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Highlights

What are the main findings?

e Higher daily screen time is consistently associated with weaker linguistic and prag-
matic performance in children and adolescents, particularly in younger age groups.

e  Exposure to educational digital content and more frequent parental mediation are
positively associated with vocabulary, fluency, grammatical skills, and pragmatic
communication.

What are the implications of the main findings?

e Pediatric and preventive healthcare may benefit from discussing digital media use as
part of the broader developmental context of language development.

e  Discussions with families may benefit from focusing not only on screen time quantity,
but also digital content quality and parental involvement.

Abstract

Background/Objectives: Although numerous studies have examined associations between
screen time and early language development, less is known about how screen exposure
interacts with developmental stage, digital content quality, and parental mediation across
childhood and adolescence, particularly with respect to pragmatic communication. This
study aimed to address these gaps by examining the joint associations of screen time,
content composition, and parental mediation with multiple linguistic and pragmatic do-
mains across a broad age range. Methods: A cross-sectional study was conducted with
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286 Romanian participants aged 5-19 years, grouped into four developmental stages. Mea-
sures included daily screen time, proportion of educational versus recreational content,
parental mediation practices, and standardized assessments of vocabulary, verbal fluency,
grammatical competence, and pragmatic communication. Analyses included descriptive
statistics, Pearson correlations, 4 x 3 factorial ANOVAs (age group X screen-time cate-
gory), and multiple linear regression. Results: Higher levels of screen exposure were
consistently associated with lower performance across all linguistic and pragmatic domains
(r=—0.19 to —0.28, all p < 0.01). Participants viewing >2 h/day showed significantly
weaker outcomes than those with <1 h/day, particularly in semantic and phonemic fluency
and pragmatic communication (p < 0.001). Educational content correlated positively with
linguistic scores, whereas recreational content showed negative associations. Parental
mediation emerged as a significant positive predictor. In the regression model (R? = 0.42),
age (p = 0.47), parental mediation (3 = 0.21), and educational content (3 = 0.18) predicted
better linguistic performance, while screen time (3 = —0.29) predicted lower performance.
Conclusions: The findings indicate that associations between digital media use and linguis-
tic and pragmatic performance vary across developmental stages and contextual factors.
Rather than screen time alone, digital content quality and parental mediation are associ-
ated with differences in communicative performance. These results highlight the value
of a nuanced, developmentally informed perspective when considering children’s digital
media environments.

Keywords: adolescent; child; communication; language development; parenting; screen time

1. Introduction

Over the past decade, digital media has become a dominant component of children’s
and adolescents’ daily environments, reshaping the ways in which they learn, communicate,
and interact with others. Smartphones, tablets, computers, and streaming platforms now
account for a substantial proportion of leisure and educational activities, often replacing
traditional forms of interaction such as reading, unstructured play, or conversational
exchanges with caregivers [1-5]. This shift has prompted growing scientific interest in
understanding how digital media influences linguistic, cognitive, and socio-emotional
development. Because language acquisition relies heavily on rich, socially contingent
interactions, the increasing reliance on screen-based activities raises important questions
about its developmental impact [6-10].

Current research highlights both potential benefits and concerns associated with
digital exposure. Educational digital content may support vocabulary growth, conceptual
learning, and narrative skills, particularly when it incorporates clear language modeling,
slower pacing, and opportunities for guided engagement [11-13]. Conversely, excessive
or unstructured screen time has been associated with reduced conversational turn-taking,
diminished attention, lower verbal fluency, and delays in expressive and receptive language
development [14-18]. However, the literature is far from uniform. Some studies report
minimal or no negative effects when digital media is used in moderation, while others
suggest that the relationship depends strongly on contextual factors such as parental
mediation, content quality, and the child’s developmental stage [19-21]. These diverging
findings underscore ongoing debate about whether screen exposure itself is detrimental or
whether its impact is mediated by how, when, and why children engage with digital media.

Several theoretical perspectives offer insight into these mixed results. Social interac-
tionist frameworks emphasize the necessity of reciprocal interactions for language learning,
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suggesting that screen time may reduce opportunities for caregiver—child communica-
tion [12,22-25]. Cognitive load theory proposes that fast-paced or visually dense media
may overwhelm children’s processing capacity, limiting linguistic integration [26-28]. In
contrast, media learning theories argue that well-designed educational content can provide
meaningful scaffolding and enhance linguistic skills, particularly for older children who
possess more advanced cognitive resources [14,29,30].

Despite substantial prior research, several gaps remain. First, much of the existing
literature focuses on preschool-aged children, leaving limited evidence on how digital
media use relates to linguistic and pragmatic development across middle childhood and
adolescence. Second, screen exposure is frequently treated as a single, undifferentiated
construct, with insufficient attention to distinctions between educational and recreational
content, despite theoretical reasons to expect qualitatively different effects. Third, although
parental mediation is widely acknowledged as an important contextual factor, it is rarely
examined simultaneously with screen time and content type across multiple linguistic do-
mains, including verbal fluency, grammatical competence, and pragmatic communication.
As a result, current evidence provides an incomplete understanding of how developmental
stage, media characteristics, and family context jointly relate to language outcomes.

The present study addresses these gaps by adopting an integrative, developmentally
informed approach to digital media use and language development. Specifically, it ex-
amines the associations of screen time quantity, digital content composition, and parental
mediation with multiple linguistic and pragmatic domains in a broad age-stratified sam-
ple of children and adolescents aged 5 to 19 years. By extending analysis beyond early
childhood and beyond global language measures, the study aims to contribute to a more
nuanced understanding of how digital media use relates to communicative development
across developmental stages, without assuming uniform effects across ages or contexts.

2. Materials and Methods
2.1. Study Design and Setting

This study employed a cross-sectional observational design aimed at examining
the associations between screen time, digital content composition, parental mediation,
and linguistic performance in children and adolescents. Data were collected at Vinga
Technological High School, located in Arad County, Romania. Although formally desig-
nated as a technological high school, the institution administratively includes primary,
lower secondary, and upper secondary levels, allowing the inclusion of students aged 5 to
19 years. Data collection took place between February 2024 and August 2025.

2.2. Participants

A total of N = 327 students were initially screened for participation in the study.
Participants ranged in age from 5 to 19 years and were recruited from primary, lower
secondary, and upper secondary classes at Vinga Technological High School (Arad County,
Romania). After applying the inclusion and exclusion criteria, 286 participants were
retained for the final analyses.

Participants were categorized into four developmental groups based on chronological age:
G1: 5-8 years (n = 72)

G2: 9-12 years (n = 72)

G3: 13-15 years (n = 71)

G4: 16-19 years (n =71)

The final sex distribution was fully balanced (143 girls, 143 boys).
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Participants were recruited from intact school classes. Because the class sizes at the
primary, lower secondary, and upper secondary levels of Vinga Technological High School
were relatively uniform, the resulting age groups (G1-G4) were naturally similar in size.
No additional procedures were used to equalize the groups.

2.2.1. Inclusion Criteria
Participants were eligible if they met the following criteria:

Age between 5 and 19 years.

Enrollment in the school during the study period.
Typical developmental history as reported by caregivers.
Romanian is the primary language spoken at home.
Regular exposure to digital devices.

Informed parental consent (for minors) or self-consent (18-19 years).

2.2.2. Exclusion Criteria
Of the 327 students screened, 41 participants were excluded based on the following criteria:

e  Neurodevelopmental disorders reported by parents or teachers (n = 9)

e  Uncorrected sensory impairments (visual or hearing problems) interfering with testing
(n=6)

e  Significant medical or neurological conditions affecting cognitive or linguistic func-
tioning (1 = 4)

e Non-native Romanian speakers or insufficient Romanian proficiency (1 = 7)

e  Severe behavioral or emotional difficulties preventing reliable test administration (1 = 5)

e Incomplete data or missing responses on key variables such as screen time or linguistic
tests (n = 10)
After these exclusions, the final analytic sample consisted of N = 286 participants, all

with complete datasets for the variables included in this study. The exclusion process is

illustrated in Figure 1.

£ Neurodevelopmental disorders
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(n=72) (n=71)

Figure 1. Flow diagram of participant screening, exclusions, and final analytic sample.

2.3. Measures

All measures were selected based on their documented use in developmental and
clinical research on language acquisition and communication skills, as well as their appli-
cability to Romanian-speaking children and adolescents across a broad age range. Where
standardized Romanian adaptations were available, these were used to ensure linguistic

https:/ /doi.org/10.3390/children13010157


https://doi.org/10.3390/children13010157

Children 2026, 13, 157

50f 25

and cultural validity. Administration followed published guidelines for each instrument to
maximize reliability and comparability across age groups.

2.3.1. Screen Time and Digital Content Composition

Daily screen exposure was assessed using a standardized media-use questionnaire,
administered as a parent-report for younger children (G1 and G2) and as a self-report for
adolescents (G3 and G4), with parental verification when needed. This mixed reporting
approach was selected to reflect developmental differences in self-monitoring accuracy and
has been widely used in pediatric and developmental research examining digital media
use. Respondents estimated the average number of minutes per day spent using digital de-
vices, including smartphones, tablets, computers, and televisions, across typical weekdays
and weekends.

To analyze content quality, participants also reported the proportion (%) of their daily
screen time devoted to two categories:

e  Educational digital content, such as instructional videos, school platforms, e-learning
materials, documentaries, and educational applications.

e  Recreational digital content, including entertainment videos, video games, social
media, and streaming platforms.

These categories were defined based on media learning and cognitive load frame-
works, which posit distinct linguistic and cognitive demands associated with structured
instructional content versus entertainment-oriented media. Reported percentages were
required to sum to 100%, ensuring mutually exclusive classification and facilitating the
computation of individualized media-use profiles.

For younger children (G1-G2), screen time and content composition were reported
exclusively by parents, whereas for adolescents (G3-G4), self-reports were used, with
parental verification when necessary to enhance accuracy. Although parent- and self-
report measures may introduce age-related measurement differences, this approach reflects
standard practice in developmental research and balances feasibility, ecological validity,
and developmental appropriateness. Potential age-related reporting differences were
considered when interpreting cross-group comparisons.

2.3.2. Parental Mediation

Parental mediation practices were measured using a four-item scale, rated on a
four-point Likert format (1 = never, 4 = always). The scale was designed to capture the fre-
quency of core mediation strategies commonly identified in the digital parenting literature
and was appropriate for use across a broad developmental age range. The items assessed
four key dimensions of parental mediation:

Co-viewing and shared media engagement, reflecting joint parent—child media use;
Rule-setting, including limits on screen time duration and content type;
Active mediation, operationalized as discussions about digital content and its meaning;

Monitoring and supervision of children’s online activities.

Items were averaged to yield a total parental mediation score, with higher values
indicating greater parental involvement in guiding children’s digital media use. The
scale focuses on behavioral frequency rather than qualitative depth, allowing consistent
interpretation across age groups. Internal consistency in the present sample was acceptable,
supporting its use as a continuous predictor.
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Parental mediation was included as a contextual variable in the analyses to examine
its role as a protective factor moderating associations between digital media exposure and
linguistic and pragmatic outcomes.

2.3.3. Linguistic and Pragmatic Measures

Linguistic performance was assessed using standardized and developmentally ap-
propriate instruments selected to capture multiple complementary domains of language
functioning in Romanian-speaking children and adolescents. This multidimensional ap-
proach was adopted to move beyond global language scores and to allow domain-specific
analyses of vocabulary, executive-linguistic processing, grammatical competence, and
pragmatic communication. The following domains were evaluated:

e  Receptive vocabulary, assessed using the Romanian adaptation of the Peabody Picture
Vocabulary Test (PPVT), which measures lexical comprehension through picture-word
matching tasks and is widely used as an index of receptive language ability across
childhood and adolescence.

e  Expressive vocabulary, measured using the Romanian version of the Expressive Vo-
cabulary Test (EVT), which evaluates lexical retrieval and expressive word knowledge
and complements receptive measures by indexing productive language skills.

e  Semantic verbal fluency, assessed with the Category Fluency task (e.g., animals, fruits),
where participants generated as many category-related words as possible within 60 s.
This task indexes semantic organization, lexical access, and executive control.

e  Phonemic verbal fluency, evaluated using the Romanian adaptation of the Controlled
Oral Word Association Test (COWAT), requiring participants to produce words be-
ginning with specific letters within a fixed time. This measure primarily reflects
phonological retrieval and executive functioning.

e  Grammatical competence, measured with a morphosyntactic assessment battery
adapted for Romanian, including sentence completion, correction, and syntactic judg-
ment items. This battery assesses syntactic accuracy and morphological structure
across development.

e  Pragmatic communication, evaluated using the Pragmatic Communication Skills
Scale, adapted for Romanian, which assesses the ability to use language appropriately
across social and situational contexts (e.g., conversational turn-taking, contextually
appropriate responses, inference-making).

For measures consisting of multiple items (receptive vocabulary, expressive vocabu-
lary, grammatical competence, and pragmatic communication), internal consistency was
evaluated using Cronbach’s «. For semantic and phonemic verbal fluency tasks, Cron-
bach’s « was not computed because each task yields a single performance score rather than
multiple items; their inclusion was justified based on extensive evidence of test-retest and
inter-rater reliability reported in the literature. All assessments were administered and
scored according to standardized procedures.

2.3.4. Demographic and Contextual Variables

Several demographic and contextual variables were collected to characterize the
sample and control for factors known to influence linguistic development.

e Age: Recorded in years as a continuous variable and also used to categorize partici-
pants into four developmental groups (G1-G4).

e Sex: Coded as female or male, with equal representation across the final sample.

e School environment: Classified as urban or rural based on the students’ place of
residence, as reported in school records.

https://doi.org/10.3390/children13010157
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e  Parental education level: Reported separately for mothers and fathers using an ordinal
scale (e.g., primary school, secondary school, high school, university). Group-level
patterns reflected the dominant educational levels within each age group.

e  Daily reading time: Estimated in minutes per day, representing the average amount of
time the child spent reading books or school materials outside of class.

e  Sleep duration: Measured as the self-reported (or parent-reported for younger children)
average number of hours slept per night.

These variables were included to provide a comprehensive overview of the sample’s
socio-educational context and were used descriptively to interpret group differences across
developmental stages.

2.4. Procedure

Data collection was conducted on school premises during regular school hours. All
assessments were administered individually in quiet classroom spaces or designated testing
rooms to minimize distractions and ensure standardized conditions.

Before data collection, parents or legal guardians received an information sheet de-
scribing the purpose of the study, the procedures involved, and confidentiality safeguards.
Written informed consent was obtained for all participants under 18 years old, and assent
was collected from children capable of providing it. Participants aged 18-19 years provided
their own informed consent.

The procedure followed these steps:

1. Screening and Eligibility Check: Parents completed a brief developmental and health
questionnaire to confirm inclusion and exclusion criteria (e.g., language background,
medical history, neurodevelopmental conditions).

2. Administration of Screen-Time and Parental Mediation Questionnaires:

a. For younger children (G1-G2), parents completed the media-use and parental
mediation questionnaires.

b.  For older participants (G3-G4), self-report questionnaires were administered
in-class, with instructions provided by trained researchers. Parental verification
was requested when necessary to ensure accuracy.

3. Linguistic Assessment: Trained examiners administered the linguistic and prag-
matic measures following standardized administration procedures. Younger chil-
dren were evaluated individually, using age-appropriate explanations and visual
supports where relevant. Adolescents (G3-G4) completed the tests under similar
standardized conditions.

4.  Recording of Demographic and Contextual Variables: Age, sex, school environ-
ment (urban/rural), parental education, daily reading time, and sleep duration were
recorded using school records and parental questionnaires.

The full assessment process required approximately 25-35 min per participant, depend-
ing on age and the pace at which the child completed the linguistic tasks. All procedures
were conducted in accordance with institutional ethical guidelines.

2.5. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics, Version 28.0 (IBM
Corp., Armonk, NY, USA). Prior to analysis, the dataset was examined for missing values,
outliers, and distributional properties to ensure suitability for parametric testing.

Descriptive statistics (means, standard deviations, and frequencies) were computed
for all demographic, contextual, and linguistic measures. Pearson correlation coefficients
were used to assess associations among screen time, digital content composition, parental
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mediation, and linguistic/pragmatic variables, given the continuous nature of the variables
and approximately normal score distributions.

To evaluate developmental and exposure-related differences in domain-specific lin-
guistic and pragmatic outcomes, a series of 4 x 3 factorial analyses of variance (ANOVAs)
was conducted. Age group (G1-G4) and screen-time category (<1 h/day, 1-2 h/day,
>2 h/day) were included as between-subject factors. Screen-time categories were defined
based on commonly cited pediatric media-use thresholds, allowing clinically meaningful
group comparisons and alignment with existing literature. This analytic approach enabled
examination of both main effects and Age x Screen Time interaction effects, which were
theoretically expected given developmental differences in sensitivity to digital exposure.

For regression analyses, an overall linguistic performance index served as the depen-
dent variable. This composite score was computed by standardizing and averaging the six
linguistic and pragmatic measures, allowing integration of outcomes assessed on different
scales. The use of a composite index reduced measurement-specific error, increased sta-
tistical power, and provided a global indicator of communicative functioning suitable for
regression modeling.

A multiple linear regression analysis was conducted to examine the combined predic-
tive contribution of age, daily screen time, proportion of educational content, and parental
mediation to overall linguistic performance. All continuous predictors were mean-centered.
Regression diagnostics confirmed that the assumptions of linearity, normality of residuals,
homoscedasticity, independence, and absence of multicollinearity were met (all variance
inflation factors < 2).

A significance level of p < 0.05 was applied for all statistical tests, with more stringent
thresholds (e.g., p < 0.01) reported where appropriate. All analyses were two-tailed. Effect
sizes (7> for ANOVAs and standardized B coefficients for regression) were reported to
facilitate interpretation of practical significance.

2.6. Ethical Considerations

The study was conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Institutional Ethics Committee of Vinga Technological
High School, Arad County, Romania (protocol code 1435/2, approved on 16 October 2023).

Written informed consent was obtained from all parents or legal guardians of partici-
pants under 18 years of age, and assent was collected from children capable of providing it.
Adolescents aged 18-19 years provided their own informed consent prior to participation.

2.7. Hypotheses of the Study

Based on previous empirical findings in the domain of child and adolescent language
development, digital media exposure, and family context, as well as the conceptual ratio-
nale, the present study formulated the following hypotheses. These hypotheses were also
informed by descriptive and theoretical patterns commonly reported in the literature—such
as the negative association between excessive screen exposure and linguistic performance,
the positive role of educational digital content, and the moderating effects of parental
mediation and developmental stage.

1. Screen time will be negatively associated with linguistic and pragmatic performance.

2. Exposure to educational digital content will be positively associated with linguistic
outcomes, whereas recreational content will show the opposite pattern.

3. Parental mediation will positively predict linguistic and pragmatic performance.

4. Age will show a strong positive association with linguistic performance, reflecting
developmental progression across groups.
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5. The negative association between screen time and linguistic performance will be
stronger in younger children than in adolescents.

6.  When considered simultaneously, age, screen time, parental mediation, and digital
content type will jointly predict overall linguistic performance.

3. Results
3.1. Descriptive Characteristics of the Sample

The final sample consisted of N = 286 participants aged 5 to 19 years, distributed across
four developmental groups: G1 (5-8 years), G2 (9-12 years), G3 (13-15 years), and G4
(16-19 years). The sex distribution was balanced (143 girls, 143 boys), ensuring compa-

rability across groups. The numerical distribution by age group and sex is presented
in Table 1.

Table 1. Distribution of the Sample by Age Group and Sex (N = 286).

Age Group Age Interval (Years) N (Total) % of Sample Girls (n) Boys (1)
Gl 5-8 72 25.2% 36 36
G2 9-12 72 25.2% 36 36
G3 13-15 71 24.8% 36 35
G4 16-19 71 24.8% 35 36
Total 5-19 286 100% 143 143
Note: Sex distribution was balanced across all groups.
The descriptive analysis of demographic and contextual variables showed moderate
variation between age groups in terms of school environment, daily reading time, and sleep
duration. Detailed values for each group are presented in Table 2.
Table 2. Demographic and Contextual Characteristics of the Sample (N = 286).
Indicator Total G1 (5-8) G2 (9-12) G3 (13-15) G4 (16-19)
Age, M (SD) 12.1 (4.6) 6.7 (1.0) 10.3 (1.2) 14.1 (0.8) 17.3 (0.9)
School environment (urban/rural), n (%) 210/76 (73/27) 52/20 53/19 52/19 53/18
Parental education (mother) ! Mostly. seco.ndary— High school High school High school High school
university
Parental education (father) 1 Mosgziieeizisary_ High school High school High school High school
Daily reading (min/day), M (SD) 214 (17.2) 25.6 (18.9) 225 (17.1) 19.3 (15.6) 17.8 (14.9)
Sleep duration (hours/night), M (SD) 8.3(1.2) 9.4 (0.7) 8.9 (0.9) 7.9 (1.0) 74 (1.1)

! Parental education was measured on an ordinal scale. In the total sample, most parents reported education
levels ranging from secondary school to university. Group values reflect the dominant category in each subgroup.

The main psychological variables included receptive and expressive vocabulary, se-
mantic and phonemic verbal fluency, grammatical score, and pragmatic communication.
All measures displayed adequate variability and wide score ranges, confirming their suit-
ability for subsequent analyses. Screen time and digital content composition also showed
substantial between-participant variability. Descriptive statistics for all variables are pre-
sented in Table 3.

To further characterize patterns of digital media use, participants were categorized
into three screen-time groups (<1 h/day, 1-2 h/day, >2 h/day). As shown in Table 4, screen
time increased progressively with age. The highest proportions of exposure exceeding
2 h/day were observed in G3 and G4.
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Table 3. Descriptive Statistics of the Main Variables.
Variable Total M (SD) G1 G2 G3 G4 Min-Max
Screen time (min/day) 156 (62) 102 (45) 138 (51) 176 (58) 200 (63) 15-380
Educational content (%) 32 (18) 41 (20) 36 (17) 28 (16) 23 (14) 0-100
Recreational content (%) 68 (18) 59 (20) 64 (17) 72 (16) 77 (14) 0-100
Parental mediation 2.4 (0.9) 2.9 (0.8) 2.6 (0.8) 2.2(0.9) 1.8 (0.8) 14
Receptive vocabulary 98.6 (14.5) 97.8(13.2) 100.4 (14.1) 99.2(149) 97.1(15.3) 65-131
Expressive vocabulary 42.5(9.1) 41.2 (8.5) 43.7 (8.9) 42.8 (9.4) 41.9 (9.8) 20-67
Semantic fluency 17.9 (6.2) 12.3 (4.3) 17.8 (5.1) 204 (5.5) 21.6 (5.7) 4-34
Phonemic fluency 14.7 (5.8) 9.4 (3.6) 13.9 (4.8) 16.5 (5.7) 18.3(6.1) 3-33
Grammatical score 7.8 (2.2) 6.2 (1.8) 7.6 (2.0) 8.4 (2.1) 9.0 (2.3) 2-13
Pragmatic communication 31.4(7.9) 28.9 (7.2) 30.8 (7.3) 32.7 (7.5) 33.8(7.6) 16-48
Table 4. Distribution of Screen Time Categories by Age Group.
Group <1 h/day 1-2 h/day >2 h/day Total

G1 (5-8) 28 (38.9%) 25 (34.7%) 19 (26.4%) 72

G2 (9-12) 20 (27.8%) 27 (37.5%) 25 (34.7%) 72

G3 (13-15) 15 (21.1%) 23 (32.4%) 33 (46.5%) 71

G4 (16-19) 12 (16.9%) 22 (31.0%) 37 (52.1%) 71

Total 75 (26.2%) 97 (33.9%) 114 (39.9%) 286

3.2. Correlations Among Study Variables

Pearson correlation coefficients among the main variables are presented in Table 5. The
strongest negative associations were observed between screen time and parental mediation
(r = —0.35, p < 0.01) and between screen time and pragmatic communication (r = —0.28,

p < 0.01). Screen time also showed consistent small-to-moderate negative correlations with
all linguistic variables (r values between —0.19 and —0.27, all p < 0.01).

Table 5. Correlation Matrix of Linguistic, Screen-Time, and Contextual Measures (N = 286).

Variable 1 2 3 5 6 7 8 9 10
1. Screen time (min/day) —
2. Educational content (%) —0.32** —
3. Recreational content (%) 0.41 ** —0.58 ** —
4. Parental mediation —0.35 ** 0.29 ** —0.34 **
5. Receptive vocabulary —0.27 ** 0.18* —0.23*  031* —
6. Expressive vocabulary —0.22** 0.16 % —020*  0.28*  0.62** —
7. Semantic fluency —0.25** 0.21 ** —0.19** 026* 0.58*  0.55** —
8. Phonemic fluency —0.19 ** 0.15* —-0.16 * 022*  047*  044*  0.53** —
9. Grammatical score —0.24 ** 0.18* —020*  025*  055*  052*  049*  046* —
10. Pragmatic —028*  019*  —023* 029* 0.61* 058% 052* 049*  0.54*

communication

Note: * p < 0.05; ** p < 0.01.

In contrast, the linguistic measures were strongly intercorrelated. The highest positive
correlations were found between receptive and expressive vocabulary (r = 0.62, p < 0.01),
receptive vocabulary and semantic fluency (r = 0.58, p < 0.01), and grammatical score and
pragmatic communication (r = 0.54, p < 0.01), confirming the expected convergence of

verbal competencies.

Educational content correlated positively with linguistic variables (r = 0.15-0.21,
p < 0.05/0.01), whereas recreational content exhibited the opposite pattern, showing small
negative associations with the same indicators (r = —0.16 to —0.23, p < 0.05/0.01). As
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expected, educational and recreational content were strongly inversely related (r = —0.58,
p <0.01).
Overall, the correlation structure reflects three consistent patterns:

e  strong interrelations among linguistic measures,
e complementary associations of educational versus recreational content,
e  asystematic negative association between screen time and linguistic/pragmatic performance.

These associations provide a robust foundation for the factorial and predictive analyses
presented in subsequent sections.

3.3. Analysis of Group Differences

To examine differences in linguistic and pragmatic performance as a function of
developmental stage and level of digital exposure, a series of 4 x 3 factorial ANOVAs
was conducted. Age group (G1-G4) and screen-time category (<1 h/day, 1-2 h/day,
>2 h/day) were treated as between-subject factors. Dependent variables included recep-
tive and expressive vocabulary, semantic and phonemic fluency, grammatical score, and
pragmatic communication.

3.3.1. Main Effects and Interactions

The analyses revealed significant main effects of screen time on all linguistic and
pragmatic variables (Table 6). Participants exposed to more than 2 h of screen time per day
consistently obtained lower scores than those in the <1 h/day and 1-2 h/day categories.
The largest differences emerged for semantic and phonemic fluency and for pragmatic
communication, whereas receptive and expressive vocabulary showed smaller but still
significant differences across exposure levels.

Table 6. Factorial ANOVA (4 x 3)—Main Effects and Interactions.

Variable Screen Time Effect (F, p, %) Age Effect (F, p, 11%) Interaction (F, p, %)
Receptive vocabulary 8.72,p <0.001, 0.07 12.45, p <0.001, 0.10 3.15,p =0.012, 0.03
Expressive vocabulary 6.38, p = 0.002, 0.05 10.11, p < 0.001, 0.08 2.89,p =0.023,0.03
Semantic fluency 15.62, p <0.001, 0.12 18.93, p < 0.001, 0.14 4.77,p < 0.001, 0.05
Phonemic fluency 13.55, p < 0.001, 0.11 17.28,p <0.001, 0.13 4.22,p <0.001, 0.05
Grammatical score 9.82, p <0.001, 0.08 20.14, p < 0.001, 0.15 3.45, p = 0.008, 0.03
Pragmatic communication 14.23, p < 0.001, 0.11 16.01, p < 0.001, 0.13 5.01,p <0.001, 0.06

Note: 2 = effect size (0.01 = small, 0.06 = medium, 0.14 = large). F = F-statistic, p = probability value.
n g pP=p y

Significant main effects of age were also observed for all variables, reflecting a clear
developmental progression from G1 to G4. Group G1 showed the lowest overall perfor-
mance, G2 demonstrated stable increases, G3 exhibited marked improvements, particularly
in fluency-related measures, and G4 reached the highest levels, with smaller incremental
gains relative to G3, suggesting stabilization during adolescence. Age was the strongest
predictor across all outcomes, consistent with normative developmental and educational
progression. Accordingly, associations between screen exposure and language outcomes
should be interpreted as age-contingent rather than age-independent.

Significant Screen Time x Age interactions were found for most outcome variables,
indicating that the impact of screen time varied across developmental stages. The dif-
ferences between screen-time categories were more pronounced in the younger groups
(G1 and G2), whereas in adolescents (G3 and G4), the negative effects were attenuated but
remained detectable.
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3.3.2. Interaction Effects (Screen Time x Age)

Significant Screen Time x Age interactions were observed for most linguistic and
pragmatic measures, indicating that the association between digital exposure and perfor-
mance differed across developmental stages. Across variables, the largest contrasts between
screen-time categories (<1 h/day vs. >2 h/day) were observed in the younger age groups
(G1 and G2). In older participants (G3 and G4), the negative associations related to higher
exposure remained evident but were comparatively smaller in magnitude.

Table 7 presents illustrative group means for three outcomes that showed particularly
strong interaction effects—semantic fluency, phonemic fluency, and pragmatic communica-
tion. Across all variables, performance declined systematically with increasing daily screen
time, with steeper reductions observed in the younger age groups. In older participants,
higher screen exposure was also associated with lower scores, although group differences
were less pronounced.

Table 7. Group Means for Interaction Effects (Semantic and Phonemic Fluency, Pragmatic Communication).

Variable G1<1h G11-2h G1>2h G4<1h G41-2h G4>2h Observation
Semantic fluency 13.4 12.9 10.5 221 21.3 19.8 Clear pattern
Phonemic fluency 10.2 9.7 8.1 19.0 184 17.0 Gradual decline

Pragmatic communication 30.1 28.4 25.7 354 34.1 32.2 Pronounced differences

Supplementary File S1 illustrates the interaction between age group and screen-time
exposure using a standardized composite linguistic performance score. Across all three ex-
posure categories, linguistic performance increased progressively from G1 to G4, reflecting
the expected developmental trajectory. However, participants in the >2 h/day category
consistently showed lower performance than those with <1 h/day or 1-2 h/day of daily
screen use. The separation between the performance curves was greatest in the younger age
groups (G1 and G2), indicating heightened sensitivity to excessive screen exposure during
early developmental stages, whereas in G3 and G4, the differences between exposure
categories became smaller, although still evident.

Supplementary File S2 illustrates group differences across linguistic and pragmatic
variables as a function of screen-time category. For each measure, scores decreased progres-
sively from the <1 h/day group to the >2 h/day group, indicating a consistent negative
association between higher levels of digital exposure and language performance. The de-
cline was most pronounced for semantic and phonemic fluency, grammatical performance,
and pragmatic communication, whereas receptive and expressive vocabulary showed
smaller but still consistent reductions. These graphical patterns reinforce the ANOVA findings,
highlighting a systematic disadvantage associated with daily screen use exceeding 2 h.

3.4. Post Hoc Analyses

Tukey HSD post hoc comparisons revealed significant pairwise differences between
screen-time categories for most linguistic and pragmatic variables. The largest and most
consistent contrasts occurred between the <1 h/day and >2 h/day groups, with the
>2 h/day category showing significantly lower performance across all domains. Effect sizes
for these contrasts were small to moderate (Cohen’s d = 0.32-0.58), indicating meaningful
practical differences. All p-values reported are Tukey-adjusted, ensuring appropriate
control for multiple comparisons.

Significant differences between the 1-2 h/day and >2 h/day groups were observed
for semantic fluency, phonemic fluency, and pragmatic communication (d = 0.26-0.44),
suggesting that these abilities are particularly sensitive to increases in daily digital exposure.
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In contrast, receptive and expressive vocabulary showed only modest differences and were
significant only for the <1 h/day vs. >2 h/day comparison (d ~ 0.30).

For grammatical performance, all three screen-time categories differed from one
another in a linear fashion (<1 h/day > 1-2 h/day > 2 h/day), with small-to-moderate
effect sizes (d = 0.24-0.49), supporting a graded association between greater exposure and
lower performance.

Regarding age, significant developmental gains were observed between G1 and G2 and
between G2 and G3 (d = 0.45-0.70), reflecting rapid developmental progression. Differences
between G3 and G4 were smaller (d = 0.18-0.32), consistent with the gradual stabilization of
linguistic performance during later adolescence. Table 8 summarizes all pairwise contrasts.

Table 8. Summary of Post Hoc Comparisons (Tukey HSD).

Variable <1lhvs.1-2h <1hvs.>2h 1-2hvs.>2h G1vs. G2 G2vs. G3 G3vs. G4
. p <0.01 p < 0.001 p <0.01
Receptive vocabulary n.s. (d = 030) n.s. (d =0.62) (d = 0.40) n.s.
. p <0.01 p <0.001 p<0.01
Expressive vocabulary ns. (d = 0.28) n.s. (d = 0.55) (d=038) n.s.
. p<0.05 p <0.001 p<0.01 p <0.001 p<0.01 p <0.05
Semantic fluency d=022) (d=058) (d =0.35) (d =0.70) (d=0.42) (d=0.25)
. p <0.05 p <0.001 p<0.01 p <0.001 p <0.01 p <0.05
Phonemic fluency (d =0.24) (d =0.52) (d =0.33) (d = 0.66) (d = 0.40) (d=027)
_ p<0.05 p <0.001 p<0.05 p < 0.001 p <0.001 p <0.05
Grammatical score (d = 0.26) (d =0.49) (d=0.24) (d=0.72) (d =0.51) (d=0.28)
Pragmatic p <0.05 p <0.001 p <0.05 p <0.001 p<0.01 p<0.05
communication (d=0.27) (d =0.56) (d=0.31) (d =0.68) (d=0.44) (d =0.29)

Note. n.s. = not significant. Effect-size benchmarks: According to Cohen, d ~ 0.20-0.49 = small-to-medium effects;
d =~ 0.50-0.80 = medium-to-large effects.

Effect sizes for significant contrasts were generally small to moderate, indicating that,
while the effects of screen time are statistically reliable, they also bear practical relevance
for children’s linguistic and pragmatic development.

3.5. Multiple Regression Model

A multiple regression analysis was conducted to examine the joint contribution of
demographic and digital media-related factors to overall linguistic performance. Screen
time, age, educational content, and parental mediation were entered simultaneously as
independent variables. The final model explained a significant proportion of the vari-
ance in the composite linguistic score (R2 = 0.42, adjusted R? =041, p < 0.001), indicat-
ing that the predictors collectively accounted for substantial individual differences in
linguistic outcomes.

Age showed the strongest positive association with linguistic performance (3 = 0.47,
p < 0.001), consistent with expected developmental differences across childhood and ado-
lescence. Parental mediation (3 = 0.21, p = 0.001) and the proportion of educational digital
content ( = 0.18, p = 0.003) also contributed positively, underscoring the supportive role of
structured digital guidance and exposure to higher-quality content.

In contrast, screen time was a robust negative association (3 = —0.29, p < 0.001), indi-
cating that higher daily digital exposure was associated with lower linguistic performance,
even after controlling for age and contextual factors.

Model diagnostics confirmed that all regression assumptions were met. Variance
Inflation Factor (VIF) values were low (all < 2), indicating the absence of multicollinearity.
Standardized residuals revealed no evidence of heteroscedasticity or deviation from nor-
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mality, and Cook’s distance values were within acceptable limits, suggesting no influential
outliers. Predictors were mean-centered to facilitate interpretation and reduce redundancy.

Confidence intervals confirmed the stability and precision of the estimated effects.
Age showed a robust positive association with linguistic performance (95% CI ~ 0.39-0.54),
while screen time demonstrated a consistent negative effect (95% CI ~ —0.36 to —0.21).
Parental mediation (95% CI ~ 0.09-0.32) and educational content (95% CI = 0.06-0.29)
also presented positive and statistically reliable confidence intervals, reinforcing their
consistent association with linguistic outcomes within the model. Table 9 presents the
regression coefficients.

Table 9. Multiple Regression Results.

Predictor B (Standardized) p 95% CI
Screen time —-0.29 <0.001 —0.36 to —0.21
Age +0.47 <0.001 0.39 to 0.54
Educational content +0.18 0.003 0.06 to 0.29
Parental mediation +0.21 0.001 0.09 to 0.32

To address the multidimensional nature of linguistic abilities, additional multiple
regression analyses were conducted separately for each linguistic domain, using the same
set of predictors (age, screen time, educational content, and parental mediation). As
shown in Table 10, the pattern of associations was largely consistent across receptive
vocabulary, expressive vocabulary, verbal fluency, grammatical competence, and pragmatic
communication.

Table 10. Domain-Specific Multiple Regression Analyses Predicting Linguistic and Pragmatic Out-
comes (1 = 286).

Predictor Receptive Expressive Semantic Phonemic = Grammatical Pragmatic
Vocabulary  Vocabulary Fluency Fluency Score Communication
Screen time —0.24* —0.21 ** —0.27 *** —0.22** —0.25 —0.28 ***
Age 0.45 *** 0.43 *** 0.49 *** 0.46 *** 0.47 *** 0.48 ***
Educational content 0.16 * 0.14* 0.18 ** 0.15* 0.17 ** 0.19 **
Parental mediation 0.19 ** 0.17 ** 0.21 ** 0.18 ** 0.20 ** 0.22 ***
R? 0.39 0.36 0.41 0.38 0.40 0.42
Adjusted R? 0.38 0.35 0.40 0.37 0.39 0.41

Note. Values are standardized (3 coefficients from multiple linear regression models. All predictors were mean-
centered. * p < 0.05; ** p < 0.01; *** p < 0.001.

Accordingly, the composite linguistic score is interpreted as a global indicator of
communicative functioning that captures shared variance across domains, while domain-
specific analyses confirm that the observed associations are not driven by an assumption of
strict unidimensionality or by age-related variance alone.

3.6. Internal Consistency of Measures (Reliability)

Internal consistency was evaluated only for linguistic measures that consisted of
multiple items and therefore met the assumptions required for computing Cronbach’s
. Receptive and expressive vocabulary showed acceptable to good internal consistency
(o0 = 0.78-0.84). Grammatical competence demonstrated adequate reliability («x = 0.81),
and pragmatic communication yielded excellent internal consistency (x = 0.89), indicating
strong construct stability.

For semantic and phonemic verbal fluency, Cronbach’s « was not computed because
each fluency task yields a single total score rather than multiple items. As such, internal
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consistency indices are not applicable. These tasks have well-established reliability in the
scientific literature and were administered using standardized procedures.

Overall, the reliability indices support the psychometric robustness of the multi-item
linguistic measures used in this study (Table 11).

Table 11. Internal Consistency of Linguistic Measures (Cronbach’s ).

Variable Cronbach’s «
Receptive vocabulary 0.78
Expressive vocabulary 0.84
Grammatical score 0.81
Pragmatic communication 0.89

4. Discussion

The present study examined how screen time, digital content composition, parental
mediation, and developmental stage jointly contribute to linguistic and pragmatic perfor-
mance in children and adolescents. The findings largely supported all hypotheses and
aligned with the broader literature on digital media use and language development.

A central challenge in interpreting these findings is disentangling media-related
associations from normative developmental changes across childhood and adolescence.
Language abilities, educational exposure, and media autonomy increase markedly with
age, and age was the dominant predictor of all outcomes in the present study. Although
screen exposure variables were associated with several language measures after statistical
adjustment for age, these associations should not be interpreted as developmentally inde-
pendent effects but rather as patterns embedded within broader age-related developmental
and educational contexts.

4.1. Screen Time and Linguistic Performance

The present findings align with a broad body of literature indicating that higher levels
of daily screen exposure are associated with weaker linguistic and pragmatic abilities
across childhood and adolescence. Previous research has consistently linked increased
screen use to reduced vocabulary, verbal fluency, grammatical proficiency, and pragmatic
competence, often interpreted as reflecting the displacement of language-rich experiences
such as caregiver—child conversations, shared reading, and interactive play [14,16,31].

From a cognitive perspective, linguistic domains that rely on rapid lexical access
and executive control—particularly semantic and phonemic fluency—may be especially
sensitive to excessive digital exposure. Prior studies suggest that high screen engagement
may place demands on attentional regulation, working memory, and cognitive flexibility,
processes that are central to efficient word retrieval and verbal organization [9,32-35].
In addition, pragmatic communication appears vulnerable to reduced opportunities for
socially contingent interaction, a mechanism emphasized by social interactionist accounts
of language development [15,36,37].

4.2. The Role of Educational vs. Recreational Digital Content

A growing body of research suggests that the quality and purpose of digital media
exposure may be as important as, or more important than, overall screen time quantity when
considering language-related outcomes. In this context, educational digital content has been
associated with comparatively stronger linguistic and pragmatic profiles, whereas recreational
or entertainment-focused content tends to show less favorable associations [11-13,38].

Educational media typically incorporates structured linguistic input, coherent nar-
rative organization, and opportunities for guided engagement—features that have been
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linked to vocabulary growth, narrative competence, and higher-order language skills, par-
ticularly when content is characterized by slower pacing, repetition, and explicit language
modeling [22,30,39,40]. Such characteristics may support linguistic processing by reducing
cognitive load and facilitating the integration of verbal information.

By contrast, recreational digital content is often fast-paced and visually dense, placing
greater demands on attentional resources and limiting opportunities for sustained verbal
engagement. Prior research has associated these features with increased cognitive load,
reduced parent—child discussion, and fewer opportunities for reflective processing during
media use [2,21,24,36,41,42].

Taken together, these findings highlight the importance of distinguishing between
content types when examining associations between digital media and language devel-
opment. Rather than viewing screen exposure as uniformly detrimental, the evidence
supports a more nuanced perspective in which educational content is linked to compara-
tively stronger linguistic and pragmatic outcomes when considered alongside exposure
level and contextual factors.

4.3. Parental Mediation as a Contextual Factor

Parental mediation represents a key contextual dimension of children’s digital media
environments and has been consistently associated with more favorable linguistic and
pragmatic outcomes. Prior research indicates that higher levels of parental involvement
during media use are linked to stronger vocabulary, fluency, grammatical abilities, and
communicative skills, as well as to lower overall screen exposure [19,29,43-45].

Mediation strategies such as co-viewing, discussing digital content, setting boundaries,
and guiding children’s interpretations have been described as contexts in which children
are more likely to engage actively with linguistic information during screen-based activi-
ties. These practices have been associated with increased conversational engagement and
richer opportunities for verbal interaction, supporting vocabulary growth and language
comprehension [9,29,38,46-49].

Within the present study, parental mediation remained associated with linguistic
performance even when considered alongside age, screen time, and content composition,
suggesting that it constitutes an independent contextual correlate of language-related
outcomes. This pattern aligns with broader research emphasizing the role of responsive
parental communication in shaping enriched linguistic environments across both digital
and non-digital contexts [47,50,51].

Overall, these results suggest that parental mediation is an important contextual factor
associated with how children engage with digital media. Rather than indicating a protective
effect, the findings highlight parental mediation as a dimension of the media environment
that co-occurs with differences in linguistic and pragmatic performance.

4.4. Developmental Differences and Age Effects

Developmental progression emerged as a central dimension underlying linguistic
and pragmatic performance across the sample, reflecting the well-established trajectory
of language maturation from early childhood through adolescence. Extensive research
has documented age-related refinement in vocabulary, verbal fluency, grammatical com-
petence, and pragmatic skills as children advance through successive educational and
developmental stages [52-55].

Consistent with this literature, the most pronounced developmental gains were
observed from early childhood into middle childhood and early adolescence, a pe-
riod characterized by rapid growth in both lexical knowledge and executive-linguistic
processes [56-59]. By contrast, later adolescence appeared to reflect a phase of relative sta-
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bilization, in which further improvements were more incremental, aligning with evidence
that foundational linguistic skills are largely consolidated by early adolescence [54,58].

The developmental stage also shaped the manner in which digital media exposure
related to linguistic outcomes. Younger children demonstrated greater sensitivity to higher
levels of screen exposure, whereas adolescents showed comparatively attenuated dif-
ferences across exposure levels. Similar age-dependent patterns have been reported
in previous studies, suggesting that early childhood may represent a particularly vul-
nerable period for the displacement of conversational, interactive, and language-rich
experiences [9,24,36,60].

As children mature, increasing cognitive control, autonomy, and diversification of
language-learning contexts may partially buffer against the effects of excessive digital
exposure [12,61]. Overall, these findings underscore the importance of considering the
developmental stage when evaluating the influence of digital media on linguistic out-
comes. The results suggest that interventions and guidelines may need to be tailored
more specifically to early childhood, where the potential for both risk and benefit appears
most pronounced.

4.5. Developmental Sensitivity to Screen Exposure

Accumulating evidence suggests that the relationship between screen exposure and lin-
guistic development varies as a function of developmental timing. Early childhood, in par-
ticular, appears to represent a period of heightened sensitivity during which environmental
inputs—including digital media—may exert stronger associations with language-related
outcomes [14,36,62,63].

Several developmental mechanisms may account for this pattern. During early child-
hood, language acquisition depends heavily on face-to-face interaction, joint attention,
and caregiver scaffolding, which provide rich opportunities for conversational turn-taking,
feedback, and socially contingent input [64—67]. Excessive screen exposure may displace
these foundational learning contexts, limiting children’s access to the interactive experi-
ences most critical for early language growth. Consistent with this view, younger children
have been shown to benefit less from non-interactive or fast-paced digital media and
may experience difficulty transferring on-screen information to real-world communicative
contexts [6,16,68,69].

By contrast, adolescents may demonstrate greater resilience to the linguistic corre-
lates of screen exposure. Developmental advances in metacognition, cognitive flexibil-
ity, and selective attention allow older youth to engage more strategically with digital
content [70-72]. In addition, adolescents typically draw on a broader range of language-
learning contexts—including peer interactions, academic discourse, and extracurricu-
lar activities—which may buffer against the displacement effects observed in younger
children [2,9,73,74].

Together, these results underscore the importance of considering developmental timing
when evaluating the effects of digital media. They suggest that early childhood may
represent a period of heightened sensitivity to digital media exposure, warranting particular
attention in future guideline development.

4.6. Combined Multivariate Model of Linguistic Skills

The multivariate findings underscore that linguistic performance is associated with a
constellation of developmental, behavioral, and contextual factors rather than any single
influence in isolation. Age, screen time, educational content, and parental mediation jointly
accounted for a substantial proportion of variance in overall linguistic performance, reflect-
ing a multidimensional pattern consistent with contemporary developmental frameworks
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that emphasize the interplay of cognitive maturation, environmental input, and media
ecology [75-77].

Within this model, age emerged as the strongest correlate, mirroring well-established
developmental progression across linguistic domains. At the same time, higher levels of
daily screen exposure remained negatively associated with linguistic performance after
accounting for age and content composition, consistent with prior multivariate research
demonstrating associations between screen time and language outcomes beyond demo-
graphic and contextual factors [6,15,78,79].

Educational digital content and parental mediation were positively associated with
linguistic performance, indicating that structured media exposure and adult co-engagement
co-occur with comparatively stronger language-related outcomes. This pattern aligns
with previous research linking educational media and parental involvement to enriched
linguistic environments during digital media use, without implying causal effects [80,81].

The presence of both positive and negative correlates within the model underscores
the complexity of associations between digital media use and language development.
Rather than viewing screen time as uniformly harmful or educational media as uniformly
beneficial, the findings support a nuanced, ecologically informed perspective in which
language-related outcomes are associated with combinations of exposure level, content
characteristics, and family context.

Overall, the multivariate model reinforces the view that language development is a
multifactorial process associated with developmental stage, digital media habits, and the
broader family environment. These results may help inform future longitudinal and exper-
imental research aimed at clarifying causal mechanisms and developmental trajectories in
contemporary media contexts.

4.7. Implications for Clinical Practice

Although the present findings reveal consistent associations between digital media use,
parental mediation, and linguistic and pragmatic performance, they should be interpreted
cautiously in clinical contexts. Given the cross-sectional design, absence of clinical thresh-
olds, and small-to-moderate effect sizes, the results do not support diagnostic screening,
causal inference, or prescriptive intervention strategies.

Instead, the findings may be most relevant for contextualizing developmental as-
sessments in pediatric, speech-language, and educational settings. Information about
children’s digital media habits—including approximate screen time, dominant con-
tent types, and the degree of parental involvement—may provide useful background
when clinicians are evaluating language or communication concerns, particularly in
younger children.

Importantly, the observed associations should be understood as descriptive cor-
relates rather than indicators of impairment or risk. Elevated screen exposure, lower
parental mediation, or higher recreational content use should not be interpreted as clinical
markers but rather as environmental characteristics that may co-occur with variation in
linguistic performance.

The findings also underscore the value of developmentally sensitive conversations
with families about media use as part of a broader discussion of children’s learning en-
vironments. Emphasis may be placed on balancing digital activities with language-rich
interactions—such as shared reading, conversation, and play—without implying that specific
screen-time limits or content choices constitute evidence-based clinical recommendations.

Overall, the present results support a cautious, contextual, and non-prescriptive role
for digital media considerations in clinical practice, while highlighting the need for longitu-

https://doi.org/10.3390/children13010157


https://doi.org/10.3390/children13010157

Children 2026, 13, 157

19 of 25

dinal and experimental research before clinical screening tools or preventive guidelines can
be justified.

4.8. Research Limitations

Although this study provides valuable insights into the relationships between digital
media use and linguistic development, several limitations should be acknowledged when
interpreting the findings. First, the cross-sectional design restricts the ability to draw causal
conclusions. While the results demonstrate clear associations between screen exposure, con-
tent type, parental mediation, and linguistic skills, the directionality of these relationships
cannot be definitively established. It remains possible that children with weaker linguistic
abilities are more inclined to use screens, or that families with higher screen exposure differ
in other unmeasured ways. Longitudinal or experimental studies are needed to clarify
causal pathways. Moreover, because age captures multiple overlapping developmental
processes (e.g., linguistic maturation, schooling, and increasing autonomy), age-related
developmental change cannot be fully disentangled from media-related associations in this
cross-sectional design.

Second, measures of screen time and digital content composition relied on parent
report in younger children and self-report in adolescents, without independent valida-
tion against objective usage data. Although this mixed-report approach is common in
developmental research and developmentally appropriate, it may introduce age-related
measurement bias due to differences in parental awareness, recall accuracy, and adoles-
cents’ self-monitoring abilities. Consequently, comparisons across age groups should be
interpreted with caution, particularly with respect to absolute levels of screen exposure.
Moreover, subjective reports may be influenced by recall errors or social desirability effects,
potentially leading to under- or overestimation of actual media use.

Third, digital content quality was operationalized using a dichotomous classification
into educational versus recreational content. While this distinction is theoretically grounded
and informative, it necessarily oversimplifies the heterogeneity of digital media experiences.
Educational and recreational media vary widely in pacing, interactivity, narrative structure,
and linguistic richness—dimensions that were not captured in the present study. In addition,
requiring participants to allocate 100% of screen time across these two categories imposes a
compositional constraint that may artificially inflate inverse correlations between content
types. As such, associations involving content composition should be interpreted as
indicators of relative exposure patterns rather than precise estimates of independent effects.

Fourth, while the sample size was robust and covered a broad age range, the study
did not explicitly control for several contextual variables that may influence linguistic
development, such as socioeconomic status, home literacy environment, or cognitive ability.
These factors may interact with digital media use in complex ways and could help refine
predictive models in future research.

Fifth, although the linguistic measures used were psychometrically reliable and cov-
ered multiple domains, they assessed structured aspects of language functioning and may
not fully capture broader communicative competencies, such as discourse-level skills,
conversational reciprocity, or socio-emotional communication. More ecologically valid
assessments—such as naturalistic language samples—may provide a more comprehensive
understanding of real-world communication.

In addition, although a composite linguistic score was used for parsimony in mul-
tivariate modeling, domain-specific regression analyses demonstrated that the observed
associations were consistent across linguistic domains and were not driven by an assump-
tion of strict unidimensionality or by age-related variance alone.
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Finally, the study was conducted within a single cultural and educational context,
which may limit generalizability. Media practices, parenting norms, and language-learning
environments vary across cultures, and the impact of digital exposure may differ accordingly.

Despite these limitations, the findings contribute meaningfully to the growing body of
literature on digital media and language development and highlight directions for more
refined future research.

4.9. Future Research Directions

The findings of this study open several avenues for future research aimed at deepening
our understanding of how digital media shapes linguistic and pragmatic development
across childhood and adolescence. First, longitudinal studies are needed to establish causal
relationships and developmental trajectories. Following children over time would help
clarify whether early screen exposure has lasting effects on language outcomes or whether
these effects diminish as children mature and gain compensatory skills.

Second, future work should incorporate more fine-grained and objective assessments
of digital media use. While this study relied on parent and self-reported screen time,
emerging technologies—such as real-time usage tracking, app activity logs, and passive
sensing—can provide more precise and ecologically valid measures of screen behavior,
while reducing age-related reporting bias.

Third, additional research should explore the mechanisms through which educational
and recreational media exert their effects. Experimental designs comparing specific content
features (e.g., narrative complexity, dialogic structure, linguistic density, visual speed)
would help identify which characteristics support or hinder language learning and guide
the design of more effective educational media.

Fourth, future studies should examine the role of family dynamics and broader en-
vironmental factors in moderating the relationship between media use and language
development. Variables such as socioeconomic status, home literacy environment, par-
enting styles, and family communication patterns may interact with screen exposure in
complex ways and warrant integration into multivariate models.

Fifth, cross-cultural research is needed to determine whether the patterns observed in
the present study generalize across diverse cultural and linguistic contexts. Comparative
research could illuminate universal mechanisms versus culture-specific influences.

Finally, future studies may benefit from expanding the scope of linguistic assessment.
Incorporating naturalistic language samples, conversational analysis, and discourse-level
evaluations would provide richer insights into how digital media influences the complexi-
ties of real-world communication. Given that pragmatic communication showed notable
sensitivity to screen exposure in this study, such ecologically grounded measures may be
particularly informative.

Taken together, these directions highlight the need for interdisciplinary, methodolog-
ically diverse, and culturally inclusive research to more fully understand the evolving
relationship between digital media and linguistic development.

5. Conclusions

This study contributes to the literature on digital media and language development by
examining how screen time, digital content quality, parental mediation, and developmental
stage are jointly associated with linguistic and pragmatic performance across childhood
and adolescence. Rather than suggesting uniform effects of screen exposure, the findings
highlight the importance of considering developmental timing and contextual factors when
evaluating associations between digital media use and communicative outcomes.
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By extending analysis beyond early childhood and beyond global language measures,
the study underscores that digital media use relates differently to language development
depending on age, content composition, and family involvement. These results support a
more nuanced, integrative perspective on children’s media environments, in which screen
time quantity alone provides an incomplete account of language-related outcomes.

Importantly, the cross-sectional design precludes causal inference, and the observed
associations should be interpreted as descriptive rather than explanatory, potentially re-
flecting bidirectional relationships. Future research using longitudinal and experimental
approaches, objective assessments of media use, and more fine-grained measures of com-
municative behavior will be essential for clarifying causal mechanisms and developmental
trajectories. Such work may further refine theoretical models of media use and inform
evidence-based guidance that is sensitive to developmental stage and contextual variability.
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