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Abstract

The increasing use of digital technologies (DT) among university students has raised
concerns about their associations with mental health (MH) and academic performance.
Grounded in the Diversity in Learning (DinL) framework, this cross-sectional study ex-
amines how age and sex moderate the relationships between DT use, MH indicators,
learning-related psychological difficulties, and academic outcomes. Data were collected
through an online questionnaire administered to 4519 university students in Chile. The
survey included self-reported measures of MH indicators and learning-related psychologi-
cal difficulties (bad mood/irritability, anxiety, lack of motivation, attentional difficulties,
and low achievement expectations), as well as academic performance and frequency of
use of digital tools (social media, smartphones, gamification and collaboration applica-
tions, and asynchronous classes). Descriptive analyses, ANOVAs, and multiple regression
models were employed. Results showed that younger students reported more frequent
use of gamification apps, social media, and smartphones, as well as higher levels across
all mental health issues and learning-related psychological difficulties. Social media use
and particularly smartphone use emerged among the DT variables as the strongest pre-
dictors of MH problems and learning difficulties, with age significantly moderating these
relationships. These predictors were significant for both young female and male students,
although stronger associations were observed among females. Female students reported
higher levels of MH problems (especially anxiety), as well as greater use of social media and
smartphones. However, neither social media use nor smartphone use showed a consistent
negative relationship with academic performance. Overall, these findings highlight the im-
portance of considering age and sex differences when examining the links between digital
engagement and student well-being. They also underscore the need for targeted interven-
tions to promote healthier digital habits and emotional regulation strategies, particularly
among higher-risk groups.

Keywords: digital technology use; mental health; university students; age differences; sex
differences; academic performance; social media; smartphone use; diversity in learning

Youth 2026, 6, 62

https://doi.org/10.3390/youth6020062


https://crossmark.crossref.org/dialog?doi=10.3390/youth6020062&domain=pdf&date_stamp=2026-05-12
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/youth
https://www.mdpi.com
https://orcid.org/0000-0003-1070-6093
https://orcid.org/0000-0003-0943-4879
https://orcid.org/0009-0001-0591-8334
https://doi.org/10.3390/youth6020062

Youth 2026, 6, 62

2 of 20

1. Introduction

Youth well-being transcends the mere absence of illness, representing a multidimen-
sional state that integrates biological, psychological, and social factors. It manifests through
self-awareness, functionality, productivity, and active community participation (World
Health Organization, 2014, 2024). In higher education, mental health (MH) issues among
university students—including anxiety, depression, and attention difficulties—have be-
come an increasing concern. Assessing MH in educational settings is crucial, as it directly
impacts students’ learning, academic performance, and overall quality of life (Poorolajal
et al., 2017; Tran et al., 2017).

Evidence suggests a consistent increase in MH-related problems among university
students over the past two decades (e.g., Lipson et al., 2019; Tan et al., 2023; Haidt, 2024).
Cognitive and emotional challenges, combined with psychosocial stressors, tend to intensify
in the absence of early, comprehensive interventions (January et al., 2018; Tian-Ci Quek
et al., 2019; Mirza et al., 2021). Studies in different countries report disproportionately high
rates of psychological distress, especially among younger cohorts, underscoring the need
to investigate associated factors, including digital technology (DT) use (e.g., Del Valle et al.,
2020; Heritage et al., 2023; Khalil et al., 2020; Lew et al., 2019).

Within this context, analyzing psychosocial risk factors linked to learning patterns
has become essential for understanding educational diversity, challenges and difficulties.
The construct of Diversity in Learning (DinL) integrates learning patterns and MH issues,
alongside cognitive, emotional, contextual, and psychosocial factors, offering a holistic
framework for understanding the diversity of student experiences and outcomes (Gan-
darillas et al., 2025). Recent research within this paradigm shows that factors such as sex
are significantly related to students” MH and academic performance (Elvira-Zorzo et al.,
2025). By placing DT use within the DinL paradigm, the present study analyzes how age
and sex moderate the relationships between DT, MH, and learning-related psychological
difficulties.

1.1. Digital Technology and Mental Health in University Students

The use of DT has become a central factor influencing both the well-being and aca-
demic performance of university students. The rapid development of these tools raises
concerns regarding students’ ability to integrate them healthily into daily life. Paradoxi-
cally, technologies designed to facilitate learning and well-being may also contribute to
psychological distress (Duke & Montag, 2017; Forman & Van Zeebroeck, 2019). In this
study, DT use refers to the frequency with which students interact with digital devices and
platforms relevant to their academic and daily activities, here including smartphones, social
media, collaborative applications, gamified learning tools, and asynchronous learning
environments.

Habitual DT use is not inherently negative; its relationship with MH depends on
type, intensity, and context. While digital educational platforms can promote learning
and inclusion, multiple studies indicate that heavy smartphone and social media use is
associated with anxiety, low motivation, attention difficulties, bad mood /irritability related
to academic work, and low achievement expectations (e.g., Akram & Kumar, 2017; Carter
et al., 2024; Elsayed, 2021; Erceg et al., 2018; Hamdi, 2018; Li et al., 2024; Perlis et al., 2025;
Wolfers et al., 2020). These associations are not uniform but vary according to demographic
factors such as age and sex (e.g., Fassi et al., 2024; Gao & Gao, 2024; Nagata et al., 2025;
Priftis & Panagiotakos, 2023; Twenge & Martin, 2020).

Conversely, digital interventions targeting MH can effectively reduce symptoms of de-
pression and anxiety while improving psychological well-being (Ferrari et al., 2022; Harith
etal., 2022; Lattie et al., 2019; Matos Fialho et al., 2025). Furthermore, the development of
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digital skills has been identified as a protective factor promoting resilience, social support,
and academic self-efficacy, particularly following the COVID-19 pandemic (Cassaretto et al.,
2024; X. Wang et al., 2021).

Overall, the literature demonstrates both positive and negative associations between
DT use and university students’ MH (Emily et al., 2019; Gandarillas et al., 2024). The
COVID-19 pandemic further accelerated the transition to fully online learning environments
(Sudrez et al., 2022). This complexity suggests that the relationship between DT use and
student well-being is influenced by psychosocial, cognitive, and environmental factors.
The DinL framework employed in this study enables these factors to be considered in a
holistic manner.

1.2. Age in the Relationship Between Digital Technology Use and Mental Health

Surveys in different countries indicate that younger individuals tend to use smart-
phones and social media more frequently than older cohorts (Horwood et al., 2021; J. C.
Wang et al., 2023; Wenz & Keusch, 2023). This higher usage among youth may be attributed
to both generational and developmental factors. From a developmental perspective, young
students—particularly those in the first years of university—are transitioning from ado-
lescence to emerging adulthood, a period characterized by identity formation, autonomy
seeking, and social adaptation (Arnett, 2000). This stage is inherently associated with
greater vulnerability to stress, anxiety, and depressive symptoms (Elhai et al., 2017; Kessler
et al., 2005).

Problematic DT use may amplify these vulnerabilities through disrupted sleep, in-
creased rumination, and attentional interference (World Health Organization Regional
Office for Europe, 2025; Rudolf & Kim, 2024). Studies report that younger groups experi-
ence higher levels of anxiety, depression, impulsivity, and attention difficulties related to
problematic smartphone and social media use (Dhir et al., 2018; Elhai et al., 2017; Fassi et al.,
2024; Gao & Gao, 2024; Priftis & Panagiotakos, 2023; Sales et al., 2021). This susceptibility
may also be driven by heightened sensitivity to social comparison and peer evaluation
(Nagata et al., 2025; Twenge & Martin, 2020). Conversely, older students may possess more
developed coping strategies and time-management skills, buffering the impact of digital
overload (Fassi et al., 2024). However, other studies provide inconclusive evidence regard-
ing the direct impact of intensive social media use, noting that effects depend heavily on the
type and frequency of use and individual factors (Ferguson et al., 2024). These discrepan-
cies underscore the need to further examine age as a moderator to design age-appropriate
interventions.

1.3. Female—Male Differences in Digital Technology and Mental Health

Sex differences in MH are well documented. Female university students generally
exhibit greater vulnerability to depression and anxiety, despite often achieving higher
academic performance than their male counterparts (Nolen-Hoeksema, 2012; Steel et al.,
2014; Voyer & Voyer, 2014). Females also report higher perceived stress and more fre-
quent use of social and emotion-focused coping strategies, whereas males more frequently
employ instrumental or distraction-based strategies (Graves et al., 2021; Inzunza Melo
et al., 2020). These differences in emotional regulation may explain broader disparities in
psychopathology (Zimmermann & Iwanski, 2014).

Intensive use of smartphones and social media has been consistently associated
with poorer MH outcomes, with these relationships appearing stronger in young women
(Agyapong-Opoku et al., 2025; Shannon et al., 2022). Longitudinal research suggests that
intensive digital use and early exposure predict later depressive symptoms more strongly
in females, likely due to heightened sensitivity to interpersonal dynamics and online social
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comparisons (Nagata et al., 2025; Song et al., 2025; Twenge & Martin, 2020; ]. C. Wang et al.,
2023). Proposed mechanisms for this higher impact in young females include:

e Patterns of use and content exposure: Females spend more time on social or aes-
thetic platforms, engaging in passive browsing and appearance-focused comparisons,
increasing vulnerability to internalizing symptoms (Odgers & Jensen, 2020).

e  Emotional processing: A greater propensity to ruminate following online conflicts or
social exclusion (Rudolf & Kim, 2024).

e  Sleep and cognitive disturbances: Frequent nighttime smartphone use is associated
with poorer sleep quality, partially mediating anxiety and depression (World Health
Organization Regional Office for Europe, 2025).

Regarding academic performance, findings remain mixed. While heavy smartphone
use (particularly multitasking) is generally associated with lower grades (J. C. Wang
et al., 2023), the magnitude of this effect varies. Some studies suggest that the association
between smartphone addiction and academic difficulties is stronger in females due to
socio-emotional dependence (Song et al., 2025), whereas large-scale studies report modest
sex moderation once contextual factors are controlled (Odgers & Jensen, 2020). Shared
stressors such as academic workload and financial strain contribute to MH issues in both
sexes, potentially narrowing the differential impact of DT use (Hu & Yeo, 2020).

1.4. Age, Sex, and Digital Behavior in Mental Health: The Present Study

This study examines how sex and age moderate the impact of DT use on MH, learning-
related psychological difficulties, and academic performance among university students.
By expanding the DinL construct to DT, we aim to identify predictors of MH and academic
outcomes to provide evidence-based guidance for student well-being and inclusion in
higher education.

Despite the growing literature, significant gaps remain. Much research examines
isolated behaviors (such as social media use) without considering the broader ecosystem
of technologies in academic contexts, including for instance collaborative platforms and
gamified applications. Furthermore, few studies use large, diverse samples that enable
detailed analysis of age differences within student groups. Additionally, sex and age
are rarely examined simultaneously as moderators of both MH and learning difficulties,
limiting our understanding of subgroup differences.

To address these limitations, the present study analyzes associations between various
forms of DT use and MH outcomes, learning-related psychological difficulties and academic
performance in a large university sample, explicitly examining the moderating roles of
sex and age. This approach enables the identification of differentiated patterns of risk and
protection, offering insights for targeted interventions and educational strategies.

1.5. Hypotheses

e  HI1: Younger students will report higher levels of digital technology (DT) use (social
media, smartphones, gamified learning tools and collaborative applications, and
asynchronous learning environments) as well as greater mental health (MH) and
learning-related psychological difficulties (anxiety, irritability /bad mood, lack of
motivation, attentional difficulties, and low achievement expectations) than older
students.

e H2: Age will moderate the relationship between DT use and MH issues, learning-
related psychological difficulties and academic performance, with stronger negative
associations among younger students.
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e H3: Young female students will report greater social media and smartphone use,
higher levels of MH issues, learning-related psychological difficulties, and better
academic performance than young male students.

e H4: Frequency of DT use will be a stronger predictor of MH issues, learning-
related psychological difficulties and academic performance in young women than in
young men.

2. Materials and Methods
2.1. Sample

The initial sample comprised 4519 university students from the University of the Amer-
icas (Chile), with proportional representation across all academic disciplines, including
social sciences, humanities, arts, health and natural sciences, technology, engineering, and
mathematics. For analyses focusing on younger participants, a sub-sample of 2823 students
under 25 years old was selected. This sub-sample was defined based on the concept of
emerging adulthood (Arnett, 2000) and the United Nations” definition of youth (United
Nations, n.d.) and consisted of 69% female and 31% male participants.

2.2. Instrument

Data were collected via an online questionnaire (see Appendix A), including selected
items from the DinL scale. The DinL is a self-administered instrument designed to assess
diverse psychosocial and psychoeducational learning patterns in the classroom and has
demonstrated robust psychometric properties (Gandarillas et al., 2025).

Items related to MH and learning-related psychological difficulties were selected
based on their established sensitivity to problematic DT use in previous research. These
items assess the extent to which the following factors hindered students’ learning: bad
mood/irritability, anxiety /nervousness, lack of motivation/apathy, attention and concen-
tration difficulties, and low academic achievement expectations. Items were scored on a
4-point Likert scale (1 = not at all/very little to 4 = a lot). These items capture self-reported
perceptions of psychological states within learning environments. Single-item indicators
were employed to reduce respondent burden and enhance survey feasibility in a large-
scale study. Although multi-item scales are generally preferred for capturing complex
latent constructs, prior methodological research supports the use of single-item measures
when the construct is unidimensional, clearly defined, and intended to capture overall
perceptions rather than nuanced subcomponents (Diamantopoulos et al., 2012; Fisher et al.,
2016; Wanous et al., 1997). In the present study, these items are not intended to provide
clinical assessments but rather to capture students’ subjective perceptions of psychological
discomfort within the learning context (e.g., anxiety, irritability, lack of motivation, and
attentional difficulties).

Additionally, five items assessed the frequency of use of common digital tools in
learning (1 = never/almost never to 4 = very often): gamification apps (e.g., Kahoot!),
online collaboration apps, asynchronous online classes, social media (e.g., WhatsApp,
TikTok, X), and smartphone use. Smartphone use was assessed by asking, “How many
hours per day do you use your smartphone for any purpose?” with six response categories
ranging from “less than an hour” to “more than 8 h.” This variable was treated as ordinal
and analyzed as continuous in regression analyses.

Finally, the questionnaire collected data on academic performance (self-reported
average grades from the previous year), age, and biological sex. The item ‘biological sex’
was used instead of ‘gender’ in order to examine the extent to which biological sex may be
built into sex stereotypes, explaining the results.
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2.3. Design and Procedure

The present study employed a cross-sectional design, with the questionnaire admin-
istered online. Participation was entirely voluntary, and all participants were assured of
complete confidentiality and anonymity. Written informed consent was obtained from all
participants. The study was conducted in accordance with the ethical principles of the
Declaration of Helsinki (World Medical Association, 2013) and approved by the Ethical
Committee of the Complutense University of Madrid (ref. no. CE_20211118-15_SOC).

The research variables were defined as follows:

Independent variables (IVs):

e  Use of digital technologies: Frequency of use of five types of digital tools in learning.

e Age: Considered as a moderator in all analyses, grouped into four categories (18-19,
20-24, 25-30, >30 years) to test age differences, and treated as a continuous variable in
multiple regression analyses.

e Biological sex: Analyzed as a moderating variable in the sub-sample of young students
(<25 years), comparing females and males.

Dependent variables (DVs):

e MHindicators and learning-related psychological difficulties: Anxiety; bad mood/ irri-
tability; lack of motivation (apathy/discouragement/reluctance); attention difficulties;
low expectations of academic achievement.

e Academic performance: Average grades from the previous year (self-reported).

2.4. Data Analysis

Cases with more than 5% missing data or with incorrect responses (e.g., random re-
sponses or obvious errors) were excluded from the study. The final dataset comprised 4519
cases. Additionally, a sub-sample of students under 25 years old (n = 2823) was selected, in
accordance with the age range defined by the United Nations (n.d.) as young and consistent
with the emerging adulthood framework proposed by Arnett (2000). Descriptive analyses
were conducted to assess means, standard deviations, skewness, and kurtosis of all items.
Pearson correlations were subsequently computed among all study variables.

To test hypotheses regarding age (H1 and H2), the full sample was utilized. One-way
analyses of variance (ANOVAs) were conducted with MH indicators, learning-related
psychological difficulties, frequencies of DT use, and academic performance as dependent
variables (DVs), and age groups as independent variables (IVs). Four age groups were
defined to maintain comparable group sizes: (1) 18-19 years, (2) 20-24 years, (3) 25-30 years,
and (4) over 30 years. Effect sizes were estimated using omega squared (w?, fixed effects),
as this measure provides a less biased estimate of the magnitude of group differences in
fixed-effects designs.

Linear forward stepwise multiple regressions were conducted using frequencies of
DT use as predictors of MH indicators, learning-related psychological difficulties, and
academic performance. The potential moderating effect of age on the associations between
DT use and study outcomes was examined. Interaction terms between primary predictors
and the moderating variable were subjected to regression model testing. Variables were
entered sequentially, with the inclusion criterion of p < 0.05. This procedure allowed
identification of the most relevant predictors, producing a parsimonious model. Effect sizes
were calculated using Cohen’s f2. Significant interactions between age and DT use on MH
indicators are illustrated in graphical form.

To test hypotheses regarding sex differences in young students (H3 and H4), the sub-
sample of students under 25 years old was analyzed. One-way ANOVAs were conducted
with MH indicators, learning-related psychological difficulties, frequency of DT use, and
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academic performance as DVs, and sex as IV. Effect sizes were also estimated using omega
squared (w?, fixed effects). Linear multiple regressions (forward selection) were performed
separately for female and male students, using the same inclusion criterion as above
(p < 0.05), with DT use as predictors and MH indicators, learning-related difficulties, and
academic performance as DVs. Effect sizes were calculated using Cohen’s f2.

Statistical analyses were performed using IBM SPSS Statistics version 31 (IBM Corp.,
Armonk, NY, USA) and R version 4.4.1 (R Foundation for Statistical Computing, Vienna,
Austria).

3. Results
3.1. Descriptive Analyses and Correlations

Table 1 shows the descriptive statistics for the variables included in the study. The
indices of skewness and kurtosis yielded values within the +1.10 range, suggesting that the
data did not deviate severely from normality and were suitable for parametric statistical
analysis (Mardia, 1970).

Table 1. Descriptive statistics of study variables (n = 4519).

Variable Value Range Mean SD Skewness Kurtosis
Bad mood/irritability 1-4 2.29 0.98 0.29 —0.91
Levels of anxiety 1-4 3.00 0.92 —0.55 —0.62
Lack of motivation 14 2.26 1.05 0.31 —-1.11
Difficulties in attention 14 2.62 1.01 —0.03 -1.12
Low achievement expectations 14 1.95 0.97 0.68 —0.61
Gamification apps 14 1.81 0.92 0.89 —0.16
Collaboration apps 1-4 1.99 0.96 0.57 —0.74
Asynchronous online classes 1-4 2.47 0.98 —0.01 —1.01
Social media 14 3.28 0.84 —1.00 0.23
Use of smartphone (h/day) 1-6 4.05 1.11 0.15 —0.45
Average grades last year 14 3.27 0.61 —0.37 0.03
Age 19.78 1.74 0.96 —0.04
Note: SD = standard deviation.

Table 2 presents Pearson correlations among the study variables. Significant positive
associations were observed among all MH indicators and learning-related psychological
difficulties. Smartphone use was positively associated with psychological distress vari-
ables, whereas age was negatively associated with these variables. Similarly, frequency of
smartphone use (hours per day) was the DT most positively associated with all indicators
of distress (e.g., with anxiety, r = 0.12, p < 0.001). Age was negatively correlated with all
indicators of MH issues and learning-related psychological difficulties at significant levels.
Table 2. Pearson correlations among study variables (n = 2823).

Variable 1 2 3 4 5 6 7 8 9 10 11 12
1. Bad mood /irritability 1
2. Levels of anxiety 0.47 ** 1

3. Lack of motivation 0.52*  0.40** 1

4. Difficulties in attention 0.35** 0.38 ** 0.43 ** 1
5. Low achievement expectations 0.39 ** 0.36 ** 0.45 ** 0.38 ** 1
6. Gamification apps 0.01 0.03 0.01 —0.00 —0.02 1
7. Collaboration apps 003 001  -004 —004 9O o3ge 1
8. Asynchronous online classes 001  008* —003 001 00% g24= o35+ 1
9. Social media 0.08*  013* 003  005* 004  012* 016*  0.19* 1
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Table 2. Cont.

Variable 1 2 3 4 5 6 7 8 9 10 11 12
10. Use of smartphone (h/day) 013%  012%  011%  009* o011* —002 0¥ g, o020 1
11. Average grades last year —002  —003 206 =010 =008 gg9x o5+ 004*  005% 001 1
12, Age —005  —004 007 004 009 012 g5 ggw 005 010 —0.22 1
Note: * p < 0.05; ** p < 0.01.
3.2. Differences According to Age Groups
Analyses of variance (Table 3) revealed statistically significant differences across
age groups for all MH indicators, learning-related psychological difficulties, and DT use.
Omega squared ( w?) values ranged from small to medium, indicating that group differences
were modest but meaningful, although a few effects were very small.
Table 3. Differences across age groups in mental health indicators, learning-related psychological
difficulties, digital technology use, and academic performance (n = 4519).
Age
Outcome Gr (%up N Mean SD df F p w?
Bad mood/irritability 18-19 1571 2.34 0.99 3 112.27  <0.001  0.069
20-24 1251 2.24 0.96 4515
25-30 700 1.99 0.93
+30 997 1.69 0.80
Levels of anxiety 18-19 1571 3.02 0.91 3 134.69  <0.001  0.082
20-24 1251 2.98 0.93 4515
25-30 700 2.66 0.95
+30 997 2.34 0.88
Lack of motivation 18-19 1571 2.33 1.06 3 113.69  <0.001  0.070
20-24 1251 2.18 1.03 4515
25-30 700 1.92 0.97
+30 997 1.62 0.82
Difficulties in attention and concentration ~ 18-19 1571 2.64 1.01 3 99.27  <0.001 0.061
20-24 1251 2.60 1.01 4515
25-30 700 2.25 0.98
+30 997 2.04 0.86
Low achievement expectations 18-19 1571 2.00 0.98 3 8716  <0.001  0.054
20-24 1251 1.88 0.95 4515
25-30 700 1.65 0.86
+30 997 1.45 0.69
Gamification apps 18-19 1571 1.92 0.93 3 143.52  <0.001  0.086
20-24 1251 1.68 0.88 4515
25-30 700 1.45 0.81
+30 997 1.25 0.60
Apps of collaboration with other students ~ 18-19 1571 2.00 0.95 3 9.75 <0.001  0.006
20-24 1251 1.99 0.97 4515
25-30 700 2.05 0.99
+30 997 1.83 0.93
Asynchronous online classes 18-19 1571 2.41 0.97 3 6.86 <0.001  0.004
20-24 1251 2.56 0.99 4515
25-30 700 2.52 1.04
+30 997 241 1.06
Social media 18-19 1571 3.32 0.83 3 4404  <0.001 0.028
2024 1251 3.23 0.86 4515
25-30 700 3.07 0.92
+30 997 293 0.95
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Table 3. Cont.
Age
Outcome Gr (%up N Mean SD df F v w?
Use of smartphone (h/day) 18-19 1571 415 1.10 3 37.74 <0.001  0.024
2024 1251 3.92 1.12 4515
25-30 700 3.76 1.14
+30 997 3.69 1.26
Academic performance 18-19 1571 3.38 0.57 3 103.33  <0.001  0.064
20-24 1251 3.12 0.63 4515
25-30 700 3.01 0.61
+30 997 3.02 0.64
Note: SD = standard deviation; df = degrees of freedom; w? = omega squared. All F-tests correspond to one-way

Means - Bad mood / irritability

ANOVAs.

The youngest students (18-19 years old) exhibited the highest levels of anxiety
(M =3.02), bad mood/irritability (M = 2.34), lack of motivation (M = 2.33), and atten-
tion difficulties (M = 2.64), along with the lowest achievement expectations (M = 2.00). In
contrast, participants over 30 years old reported significantly lowest levels across all MH
and psychological difficulty indicators (p < 0.001 for all measures). This downward trend
in psychological distress and learning difficulties remained consistent across intermediate
age groups. Figure 1 illustrates these trends for the most significant indicators.

Means - Levels of anxiety
»

18-19

+30 18-19 25-30 +30

Age groups Age groups

24

22

20

Means - Lack of motivation

18-19 20-24 25-30 +30

Age groups

Figure 1. Graphic representation of the most significant differences in mental health indicators across
age groups.
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Regarding technology use, the youngest students reported the most frequent use of so-
cial media (M = 3.32) and smartphones (M = 4.15 h/day), whereas participants over 30 years
old reported more moderate usage (M = 2.93 and M = 3.69 h/day, respectively; p < 0.001).
Similar to the MH distress indicators, social media and smartphone use demonstrated a
consistent decline across increasing age cohorts.

In contrast, academic performance displayed a significant trend in the opposite direc-
tion: despite reporting higher levels of distress, younger students achieved higher average
grades compared to older students (F = 103.33, p < 0.001).

3.3. Multiple Regression Analyses with Age as a Moderator

Table 4 presents the results of multiple regression models examining the relationships
between frequencies of different types of DT as predictors and MH issues, learning-related
psychological difficulties, and academic performance as dependent variables. The R?
ranged from 0.05 to 0.10. The corresponding effect sizes, calculated using Cohen’s 2,
ranged from 0.05 to 0.11, indicating small to approaching medium effects, according to
conventional benchmarks.

Table 4. Multiple regression models predicting mental health, learning-related difficulties, and
academic performance from digital technology use and age (n = 4519).

. Low .
. Bad . Lack of Attention . Academic
Predictor Mood/Irritability Anxiety Motivation Difficulties %f(}};i‘t’gﬁf;‘; Performance
B (®) B () B (1) B () B () B (t)
Constant 1.80 (8.23) *** 2.17 (10.10) *** 1.98 (8.51) *** 2.29 (9.97) *** 1.58 (7.52) *** 3.10 (21.26) ***
Gamification apps —0.03 (—0.53) 0.06 (1.05) —0.03 (—0.40) 0.05 (0.78) —0.04 (—0.73) 0.17 (4.19) ***
Collaboration apps —0.05 (—1.07) 0.03 (0.69) —0.06 (—1.09) —0.03 (—0.49) —0.07 (—1.35) —0.03 (—0.72)
Asynchronous online classes 0.05 (1.20) 0.11 (2.23) * 0.02 (0.39) 0.01 (0.24) —0.01 (—0.33) —0.04 (—1.32)
Social media 0.10 (2.02) * 0.13 (2.61) *** 0.09 (1.66) 0.11 (2.07) * 0.12 (2.49) * 0.06 (1.82)
Smartphone use (hours/day) 0.18 (5.02) *** 0.14 (3.90) *** 0.18 (4.51) *** 0.12 (3.02) *** 0.17 (4.84) *** 0.02 (0.74)
ge —0.01 (—0.78) 0.00 (0.27) —0.01 (—0.81) —0.00 (—0.54) 0.00 (0.07) —0.01 (—1.21)
Gamification x Age 0.00 (1.05) —0.00 (—0.84) 0.00 (1.12) —0.00 (—0.62) 0.00 (1.10) —0.01 (—3.30) ***
Collaboration x Age 0.00 (0.11) —0.00 (—1.74) 0.00 (0.30) —0.00 (—0.25) 0.00 (0.91) 0.00 (1.13)
Asynchronous classes x Age —0.00 (—1.03) —0.00 (—1.42) —0.00 (—0.95) —0.00 (—0.58) —0.00 (—0.41) 0.00 (2.16) *
Social media x Age —0.00 (—0.90) —0.00 (—0.79) —0.00 (—1.36) —0.00 (—1.48) —0.00 (—2.30) * —0.00 (—1.21)
Smartphone use x Age —0.00 (—3.39) *** —0.00 (—2.43)* —0.01 (—3.18) *** —0.00 (—1.70) —0.00 (—3.65) *** —0.00 (—0.74)
Model fit
Outcome F R?
Bad mood/irritability 40.05 0.09
Anxiety 47.61 0.10
Lack of motivation 37.62 0.08
Attention difficulties 31.71 0.07
Low achievement expectations 29.01 0.07
Academic performance 20.25 0.05

Note. * p < 0.05; *** p < 0.001. Unstandardized coefficients (B) are reported with t-values in parentheses.

The regression models demonstrated that the frequency of smartphone use was the
most consistent predictor of all indicators of psychological distress and learning-related
difficulties. Furthermore, the frequency of social media use was significantly positively
associated with elevated levels of all MH and learning-related psychological indicators
excepting lack of motivation, with the strongest effect observed for anxiety.

The interaction between age and frequency of smartphone use was significant in
predicting most MH and learning-related difficulties, indicating that the negative impact
of smartphone use on psychological distress decreases with age. Figure 2 illustrates the
interactions between age and frequency of social media and smartphone use for the case
of anxiety. Regarding academic performance, a different pattern emerged. Gamification
applications were the strongest significant predictor of grades (p < 0.001), with a positive
effect that was reversed by the moderating influence of age.
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Figure 2. Graphic representation on the interaction between age groups and levels of use of social
media (Z scores) and smartphone use across levels of reported anxiety.

3.4. Differences Between Young Female and Male Students

In the subgroup of young students (under 25 years old), the ANOVA analyses (Table 5)
revealed statistically significant differences between groups, with omega squared (w?)
values ranging from 0.000 to 0.022.

Table 5. Sex differences in mental health indicators, learning-related psychological difficulties, digital
technology use, and academic performance among young university students (age < 25; n = 2823).

Variable Range Sex N M SD df F p w?

Bad mood/irritability 1-4 Female 1944 2.36 0.97 1 25.58 <0.001 0.000
Male 879 2.16 0.98 2821

Levels of anxiety 1-4 Female 1944 3.13 0.84 1 126.50  <0.001 0.020
Male 879 2.72 1.01 2821

Lack of motivation 14 Female 1944 2.28 1.05 1 1.37 0.24 0.000
Male 879 2.23 1.04 2821

Difficulties inattention 4\ poo i qoas 265 101 1 507 002 0004

and concentration

Male 879 2.56 1.01 2821

Low achievement 1-4  Female 1944 1.96 0.97 1 2.04 0.15 0.000

expectations

Male 879 191 0.95 2821

Gamification apps 14 Female 1944 1.81 0.93 1 0.56 0.46 0.001
Male 879 1.83 0.89 2821
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Table 5. Cont.
Variable Range Sex N M SD df F p w?
Apps of collaboration 1-4  Female 1944 1.95 0.94 1 12.84  <0.001  0.000
with other students
Male 879 2.09 0.98 2821
Asymh(floar:s’:ss online 1-4  Female 1944 2.53 0.97 1 2213 <0.001  0.000
Male 879 2.35 0.99 2821
Social media 1-4  Female 1944 3.32 0.82 1 1419  <0.001  0.011
Male 879 3.19 0.88 2821
Use of smartphone - Female 1944 414 1.09 1 4625  <0.001  0.004
(h/day)
Male 879 3.84 1.12 2821
Academic performance - Female 1944 3.32 0.61 1 36.40 <0.001 0.022
Male 879 3.17 0.61 2821

Note: M = Mean; SD = Standard Deviation; df = Degrees of freedom. F values refer to adjusted F ratio.

Female students reported significantly higher levels of bad mood/irritability, anxiety
and attention difficulties compared to male students. No significant sex differences were
observed in motivation or achievement expectations. Female students also reported more
frequent use of asynchronous online classes, social media and smartphones. In contrast,
male students reported significantly greater use of collaborative tools than female students.
Regarding academic performance, female students reported higher grades than male
students.

3.5. Differential Predictors by Sex

Table 6 presents the results of multiple regression models examining the relationships
between frequency of different types of DT use as predictors and MH issues, learning-
related psychological difficulties and academic performance as dependent variables, ana-
lyzed separately for females and males. The R? values range from 0.01 to 0.03, with Cohen’s
f2 values between 0.01 and 0.03, indicating small effect sizes.

Table 6. Significant multiple regressions: Digital technology use as a predictor of mental health
indicators and academic performance in young male and female university students (n = 2823). (Note:
Only significant predictors [p < 0.05] included in the stepwise regression equations are shown).

Sex Outcome Predictor B Beta t Sig. F R? Sig.
Bad
mood/ Irritability Constant 1.88 - 22.06 <0.001 32.73 0.02 <0.001
Use of smartphone (h/day) 0.11 0.13 5.72 <0.001
Levels of anxiety Constant 2.59 - 26.39 <0.001 16.34 0.02 <0.001
Social media 0.11 0.11 4.62 <0.001
Use of smartphone 0.04 0.06 2.40 0.02
Lack of motivation Constant 1.82 - 19.63 <0.001 25.33 0.01 <0.001
Use of smartphone 0.11 0.11 5.03 <0.001
Female Difficulties in Constant 2.36 - 2640 <0001 1099 001  <0.001
Use of smartphone 0.07 0.08 3.31 <0.001
Low achievement Constant 1.60 - 1601 <0001 1978 002  <0.001
expectations
Use of smartphone 0.11 0.13 5.67 <0.001
Collaboration apps —0.05 —0.05 -2.32 0.02
Academic Constant 3.11 - 51.04 0.000 14.38 0.01 <0.001
performance
Gamification apps 0.05 0.08 3.53 <0.001
Social media 0.04 0.05 2.05 0.04
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Table 6. Cont.
Sex Outcome Predictor B Beta t Sig. F R? Sig.
Bad
mood/ Irritability Constant 1.55 - 10.06 <0.001 8.46 0.02 <0.001
Use of smartphone 0.09 0.10 2.89 0.004
Social media 0.09 0.08 2.35 0.019
Levels of anxiety Constant 1.89 - 11.08 <0.001 8.32 0.03 <0.001
Use of smartphone 0.10 0.11 3.22 0.001
Social media 0.09 0.08 2.26 0.024
Male Asynchronous classes 0.07 0.07 2.08 0.038
Lack of motivation Constant 1.89 - 15.20 <0.001 7.75 0.01 <0.001
Use of smartphone 0.09 0.09 2.78 0.005
Difficulties in
attention Constant 223 - 18.51 <0.001 8.10 0.01 <0.001
Use of smartphone 0.09 0.10 2.85 0.005
Agademlc Constant 3.04 - 64.62  0.000 8.94 0.01 <0.001
performance
Gamification apps 0.07 0.10 2.99 0.003

Note: Unstandardized coefficients (B), standardized coefficients ($3), and t-values are reported. Only statistically
significant predictors (p < 0.05) from the stepwise regression models are presented. Analyses were conducted
separately for female and male students aged under 25 years (n = 2823). R? values correspond to each regression
model.

The regression analyses revealed distinct predictive patterns in the young female and
male groups. Among female students, smartphone use emerged as the strongest predictor
of anxiety, bad mood/irritability, and lack of motivation (p < 0.001). Additionally, social
media use contributed significantly to higher levels of anxiety. Among male students, both
smartphone and social media use significantly predicted anxiety and bad mood/irritability,
although with lower coefficients and Fs values than those observed in the female subsample.

Regarding academic performance, a different pattern emerged. For both female and
male students, the use of gamification apps was the primary significant positive predictor of
higher grades. However, social media use was a moderately significant predictor for female
students but not for male students. Smartphone use did not reach statistical significance as
a predictor of academic performance in either group.

4. Discussion

The results of this study provide strong support for the first hypothesis. A clear and
consistent trend was observed across all age groups: younger students reported higher
levels of bad mood/irritability, anxiety, lack of motivation, attentional difficulties, and
lower achievement expectations, whereas older students exhibited progressively lower
scores on these indicators. This pattern highlights age as a key factor influencing MH
outcomes in university populations. These findings are consistent with previous research
indicating that younger students experience greater MH challenges (Elhai et al., 2017;
Kessler et al., 2005; Steel et al., 2014; Tan et al., 2023). In addition, prior studies have
consistently shown a higher frequency of social media and smartphone use among younger
cohorts (Elsayed, 2021; Gao & Gao, 2024; Fassi et al., 2024). Interestingly, despite reporting
higher levels of distress, younger students achieved higher average grades than older
students, suggesting that psychological difficulties do not necessarily translate into reduced
academic performance.

The second hypothesis was also supported. The frequency of social media and smart-
phone use significantly predicted MH issues and learning-related psychological difficulties;
specifically, higher usage was associated with increased anxiety, attentional difficulties,
and reduced motivation. These findings align with previous literature linking intensive
digital engagement to poorer psychological outcomes (Duke & Montag, 2017; Dhir et al.,
2018; Tan et al., 2023). Notably, age emerged as a significant moderating factor. The re-
sults suggest that the negative association between those DT tools and MH weakens with
increasing age. This moderating effect indicates that older students may either be less
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exposed to problematic digital use patterns or may have developed more effective coping
and self-regulation strategies (Ferrari et al., 2022; X. Wang et al., 2021). While generational
differences in early exposure to smartphones may partly explain these findings, age-specific
psychosocial demands and developmental processes are also likely to play an important
role (Horwood et al., 2021). Future longitudinal research is needed to disentangle these
mechanisms.

Sex-based analyses partly supported the third hypothesis. Young female students
reported significantly higher levels of anxiety, irritability, and attentional difficulties than
males, while also achieving higher academic performance. This pattern is consistent
with prior research documenting sex differences in MH, emotional regulation, coping
strategies, and stress vulnerability (Nolen-Hoeksema, 2012; Steel et al., 2014; Graves et al.,
2021; Méndez et al., 2002). Additionally, female students reported more frequent use of
both social media and smartphones. Despite experiencing higher levels of psychological
distress, female students demonstrated better academic outcomes, suggesting the presence
of compensatory mechanisms such as greater academic engagement or more effective
coping strategies. This interpretation is consistent with previous findings indicating that
female students may sustain higher academic performance despite increased emotional
burden (Elvira-Zorzo et al., 2025).

Regarding the fourth hypothesis, the results indicate that social media and smartphone
use were stronger predictors of MH issues and learning-related difficulties among females
than males. This finding supports previous research on gendered patterns of digital
engagement and emotional processing, particularly in relation to social comparison and
rumination processes (Inzunza Melo et al., 2020; Herrera et al., 2020; Martinez et al., 2019;
Zimmermann & Iwanski, 2014). In contrast, other forms of DT (such as collaboration
applications, asynchronous learning platforms, and gamification tools) showed minimal
or slightly positive associations with MH and learning outcomes. This suggests that the
impact of digital engagement is not uniform but depends on the type, purpose, and context
of use (Ferrari et al., 2022; Matos Fialho et al., 2025).

The findings regarding academic performance were more nuanced. Although DT
use was associated with psychological distress, its effects on academic achievement were
limited. Gamification tools were positively associated with performance in both sexes,
whereas social media showed a modest positive association only among female students.
Notably, smartphone use did not significantly predict academic outcomes. These results
suggest that students may be able to compensate for psychological difficulties in order to
maintain academic performance, particularly in the short term. This pattern of “resilience
under distress” is consistent with previous research indicating that MH difficulties do not
always lead to immediate declines in academic achievement (Spinath et al., 2014; Voyer &
Voyer, 2014), and may reflect the influence of motivational and sociocultural factors.

Overall, the observed effect sizes were small, indicating that the variables included in
the models explain only a modest proportion of variance in MH and academic outcomes.
This is consistent with the multifactorial nature of these constructs. Other factors (such as
coping strategies, social support, sleep quality, and physical health) likely play an important
role and were not included in the present study. Therefore, the results should be interpreted
with caution. Nevertheless, the consistency of the findings across analyses supports their
robustness and relevance.

From an applied perspective, these findings highlight the importance of monitoring
both digital behaviors and psychosocial factors in university contexts. Interventions should
be tailored to age- and sex-specific vulnerabilities, with particular attention to younger
female students. Promoting adaptive digital engagement and emotional regulation strate-
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gies may help mitigate MH risks while supporting academic success (Elhai et al., 2017;
Eisenberg et al., 2013; Saleh et al., 2017).

Finally, by adopting the Diversity in Learning (DinL) framework, this study con-
tributes to a more comprehensive understanding of how psychosocial and contextual
factors interact to shape learning processes (Gandarillas et al., 2024; Elvira-Zorzo et al,,
2025). Integrating age, sex, and digital behavior into institutional policies may support
more inclusive educational practices, enhance student well-being, and reduce disparities
linked to psychosocial vulnerability (Hu & Yeo, 2020; Leupold et al., 2020).

Limitations and Future Research

Several limitations should be considered when interpreting these findings. First,
the cross-sectional design precludes causal inferences regarding the directionality of the
relationships observed. Longitudinal studies are needed to determine whether intensive
DT use leads to psychological distress or whether students with pre-existing difficulties are
more likely to engage in certain patterns of digital behavior. Second, the reliance on self-
reported measures (including smartphone use and academic performance) may introduce
recall bias or social desirability effects. Future research would benefit from incorporating
objective indicators, such as digital trace data or institutional academic records.

Third, the use of single-item indicators to assess MH-related perceptions, while prac-
tical in large-scale surveys, may limit measurement precision compared to multi-item
validated scales. Finally, the sample was drawn from a single Chilean university and was
predominantly female, which may limit generalizability. Replication across diverse cultural
and institutional contexts is needed to assess the extent to which these findings hold across
different educational systems and sociocultural environments.

Future studies should also explore intervention-based approaches aimed at promot-
ing adaptive digital habits, emotional regulation, and self-regulated learning strategies.
Integrating these dimensions within the DinL framework may provide a valuable pathway
for developing more inclusive and responsive educational practices that address both
academic and psychosocial dimensions of student experience. They should also include
analyses of the impact of artificial intelligence applications on MH indicators and learning
difficulties.

5. Conclusions

This study provides evidence that age and sex play a significant role in shaping the
relationships between DT use, MH, and learning-related psychological difficulties among
university students. A consistent pattern emerged in which younger students reported
higher levels of psychological distress, greater use of smartphones and social media, and
more learning-related difficulties compared to older students. At the same time, age
moderated these relationships, suggesting that older students may be less vulnerable to the
negative psychological correlates of intensive digital engagement.

Sex differences were also evident, particularly among younger students. Female
students reported higher levels of anxiety and attentional difficulties, as well as more
frequent use of smartphones and social media. Moreover, the associations between DT use
and MH indicators were stronger among females, indicating a heightened sensitivity to the
potential negative effects of digital engagement.

Despite these patterns, no consistent negative relationship was found between DT use
and academic performance. On the contrary, some forms of digital engagement, such as
gamified learning tools, were positively associated with academic outcomes. This suggests
that students may maintain academic performance despite experiencing psychological
distress, possibly through compensatory effort or adaptive coping strategies.
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Opverall, these findings highlight the importance of adopting a differentiated approach
to student well-being that considers age, sex, and patterns of digital behavior. Interventions
aimed at promoting healthy digital habits and emotional regulation strategies may be
particularly beneficial for younger students and especially for young women, who appear
to be at greater risk of psychological distress in digitally intensive environments.
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MH Mental health
DT Digital Technologies
ANOVA  Analysis of variance

Appendix A Questionnaire Used in the Study

Items of the Diversity in Learning (DinL) scale used in this study.
Difficulties that you think may be hindering your studying and learning (1 = Nothing or
very little; 2 = Somewhat; 3 = Quite a bit; 4 = A lot):

Item n°
20 Bad mood /Irritability
21 Anxiety /nervousness
22 Apathy/Discouragement/Reluctance
23 Difficulties in attention and concentration
25 Poor expectations of academic

achievement or success

Digital technologies in the study: How often do you use the following digital and
online tools? (1 = Never or almost never; 2 = Sometimes; 3 = Quite often; 4 = Very often)

Gamification apps (e.g., Kahoot!)

Apps of online collaboration with other students

Online asynchronous classes (previously recorded by the professor)
Social media and networks (e.g., WhatsApp, TikTok, Facebook, X)
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How many hours a day do you use your smartphone for any purpose?

Less than an hour
Between 1 and 2 h
Between3and 4 h
Between 5 and 6 h
Between 7 and 8 h
More than 8 h

S o

Biological sex:
e Male.

e Female.

e I prefer not to answer

Age

Academic performance: What was your most common grade last year?
F

E-D-C

B

A

L
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