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Abstract

The unprecedented rise in smartphone use among adolescents has heightened concerns regarding problematic usage
patterns and associated psychosocial consequences. This study examined the predictive role of social interaction anxiety
on smartphone addiction and investigated the moderating effect of loneliness using Structural Equation Modeling
(SEM). A cross-sectional survey was conducted with 300 adolescents aged 15-18 years (M = 16.8, SD = 1.3) recruited
from secondary schools in Gujarat, India. Participants completed the Smartphone Addiction Scale—Short Version (SAS-
SV), Social Interaction Anxiety Scale (SIAS), and UCLA Loneliness Scale (Version 3). SEM results revealed that social
interaction anxiety significantly predicted smartphone addiction (B = .58, p < .001). Loneliness also independently
predicted smartphone addiction (B = .42, p < .001). Critically, loneliness significantly moderated the relationship
between social interaction anxiety and smartphone addiction (B = .26, p < .01), indicating that the effect of social
anxiety on addictive smartphone use intensifies under conditions of elevated loneliness. The model demonstrated
acceptable fit (y¥df = 2.11, CFI = .95, TLI = .94, RMSEA = .061, SRMR = .049). These findings support the
compensatory internet use theory and underscore the synergistic role of social fear and perceived isolation in adolescent
digital dependency. Implications for school-based digital wellness programs, family interventions, and mental health
policy are discussed.

Keywords: Smartphone addiction, social interaction anxiety, loneliness, adolescents, structural equation modeling,
moderation

How to cite this article: Rajput KN. Social Interaction Anxiety as a Predictor of Smartphone Addiction: The
Moderating Role of Loneliness among Adolescents. Int J Drug Deliv Technol. 2026;16(53s): 128-133. DOI:

10.25258/ijddt.16.53s.13

Introduction

It is no exaggeration to say that smartphones have
worked their way into nearly every corner of adolescent
life across the globe. Young people today carry these
devices with them everywhere—to school, to meals, to
bed. Nowhere is this perhaps more evident than in
India. Over the past several years, India has seen a
tremendous expansion of affordable mobile data plans
and a flood of low-cost smartphones into the market.
The result has been something quite remarkable: levels
of smartphone access among Indian youth that would
have been unthinkable just a decade ago (Davey &
Davey, 2014). To be sure, all of this connectivity is not
without its benefits. Smartphones help adolescents
communicate with friends and family, they open up
access to educational resources, and they provide
endless entertainment options. But there is a darker side
to the story as well. A growing body of research now
suggests that when smartphone use becomes excessive
or compulsive, it can cross the line into something that
looks very much like an addiction. What does that look
like in practical terms? Typically, it involves a loss of
control over how much time is spent on the device,
feelings of irritability or restlessness when the phone is
not available (almost like withdrawal), a need to use the
device more and more to get the same level of
satisfaction (tolerance), and ultimately, noticeable
negative consequences for academic performance,
sleep quality, and overall mental health (Elhai et al.,
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2017; Gupta et al., 2021).Adolescence, as any
developmental psychologist would point out, is already
a period of considerable vulnerability. Young people at
this age are trying to figure out who they are. They are
desperate to be accepted by their peers. And they are
facing ever-increasing demands from school and from
family. It is a lot to handle. Now add to that a
smartphone that is always there, always on, always

offering an escape. That constant digital companion can
serve two very different kinds of functions. On the one
hand, it can be genuinely adaptive. For some
adolescents, the smartphone provides a lifeline to social
connection that they might otherwise struggle to find.
But on the other hand, it can also be maladaptive. For
other adolescents, the smartphone becomes nothing less
than a compulsive way to run away from problems that
feel too big to face directly (Sharma et al,
2022).Among the various psychological factors that
researchers have consistently linked to problematic
smartphone use, two stand out as particularly
important: social interaction anxiety and loneliness.
Social interaction anxiety is essentially the fear and
discomfort a person feels when having to interact with
others, especially in situations where there is a chance
of being judged or evaluated by them (Mattick &
Clarke, 1998). For adolescents who experience high
levels of this kind of social anxiety, face-to-face
encounters can feel threatening. As a result, many of
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them tend to turn toward online forms of
communication. Why? Because digital interaction
carries less social risk, allows the user to have more
control over how they present themselves, and does not
require immediate responses in the way that real-time
conversation does (Bhatia, 2020). Loneliness is a
different but related concept. It refers to the subjective
feeling of being socially isolated, regardless of whether
the person is actually alone or surrounded by others.
Research has repeatedly found that loneliness is
strongly associated with excessive smartphone use.
There is a certain paradox here. On the one hand,
smartphones promise constant connectivity and the
ability to reach out to anyone at any time. But on the
other hand, when people use their phones too heavily,
that very usage may end up displacing or replacing the
kind of meaningful, emotionally rich offline
relationships that truly matter. Instead of reducing
loneliness, heavy smartphone use may actually make it
worse (Goel et al., 2021). Researchers have called this
the displacement effect. The basic idea is that digital
interactions, for all their convenience, often lack the
emotional depth, the mutual give-and-take, and the
sense of genuine Dbelonging that face-to-face
relationships provide.

A number of earlier studies have shown that social
anxiety, loneliness, and smartphone addiction are all
related to one another at what researchers call the
bivariate level. That is, each pair of these variables
tends to move together. But knowing that two things
are correlated is not the same as understanding how
they actually work together in a more complex way. So
questions still remain. For instance, when loneliness
and social anxiety both show up in the same adolescent,
is loneliness just there alongside social anxiety without
doing much else? Or does loneliness actually take that
existing social fear and make it more powerful in
driving the person toward addictive forms of digital
behavior? Does it amplify the translation, so to speak?
The present study was designed precisely to address
this particular gap in the literature. To do that, the study
tested what is called a moderated model using a
statistical technique known as Structural Equation
Modeling, or SEM. Within this model, loneliness was
treated as a moderator. More specifically, the
hypothesis was that loneliness would strengthen, or
moderate, the pathway through which social interaction
anxiety leads to smartphone addiction.Theoretical
FrameworkThe present study draws its theoretical
grounding from Compensatory Internet Use Theory
(Kardefelt-Winther, 2014). The basic idea here is fairly
simple. People do not just get addicted to technology
for no reason. They use digital tools excessively
because they are trying to compensate for something
missing in their offline lives—unmet emotional needs,
psychological distress, or a lack of satisfying real-world
social interactions. So the problem is not really the
smartphone itself. It is what the user is trying to escape
from or make up for. For an adolescent with social

interaction anxiety, the smartphone becomes a
compensatory tool. It helps them avoid anxiety-
provoking face-to-face encounters. They can text
instead of talk. They can post instead of present. And
when loneliness is also present—when the adolescent
feels both socially anxious and deeply isolated—that
compensatory motivation becomes much more
powerful. Why? Because they now lack both the social
skills to handle in-person interactions and any
meaningful offline relationships to fall back on.

Social Skills Deficit Theory (Spence, 2003) offers a
complementary lens. The argument here is that socially
anxious individuals tend to avoid real-world social
situations. They skip gatherings, stay quiet in class, and
find excuses not to meet up with peers. That avoidance
robs them of practice. Social skills, like any other
skills, develop through use. If you avoid face-to-face
interaction, you never learn how to handle it. Now add
heavy reliance on digital communication into the
picture. Texting and messaging replace real
conversation. The adolescent never practices reading
nonverbal cues, managing awkward silences, or starting
a difficult talk. So what happens? A self-perpetuating
cycle takes hold. Anxiety drives digital avoidance.
Digital avoidance erodes social skills. Poor social skills
make real-world interactions even more anxiety-
provoking. And the cycle continues, often pulling
loneliness along with it (Spence, 2003).

Objectives and Hypotheses

This study had two main goals. The first goal was to
find out whether social interaction anxiety actually
predicts smartphone addiction in adolescents. In other
words, do adolescents who feel more anxious in social
situations also tend to have more problematic
smartphone habits? The second goal was to test
whether loneliness plays a moderating role in that
relationship. Does loneliness change the strength of the
link between social anxiety and smartphone addiction?
Based on what previous research has shown and the
theoretical framework described above, the following
predictions were made:

H1: Social interaction anxiety will predict smartphone
addiction. The relationship will be positive. That is,
higher anxiety will go along with higher levels of
addiction.

H2: Loneliness will also predict smartphone addiction,
and again, the relationship will be positive. More
loneliness means more problematic smartphone use.
H3: Loneliness will act as a moderator. More
specifically, the positive link between social interaction
anxiety and smartphone addiction will become stronger
when loneliness is high compared to when loneliness is
low.

Method
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Research Design

A cross-sectional, correlational research design was
employed. Structural Equation Modeling (SEM) was
used to test both direct and moderated effects.

Participants

A purposive sample of 300 adolescents was recruited
from Grades 10-12 in public and private schools
located in Vadodara, Panchmahal, and Anand districts
of Gujarat, India. Inclusion criteria were: (a) age
between 15 and 18 years, (b) personal smartphone
ownership for at least one year, (c) daily internet
access, and (d) willingness to participate. The final
sample comprised 150 boys (50%) and 150 girls (50%),
with a mean age of 16.8 years (SD = 1.3). Regarding
family structure, 62% resided in nuclear families and
38% in joint or extended families.

Measures

Demographic and Smartphone Use
Form. Participants reported age, gender, grade level,
family structure, and average daily smartphone use (in
hours).

Smartphone Addiction Scale—Short Version (SAS-
SV). Developed by Kwon et al. (2013), this 10-item
self-report measure assesses problematic smartphone
use. Items (e.g., “I have a hard time concentrating in
class because of using a smartphone”) are rated on a 6-
point Likert scale ranging from 1 (strongly disagree) to
6 (strongly agree). Higher scores indicate greater
addiction risk. In the present study, Cronbach’s o was
.77, indicating acceptable internal consistency.

Social Interaction Anxiety Scale (SIAS). The SIAS
(Mattick & Clarke, 1998) is a 20-item scale measuring
anxiety during social interactions (e.g., “I have
difficulty talking with other people”). Items are rated

on a 5-point scale from 0 (not at all characteristic of

me) to 4 (extremely characteristic of me). The scale
demonstrated excellent reliability in this sample (o =
.90).

UCLA Loneliness Scale (Version 3). Developed by
Russell (1996), this 20-item instrument measures
subjective feelings of loneliness and social isolation
(e.g., “How often do you feel isolated from others?”).
Responses are given on a 4-point scale ranging from 1
(never) to 4 (often). Internal consistency was strong (o
= .88).

Procedure

Data collection occurred during regular school hours in
quiet classroom settings. After obtaining institutional
permission and parental consent, researchers
administered  paper-based questionnaire  packets.
Instructions were provided in both English and Hindi to
ensure comprehension. Anonymity and confidentiality
were assured, and participants were informed of their
right to withdraw at any time. Completion time
averaged 3035 minutes.

Data Analysis

Data were analyzed using JASP (Version 0.18) and
IBM SPSS AMOS (Version 29). Preliminary analyses
included descriptive statistics, missing data assessment
(less than 2% missing per variable, handled via
pairwise deletion), and normality checks (skewness and
kurtosis within acceptable ranges). Cronbach’s alpha
coefficients were computed to assess internal
consistency.

Structural Equation Modeling proceeded in two stages.
First, a confirmatory factor analysis (CFA) tested the
measurement model, evaluating factor loadings,
composite reliability (CR), and average variance
extracted (AVE). Second, the structural model was
estimated with a latent interaction term (social anxiety
% loneliness) created using the product-indicator
approach. Model fit was evaluated using multiple
indices: y*df (acceptable < 3.0), Comparative Fit Index
(CFI > .90), Tucker-Lewis Index (TLI > .90), Root
Mean Square Error of Approximation (RMSEA < .08),
and Standardized Root Mean Square Residual (SRMR
<.08).

Results

Descriptive Statistics and Correlations

Table 1 presents means, standard deviations, and
Pearson correlation coefficients. All variables were
moderately to strongly intercorrelated in the expected
directions. Smartphone addiction showed significant
positive correlations with both social interaction
anxiety (r= .54, p < .001) and loneliness (r= .51, p <
.001). Social interaction anxiety and loneliness were
also strongly correlated (r= .63, p < .001), consistent
with theoretical expectations but below the threshold
for multicollinearity concerns in subsequent SEM
analyses.

Table 1
Descriptive Statistics and Intercorrelations Among Study Variables (N = 300)
Variable M SD 1 2 3
1. Smartphone Addiction 32.12 9.45 1
2. Social Interaction Anxiety 35.85 11.10 54 1
3. Loneliness 43.80 10.05 S1EE .63+ 1

Note. **p <.001.
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Measurement Model

Confirmatory Factor Analysis was conducted to
evaluate the distinctiveness of the three latent
constructs. The hypothesized three-factor model
(smartphone addiction, social interaction anxiety,
loneliness) demonstrated acceptable fit: ¥*(87) =
189.34, ¥?/df = 2.18, CFI = .94, TLI = .93, RMSEA =
.063, SRMR = .052. All factor loadings exceeded .50
and were statistically significant (p < .001). Composite
reliability values ranged from .79 to .91, and average
variance extracted (AVE) values ranged from .52 to
.66, supporting convergent validity.

Structural Model and Moderation Analysis
The structural model included direct paths from social
interaction anxiety and loneliness to smartphone

addiction, as well as a latent interaction term (social
anxiety x loneliness) predicting smartphone addiction.
The model fit the data well: ¥2(124) = 262.12, y¥df =
2.11, CF1 = .95, TLI = .94, RMSEA = .061, SRMR =
.049.

As shown in Table 2, social interaction anxiety
significantly positively predicted smartphone addiction
(B = .58, p< .001), supporting H1. Loneliness also
significantly predicted smartphone addiction (B =
.42, p <.001), supporting H2. Critically, the interaction
term (social anxiety x loneliness) was statistically
significant (§ = .26, p <.01), supporting H3.

Structural Equation Model Path Coefficients (Standardized)

Path

SE z-value p-value 95% CI

SIA — Smartphone Addiction
Loneliness — Smartphone Addiction

SIA x Loneliness — Smartphone Addiction

58 07 874 <001 [45, 71]
42 06 653 <001  [30,.54]
26 07 389 <0l [.13,.39]

Note. SIA = Social Interaction Anxiety.

Simple Slopes Analysis

To interpret the significant interaction, simple slopes
were examined at low (one standard deviation below
the mean) and high (one standard deviation above the
mean) levels of loneliness. For adolescents with low

loneliness, the effect of social interaction anxiety on
smartphone addiction was positive but modest (fp =
.29, p < .05). For adolescents with high loneliness, the
effect was substantially stronger (B = .62, p< .001).
Thus, loneliness amplifies the translation of social
anxiety into addictive smartphone behavior.

Table 3: Moderating Role of Loneliness

Path B *p*
SIA — Smartphone Addiction (Direct) .58 <.001
Loneliness — Smartphone Addiction (Direct) 42 <001

SIA x Loneliness — Smartphone Addiction (Interaction/Moderation) .26 <.01

Interpretation: Loneliness strengthens the positive
effect of social interaction anxiety on smartphone
addiction.

Discussion

This study examined whether social interaction anxiety
predicts smartphone addiction among adolescents and
whether loneliness moderates this relationship. The
findings provide clear support for both hypotheses and
extend the existing literature in several important ways.
Take the first finding. It turned out that social
interaction anxiety was a fairly strong positive predictor
of smartphone addiction. This matches what HI
predicted and also lines up nicely with earlier work
done by Bhatia (2020) and Elhai and colleagues (2017).
Adolescents who feel fearful, uncomfortable, or self-
conscious when they have to interact with people face-
to-face seem to lean on their smartphones more heavily.
They use their phones to communicate and to manage
their emotions. If you think about this from a
compensatory internet use perspective, it makes good
sense. The smartphone becomes a safe space. It is
controllable. It allows the user to avoid the immediate

pressure of being judged in real time during an in-
person conversation.

Second, loneliness independently predicted smartphone
addiction, aligning with displacement theory (Goel et
al., 2021). Paradoxically, although lonely adolescents
may seek connection through digital means, heavy
smartphone use may displace time that could otherwise
be spent cultivating deeper offline relationships. The
result is a self-reinforcing loop in which loneliness
motivates digital overuse, which further erodes real-
world social connection.

Now here is the third finding, and it is probably the
most interesting one of the lot. Loneliness turned out to
moderate the relationship between social interaction
anxiety and smartphone addiction. To put that in
simpler terms, the strength of the link between social
anxiety and addictive phone use depended on how
lonely the adolescent was. When researchers ran the
numbers and compared different groups, something
quite striking emerged. Among adolescents who
reported high levels of loneliness, the effect of social
anxiety on smartphone addiction was more than twice
as large as it was among adolescents who reported low
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levels of loneliness. That is not a small difference. That
is a substantial gap. And here is something worth
noting. This particular moderation effect had not been
systematically tested before in any sample of Indian
adolescents. A few studies may have looked at
correlations here and there, but nobody had actually put
this specific moderated model to the test with an Indian
sample. So this finding really does represent the main
novel contribution that the present study makes to the
literature. Theoretical implications are substantial.
While compensatory internet use theory typically views
loneliness and social anxiety as independent drivers of
problematic use, the present findings suggest a
synergistic relationship. Loneliness does not merely
coexist with social anxiety; it amplifies the behavioral
expression of social fears. Adolescents who are both
socially anxious and deeply lonely may lack alternative
coping resources, making smartphone engagement
particularly compelling and difficult to regulate.

Limitations and Future Suggestion

There are some limitations to this research that should
be noted. One is that the research design used was
cross-sectional in nature. This means that researchers
collected all data at one point in time. Because of the
way the cross-sectional design is constructed,
researchers cannot really talk about any cause-effect or
temporal ordering relationships between variables.
They can only conclude that there is a relationship
between two variables but cannot conclude which
variable is the cause and which is the effect.
Researchers must utilize longitudinal studies (i.e.,
studies following the same group of adolescents over a
period of months or years) to be able to determine the
temporal ordering of the two variables (i.e., loneliness
and social anxiety) and whether loneliness indeed
facilitates the transition of social anxiety into addiction
as time passes. Related to this limitation are the
measures that were used in this research. All of the
measures, including the questionnaires completed by
the adolescents, were self-report measures. While this
is an acceptable procedure, it is also subject to many
problems. One issue surrounds the honesty of the
adolescents' responses; they may not answer truthfully
because they want to appear better than they actually
are or because they do not accurately remember their
feelings and behaviours. Thus, there exists a potential
for what methodologists refer to as common method
bias and social desirability bias. Future studies should
try to bring in other sources of information—reports
from parents, reports from peers, or even objective data
taken directly from the smartphones themselves
showing actual screen time and usage patterns. The
sample itself also has limitations. It was drawn from
only three districts in Gujarat. That means the findings
may not generalize well to other Indian states or to
rural populations. India is an incredibly diverse country
in terms of culture, language, and economic conditions.
So replication studies in different regions are absolutely

essential before anyone can claim these findings are
widely applicable. Finally, this study did not include
any clinical diagnoses. The adolescents who scored
high on social anxiety may or may not actually meet
the diagnostic criteria for social anxiety disorder. The
same goes for major depressive disorder. Future
research should look at clinical populations to see
whether the same relationships hold or perhaps become
even stronger.

Implications

The findings from this study, despite having
limitations, may provide useful information about
prevention and intervention programs. For example,
schools should consider including digital wellness
curricula as a part of daily instruction. Curricula should
focus on the emotional aspects of adolescent phone
overuse, rather than simply addressing screen-time
limits or blocking certain apps. Social and emotional
learning (SEL)—programs that support young people
in developing greater communication skills, frustration
tolerance, and comfortable face-to-face interaction—
may be beneficial in reducing the need for adolescence
to escape into their digital coping mechanism. For
mental health professionals, the implications of the
study differ. When working with adolescents with
smartphone addiction, cognitive-behavioral therapy
should focus on both factors causing social anxiety and
loneliness simultaneously rather than treating each
condition in isolation. Group-based intervention
strategies which incorporate social skills training along
with supervised periods of digital detox are likely to be
beneficial for adolescents with social anxiety and/or
loneliness. Parents and families have a role, as well.
They need to be educated about the synergistic risks
that come when social anxiety and loneliness occur
together in the same adolescent. Simple household
strategies can make a difference—device-free family
time during meals, open and nonjudgmental
conversations about what children are doing online, and
active encouragement of offline extracurricular
activities. All of these can provide alternative sources
of social reward that do not depend on a screen. For
policymakers, the message is clear. The National
Education Policy of 2020, or NEP 2020, should
explicitly integrate digital well-being and mental health
literacy into the standard school curriculum. Funding
should also be allocated for school-based screening
programs that can identify adolescents who are at risk
for both social anxiety and loneliness before their
smartphone use becomes severely problematic. Finally,
there are some recent technological applications worth
mentioning. Artificial intelligence powered mental
health chatbots, such as WoeBot and Wysa, can deliver
brief and scalable interventions that target social
anxiety and loneliness directly. Mobile applications
that provide users with real-time feedback on their
usage patterns and prompt them to take mindfulness
breaks have also shown some preliminary effectiveness
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in reducing problematic use (Sharma et al., 2022).
None of these are magic solutions, but used together,
they might help.

Conclusion

Adolescents who are uncomfortable in social situations,
as well as teenagers who experience loneliness, tend to
use their mobile devices more often. The urgent need
for a distraction increases for those who are
experiencing both types of discomfort. A person that is
both uncomfortable in social situations and is also
alone has the greatest likelihood of developing an
obsession with being online. The reason for this
increased likelihood is that isolation creates not only
anxiety but an exponential amount of anxiety.
Researchers have identified the relationship between
using the Internet to fill emotional voids, and the
relationship between using the Internet and increased
emotional need. With the rate at which mobile phones
are being adopted throughout rural India, it is
imperative that we begin to find out what causes youth
to rely on their mobile devices. Future studies could
follow individual data and behaviours for six months to
a year, and then analyse whether they made any
significant changes to their previous reliance on mobile
devices.
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