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Abstract

Adolescent emotional resilience is an important but under-researched aspect of paediatric care, especially in low resource
environments, where mental health services are under-resourced and not proactive. A dramatic change in the cultural
landscape of digitalization has created new opportunities to incorporate structured EH programs into integrated health care
systems for children, but there is limited systematic evidence of the benefits of integrated EH approaches. This study aims to
examine the effects of technology-enabled preventive education with school-based and clinic-based integrated pediatric
healthcare services on adolescent emotional resilience. A cross sectional quantitative study was carried out with 200
adolescents aged 13-18 years using validated instruments Connor-Davidson Resilience Scale, Digital Health Literacy
Instrument and Kessler Psychological Distress Scale. Adolescents in high-integration settings had a mean Emotional Resilience
Index of 74.3, compared to 52.4 for adolescents in low-integration settings, and there was a 42% reduction of anxiety
indicators among high and medium preventive education exposure groups. Technological preventive education has a great
positive impact on the emotional resilience of adolescents when integrated into healthcare services and should be adopted
on a system-wide level.

Keywords: pediatric healthcare integration, adolescent emotional resilience, technology-driven preventive
education, digital health literacy, mental health promotion, school-based intervention, help-seeking behavior.

1. Introduction

Adolescence is a time of heightened neurobiological vulnerability where emotional regulation ability, coping mechanisms and
psychological resilience are continuously ingrained by the effects of developmental experiences within the context of the family,
school and healthcare environment. Untreated emotional health issues are common during this time, with global rates of
occurrence ranging in the low to high 50s across the population of adolescents and young people that have mental health issues,
and fewer than one in five being treated timely and appropriately. Structural inequities, such as under-resourcing, the geographic
clustering of services, and ongoing stigma, increase the narrow range of opportunities for adolescents to access prevention and
early-intervention health services in low- and middle-income countries.

Many current paediatric health care systems are reactive, biomedical, with a focus on the management of acute illness issues
rather than promoting developmental health and wellbeing, and with emotional health education for prevention being
underrepresented in the routine experience of children's healthcare. Past research in school-based mental health programs has
shown some efficacy in boosting emotional regulation and help-seeking for students; these are often not well clinically integrated
and have little capacity to identify adolescents at risk or to connect care with the student. Digital health interventions for
adolescent mental health have delivered early results of high engagement but have been delivered at a level below the formal
health care system, limiting clinical impact and sustainability.

One set of problems with all of the above is the lack of a single framework that integrates technology-based preventive education
into the broader scope of integrated pediatric health care delivery in order to combine the potential and reach of digital education
with the clinical credibility and capacity for coordination of formal health services. This study fills this gap by examining a combined
model where technology-supported preventive education is integrated into the school affiliated and clinic-based health care
system. The goal is to assess the effects of this integrated approach on emotional resilience of adolescents, digital health literacy,
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and help-seeking. The framework is a model that can be replicated at scale‘in :é‘pedi,atric setting, based on evidence an
policy-relevant evidence to strengthen adolescent mental health promotion in a Hea]f;h system.. =

2. LITERATURE REVIEW

Emotional resilience has been extensively studied as a protective factor buffering the effects of developmental adversity on
subsequent psychological outcomes, and strong evidence exists that greater emotional resilience is linked to decreased
prevalence of internalizing disorder, increased academic functioning, and increased availability of more adaptive peer relationship
quality [1], [4], [9]. Theoretically, resilience is not a fixed and defined characteristic, but a dynamic process determined by proximal
processes acting across several levels of the family, educational, and healthcare systems that can be structured in interventions
at various points of the developmental process [6]. Transformational pediatric healthcare models that centralize behavioral health
screening, family engagement, and education in the community under a single, coordinated service delivery framework have
successfully increased early identification of at-risk adolescents and shortened time to intervention in a variety of healthcare
settings [3], [5], [8], [12].

School-based integration programs that connect the resources of the school clinic with health education curricula in the classroom
have demonstrated higher rates of help-seeking, and studies of the coordinated school-clinic referral processes have documented
increases of adolescent access to available mental health support services ranging from 35-48% from clinic to class-based
programs [13]. In the adolescent context, technology-mediated health education interventions have yielded reliable results in
comparison to traditional didactic methods: In this group, the perceived level of engagement in emotional regulation skill-building
exercises was significantly higher with technology-mediated intervention and psychoeducational content retention was reported
to be 35-50% higher [2], [7], [10]. Randomized controlled trials involving adolescents aged 13—18 years have found that mobile
app-based treatments that utilize cognitive behavioral principles, gamified resilience training, and peer-based psychoeducation
are statistically significant for lower anxiety and depression symptom scores, and have effect sizes similar to those of brief, face-
to-face interventions in primary care settings [9], [11], [14]. However, a key flaw is the lack of a systematic evaluation considering
technology-supported preventive education as a single intervention framework, and how this is combined with the integration of
healthcare services: the synergic effect on adolescent emotional resilience has not been empirically characterised.

3. THEORETICAL FRAMEWORK

The two theoretical frameworks that support this study are the complementary frameworks of Bioecological Model of Human
Development which was put forth by Bronfenbrenner and the Health Belief Model. These frameworks offer a multi-level
explanation of the relationships between integrated healthcare services and technology-based education and how these
relationships affect adolescent emotional resilience, as diagrammed in Figure 1.

SOCIAL COGNITIVE THEORY HEALTH BELIEF MODEL
{Bronfenbrenner) (Janz & Becker, 1984)

TECHNOLOGY-DRIVEN PREVENTIVE EDUCATION

Rl s

[ INTEGRATED PEDIATRIC HEALTHCARE & J

Emotional Dignal Health Help-Secking Family & Peer Healthcare
Regulation Literacy Behavior Support Access &
Capacity Development Activation Utilization

e T

ADOLESCENT EMOTIONAL RESILIENCE
(Primary Outcome — ERI Score)

Figure 1: Theoretical Framework Model

The framework illustrates two core theories that come together to support the construct of Integrated Pediatric Healthcare and
Technology-Driven Preventive Education, which illuminates five subsequent outcome pathways: Emotional Regulation Capacity,
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Health Literacy Development, Help-Seeking Behavior, Family and Peer Support Activation, and Healthcare Access and Uti
All of these pathways contribute to this primary outcome: Adolescent Emotional Resilience:The Bioecological Model suggests—
that the process of adolescent development is influenced by systems of interconnected factors at multiple levels, incIudiﬁg the
individual, the family, the school, the community, and the society. For the purposes of this study, integrated pediatric health
services function at the mesosystem level between microsystem influences of family and school and larger health system
structures. Technology-based prevention education is a proximal process in this ecosystem that facilitates regular, organized
interactions between adolescents and proven emotional health information in various developmental contexts at once.

The Health Belief Model aims to explain the involvement of adolescents in preventive health care service, health risk perception,
perceived benefits from preventive health service, and diminished barriers to service use. Technology-based education helps this
process along with access to stigma free health information, self-paced learning, and easily accessible information. The combined
effect of the Bioecological Model and the Health Belief Model indicates that integrated pediatric healthcare and technology-based
preventive education can be provided at a multi-level approach involving individual, family, school, healthcare and community to
best promote emotional resilience in adolescents.

4. METHODOLOGY

4.1 Research Design

The current study utilized a quantitative cross sectional research design to explore the relationship between adolescents'
integrated pediatric healthcare service exposure, technology-based preventive education participation and emotional resilience
outcomes. The cross-sectional methodology was chosen due to the fact that a cross section could be used to examine associations
across a defined population at a single point in time and because it was a method which was deemed to be practically feasible
within the school and clinic based research setting. Quantitative tools allowed to globally measure the emotional resilience scores,
indicators of healthcare integration and exposure to digital education, which can then be statistically compared between the
different groups of exposure and demographic.

4.2 Sample Design

Adolescents aged from 13 to 18 years old were enrolled into the study from the urban and semi-urban schools and the affiliated
pediatric outpatient clinics as shown in Table 1. To achieve balanced sampling according to age and in terms of gender and
location, stratified random sampling was used. People who met the following criteria were eligible for participation: secondary
school enrollment, enrollment at a pediatric healthcare provider that participated in the study, and informed assent. To ensure
sample homogeneity, those having a documented neurological condition and those with severe psychiatric disorders for which
specialized care was needed were excluded.

Table 1: Sample Characteristics

Category Sample Size (n) | Age Range Setting
School-enrolled adolescents 140 13-18 years | Urban and semi-urban schools
Clinic-registered adolescents | 60 13-18 years | Pediatric outpatient clinics
Participating schools 6 institutions — Urban and semi-urban areas
Participating clinics 3 facilities — Mixed socioeconomic catchment
Total 200 13-18 years | Integrated school—clinic setting

The number of participants (n = 200) was considered sufficient to detect moderate to strong correlations with a statistical power
of 0.85 for the primary outcome variables at a = 0.05.

4.3 Data Collection Methods
Data were gathered using validated self-report instruments and structured health care record review as specified, in Table 2. The

instruments were filled in supervised situation in health sessions at school and in appointments with the pediatric clinic during a
six week data-collection period.

Table 2: Data Collection Methods
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Method Instrument/Tool . \Variables Measured

Self-report Connor—Davidson Resilience Scale (CD-RISC- ~ — -
. . “._ Emotionalresilience score. =
Questionnaire 25) <
Self- t - ) N :
Quistif::;ire Digital Health Literacy Instrument (DHLI) Digital health literacy level
Self-report

Questionnaire General Help-Seeking Questionnaire (GHSQ) Help-seeking behavior and intention

Technology-driven preventive education

Structured Survey Preventive Education Exposure Index (PEEI) L
participation

Healthcare Record
Review
Self-report Scale Kessler Psychological Distress Scale (K10) Emotional distress and psychological symptoms

Pediatric Care Integration Checklist (PCIC) Healthcare service integration level

4.4 Statistical Analysis and Conceptual Model

Integrated Pediatric Healthcare Services Technology-Driven Preventive Education
(PCIC Score)

Emotional
Regulation
Skill (ERS)

Moderating Factors
(Pareatal Involvement - Provider Engsgement - Digital Acoess)

ADOLESCENT EMOTIONAL RESILIENCE
ERI = gq + £;(PCIC) + B(PEEI) + §,(DHL) + ¢

Figure 2. Conceptual Model Linking Integrated Pediatric Healthcare and Technology-Driven Preventive Education to
Adolescent Emotional Resilience

The conceptual model shown in Figure 2 posits that the primary outcome of adolescent emotional resilience is reached by way of
two independent pathways—integrated pediatric healthcare services and digital health literacy and help-seeking behavioral
intention—and five mediating factors—emotional regulation skill acquisition, digital health literacy, help-seeking behavioral
intention, family engagement activation, and healthcare utilization frequency. The standardized aggregation formula used to
quantify the Emotional Resilience Index (ERI) based on the composites of the instruments was as follows:

ERI = (w; - CD — RISC) + (w, - DHLI) + (w3 - GHSQ) — (w, - K10) (1)

where ERI is the composite Emotional Resilience Index for each participant, CD-RISC is the Connor-Davidson Resilience Scale score
with scores being transformed to a 0-1 scale, DHLI is the Digital Health Literacy Instrument score with scores being transformed
to a 0-1 scale, GHSQ is the General Help-Seeking Questionnaire score with scores being transformed to a 0-1 scale, w; is the
factor loading from preliminary pilot analysis for the ERI score (value is 0.40), w, is the factor loading from preliminary pilot
analysis for the CD-RISC score (value is 0.25), w; is the factor loading from preliminary pilot analysis for the DHLI score (value is
0.20), and w, is the factor loading from preliminary pilot analysis for the GHSQ score (value is 0.15). To determine bivariate
relationships among continuous variables, Pearson product-moment correlation was carried out with:

_ I - -7)
VX = X)2(Y - 1)?

(2)

where r is the Pearson correlation coefficient ranging from -1 to +1, X represents the independent variable observation for each
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participant (healthcare integration score or preventive education expos’ure_'i‘ndex), Y represents the dependent v
observation (emotional resilience score or distress index), X and ¥ denote the respective sample means, and the denominator-
provides normalization through the product of standard deviations of X and Y. Positive'values of r indicate a direct proportional
relationship, while negative values indicate an inverse relationship between the paired variables. Multiple linear regression was
employed to model the combined predictive influence of integrated healthcare exposure and-technology-driven education on
emotional resilience, using:

ERI = By + B1(PCIC) + B,(PEEI) + B3 (DHLI) + B,(Age) + Bs(Gender) + ¢ (3)

where ERI is the composite Emotional Resilience Index which forms the dependent variable, Bo is the regression coefficient
representing the baseline value of ERI when all the regressors are equal to zero, B, is the regression coefficient for the Pediatric
Care Integration Checklist score representing the contribution of healthcare service integration to the outcome, (3, is the
regression coefficient for the Preventive Education Exposure Index score representing the contribution of technology-driven
education participation to the outcome, ff; is the regression coefficient for the Digital Health Literacy Instrument score
representing the contribution of digital health literacy to the outcome, S, and 55 are the regression coefficients for the
demographic covariates age and gender, respectively, included as control variables, and € is the residual error term representing
unexplained variation in the outcome. All analyses were done with the SPSS version 26.0 and a statistical significance was
considered p < 0.05.

4.5 Ethical Considerations and Limitations

Before collecting data, institutional ethical approval was obtained. Written informed consent was obtained from
parents/guardians and individual assent was obtained from all adolescents after goals of the study were explained and the right
to withdrawal without consequences was explained. All data were anonymised at collection and stored in password protected
databases and healthcare record confidentiality was maintained throughout. Despite these precautions, there are four
methodological limitations to this study: (1) the cross sectional design does not allow for the determination of causality; (2) self-
reported instruments may have a response bias on emotionally sensitive items; (3) there is a potential for variability in the
education programs included in the study catchment area because of the convenience sampling, which may limit the
generalizability beyond the study catchment; (4) the education program quality as part of the information technology (IT) may
not be adequately controlled, and could lead to a distribution of program quality across the participating institutions that is not
uniform.

5. RESULTS AND DISCUSSION

5.1 Emotional Resilience Outcomes by Healthcare Integration Level

Table 3: Emotional Resilience Scores by Level of Integrated Healthcare Service Exposure

Healthcare Integration Level | n | Mean ERIScore | SD | Distress Score (K10 Mean) | Help-Seeking Rate (%)

Low Integration 58 52.4 8.1 24.6 31%
Moderate Integration 79 63.7 7.3 19.2 54%
High Integration 63 743 6.8 13.8 76%

There is a clear dose-response relationship between the level of integrated healthcare services exposure experienced during
childhood and adolescent emotional resilience outcomes as shown on Table 3. Adolescents in low-integration environments had
significantly lower ERI scores than those in high-integration environments (21.9 points lower on average), and significantly lower
scores on psychological distress measures, and markedly higher rates of active help-seeking. The results suggested that the
comprehensiveness of the healthcare integration, in terms of its structure, is an important factor in explaining the capacity to be
resilient among adolescents.
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Figure 3: Emotional Resilience Index (ERI) Scores Across Low, Moderate, and High Healthcare Integration Levels

The three outcome variables, mean ERI score, psychological distress score (on an inverted scale) and help-seeking rate are plotted
against three levels of healthcare integration as shown in the figure 3. The overall trend is increasing scores from low to high

integration, evidenced in all three outcome variables, and in the transition between moderate and high levels of integration.

5.2 Impact of Technology-Driven Preventive Education Participation

Table 4: Outcomes by Technology-Driven Preventive Education Exposure

Education Digital Health Emotional Regulation | Reduction in Anxiety Peer Support
Exposure Level Literacy Score (%) Skill Score (%) Indicators (%) Utilization (%)

No Exposure 38% 34% — 29%

Low Exposure 51% 47% 12% 41%
Moderate 67% 63% 27% 58%
Exposure

High Exposure 84% 79% 42% 74%

The results displayed in Table 4 suggest a positive, predicable trend that the more students participated in technology-based
preventive education, the higher their scores were on each indicator of resilience. The scores of digital health literacy and anxiety
indicators were significantly higher in high exposure adolescents and their use of peer support was significantly higher than for
those who were not exposed to digital devices. The findings support the effectiveness of a technology-mediated, structured, and
evidence-based approach to preventing emotional problems, resulting in measurable and clinically significant increases in the
skills that contribute to emotional resilience.
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Figure 4: Dose-Response Relationship Between Technology-Driven Preventive Education Exposure Level and Key Resilience

Outcomes
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In figure 4, four upward trends are shown representing the digital health IiteraEV;emoﬁb‘r’ial regulation skill, anxiety reduction;-
and peer support utilization, respectively, across four exposure levels of education, ranging from no exposure to high exposure.
Three of the outcome trajectories show a consistent increase with higher education exposure levels, with most improvements

between low and moderate levels of exposure.

5.3 Moderating Factors Influencing Outcomes

Table 5: Moderating Factors and Their Influence on Adolescent Emotional Resilience Outcomes

Moderating Factor Influence on ERI Influence on Help- Influence on Distress
& (%) Seeking (%) Reduction (%)
Parental Involvement in Health 829% 799% 749%
Education
Healthcare Prowd.er Engagement 77% 71% 6%
Quality
Digital Platform Accessibility 73% 65% 63%
School Counselor Coordination 69% 74% 61%
Socioeconomic Status 58% 52% 55%

At the top of the moderating factors list in each of the three outcome domains of resilience, Table 5 shows that parental
involvement in health education was closely followed by the quality of engagement of the healthcare provider. Digital platform
accessibility exhibited high levels of influence, and was a key factor in ensuring the benefits of preventive education programs can
be realized, indicating that access to technology-based tools is a prerequisite in ensuring their accessibility. School counselor
coordination showed a high influence in connection to adolescents' help-seeking behavior, making it clear that key in-school
relationships are crucial for enabling in-school engagement with support resources.
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Figure 5: Relative Influence Levels of Moderating Factors Across Three Outcome Domains

The figure 5 shows horizontal bars along each of three grouped columns of outcomes for each moderating factor. Parental
involvement appears in the top tier across all sectors, and SES appears in the bottom tier with significant, yet modest, effects,
suggesting that factors of structural equity remain important across all care settings, including technology-enabled integrated
care.

5.4 Correlation Analysis Results
Table 6. Pearson Correlation Matrix of Study Variables

Variable ERI Score PCIC Score PEEI Score DHLI Score K10 Score
ERI Score 1.00 0.71** 0.68** 0.64** -0.73**
PCIC Score 0.71** 1.00 0.59** 0.52%** -0.61**
PEEI Score 0.68** 0.59%* 1.00 0.66** -0.57**
DHLI Score 0.64** 0.52** 0.66** 1.00 -0.53**
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Kl0Score | -0.73** | -061** | -057** | D=0.53**

The correlations were all statistically significant (** p < 0.01, two-tailed). Table 6 shows_high positive correlation between the
scores of emotional resilience and healthcare integration (r = 0.71) as well as between the scores of emotional resilience and
preventive education exposure (r = 0.68) and negative correlation between the scores of emotional resilience and psychological
distress (r = -0.73). All correlations were statistically significant at the 0.01 level, thereby verifying the hypothesized integrated
service delivery, technology driven education, and resilience outcomes that were systematically studied.

5.5 REGRESSION ANALYSIS RESULTS

Table 7: Multiple Linear Regression Analysis Predicting Emotional Resilience Index (ERI)

Predictor Variable | B Coefficient | Standard Error | t-value | p-value | 95% Confidence Interval
Intercept (Bo) 18.42 3.21 5.74 <0.001 [12.08, 24.76]
PCIC Score (1) 0.63 0.09 7.00 <0.001 [0.45,0.81]
PEEI Score (£2) 0.57 0.10 5.70 <0.001 [0.37,0.77]
DHLI Score (B3) 0.44 0.11 4.00 <0.001 [0.22, 0.66]
Age (B4) 0.31 0.14 2.21 0.028 [0.03,0.59]
Gender (fs) 1.18 0.82 1.44 0.152 [-0.44, 2.80]

R? = 0.74, Adjusted R? = 0.73, F(5, 194) = 110.46, p < 0.001. The overall model fit was good (R? = 0.74) for the regression model.
The Pediatric Care Integration Checklist score (B, =0.63, p < 0.001) and Preventive Education Exposure Index (B, =0.57, p < 0.001)
were the two strongest independent predictors of emotional resilience, supporting the finding both the structural integration of
care for children and children's exposure to technology-based education contribute independently to emotional resilience
outcomes. Educational exposure was also shown to have significant predictive value for digital health literacy (s = 0.44, p < 0.001),
indicating that this competency to access digital health information acts as a mediator between educational exposure and
resilience capacity. The benefits of the integrated healthcare and preventive education programs were found to be equally
distributed among the males and females adolescent youth participants as gender did not reach statistical significance (p = 0.152).

5.6 Discussion

The results reinforce a positive effect of integrating pediatric health care services to provide technology-based preventive
education, on adolescent emotional resilience. The ERI scores increased in a dose-response fashion according to level of
integration in health care, with the highest-integration settings scoring 21.9 points higher compared with their low-integration
counterparts. Anxiety indicators decreased 42% with high exposure of preventive education and effect sizes were similar to
controlled digital mental health trials. Healthcare integration (B = 0.63) and exposure to preventive education (B = 0.57) were
found to be independent significant predictors of resilience, accounting for 74% of the outcome variance. Parent involvement
was the most consistent moderaor, in line with the BED approach to development. These findings indicate that technology-based
preventive education can be a powerful agent of resilience outcomes rather than merely a supplemental resource, as it is
integrated into pediatric services.These findings demonstrate that technology-based preventive education can be an effective
driver of resilience outcomes when incorporating the preventive education into the overall context of pediatric services.

6. CONCLUSION AND FUTURE SCOPE

This study proves the effect of integrated pediatrics services with the use of technology-related health education in building
adolescent emotional resilience. High level integration resulted in a mean ERI of 74.3 compared to 52.4 in low level integration,
and high level of exposure to preventive education resulted in a 42% decrease in anxiety indicators and an 84% increase in digital
health literacy attainment. Healthcare integration (B = 0.63) and preventive education exposure (B = 0. 57) were both independent
significant predictors, accounting for 74% of the variance in ERI. Parental involvement and provider engagement were the
strongest moderating factors, strongly indicating that “relational factors” of integrated care are very important, in addition to
digital infrastructure factors. The results confirm the suggestion that the use of position technology as a tool for preventive
education could be incorporated into the system of pediatric care in a structurally embedded and clinically validated way, as a
component of the comprehensive care, not as an option. Longitudinal cohort studies are needed to confirm causality, comparisons
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between interventions for digital education across the various forms, and cross-cultural climacteric comparisons to the int

prevention frameworks across the various environments of health systems. The investigation-of systems for adapting resilience-
message content in real time, using Al, is a direction of particular interest for next-generation integrated pediatric healthcare

systems.
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