly checking whether I had a signal or I could find a network. 3.37 1.85

NMP-9 If I can’t check my smartphone for a while, I feel that I have to. 3.03 1.73

NMP-10 I would worry if I couldn’t communicate with my family or
friends instantly. 4.25 1.89

NMP-11 I would worry if my friends or family couldn’t contact me. 4.66 1.82
NMP-12 I would get anxious if I wasn’t able to receive text messages or calls. 3.75 1.90
NMP-13 I would feel anxious if I couldn’t keep in contact with my family or friends. 4.49 1.88

NMP-14 I would feel anxious if I wasn’t able to know whether someone had tried
to contact me. 3.78 1.61

NMP-15 I would worry if I were no longer in constant contact with my family
or friends. 3.65 1.62

NMP-16 I would feel anxious if I were disconnected from my virtual identity. 2.72 1.48

NMP-17 I would feel bad if I couldn’t keep up to date with what’s going on in the
media and social networks. 2.84 1.38

NMP-18 I would feel uncomfortable if I couldn’t see notifications about my
connections and virtual networks. 2.88 1.50

NMP-19 I would feel overwhelmed by not being able to check if I had new
email messages. 2.93 1.56

NMP-20 I would feel strange because I wouldn’t know what to do. 2.93 1.55

Phubbing

Phu-1 I keep an eye on my mobile phone when I am in the company of
other people. 2.06 1.05

Phu-2 I am busy with my mobile phone when I am with my friends. 1.48 0.79
Phu-4 I am busy with my mobile phone when I am with my family. 1.58 0.88
Phu-8 I feel empty without my mobile. 1.77 1.06

The frequency of Internet activities was assessed using an adaptation by Muñoz-Carril
et al. (2025b) of the ESTUDES survey, from the national drugs plan, selecting five common
digital activities in students’ day-to-day lives (use of social networks to view content,
streaming video, online videogaming, Internet shopping, and use of music platforms;
items FRE3, FRE10, FRE6, FRE8, and FRE9). Responses were on a five-point ordinal scale
(0 = never; 4 = very often). These indicators are treated as a formative construct, such that
each activity contributes in a specific way to defining the overall level of involvement in
online activities.

https://doi.org/10.3390/educsci16030404

https://doi.org/10.3390/educsci16030404


Educ. Sci. 2026, 16, 404 8 of 18

Problematic Internet use was measured using the Cuestionario de Experiencias Rela-
cionadas con Internet (CERI) [Internet-related Experiences Questionnaire] from Beranuy
et al. (2009), which was an adaptation of the Problematic Internet Use Questionnaire (PRI)
by De Gracia Blanco et al. (2002), based on criteria for substance abuse and pathological
gambling. CERI has 10 items using a four-point Likert-type response format (1 = almost
never; 4 = almost always), which evaluate aspects such as loss of control, interference with
other activities, negative effects, and strong desire to go online. In this study, in line with
the formative approach adopted for PIU, four items were included (PIU2, PIU4, PIU5, and
PIU7) that together represent behavioural, emotional, and cognitive components of mal-
adaptive Internet use. These indicators were selected based on the conceptual importance
and on their positive and significant formative weighting in the model.

Although PIU and nomophobia are conceptually related, they capture different phe-
nomena; specifically, PIU refers to a maladaptive pattern of Internet use involving be-
havioural interference, emotional coping, and cognitive centrality, whereas nomophobia
specifically reflects anxiety or discomfort associated with being unable to access one’s smart-
phone or connect online. Accordingly, PIU is modelled as an antecedent of nomophobia in
the proposed structural model.

Nomophobia was evaluated using the Nomophobia Questionnaire (NMP-Q) from
Yildirim and Correia (2015), through the version adapted and validated in Spanish by
León-Mejía et al. (2021). The scale has 20 items, with responses given on 7-point Likert
scales (1 = completely disagree; 7 = completely agree). Items were retained in the PLS-SEM
model with the highest reflective loadings, ensuring the convergent validity of the construct.
The specific selected items are shown in Table 1.

Phubbing was assessed with the Phubbing Scale, created by Karadağ et al. (2015)
and adapted to the Spanish context by Blanca and Bendayan (2018). The original scale
had 10 items, each with five response options (1 = never; 5 = always), with higher scores
indicating greater frequency of phubbing behaviours. A subset of four items (Phu1, Phu2,
Phu4 and Phu8) was selected for the structural equations model, chosen for theoretical-
conceptual importance—capturing both interfering use of mobiles in face-to-face interac-
tions and feelings of emptiness without the device—and for demonstrating stable, high
reflective loadings in the analysis. This selection allowed a synthetic indicator of phub-
bing that was psychometrically sound and consistent with the previous literature in the
university population.

2.3. Data Collection and Analysis

The questionnaire was administered both online and in-person at eight sites belonging
to a public university in the north-west of Spain: the Faculty of Business Administration
and Management, the Labour Relations School, the Engineering Polytechnic, the Veterinary
School, the Science Faculty, the Humanities Faculty, the Teacher Training School, and the
Education Sciences Department.

Data analysis initially consisted of calculating descriptive statistics (frequencies, per-
centages, means, and standard deviations) to characterise the sample and provide an
overview of the study variables. Next, the proposed model was tested using partial least
squares structural equation modelling (PLS-SEM) with SmartPLS 4.1.1.6. In line with
PLS-SEM terminology, we refer to the model variables as constructs that are estimated from
their manifest indicators (items) as construct scores/composites (reflective or formative),
rather than as directly observed single variables. This approach is appropriate for explana-
tory models that combine reflective and formative measurement, and for simultaneously
estimating direct and indirect effects among constructs. Following standard reporting
guidelines, the analysis proceeded in two stages (Hair et al., 2022). First, the measurement
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model was assessed. For reflective constructs (nomophobia and phubbing), indicator
loadings, internal consistency (Cronbach’s alpha, rho_A, composite reliability), convergent
validity (AVE), and discriminant validity (Fornell–Larcker and HTMT) were examined. For
formative constructs (FRE and PIU), internal consistency indices were not used; instead,
multicollinearity for indicators was checked via VIF and indicator relevance was assessed
through formative weights and their significance. Second, the structural model was evalu-
ated by estimating path coefficients and their significance via nonparametric bootstrapping
(5000 resamples), as well as examining effect sizes (f2), explained variance (R2), model fit
(SRMR), and predictive relevance (Q2) for the endogenous constructs.

All phases of the study complied with the principles of educational research and
current data-protection legislation. The questionnaire included an information page that
explained the study’s aims, that participation was voluntary, and that data was anonymous
and confidential. In addition, participants were advised that there were no right or wrong
answers and they were encouraged to answer honestly according to their own experience
and views. The study protocol was assessed and approved by the university’s ethics
committee (code USC 28/2025).

3. Results
In order to test the proposed model and hypotheses, a PLS-SEM analysis was per-

formed using Smart PLS 4.1.1.6 software (Ringle et al., 2024). Following the usual rec-
ommendations for this type of analysis, a two-stage process was undertaken. First, the
measurement model was evaluated, then the structural model (Hair et al., 2017, 2019;
Sarstedt et al., 2021).

3.1. Measurement Model

The model included reflective constructs (nomophobia and phubbing) and formative
constructs (FRE and PIU), hence different evaluation criteria were applied according to the
type of measurement (Hair et al., 2019).

3.1.1. Reflective Constructs

For the reflective constructs, the nomophobia and phubbing scales’ internal consistency
and convergent validity were analysed. As Table 2 shows, Cronbach’s alpha and Dijkstra–
Henseler’s rho_A were well above the minimum recommended value of 0.70 (Hair et al.,
2019; O’Dwyer & Bernauer, 2014). More specifically, the nomophobia construct produced an
alpha of 0.95 and rho_A of 0.96, whereas phubbing gave scores of α = 0.77 and rho_A = 0.78.
The values for composite reliability (rho_C) were also high (Nomophobia rho_C = 0.96;
Phubbing rho_C = 0.85), meeting the usual criteria for rho_C ≥ 0.70 (Bagozzi & Yi, 1989).

The values in relation to average variance extracted (AVE) were adequate (0.62 for
nomophobia and 0.59 for phubbing) as they were above the 0.50 threshold usually indicat-
ing convergent validity (Hair et al., 2017).

To determine acceptable levels of factor loadings, the criteria from Hair et al. (2019)
were applied. These indicate that loadings should be equal to or greater than 0.708. As
Table 2 shows, the values in this study were above this threshold.

Discriminant validity between Nomophobia and Phubbing was assessed using the
Fornell–Larcker criterion and the HTMT index (heterotrait–monotrait ratio). In the Fornell–
Larcker matrix, the square root of each construct’s AVE was greater than the correla-
tion between the two (

√
AVE_Nomophobia = 0.79;

√
AVE_Phubbing = 0.77; correlation

Nomophobia–Phubbing = 0.55), supporting discrimination between them (Fornell & Lar-
cker, 1981). In addition, the value of HTMT was 0.59, clearly below the recommended limit
of 0.85 for establishing discriminant validity (Henseler et al., 2015; Rasoolimanesh, 2022).
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The results indicate that the reflective scales have suitable psychometric properties for use
in the structural model.

Table 2. Reliability and convergent validity of the reflective constructs.

Construct Cronbach α rho_A Composite Reliability
(rho_C) AVE Loading

Nomophobia 0.95 0.96 0.96 0.62

NMP-7 0.711

NMP-9 0.726

NMP-10 0.793

NMP-11 0.728

NMP-12 0.808

NMP-13 0.768

NMP-14 0.809

NMP-15 0.841

NMP-16 0.828

NMP-17 0.823

NMP-18 0.848

NMP-19 0.773

NMP-20 0.805

Phubbing 0.77 0.78 0.85 0.59

Phu-1 0.794

Phu-2 0.783

Phu-4 0.737

Phu-8 0.747

Note: Only items retained in the final model are shown. The codes (NMP-x, Phu-x) relate to the original numbering
in the scales used.

3.1.2. Formative Constructs

For the formative constructs, FRE (frequency of Internet activities) and PIU (prob-
lematic Internet use), the use of classic internal consistency indices (Cronbach’s alpha,
composite reliability, and AVE) is not appropriate because these indices are based on the
premise that items are interchangeable reflective manifestations of an underlying latent
trait. In formative measurement, indicators capture distinct facets that jointly form the
construct; therefore, evaluation focuses on the absence of problematic multicollinearity
among indicators (e.g., VIF) and the statistical significance and substantive contribution of
each indicator, assessed via formative weights (Hair et al., 2017, 2019).

The values of the variance inflation factor (VIF) for the formative indicators were low
in all cases. Specifically, for FRE the outer VIF values were FRE3 = 1.042, FRE6 = 1.095,
FRE8 = 1.105, FRE9 = 1.042, and FRE10 = 1.050; for PIU they were PIU2 = 1.247, PIU4 = 1.249,
PIU5 = 1.213, and PIU7 = 1.202. Across both constructs, all VIF values were far below
the conservative threshold of 5, suggesting that multicollinearity problems in the external
model can be discounted (Hair et al., 2019).

Regarding indicator relevance, the formative weights for the frequency of Internet
activities (FRE) were positive and mostly significant in the bootstrapping analysis with
5000 resamples. The items about using social networks to view others’ content (FRE3),
watching video on demand (FRE10), playing online videogames (FRE6), and using music
platforms (FRE9) exhibited significant weights (β between 0.23 and 0.67; p < 0.05), indicating
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that these activities made a substantial contribution to the overall index of frequency of
use. Item FRE8 (online shopping) exhibited a positive weight, but it was not significant
(β = 0.15; t = 1.61; p = 0.108). Nonetheless, it was kept in the model due to its conceptual
importance for reflecting the variety of day-to-day digital activities, without negatively
affecting the model’s overall indices.

In relation to problematic Internet use (PIU), the four selected indicators—behavioural
interference (stopping other activities to be online; PIU2), emotional coping (using the In-
ternet to avoid problems; PIU4), cognitive centrality of Internet use (PIU5), and symptoms
when abstaining (feeling agitated or concerned when not online; PIU7)—exhibited positive,
significant formative weights (β between 0.18 and 0.49; t ≥ 4.82; p < 0.001). The results sup-
port the conceptualisation of problematic Internet use as a maladaptive, multidimensional
pattern in which behavioural, emotional, and cognitive components come together.

Following confirmation of the measurement model’s psychometric criteria and its
suitability, a structural model was evaluated to test the hypotheses put forward in this study.

3.2. Structural Model

Evaluation of the structural model aimed to test the proposed hypotheses and assess
the model’s overall quality. First, the direct relationships between the constructs were
analysed, considering the magnitude and direction of the path coefficients (β), along
with the effect sizes (f2). The results are shown in Table 3. Following that, the variance
explained (R2) of the endogenous variables was examined, shown in Figure 2 along with
the standardised coefficients corresponding to the four hypotheses underlying the model.
Lastly, global model fit was inspected using the fit measures reported in PLS-SEM (SRMR for
the saturated and estimated model, complemented by NFI and the discrepancy measures
d_ULS and d_G), and predictive relevance was assessed via Stone–Geisser’s Q2, following
established guidelines (Hair et al., 2019; Henseler et al., 2016; Sarstedt et al., 2021).

Figure 2. Final estimated structural model (PLS-SEM) with standardised path coefficients (β) and
explained variance (R2) for endogenous constructs. Note: * p < 0.001 for all paths (bootstrapping,
5000 resamples).
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Table 3. Path coefficients of the structural model and hypothesis tests.

Hypothesis Relationship β t p f2 Result

H1 FRE → PIU 0.257 10.82 <0.001 0.07 Confirmed
H2 PIU → Nomophobia 0.500 28.73 <0.001 0.33 Confirmed
H3 PIU → Phubbing 0.319 13.27 <0.001 0.12 Confirmed
H4 Nomophobia → Phubbing 0.392 19.39 <0.001 0.19 Confirmed

All of the postulated direct relationships were positive and statistically significant
(p < 0.001), supporting hypotheses H1–H4 (Table 3). Looking at magnitudes, the frequency
of Internet activities exhibited a small influence on problematic use (H1; β = 0.257), while
PIU exhibited a larger influence in the model on nomophobia (H2; β = 0.500) and a
moderate influence on phubbing (H3; β = 0.319). Nomophobia was in turn positively
and significantly associated with phubbing (H4; β = 0.392). These results confirm the
central role of problematic Internet use as an antecedent of nomophobia and phubbing,
and nomophobia as a key aspect contributing to explaining the appearance of behaviours
involving neglecting people who are present in-person.

Figure 2 gives a graphical summary of the final structural model, showing the stan-
dardised β coefficients in each path and the values of R2 for the endogenous variables. As
the figure shows, the model explained 6.6% of the variance in PIU (R2 = 0.066), 25.0% of the
variance in nomophobia (R2 = 0.250), and 38.1% of the variance in phubbing (R2 = 0.381).
Although the percentage of variance explained in PIU is modest, the values of R2 for nomo-
phobia, and especially for phubbing, indicate a moderate level of explanatory accuracy,
consistent with the multifactorial nature of these phenomena in educational contexts.

Looking at global model fit, the SRMR was 0.079 for the saturated model and 0.080 for
the estimated model, both within the commonly used ≤0.08 benchmark for approximate
fit in PLS path models. Overall, these fit results are compatible with an acceptable level of
approximate model fit for the proposed model in an applied PLS-SEM context. In addition,
the normed fit index (NFI) was 0.734 (saturated) and 0.732 (estimated). For completeness,
the discrepancy measures are also reported (d_ULS = 2.168 saturated; 2.257 estimated;
d_G = 0.660 saturated; 0.665 estimated). These fit measures are reported following PLS-SEM
recommendations (Henseler et al., 2016; Hair et al., 2019).

The predictive relevance of the endogenous variables was assessed using Stone-
Geisser’s Q2 statistic. The values were Q2 = 0.06 for PIU, Q2 = 0.04 for nomophobia, and
Q2 = 0.05 for phubbing, all above zero, indicating that the model demonstrates predictive
capacity for the dependent variables (Hair et al., 2022).

Beyond the direct relationships and the overall indicators of fit and predictive ability,
it is also important to examine the indirect effects in the model in order to more accurately
understand the mechanisms by which frequency of Internet activities, problematic use, and
nomophobia are linked to phubbing behaviours.

3.3. Indirect Effects and Mediation

To examine these indirect effects and possible mediation processes between the model
constructs, specific effects were estimated via bootstrapping with 5000 resamples, in line
with the current recommendations for mediation analysis in the context of PLS-SEM (Hair
et al., 2019). The results are shown in Table 4.

It should be noted that “mediation” here refers to an indirect (statistical) pathway
in which the association between two constructs can be partly accounted for through an
intervening construct (the mediator). Thus, stating that “PIU mediates the relationship
between FRE and nomophobia” means that students who report higher online activity
frequency also tend to report higher problematic Internet use, and problematic Internet use
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is in turn associated with higher nomophobia. In other words, part of the FRE–nomophobia
association is consistent with an indirect link via PIU (see Table 4).

Table 4. Indirect effects of the model and mediation analysis.

Hypothesised Path β t p Interpretation

FRE → PIU → Nomophobia 0.129 9.87 <0.001 PIU mediates the relationship between
FRE and Nomophobia

FRE → PIU → Phubbing 0.082 8.11 <0.001 Indirect effect of FRE on Phubbing
through PIU

FRE → PIU → Nomophobia → Phubbing 0.050 9.00 <0.001 Indirect effect in the chain
FRE–PIU–Nomophobia–Phubbing

PIU → Nomophobia → Phubbing 0.196 17.64 <0.001
Nomophobia partially mediates the
relationship between PIU and
Phubbing

Problematic Internet use (PIU) mediated the relationship between the frequency of
Internet activities (FRE) and nomophobia. The indirect effect FRE → PIU → Nomophobia
was positive and significant (β = 0.129; t = 9.87; p < 0.001), indicating that university
students who engaged more frequently in online activities tended to present higher levels
of nomophobia, mainly to the extent that they demonstrated problematic patterns of use.
In other words, greater engagement in online activities is associated with higher anxiety
about being disconnected to the extent that it is linked to maladaptive Internet use.

Frequency of Internet activity (FRE) exhibited significant indirect effects on phubbing via
PIU and via nomophobia. On the one hand, the path FRE → PIU → Phubbing was significant
(β = 0.082; t = 8.11; p < 0.001), suggesting that greater frequency of Internet activities is
associated with increased phubbing by elevating problematic use. On the other hand, there
was also an indirect effect in the chain FRE → PIU → Nomophobia → Phubbing (β = 0.050;
t = 9.00; p < 0.001), demonstrating that part of the association between the frequency of
Internet activity on phubbing occurs through a sequential process: greater engagement in
Internet activity → greater problematic use → greater nomophobia → higher likelihood
of phubbing.

The role of nomophobia as a mediator between problematic use and phubbing was
also analysed. In addition to the direct effect of PIU on phubbing (β = 0.319; t = 13.27;
p < 0.001), the indirect effect, PIU → Nomophobia → Phubbing, was also significant
(β = 0.196; t = 17.64; p < 0.001). The total effect of PIU on Phubbing was β = 0.516, which is
consistent with partial mediation. Problematic Internet use is associated with the likelihood
of engaging in phubbing both directly and indirectly by increasing levels of nomophobia.

4. Discussion
The objective of this study was to design and validate a preliminary model that would

give us a better understanding of the interactions between four variables (frequency of Internet
activities, problematic Internet use, nomophobia, and phubbing) that have been widely studied
individually (e.g., Pérez-Juárez et al., 2023) or through bivariate analysis—examining the direct
association between two variables (e.g., Karaduman et al., 2024)—but rarely examined
together with an integrative approach. This study therefore provides added value by
proposing and testing a model that not only brings together constructs that have usually
been addressed separately, but which also offers a more complete picture of the direct and
indirect relationships between them.

The proposed model allowed the four suggested hypotheses to be tested. This let
us examine whether nomophobia and phubbing could be accounted for by the central
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construct, problematic Internet use (PIU), and whether frequency of Internet activity (FRE)
was associated with this maladaptive pattern of digital engagement. Taken as a whole, the
results are consistent with a tiered dynamic in which frequency of activity on the Internet
is related to greater problematic use (Antoniadou, 2025), which increases nomophobia
(Moreno-Guerrero et al., 2020), and is ultimately associated with phubbing behaviours
(Mento et al., 2025). From this perspective, problematic Internet use is a central element in
the network of relationships the study analysed, while nomophobia was a key aspect in
understanding why certain forms of intensive Internet use are associated with ignoring
people who are actually present in favour of using a smartphone (Guerra Ayala et al., 2024;
Rodríguez-García et al., 2020).

Two key ideas are worth emphasising from these interpretations. Firstly, in terms of
the model’s explanatory ability, the pattern of the results is consistent with the complex
idiosyncrasy of socio-educational processes. This means that although the percentage of
variance explained in PIU is relatively modest, this is not unexpected given the nature
of the variable and the fact that this behaviour usually depends on multiple (personal
and contextual) factors. In contrast, the model’s explanation for the nomophobia variable
reflects an acceptable level of accuracy and suggests that the antecedent variables play an
important role in shaping this partial mediator construct. It is particularly worth noting
that the model explained 38.1% of the variance in phubbing. The validity of the model was
supported by the most widely consolidated standard methodologies in PLS-SEM (Hair
et al., 2017, 2019, 2022; Henseler et al., 2015; Rasoolimanesh, 2022). This indicates that,
taken together, the results of the study support the preliminary consistency of the proposed
model, showing that while it is necessarily incomplete—given the multifactorial nature of
the phenomenon—it is a meaningful step towards a more comprehensive understanding
of the relationships between these variables.

Secondly, there was a notable finding in the (partial) mediating role of nomophobia
between PIU and phubbing. This suggests that nomophobia may function as a psychosocial
mechanism linking PIU to phubbing, in addition to the direct association between the two.
Identifying this dual, direct and indirect, path provides a deeper understanding of the
phenomenon and underscores the importance of incorporating nomophobia as a central
element in the model (Duradoni et al., 2023; Elhai et al., 2021), capturing underlying
processes that enrich both the theoretical interpretation and the practical implications of the
study. It is therefore important to consider both paths in socio-educational intervention and
prevention by designing mixed programmes that consider both direct and indirect routes
of influence. In other words, the partial mediation the study identified indicates that the
psychosocial maladjustment associated with phubbing comes not only from compulsive
behaviours or misuse of the Internet, but also from the fear associated with being without
a mobile phone. This emphasises the need for comprehensive interventions that address
that fear-phobia. Such actions may have a notable potential impact on university students’
academic quality of life and their learning outcomes (Antoniadou, 2025); therefore, this
phenomenon and its educational implications should also be examined from a pedagogical
perspective (Dagani et al., 2025; Moreno-Guerrero et al., 2020).

In terms of implications for future research, creating this model is an important contri-
bution, as it allows us to move from fragmented approaches towards a more comprehensive,
dynamic understanding of the phenomenon, facilitating new theoretical interpretations and
steering prospective studies towards more robust multivariate analysis. Future research
should extend this preliminary model by considering additional predictors of PIU and
by testing more complex explanatory structures (e.g., multiple mediation) between FRE
and PIU. Studies also need to consider contextual and personal variables in the structural
equation; examples include FOMO (Elhai et al., 2021), personality traits (Erzen et al., 2021),
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self-regulation skills and wellbeing (Davey et al., 2018), and motivation and state affect
(Duradoni et al., 2023).

There are several limitations of this study that need to be acknowledged. Given the
cross-sectional, non-experimental ex post facto design, the proposed ordering of paths
should be interpreted as theoretically grounded rather than as evidence of temporal prece-
dence or causality. Reciprocal or bidirectional relationships between PIU, nomophobia,
and phubbing are still plausible and should be tested in longitudinal or experimental
research. In addition, the sample was drawn from a single public university and was not
probabilistic, which restricts generalizability to other institutional and cultural contexts.
Exclusive reliance on self-report measures may also have introduced common-method
variance and social desirability bias. Finally, although several sociodemographic and aca-
demic descriptors were collected, they were not included as covariates in the structural
model; therefore, the reported associations may be partially influenced by unmeasured or
uncontrolled confounding factors.

Nevertheless, the findings do suggest actionable, valuable implications for higher
education. Given that PIU emerged as a central antecedent of both nomophobia and phub-
bing (directly and indirectly), preventive efforts may benefit from targeting maladaptive
Internet use patterns through digital wellbeing programmes, self-regulation and time-
management training, and awareness initiatives addressing fear of disconnection and
smartphone reliance.

Beyond these general digital wellbeing initiatives, the intervention literature provides
emerging evidence that aligns with the mechanisms highlighted in our model. For in-
stance, a light-touch smartphone-delivered e-health package that combines behavioural
self-management components with mindfulness-informed strategies has been associated
with reductions in self-reported problematic smartphone use among undergraduates (Kent
et al., 2021). Similarly, a brief single-session mindfulness intervention among college stu-
dents was associated with lower problematic smartphone use, with effects statistically
accounted for through improved self-control (Liu et al., 2022). More broadly, a network
meta-analysis of interventions for internet addiction in college students suggests that
multicomponent (“comprehensive”) approaches and other structured formats often rank
among the more effective options for reducing internet-addiction symptoms (Zhang et al.,
2024). Taken as a whole, these findings support the feasibility of campus-based actions
that combine self-regulation training, mindfulness/attention strategies, and structured
behaviour-change techniques, while explicitly addressing fear of disconnection and norms
surrounding smartphone use in learning and interpersonal contexts.

At the institutional level, these efforts can be complemented by incorporating evidence-
informed guidelines for device use in learning settings and promoting norms for face-to-face
interaction, which may help mitigate phubbing and support academic engagement.
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