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Objective: The present study aimed to examine whether machine learning—
detected online social exclusion predicts adolescent loneliness and whether
computationally derived exclusion indicators provide incremental explanatory
power beyond self-reported perceived exclusion.

Methods and Materials: A cross-sectional correlational design was employed
with a sample of 718 adolescents aged 13—17 years recruited from secondary
schools in central Mexico. Participants completed the Spanish-adapted UCLA
Loneliness Scale and a validated self-report measure of online social exclusion.
In addition, anonymized digital interaction data from the previous 30 days were
collected and processed using natural language processing techniques. A
supervised transformer-based machine learning model was trained to classify
exclusionary linguistic and interactional patterns within 96,438 message entries.
Individual-level online exclusion probability scores were computed based on
linguistic markers, response latency asymmetry, and unanswered message ratios.
Hierarchical regression analyses and structural equation modeling were
conducted to test direct and indirect associations between machine learning—
detected exclusion, perceived exclusion, and loneliness.

Findings: Machine learning—detected online social exclusion was positively and
significantly associated with adolescent loneliness (p < 0.001). Hierarchical
regression analysis demonstrated that computationally detected exclusion
predicted loneliness above and beyond demographic variables and self-reported
exclusion (AR? = 0.06, p < 0.001). Structural equation modeling indicated
acceptable model fit and revealed that perceived exclusion partially mediated the
relationship between machine learning—detected exclusion and loneliness
(indirect effect p <0.001), while the direct path remained significant (p <0.001).
Conclusion: The findings indicate that algorithmically detected online
exclusionary patterns constitute a significant and independent predictor of
adolescent loneliness. Integrating machine learning—based behavioral analytics
with psychosocial assessment enhances the precision of loneliness risk
identification and offers promising avenues for early detection and prevention
strategies in digitally mediated youth environments.

Keywords: Adolescent loneliness, online social exclusion, cyber-ostracism,
machine learning, digital mental health, computational psychology.
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1. Introduction

oneliness during adolescence has emerged as a

pressing global public health concern, with increasing
empirical  attention devoted to its antecedents,
developmental trajectories, and psychosocial consequences.
Adolescence represents a critical developmental period
characterized by heightened sensitivity to peer acceptance,
identity formation, and belongingness needs. When these
needs are unmet, experiences of social exclusion and
ostracism can intensify emotional vulnerability and
internalizing symptoms. Recent large-scale investigations
have demonstrated that adolescent loneliness is not merely a
transient emotional state but a multidimensional construct
associated with diminished psychological well-being,
increased substance use, and academic disengagement
(Tunkkari, 2025; Tunkkari et al., 2025). Longitudinal
evidence further indicates that ostracism and loneliness
operate synergistically, contributing to maladaptive
outcomes across adolescence (Kiuru et al., 2024). The rapid
digitalization of peer interaction has introduced new forms
of exclusion, including cyber-ostracism, silent ignoring, and
algorithmically mediated invisibility, thereby transforming
the landscape of adolescent social experience.

Social ostracism, defined as being ignored or excluded by
others, threatens fundamental psychological needs such as
belonging, self-esteem, control, and meaningful existence.
Empirical research across diverse populations confirms
robust associations between ostracism and loneliness
(Arslan & Yildinm, 2021; Boykina et al.,, 2024). In
adolescent contexts, ostracism experiences have been
operationalized through psychometrically validated scales
such as the Ostracism Experience Scale for Adolescents and
Youth (Boykina et al., 2023), enabling more nuanced
differentiation between chronic outsiderhood and situational
exclusion. School-based studies demonstrate that perceived
social outsiderhood predicts internalizing symptoms and
school absenteeism, with internalizing processes mediating
this association (Alanko et al., 2025). These findings
underscore the psychosocial salience of exclusion

experiences and their cumulative developmental
implications.

The migration of adolescent social life to online
environments complicates traditional understandings of
ostracism. Digital platforms allow for asynchronous
communication, visible metrics of social validation (e.g.,
likes, reactions), and quantifiable indicators of engagement

or neglect. Experimental evidence suggests that being
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ignored online may elicit stronger need threats than overt
rejection, as ambiguity amplifies perceived social
invisibility (Lutz & Schneider, 2020). Cyber-ostracism has
been linked to non-suicidal self-injury through mediating
pathways involving depression and experiential avoidance
(Ding et al., 2022). Similarly, cyber-victimization correlates
with loneliness, moderated by social support and self-
efficacy (Heiman & Olenik-Shemesh, 2022). These findings
converge on the notion that digital exclusion is
psychologically consequential and may operate through
mechanisms partially distinct from offline rejection.

Loneliness itself is not monolithic. Comparative cross-
cultural research has documented variability in loneliness
prevalence across Southeast Asian student populations
(Pangestika et al., 2024), suggesting contextual moderators
such as collectivistic norms and digital communication
patterns. Qualitative analyses of youth discussion forums
reveal heterogeneity in loneliness narratives, ranging from
existential isolation to situational peer disconnection
(Kaarakainen et al., 2025). Thematic syntheses among youth
with chronic physical conditions highlight overlapping
experiences of social isolation and perceived difference
(Miao et al., 2024; Sluiter et al.,, 2024). Moreover,
psychological variables such as low self-control (Stavrova et
al., 2021), affective warmth perception (Murphy, 2021), and
personality traits including the Big Five (Kiran &
Thiruchelvi, 2020) influence susceptibility to loneliness and
ostracism experiences. Protective factors such as self-esteem
and perceived social competence buffer against loneliness in
ostracized adolescents (Sakiz et al., 2020).

The interplay between social media use and loneliness
remains complex. On one hand, digital platforms may
facilitate belonging, peer support, and identity exploration,
particularly among marginalized youth populations
(Charmaraman et al., 2024). On the other hand, maladaptive
patterns such as social comparison, fear of missing out, and
compulsive engagement may exacerbate loneliness (Tang et
al., 2023). Empirical work demonstrates that loneliness
predicts the formation of online friendships, potentially
reflecting compensatory social seeking (Dreslin & Hedrick,
2023). Simultaneously, narcissistic adolescents may engage
in both antisocial and prosocial behaviors online in attempts
to regulate loneliness and seek validation (Wang et al.,
2023). The mediating role of gaming and social media in
linking loneliness and psychological symptoms has also
been documented (Bruneel, 2025; Risco & Mills, 2025).
Such findings indicate bidirectional and potentially
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reinforcing relationships between digital engagement and
loneliness.

Cyberbullying research further contextualizes online
exclusion. Systematic investigations among school-going
adolescents identify loneliness as both a risk factor and
outcome of cyberbullying involvement (Olutola &
Whitehouse, 2024; Razzaq, 2025). Variable-oriented and
person-oriented analyses show that offline and online
victimization experiences overlap yet demonstrate domain-
specific psychological correlates (Burger & Bachmann,
2021). These studies emphasize the need to distinguish
between active aggression and passive exclusion, as both
may undermine belongingness but operate through distinct
behavioral patterns.

Although psychological research has robustly established
associations between ostracism and loneliness, measurement
has traditionally relied on self-report instruments. Advances
in computational social science now permit the integration
of machine learning techniques to detect patterns of
exclusion within digital communication data. Recent studies
applying artificial intelligence to adolescent behavioral data
demonstrate promise in identifying latent psychosocial risk
factors (Pu & Gan, 2025; Razzaq, 2025). Big data
approaches allow for scalable detection of linguistic
markers, response latency asymmetries, and interactional
imbalance. Such methodologies may complement self-
report scales and reduce biases associated with subjective
perception.

Theoretical frameworks further support integrating
computational detection with psychosocial assessment.
activates

Need-threat theory posits that ostracism

fundamental motivational systems. Self-determination
perspectives highlight thwarted relatedness as central to
loneliness  development. Social network analyses
demonstrate that network centrality and relational
reciprocity correlate with subjective well-being (Webster et
al., 2020). Moreover, awe and positive solitude experiences
may buffer loneliness under certain circumstances (Jiang et
al., 2023; Yin et al., 2024), suggesting complexity in the
loneliness construct that warrants multidimensional
measurement.

Educational and institutional contexts also influence
loneliness trajectories. Adolescents in closed institutional
settings report elevated ostracism and loneliness experiences
(Boykina et al., 2024). Workplace loneliness literature,
although focused on adults, parallels adolescent findings by
demonstrating links between ostracism and silence or

disengagement (OZISLI, 2022). The psychosocial impact of
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perceived injustice and unforgiveness further illustrates
relational dynamics relevant to exclusion processes (Boon &
Brown, 2020). Post-pandemic transitions from loneliness to
belonging have been documented, emphasizing the
malleability of social connectedness (Carter & Shienko,
2023). Media narratives continue to underscore youth mental
health vulnerabilities related to social isolation.

Despite this growing body of evidence, several gaps
remain. First, much of the literature relies exclusively on
subjective reports of exclusion, which may be influenced by
cognitive biases or affective states. Second, cross-sectional
designs predominate, limiting causal inference. Third,
relatively few studies integrate objective digital trace data
with validated loneliness measures. Although internet use
has been linked to adolescent loneliness (Khararbakhova et
al., 2021), nuanced computational analyses of actual
interaction content are scarce. Fourth, research on parasocial
relationships and gaming behaviors suggests alternative
social engagement pathways that may mask or exacerbate
loneliness (Risco & Mills, 2025). Finally, immigrant and
marginalized groups exhibit unique belonging narratives
that may require culturally sensitive assessment frameworks
(Au et al., 2024).

Emerging profiles of loneliness and ostracism during
adolescence highlight distinct subgroups with differential
risk and protective factors (Kiuru et al., 2024). Family and
teacher support function as moderators of ostracism—well-
being associations (Tunkkari, 2025; Tunkkari et al., 2025).
Longitudinal findings indicate that ostracism and loneliness
may predict darker personality traits and maladaptive
developmental trajectories (Pu & Gan, 2025). These patterns
emphasize the importance of early identification and
intervention.

In this context, machine learning—based detection of
online social exclusion offers a novel methodological
contribution. By combining natural language processing,
behavioral analytics, and psychometric validation,
researchers can move beyond purely subjective assessments
toward hybrid models of psychosocial risk identification.
Such integrative approaches may enhance ecological
validity and permit early detection of at-risk adolescents in
digital ecosystems. Furthermore, computational modeling
aligns with contemporary interdisciplinary paradigms
bridging psychology, data science, and public health.

The present study therefore seeks to address existing gaps
by integrating supervised machine learning detection of
online social exclusion with validated loneliness assessment

among Mexican adolescents, examining both direct and
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between
exclusionary patterns and subjective loneliness experiences.

indirect  associations objectively  detected

2. Methods and Materials
2.1.  Study Design and Participants

This study employed a cross-sectional, correlational
design integrating computational text analytics with
psychometric assessment to investigate the association
between machine learning—detected online social exclusion
and self-reported adolescent loneliness. The target
population consisted of secondary school students enrolled
in public and semi-public institutions in three metropolitan
areas in central Mexico, including Mexico City, Puebla, and
Toluca. A total of 742 adolescents participated in the study.
After data screening for incomplete responses and low-
quality digital text entries (e.g., repetitive characters, bot-
like patterns, or texts shorter than 20 words), 718 cases were
retained for final analysis. Participants ranged in age from
13 to 17 years (M = 15.02, SD = 1.21), with 52.4%
identifying as female, 46.8% as male, and 0.8% as non-
binary or preferring not to specify. Inclusion criteria required
active use of at least one social media platform (e.g.,
Instagram, WhatsApp, TikTok, or Facebook) for a minimum
of six months prior to participation and the provision of at
least 10 recent anonymized social media interactions
(messages or posts) for computational analysis. Adolescents
with diagnosed severe psychiatric conditions that could
impair informed assent were excluded based on school
counseling records. Data collection was conducted during
the 2025 academic year in supervised computer laboratory
sessions to ensure standardized procedures and privacy
protection.

2.2. Measures

Data collection integrated self-report psychometric
instruments and digital behavioral data extraction.
Loneliness was assessed using the Spanish-adapted version
of the UCLA Loneliness Scale (Version 3), consisting of 20
items rated on a 4-point Likert scale ranging from 1 (never)
to 4 (often). The instrument demonstrated strong internal
consistency in the present sample (Cronbach’s a = 0.91).
Online social exclusion experiences were measured in two
complementary ways. First, participants completed the
Online Social Exclusion Self-Report Scale, a 12-item
instrument assessing perceived experiences of being
ignored, excluded from group chats, left out of online events,
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or receiving minimal engagement (e.g., “being left on read,”
receiving no reactions). This scale showed acceptable
reliability (Cronbach’s a = 0.87). Second, objective digital
traces were collected through a secure, anonymized data
upload system. Participants were instructed to export their
last 30 days of direct message and comment interactions
from their most frequently used platform. All identifying
information, usernames, and images were automatically
removed via a preprocessing script. The resulting textual
dataset comprised 96,438 individual message entries.
Additionally, metadata indicators such as response latency,
frequency of initiated versus received interactions, number
of ignored messages (no response within 48 hours), and
reaction counts were extracted to construct behavioral
indicators of exclusion. Socio-demographic variables
including age, gender, socioeconomic status (based on
parental education and household assets), and daily screen
time were collected to serve as covariates.

2.3.  Data Analysis

The machine learning component involved supervised
classification to detect linguistic and interactional markers
of online social exclusion within the anonymized text
corpus. A subset of 8,000 message instances was randomly
selected and manually coded by three trained bilingual
(Spanish—English)
exclusionary communication (e.g., dismissive responses,

psychologists  for indicators of
non-reciprocal patterns, sarcastic rejection, coordinated
ignoring). Inter-rater reliability was high (Cohen’s k = 0.82).
This annotated dataset was divided into training (70%),
validation (15%), and test (15%) subsets. Text preprocessing
included tokenization, lemmatization, stop-word removal,
and the generation of contextual embeddings using a pre-
trained Spanish-language Bidirectional Encoder
Representations from Transformers (BETO) model. Two
classification algorithms were compared: a Support Vector
Machine with a linear kernel and a fine-tuned transformer-
based deep neural network. Model performance was
evaluated using accuracy, precision, recall, Fl-score, and
area under the receiver operating characteristic curve (AUC-
ROC). The transformer-based model demonstrated superior
performance (accuracy = 0.89, F1 = 0.87, AUC = 0.92) and
was therefore selected to generate individual-level exclusion
probability scores across the full dataset.

Following computation of exclusion probability indices,
each participant received a composite Online Social

Exclusion Index derived from weighted linguistic exclusion
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probability, proportion of unanswered messages, asymmetry
in interaction initiation, and low engagement ratios.
Descriptive statistics and assumption testing were conducted
using SPSS Version 29, while machine learning modeling
was performed in Python using TensorFlow and Scikit-learn
libraries. Pearson correlation analyses examined bivariate
associations between the exclusion index and loneliness
scores. Hierarchical multiple regression analyses were
conducted to determine whether machine learning—detected
exclusion predicted loneliness after controlling for
demographic variables and self-reported perceived
exclusion. Multicollinearity diagnostics indicated acceptable
tolerance and variance inflation factor levels. Additionally,
a structural equation modeling approach using maximum
likelihood estimation was employed in AMOS to test a latent

model in which objective exclusion predicted loneliness

Table 1
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both directly and indirectly through perceived exclusion.
Model fit was evaluated using y*df ratio, CFI, TLI, and
RMSEA indices. All statistical tests were conducted with a
significance level set at p < 0.05.

3. Findings and Results

Descriptive statistics were first computed to characterize
the demographic composition of the sample and the
distribution of key study variables. Table 1 presents the
demographic characteristics of the 718 adolescents included
in the final analyses, along with means and standard
deviations for primary continuous variables, including
loneliness, self-reported online social exclusion, machine
learning—detected online exclusion probability, and average

daily screen time.

Demographic Characteristics and Descriptive Statistics of Study Variables (N = 718)

Variable Category / Statistic n % Mean SD
Gender Female 376 52.4 - -
Male 336 46.8 - -
Non-binary / Not specified 6 0.8 - -
Age (years) - - - 15.02 1.21
Socioeconomic Status Low 198 27.6 - -
Middle 401 55.8 - -
High 119 16.6 - -
Daily Screen Time (hours) - - - 4.87 1.94
UCLA Loneliness Score - - - 44.63 9.82
Self-Reported Online Exclusion - - - 28.41 7.56
ML-Detected Online Exclusion Probability (0—1) - - - 0.37 0.18
Unanswered Message Ratio - - - 0.29 0.14

As shown in Table 1, the sample was relatively balanced
in terms of gender distribution, with a slight predominance
of female participants (52.4%). The average age was 15.02
years (SD = 1.21), indicating representation across early to
middle adolescence. The majority of participants were
classified within the middle socioeconomic status category
(55.8%), followed by low (27.6%) and high (16.6%)
socioeconomic groups. Adolescents reported an average
daily screen time of 4.87 hours (SD = 1.94), reflecting
substantial engagement with digital environments. The mean
loneliness score (M = 44.63, SD = 9.82) fell within the

moderate range based on normative cutoffs. Self-reported
online exclusion scores also reflected moderate perceived
exclusion (M = 28.41, SD = 7.56). The machine learning—
detected exclusion probability demonstrated variability
across participants (M = 0.37, SD = 0.18), indicating that
approximately one-third of analyzed digital interactions
were classified as containing exclusionary markers. The
unanswered message ratio (M = 0.29, SD = 0.14) suggested
that nearly 29% of outgoing messages did not receive
responses within the 48-hour threshold.
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Table 2

Pearson Correlation Matrix Among Main Study Variables (N = 718)

Variable 1 2 3 4 5
1. Loneliness 1 - - - -
2. Self-Reported Online Exclusion 0.62%* 1 - - -
3. ML-Detected Online Exclusion 0.48** 0.54** 1 - -
4. Unanswered Message Ratio 0.41%* 0.46** 0.67** 1 -
5. Daily Screen Time 0.19%** 0.22%%* 0.17** 0.14%** 1

Note. **p <0.01.

As shown in Table 2, loneliness demonstrated a strong
positive correlation with self-reported online exclusion (r =
0.62, p < 0.01), indicating that adolescents who perceived
higher levels of online exclusion reported significantly
greater loneliness. Importantly, machine learning—detected
online exclusion probability was also moderately and
positively associated with loneliness (r = 0.48, p < 0.01),
suggesting that objectively detected exclusionary linguistic

emotional distress. The unanswered message ratio was
significantly correlated with both ML-detected exclusion (r
= 0.67, p < 0.01) and loneliness (r = 0.41, p < 0.01),
reinforcing the behavioral relevance of digital non-
responsiveness. Daily screen time showed weaker but
statistically significant associations with loneliness (r=0.19,
p < 0.01), indicating that quantity of use alone was less
strongly related to loneliness than qualitative exclusion

and interactional markers corresponded with subjective experiences.

Table 3

Hierarchical Regression Predicting Adolescent Loneliness (N = 718)
Predictor B SE B B t p
Step 1: Demographics
Age 0.74 0.28 0.09 2.64 0.008
Gender (Female = 1) 1.82 0.67 0.10 2.72 0.007
Socioeconomic Status -1.15 0.39 -0.11 -2.95 0.003
Daily Screen Time 0.58 0.21 0.09 2.76 0.006
Step 2: Self-Reported Online Exclusion
Self-Reported Exclusion 0.73 0.05 0.57 14.60 <0.001
Step 3: ML-Detected Online Exclusion
ML-Detected Exclusion 9.84 1.42 0.26 6.93 <0.001

Step 1 R2=0.07
Step 2 R*=0.44
Step 3 R2=0.50

As shown in Table 3, demographic variables accounted 0.26, p <0.001) even after controlling for demographics and

for 7% of the variance in loneliness in Step 1 (R? = 0.07).
The addition of self-reported online exclusion in Step 2
substantially increased explained variance to 44% (AR? =
0.37, p < 0.001), confirming its strong predictive power.
Critically, in Step 3, machine learning—detected online
exclusion remained a statistically significant predictor (f =

perceived exclusion, increasing total explained variance to
50% (AR? = 0.06, p < 0.001). This finding indicates that
computationally derived exclusion indicators provide
incremental predictive validity beyond subjective perception

measures.
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Structural Equation Model of ML-Detected Online Exclusion, Perceived Exclusion, and Loneliness

'B = .58***

ML-Detected

Perceived
Exclusion

Loneliness

Online Exclusion

Indirect Effect: B = .58***

/

Direct Effect: B = .21***

X°/df = 2.31, CFI=.96, TLI=.95, RMSEA = .043

Structural equation modeling further examined direct and
indirect pathways linking machine learning—detected
exclusion to loneliness through perceived exclusion. The
model demonstrated acceptable fit indices (y*/df =2.31, CFI
= 0.96, TLI = 0.95, RMSEA = 0.043). Standardized path
indicated that ML-detected
significantly predicted perceived exclusion (f = 0.58, p <

coefficients exclusion
0.001), and perceived exclusion significantly predicted
loneliness (fp = 0.60, p < 0.001). A direct path from ML-
detected exclusion to loneliness remained significant (f =
0.21, p <0.001), indicating partial mediation. Bootstrapping
analyses confirmed that the indirect effect was statistically
significant (95% CI [0.18, 0.29]). These results suggest that
computationally identified exclusion patterns influence
loneliness both by shaping adolescents’ subjective
perceptions of exclusion and through additional direct
mechanisms, possibly reflecting cumulative emotional

impacts of digital interaction asymmetry.

4. Discussion

The present study investigated whether machine
learning—detected online social exclusion is associated with
adolescent loneliness and whether computationally derived
exclusion indicators provide incremental explanatory power
beyond self-reported exclusion. The findings revealed three
central patterns. First, machine learning—detected online
exclusion probability was significantly and positively
associated with loneliness. Second, this association
remained statistically significant even after controlling for
demographic  variables and perceived exclusion,
demonstrating incremental predictive validity. Third,
structural equation modeling indicated that perceived

exclusion partially mediated the association between

computationally detected exclusion and loneliness.
Together, these findings extend existing ostracism and
loneliness research by integrating objective digital trace
analysis with psychosocial assessment.

The positive association between machine learning—
detected online exclusion and loneliness aligns with a
substantial body of literature documenting the psychological
impact of ostracism. Prior work has consistently shown that
adolescents who experience social exclusion report higher
levels of loneliness and internalizing symptoms (Arslan &
Yildirim, 2021; Boykina et al., 2024). The present findings
replicate these associations within a digital context,
suggesting that exclusionary linguistic patterns and response
asymmetries  captured  algorithmically  correspond
meaningfully with adolescents’ subjective emotional
experiences. This supports theoretical propositions that
ostracism threatens fundamental psychological needs,
leading to loneliness as an affective outcome.

Importantly, the persistence of the association after
controlling for self-reported exclusion underscores the
added value of computational indicators. Previous research
has relied heavily on self-report measures such as the
Ostracism Experience Scale for Adolescents and Youth
(Boykina et al., 2023). While psychometrically robust, such
measures may be influenced by recall bias, attributional
style, or mood congruency effects. The present findings
demonstrate that objectively derived digital interaction
markers—such as ignored messages and dismissive
language—contribute unique explanatory variance. This
complements evidence linking cyber-ostracism to adverse
psychological outcomes (Ding et al., 2022) and cyber-
victimization to loneliness (Heiman & Olenik-Shemesh,

2022). Our results suggest that algorithmically detected
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exclusion captures behavioral dynamics that adolescents
may not fully articulate in self-reports.

The mediation findings provide additional theoretical
insight. Machine learning—detected exclusion significantly
predicted perceived exclusion, which in turn predicted
loneliness, indicating partial mediation. This is consistent
with developmental models positing that objective social
experiences shape subjective appraisals, which then
influence emotional outcomes. Profiles of loneliness and
ostracism during adolescence demonstrate that perceived
exclusion operates as a proximal determinant of well-being
(Kiuru et al.,, 2024). Similarly, school-based research
indicates that social outsiderhood predicts internalizing
symptoms via psychological processes (Alanko et al., 2025).
The present study extends these frameworks to digitally
mediated contexts, suggesting that algorithmically identified
exclusionary interactions influence loneliness both directly
and through adolescents’ perceptions.

The moderate-to-strong correlation between perceived
exclusion and loneliness in this study echoes previous
findings across diverse cultural settings. Comparative
research among Indonesian and Malaysian students
documented substantial loneliness variability associated
with social connection differences (Pangestika et al., 2024).
Thematic analyses of youth online forums revealed that
adolescents interpret social disconnection in multifaceted
ways, often integrating digital and offline experiences
(Kaarakainen et al., 2025). The present findings are
consistent with this literature, highlighting that online
exclusion constitutes a meaningful dimension of adolescent
social experience.

Our findings also contribute to the broader debate
regarding social media’s role in adolescent well-being.
While digital platforms can facilitate belonging and identity
exploration—particularly among marginalized youth
(Charmaraman et al., 2024)—they may simultaneously
amplify visibility of exclusion. Experimental evidence
suggests that being ignored online may evoke stronger
psychological threat than overt rejection (Lutz & Schneider,
2020). The machine learning detection of non-response
patterns in this study aligns with that observation. Moreover,
studies examining loneliness and social media addiction
indicate that fear of missing out and excessive engagement
may intensify feelings of disconnection (Tang et al., 2023).
The present results suggest that not only quantity of use but
interaction

qualitative patterns—captured

computationally—are critical determinants of loneliness.

Journal of Adolescent and Youth Psychological Studies 7:2 (2026) 1-11

The observed associations also resonate with research
linking loneliness to broader psychosocial vulnerabilities.
Loneliness has been associated with antisocial and prosocial
online behaviors among narcissistic adolescents (Wang et
al., 2023), as well as with maladaptive developmental
trajectories including darker personality traits (Pu & Gan,
2025). Although the present study did not assess personality
traits directly, the incremental predictive validity of
computational exclusion suggests that repeated digital
marginalization may contribute to broader psychosocial risk.
Furthermore, longitudinal analyses indicate that loneliness
and ostracism predict substance use and diminished
psychological well-being (Tunkkari, 2025; Tunkkari et al.,
2025). The identification of exclusion patterns through
machine learning may therefore offer early indicators of
downstream risk.

The cross-domain consistency of ostracism effects further
supports the robustness of the findings. Workplace
loneliness literature demonstrates that ostracism predicts
silence and disengagement (OZISLI, 2022). Similarly,
cyberbullying research identifies loneliness as both predictor
and outcome of online aggression (Olutola & Whitehouse,
2024; Razzaq, 2025). Variable-oriented analyses reveal that
offline and online victimization overlap but retain distinct
correlates (Burger & Bachmann, 2021). The present findings
align with this multidimensional perspective by isolating
exclusion—rather than overt aggression—as a salient
predictor.

The absence of a full mediation effect suggests that
computationally detected exclusion may influence
loneliness through mechanisms beyond conscious appraisal.
Need-threat theory posits that exclusion automatically
activates affective responses. Physiological or attentional
processes may be engaged prior to explicit perception.
Research on tactile warmth reducing loneliness (Murphy,
2021) and awe fostering positive solitude (Jiang et al., 2023;
Yin et al., 2024) indicates that emotional states may arise
from subtle contextual cues. Thus, repeated exposure to
subtle online ignoring—captured algorithmically—may
generate affective consequences even in the absence of fully
articulated perceived exclusion.

The present study also contributes methodologically by
integrating computational modeling with psychosocial
theory. Advances in machine learning applications within
adolescent behavioral research highlight the feasibility of
identifying psychosocial risk from digital traces (Pu & Gan,
2025). The integration of big data analytics addresses

limitations of prior studies linking internet use to loneliness
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(Khararbakhova et al., 2021). By operationalizing exclusion
probability through linguistic and interactional markers, this
study advances measurement precision and ecological
validity.

5. Conclusion

Collectively, the findings reinforce the centrality of
belongingness in adolescent development. Systematic
reviews demonstrate that social networks strongly predict
subjective well-being (Webster et al., 2020). Experiences of
social injustice and relational rupture predict psychological
distress (Boon & Brown, 2020). Narratives of belonging
among marginalized populations illustrate the protective
function of relational inclusion (Au et al., 2024). Post-
pandemic transitions from loneliness to belonging
emphasize the dynamic nature of social connectedness
(Carter & Shienko, 2023). In this context, early detection of
exclusionary interaction patterns may provide a critical
opportunity for intervention.

6. Limitations & Suggestions

Despite its contributions, this study has several
limitations. The cross-sectional design precludes causal
inference, and longitudinal designs would be necessary to
establish temporal precedence between computationally
detected exclusion and loneliness. Although machine
learning enhanced objectivity, algorithmic classification
remains probabilistic and may not capture nuanced
contextual meanings such as playful teasing or culturally
specific communication styles. The sample, while sizable
and diverse within Mexico, limits generalizability to other
cultural contexts. Additionally, the reliance on self-reported
loneliness may introduce response bias. Future research
incorporating ~ multimethod  assessments, including
physiological or ecological momentary measures, would
strengthen validity.

Future should adopt

experimental designs to determine whether reductions in

studies longitudinal ~ and
digitally detected exclusion lead to measurable decreases in
loneliness. Cross-cultural comparisons would clarify
whether algorithmic markers of exclusion generalize across
linguistic and cultural contexts. Integration of personality
traits, family support variables, and teacher support—
identified as moderators in previous work—would deepen
explanatory models. The incorporation of network centrality
metrics and parasocial engagement indicators could further

differentiate types of digital social involvement. Moreover,
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research exploring ethical frameworks and adolescent
perceptions of algorithmic monitoring is essential to ensure
responsible implementation.

Practically, the findings suggest that educational
institutions and mental health professionals may benefit
from incorporating digital literacy programs that address
subtle forms of online exclusion. Schools could develop
early-warning systems combining anonymized interaction
analytics with psychosocial screening to identify at-risk
students while preserving privacy. Interventions should
strengthen social competence, self-esteem, and peer support
networks to buffer against exclusion. Parental and teacher
awareness initiatives can help adults recognize signs of
digital ostracism. Ultimately, fostering inclusive online
cultures and promoting meaningful peer engagement may
reduce loneliness and enhance adolescent psychological

well-being.
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