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Objective: The objective of this study was to employ explainable artificial 

intelligence to identify and quantify the most influential protective family factors 

associated with reduced risk of adolescent substance abuse among adolescents. 

Methods and Materials: This study adopted a cross-sectional predictive-analytic 

design involving 684 adolescent–caregiver dyads recruited from public schools, 

community youth centers, and family health clinics across Michigan. Adolescents 

aged 13–18 years and their primary caregivers completed a comprehensive battery 

of validated psychosocial assessments measuring substance use behaviors, parental 

monitoring, emotional warmth, family cohesion, quality of communication, 

parental norms against substance use, conflict resolution skills, and household 

stability. Data were analyzed using advanced supervised machine learning 

algorithms, with gradient boosting selected as the optimal model based on 

performance indices. Explainable artificial intelligence techniques, including 

SHAP analysis, were applied to interpret model outputs and identify the relative 

contribution and interaction of protective family factors. 

Findings: The final model demonstrated high predictive accuracy (AUC = 0.93; 

F1-score = 0.87), indicating strong discriminative ability in identifying adolescents 

at reduced risk of substance abuse. Parental monitoring emerged as the most 

influential protective factor, followed by emotional warmth, quality of parent–

adolescent communication, family cohesion, and parental norms against substance 

use. Significant interaction effects were observed, particularly between parental 

monitoring and emotional warmth, yielding a 34.6% reduction in predicted 

substance abuse risk. Nonlinear patterns revealed threshold effects whereby 

moderate improvements in core family processes produced substantial decreases in 

risk probability. 

Conclusion: The findings demonstrate that explainable artificial intelligence 

provides powerful and interpretable insights into the complex family mechanisms 

protecting adolescents from substance abuse.  
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1. Introduction 

dolescent substance abuse remains one of the most 

persistent and complex public health challenges 

worldwide, with profound consequences for physical health, 

psychological development, academic achievement, and 

long-term social functioning. Global and regional 

epidemiological data continue to demonstrate alarming 

levels of early initiation and escalating patterns of alcohol, 

tobacco, cannabis, and emerging substance use among youth 

populations, cutting across socioeconomic, cultural, and 

geographic boundaries (Gentzke et al., 2022; Montero‐

Zamora et al., 2025; Nath et al., 2022; Rajamani et al., 2024). 

Contemporary research indicates that adolescence represents 

a uniquely vulnerable developmental window during which 

neurobiological maturation, identity formation, and social 

role transitions interact with environmental exposures to 

shape enduring behavioral trajectories (Layman et al., 2022; 

Merrin et al., 2024; Pelham et al., 2021). The transition from 

early adolescence into young adulthood is particularly 

critical, as patterns of substance use initiated during this 

period often persist and intensify over time, increasing the 

risk of dependence, comorbid mental health disorders, and 

adverse life outcomes (Merrin et al., 2024; Rogers et al., 

2024). 

Recent global disruptions, including the COVID-19 

pandemic, have further complicated the developmental 

landscape of adolescents by altering family dynamics, peer 

interactions, educational structures, and access to 

substances, thereby intensifying existing vulnerabilities 

(Hoots et al., 2023; Jackson et al., 2021; Layman et al., 2022; 

Soest et al., 2022; Þórisdóttir et al., 2021). Evidence from 

multiple longitudinal and cross-sectional investigations 

suggests that while some adolescents experienced temporary 

reductions in substance availability during pandemic 

restrictions, others displayed heightened use as a coping 

response to stress, social isolation, and emotional 

dysregulation (Hoots et al., 2023; Jackson et al., 2021; 

Pelham et al., 2021). These findings reinforce the urgent 

need for robust, developmentally informed prevention 

strategies capable of addressing the multi-level determinants 

of adolescent substance use in a rapidly changing social 

context. 

Extensive scholarship has identified a broad constellation 

of individual, peer, school, community, and societal risk 

factors associated with adolescent substance abuse. These 

include impulsivity, deficient inhibitory control, sensation 

seeking, academic disengagement, neighborhood 

disadvantage, peer deviance, and exposure to community 

violence (Crabtree et al., 2023; Lee & Santiago, 2021; 

Scholes‐Balog et al., 2020; Suarez et al., 2024). 

Concurrently, the literature has increasingly emphasized the 

importance of protective factors that buffer youth from these 

risks and promote resilience even under adverse conditions 

(Kristjánsson et al., 2022; Nawi et al., 2021). Among these 

protective influences, the family system consistently 

emerges as one of the most powerful and modifiable 

contexts shaping adolescent behavioral development. 

Family-level protective factors encompass a wide array 

of structural, relational, emotional, and normative processes, 

including parental monitoring, family warmth, emotional 

support, quality of parent–adolescent communication, 

consistent discipline, clear substance-related norms, 

household stability, and effective conflict resolution 

(Agwogie & Kliewer, 2024; Nawi et al., 2021; Okine & 

Unger, 2024; Ruiz et al., 2020; Swaim et al., 2025). These 

mechanisms operate through multiple developmental 

pathways by shaping adolescents’ cognitive appraisals of 

risk, emotional regulation capacities, social learning 

processes, and behavioral self-control. Empirical studies 

across diverse cultural contexts consistently demonstrate 

that adolescents embedded in supportive, cohesive, and 

well-regulated family environments exhibit substantially 

lower rates of alcohol, tobacco, and illicit substance use 

(Agwogie & Kliewer, 2024; Brincks et al., 2023; Okine & 

Unger, 2024; Swaim et al., 2025). 

Parental monitoring has been repeatedly identified as a 

cornerstone protective factor, exerting both direct and 

indirect effects on adolescent substance use by limiting 

opportunities for risk exposure and reinforcing pro-social 

behavioral norms (Halvorson et al., 2024; Szoko et al., 

2021). Emotional warmth and perceived family support 

further enhance adolescents’ resilience by fostering secure 

attachment relationships, promoting adaptive coping 

strategies, and reducing the salience of deviant peer 

influence (Mereish et al., 2023; Swaim et al., 2025). High-

quality parent–adolescent communication, particularly open 

discussions regarding substance use expectations and 

consequences, strengthens adolescents’ internalization of 

parental norms and enhances their capacity to resist peer 

pressure (Cox et al., 2021; Ruiz et al., 2020). In contrast, 

family environments characterized by inconsistent 

supervision, parental substance misuse, high conflict, and 

emotional disengagement markedly elevate youth 

vulnerability to early initiation and escalation of substance 

use (Brincks et al., 2023; McGovern et al., 2023). 

A 
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Beyond the immediate family unit, broader social and 

ecological contexts interact with family processes to shape 

adolescent outcomes. Community engagement and 

structured extracurricular involvement, such as volunteering 

and cooperative learning environments, provide additional 

layers of protection by reinforcing social bonds, enhancing 

self-efficacy, and reducing unstructured time associated with 

substance use risk (Fire et al., 2023; Ryzin et al., 2022). 

Conversely, cumulative exposure to neighborhood 

disadvantage, unsafe environments, and social 

marginalization undermines family protective capacities and 

increases the likelihood of substance initiation (Crabtree et 

al., 2023; Lee & Santiago, 2021). Importantly, these effects 

are often magnified among marginalized populations, 

including ethnic minorities and sexual and gender minority 

youth, for whom family support serves as a critical buffer 

against intersectional stressors (Mereish et al., 2023; Okine 

& Unger, 2024). 

While the empirical literature has made substantial 

progress in identifying individual protective factors, much of 

this work relies on traditional statistical models that impose 

linear assumptions and struggle to capture the complex, 

nonlinear, and interactive processes underlying adolescent 

substance use behavior. Developmental systems theory and 

contemporary resilience frameworks emphasize that risk and 

protection operate through dynamic, multilevel interactions 

that evolve over time and differ across individuals 

(Kristjánsson et al., 2022). However, conventional analytic 

approaches often lack the capacity to model such 

complexity, thereby limiting their practical utility for 

individualized prevention and intervention design. 

Recent advances in artificial intelligence and machine 

learning offer transformative opportunities to overcome 

these limitations. Machine learning models can integrate 

large numbers of heterogeneous predictors, uncover 

nonlinear patterns, and generate highly accurate risk 

predictions across diverse populations. Yet, the widespread 

adoption of these models in clinical and public health 

settings has been constrained by their “black box” nature, 

which obscures the underlying decision processes and 

undermines trust, interpretability, and ethical accountability. 

Explainable artificial intelligence (XAI) has emerged as a 

critical methodological innovation designed to reconcile 

predictive power with transparency by providing human-

interpretable explanations of model outputs. 

XAI techniques such as SHAP (Shapley Additive 

Explanations) allow researchers and practitioners to quantify 

the relative contribution of each predictor, identify 

interaction effects, and visualize how changes in specific 

factors influence predicted outcomes across individuals and 

populations. In the context of adolescent substance abuse, 

XAI holds exceptional promise for disentangling the 

intricate web of protective and risk mechanisms operating 

within family systems and their broader social 

environments. By revealing which family factors exert the 

strongest protective influence, under what conditions, and 

for whom, XAI enables the development of precision-

focused prevention strategies that can be tailored to the 

unique needs of different adolescent subgroups. 

Despite the growing recognition of the value of XAI, its 

application within the field of adolescent substance use 

prevention remains remarkably limited. Existing studies 

predominantly focus on prevalence estimation, risk factor 

identification, and program evaluation using conventional 

regression-based methods (Halvorson et al., 2024; Le, 2023; 

Villanueva‐Blasco et al., 2025). While these approaches 

provide valuable population-level insights, they often fail to 

capture the complex interdependencies between family 

processes, individual characteristics, and contextual 

influences that shape adolescent behavior. Furthermore, few 

studies have systematically integrated family protective 

factors into machine learning frameworks capable of 

producing interpretable and actionable knowledge for 

clinicians, educators, and policymakers. 

Emerging evidence underscores the urgent need for such 

integrative approaches. Recent systematic reviews highlight 

substantial heterogeneity in the effects of family-based 

interventions, suggesting that their success depends on 

precise alignment between intervention components and the 

specific protective mechanisms operating within each family 

system (Nawi et al., 2021; Villanueva‐Blasco et al., 2025). 

Without sophisticated analytic tools capable of isolating 

these mechanisms, prevention efforts risk remaining 

inefficient, overly generic, and insufficiently responsive to 

the diverse developmental realities of contemporary 

adolescents. 

The present study addresses this critical gap by applying 

explainable artificial intelligence to the identification of 

protective family factors against adolescent substance abuse 

within a large, demographically diverse sample of 

adolescents and caregivers in Michigan. By integrating 

advanced machine learning with rigorous psychosocial 

assessment, this research seeks to illuminate the relative 

importance, interaction patterns, and nonlinear effects of key 

family processes, including parental monitoring, emotional 

warmth, communication quality, family cohesion, 
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substance-related norms, conflict resolution skills, and 

household stability. Moreover, by embedding these analyses 

within a broader ecological framework that accounts for 

peer, school, and community influences, the study advances 

a comprehensive understanding of adolescent substance use 

risk and resilience. 

Through this approach, the study contributes to both 

theoretical and practical domains. Theoretically, it extends 

developmental and resilience models by providing 

empirically grounded, system-level insights into how 

protective family mechanisms function across diverse 

adolescent contexts. Practically, it offers a foundation for 

precision prevention strategies that can enhance the 

effectiveness of family-based interventions, optimize 

resource allocation, and support evidence-informed policy 

development. 

The aim of this study was to employ explainable artificial 

intelligence to identify and quantify the most influential 

protective family factors that reduce the risk of adolescent 

substance abuse in a representative sample of adolescents in 

Michigan. 

2. Methods 

2.1. Study Design and Participants 

This study employed a cross-sectional, predictive-

analytic design integrating quantitative psychosocial 

assessment with explainable artificial intelligence modeling 

to identify protective family factors associated with reduced 

risk of adolescent substance abuse. The target population 

consisted of adolescents aged 13 to 18 years and their 

primary caregivers residing in the state of Michigan, United 

States. Participants were recruited from public middle 

schools, high schools, community youth centers, and 

outpatient family health clinics located in urban, suburban, 

and rural regions of the state to ensure demographic and 

socioeconomic diversity. Following cooperation agreements 

with participating institutions, recruitment was conducted 

using informational sessions, digital announcements 

distributed through school communication systems, and 

direct outreach by trained research coordinators. Inclusion 

criteria required that adolescents be enrolled in school, 

reside with at least one caregiver for a minimum of the 

preceding twelve months, and have no diagnosed 

neurodevelopmental disorder or severe psychiatric condition 

that could impair reliable self-reporting. After screening, a 

total sample of 684 adolescent–caregiver dyads was 

enrolled. Written informed consent was obtained from 

caregivers and written assent from adolescents prior to 

participation. The final sample demonstrated broad 

representation across gender, ethnicity, household income, 

parental education levels, and geographic regions of 

Michigan, thereby strengthening the generalizability of the 

findings. 

2.2. Measures 

Data were collected using a multi-informant, multi-

dimensional assessment protocol administered in secure 

school and clinic settings under the supervision of trained 

psychologists. Adolescent substance use behaviors were 

measured using a standardized substance involvement 

inventory assessing lifetime use, frequency of use over the 

past six months, and perceived access to substances. 

Protective family factors were operationalized through 

validated instruments capturing family cohesion, parental 

monitoring, emotional warmth, quality of communication, 

conflict resolution style, parental substance-related norms, 

perceived family support, and family adaptability. 

Adolescents completed self-report measures assessing peer 

pressure resistance, emotional regulation, and perceived 

family connectedness, while caregivers completed parallel 

forms assessing parenting practices, household stability, and 

stress management strategies. Additional contextual 

variables, including socioeconomic status, neighborhood 

safety, academic engagement, and exposure to community 

prevention programs, were also recorded. All instruments 

demonstrated strong internal consistency in the present 

sample, with reliability coefficients exceeding accepted 

psychometric thresholds. Data collection was conducted 

using encrypted digital tablets to minimize entry error, and 

automatic consistency checks were embedded within the 

assessment platform. 

2.3. Data Analysis 

The analytical framework combined conventional 

statistical preprocessing with advanced machine learning 

and explainable AI techniques. Initially, data were cleaned 

and standardized, with missing values addressed using 

multiple imputation methods and outliers examined through 

robust diagnostics. Descriptive analyses characterized the 

sample, followed by correlation analyses to explore 

preliminary associations between family factors and 

substance use outcomes. For predictive modeling, the 

dataset was randomly partitioned into training and testing 

subsets using an 80–20 split while preserving class 
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distributions. Several supervised learning algorithms were 

evaluated, including gradient boosting, random forest, and 

support vector machines, with hyperparameter optimization 

conducted through cross-validated grid search procedures. 

Model performance was assessed using accuracy, F1-score, 

and area under the receiver operating characteristic curve. 

The best-performing model was then subjected to 

explainability analysis using SHAP (Shapley Additive 

Explanations) and partial dependence techniques to quantify 

the contribution, direction, and interaction of each family 

factor in predicting reduced substance abuse risk. These 

explainable outputs enabled the identification of core 

protective mechanisms, such as parental monitoring 

intensity, emotional support consistency, and 

communication transparency, while also revealing nonlinear 

relationships and threshold effects. All analyses were 

conducted using Python-based machine learning libraries 

within a secure computing environment. The integration of 

explainable AI allowed the study not only to achieve high 

predictive accuracy but also to generate clinically 

interpretable knowledge directly applicable to family-based 

prevention and intervention strategies. 

3. Findings and Results 

Table 1 presents the demographic and baseline 

psychosocial characteristics of the adolescent–caregiver 

dyads included in the study. This table establishes the 

representativeness and diversity of the sample while 

providing a foundation for interpreting subsequent 

predictive and explanatory findings. 

Table 1 

Demographic and Psychosocial Characteristics of Participants (N = 684) 

Variable Category n % 

Adolescent Gender Male 332 48.5  

Female 352 51.5 

Age Group 13–14 years 219 32.0  

15–16 years 241 35.2  

17–18 years 224 32.8 

Ethnicity White 372 54.4  

African American 176 25.7  

Hispanic 89 13.0  

Other 47 6.9 

Household Income Low 238 34.8  

Middle 287 42.0  

High 159 23.2 

Prior Substance Use (Past 6 Months) Yes 261 38.2  

No 423 61.8 
 

As shown in Table 1, the sample demonstrates balanced 

gender distribution and substantial variation across age, 

ethnicity, and socioeconomic levels. Over one-third of 

adolescents reported some level of substance use during the 

previous six months, highlighting the relevance of 

investigating protective family mechanisms within this 

population. 

Table 2 reports the performance metrics of the machine 

learning models evaluated in this study to identify the 

optimal predictive framework for adolescent substance 

abuse risk. 

Table 2 

Predictive Performance of Machine Learning Models 

Model Accuracy F1-Score AUC 

Random Forest 0.86 0.84 0.90 

Gradient Boosting 0.89 0.87 0.93 

Support Vector Machine 0.82 0.80 0.88 
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The gradient boosting model demonstrated the highest 

predictive performance across all indices, achieving an 

accuracy of 0.89 and an AUC of 0.93, and was therefore 

selected for subsequent explainability analyses. 

Table 3 displays the SHAP-based ranking of protective 

family factors according to their relative contribution to 

reducing adolescent substance abuse risk. 

Table 3 

Relative Importance of Protective Family Factors 

Protective Factor Mean SHAP Value Rank 

Parental Monitoring 0.42 1 

Emotional Warmth 0.37 2 

Quality of Communication 0.33 3 

Family Cohesion 0.29 4 

Parental Norms Against Use 0.26 5 

Conflict Resolution Skills 0.21 6 

Household Stability 0.18 7 

 

Parental monitoring emerged as the strongest protective 

factor, followed closely by emotional warmth and quality of 

communication, indicating that both behavioral regulation 

and emotional bonding play central roles in buffering 

adolescents from substance-related risk. 

Table 4 

Interaction Effects Between Family Protective Factors 

Factor Interaction Risk Reduction (%) 

Monitoring × Emotional Warmth 34.6 

Communication × Family Cohesion 29.8 

Parental Norms × Household Stability 24.2 

Monitoring × Conflict Resolution 21.5 

 

The combined effect of parental monitoring and 

emotional warmth produced the greatest reduction in 

substance abuse risk, emphasizing the synergistic nature of 

structural supervision and emotional support within family 

systems. 

Figure 1 

SHAP Explainability Profile of Protective Family Factors 
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Figure 1 illustrates the SHAP-based explainability 

profile, revealing nonlinear relationships between protective 

factors and predicted substance abuse risk. Increases in 

parental monitoring and emotional warmth produced the 

steepest declines in risk probability, while improvements in 

family cohesion and communication demonstrated 

cumulative buffering effects across the developmental range 

of adolescence. These visual patterns confirm that protective 

family mechanisms operate both independently and 

interactively to reduce adolescent vulnerability to substance 

abuse. 

4. Discussion and Conclusion 

The present study employed explainable artificial 

intelligence to identify and interpret the most influential 

protective family factors associated with reduced risk of 

adolescent substance abuse among youth in Michigan. The 

findings provide compelling evidence that family-level 

processes exert profound and multifaceted protective effects, 

and that these effects operate through nonlinear, interactive 

pathways that conventional analytic methods often fail to 

capture. Consistent with the model outputs, parental 

monitoring emerged as the single strongest protective factor, 

followed closely by emotional warmth, quality of parent–

adolescent communication, family cohesion, parental 

substance-related norms, conflict resolution skills, and 

household stability. These findings not only confirm the 

centrality of family processes in adolescent development but 

also illuminate how specific mechanisms combine to shape 

behavioral trajectories in adolescence. 

The dominant role of parental monitoring identified in 

this study aligns strongly with previous research 

demonstrating that consistent supervision, awareness of 

adolescents’ activities, and clear behavioral expectations 

significantly reduce substance use initiation and escalation 

(Halvorson et al., 2024; Szoko et al., 2021). Parental 

monitoring limits adolescents’ exposure to high-risk 

environments and peer networks while reinforcing 

accountability and self-regulatory behavior. This protective 

function is particularly salient during early and middle 

adolescence, when executive functioning and impulse 

control remain under development (Suarez et al., 2024). The 

explainable AI models further revealed that parental 

monitoring operates most effectively when paired with high 

levels of emotional warmth, highlighting the importance of 

balancing structure with support—a pattern echoed in family 

systems research (Agwogie & Kliewer, 2024; Swaim et al., 

2025). 

Emotional warmth and perceived family support were 

identified as the second most influential protective factors, 

exerting both direct and moderating effects on adolescent 

substance use risk. Adolescents who perceive their families 

as emotionally supportive demonstrate stronger 

psychological resilience, more adaptive coping strategies, 

and reduced reliance on substances as a means of emotional 

regulation (Mereish et al., 2023; Soest et al., 2022). This 

protective influence is especially critical for youth facing 

intersecting stressors related to identity, discrimination, or 

socioeconomic disadvantage, where family support 

functions as a vital buffer against maladaptive behaviors 

(Mereish et al., 2023; Okine & Unger, 2024). The nonlinear 

relationships detected by the XAI model suggest threshold 

effects whereby incremental improvements in emotional 

warmth produce disproportionately large reductions in 

substance use risk once a certain level of support is achieved, 

reinforcing the importance of cultivating emotionally 

responsive family environments. 

Quality of parent–adolescent communication ranked as 

the third most impactful protective factor. Open, consistent, 

and bidirectional communication facilitates adolescents’ 

internalization of family norms regarding substance use and 

enhances their capacity to resist peer pressure (Cox et al., 

2021; Ruiz et al., 2020). The present findings corroborate 

narrative-based evidence from Latinx youth indicating that 

adolescents who engage in meaningful discussions with 

caregivers about substance use risks exhibit significantly 

lower rates of alcohol and tobacco use (Ruiz et al., 2020). 

Importantly, the XAI analysis demonstrated that 

communication quality interacts synergistically with family 

cohesion, amplifying protective effects when both are 

strong—a pattern consistent with developmental models of 

family functioning (Agwogie & Kliewer, 2024; Swaim et al., 

2025). 

Family cohesion and parental norms against substance 

use further contributed to risk reduction, emphasizing the 

importance of shared values, emotional bonding, and 

consistent expectations within the family system. These 

findings align with evidence from diverse cultural contexts 

showing that adolescents embedded in cohesive family 

environments with clear behavioral norms are significantly 

less likely to engage in substance use (Agwogie & Kliewer, 

2024; Nawi et al., 2021; Swaim et al., 2025). Moreover, 

parental modeling of healthy behavior plays a critical role; 

parental substance misuse has been shown to substantially 
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increase adolescents’ risk of alcohol and drug use, while 

abstinent or low-use parental behavior reinforces protective 

norms (Brincks et al., 2023; McGovern et al., 2023). The 

present study’s findings underscore the necessity of 

addressing parental behavior as part of comprehensive 

family-based prevention strategies. 

Conflict resolution skills and household stability, though 

ranked lower in individual importance, exhibited strong 

interaction effects with core protective factors such as 

monitoring and emotional warmth. Families characterized 

by effective conflict management provide adolescents with 

adaptive problem-solving models and emotional security, 

reducing the likelihood that youth will seek maladaptive 

coping through substance use (Nawi et al., 2021). Household 

stability, including consistent routines and predictable 

caregiving structures, further supports adolescents’ 

psychological well-being and behavioral regulation 

(Kristjánsson et al., 2022; Lee & Santiago, 2021). These 

findings reinforce the ecological perspective that adolescent 

substance use risk is shaped by cumulative exposures across 

multiple family and environmental domains. 

The broader social ecology of adolescents also plays a 

critical role in shaping these family processes. Community 

engagement and structured extracurricular activities, such as 

volunteering and cooperative learning environments, were 

shown in prior studies to strengthen family protective 

mechanisms by fostering pro-social identity development 

and reducing unstructured time associated with risk behavior 

(Fire et al., 2023; Ryzin et al., 2022). Conversely, 

neighborhood disadvantage, unsafe environments, and 

cumulative social adversity undermine family functioning 

and increase vulnerability to substance use (Crabtree et al., 

2023; Lee & Santiago, 2021). The present study’s results, 

interpreted within this ecological framework, highlight the 

necessity of multilevel prevention strategies that support 

families while simultaneously strengthening community and 

school systems. 

Importantly, the explainable AI framework employed in 

this study revealed complex nonlinear dynamics and 

interaction effects that traditional analytic approaches often 

obscure. For example, improvements in parental monitoring 

produced diminishing returns beyond a certain point unless 

accompanied by high emotional warmth, illustrating the 

necessity of integrated family processes rather than isolated 

interventions. Such insights have profound implications for 

the design of prevention programs, suggesting that maximal 

impact is achieved when interventions simultaneously 

strengthen multiple, interconnected family mechanisms. 

These findings are particularly salient in light of recent 

shifts in adolescent substance use patterns following the 

COVID-19 pandemic. Disruptions to family routines, 

increased parental stress, social isolation, and changes in 

peer networks have reshaped the developmental 

environment for adolescents (Hoots et al., 2023; Jackson et 

al., 2021; Layman et al., 2022; Þórisdóttir et al., 2021). The 

present results suggest that reinforcing family protective 

factors may be especially critical during periods of societal 

instability, when external support systems are compromised 

and adolescents rely more heavily on family resources for 

emotional and behavioral regulation. 

Furthermore, the study contributes to a growing body of 

evidence emphasizing the importance of culturally 

responsive and contextually sensitive prevention strategies. 

Variations in substance use prevalence and risk exposure 

across ethnic, socioeconomic, and geographic groups 

underscore the need for adaptive interventions that reflect 

the lived realities of diverse adolescents (Gentzke et al., 

2022; Montero‐Zamora et al., 2025; Rajamani et al., 2024). 

By identifying the specific family mechanisms most strongly 

associated with reduced risk, the present study provides a 

foundation for tailoring prevention efforts to the unique 

strengths and challenges of different communities. 

Finally, the integration of explainable artificial 

intelligence represents a significant methodological 

advancement for the field of adolescent substance use 

prevention. By combining high predictive accuracy with 

transparent interpretability, XAI enables researchers, 

clinicians, and policymakers to move beyond static risk 

models toward dynamic, individualized prevention 

frameworks. Such approaches hold exceptional promise for 

enhancing the effectiveness, efficiency, and equity of 

family-based interventions, ultimately contributing to 

healthier developmental trajectories for adolescents across 

diverse contexts. 

5. Suggestions and Limitations 

Despite the strengths of the present study, several 

limitations should be acknowledged. The cross-sectional 

design limits causal inference, and the reliance on self-report 

measures may introduce reporting bias. Although the sample 

was demographically diverse, the findings may not fully 

generalize to adolescents in other cultural or geographic 

contexts. Additionally, while the explainable AI framework 

provides valuable interpretive insights, it does not capture 
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the full complexity of developmental processes unfolding 

over time. 

Future studies should employ longitudinal designs to 

examine how protective family factors evolve across 

developmental stages and how their influence on substance 

use risk changes over time. Incorporating biological 

markers, ecological momentary assessment, and multi-

source data would further enhance model precision. 

Expanding XAI applications across different cultural 

settings and intervention contexts would also strengthen the 

generalizability and practical utility of these findings. 

Practitioners should prioritize family-centered prevention 

strategies that simultaneously enhance parental monitoring, 

emotional warmth, communication quality, and household 

stability. Prevention programs should adopt flexible, data-

driven approaches that adapt to the unique needs of each 

family system. Integrating explainable AI tools into 

community health and school-based services may facilitate 

early identification of high-risk youth and enable timely, 

personalized intervention. 

Authors’ Contributions 

All authors have contributed significantly to the research 

process and the development of the manuscript. 

Declaration 

In order to correct and improve the academic writing of 

our paper, we have used the language model ChatGPT. 

Transparency Statement 

Data are available for research purposes upon reasonable 

request to the corresponding author. 

Acknowledgments 

We would like to express our gratitude to all individuals 

helped us to do the project. 

Declaration of Interest 

The authors report no conflict of interest. 

Funding 

This research was carried out independently with 

personal funding and without the financial support of any 

governmental or private institution or organization. 

Ethical Considerations 

The study protocol adhered to the principles outlined in 

the Helsinki Declaration, which provides guidelines for 

ethical research involving human participants. 

References 

Agwogie, M. O., & Kliewer, W. (2024). Parenting and Other 

Potential Protective Factors Associated With Polysubstance 

Use Among Public School Students in Lagos, Nigeria. 

International journal of psychology, 59(3), 432-440. 

https://doi.org/10.1002/ijop.13122  

Brincks, A. M., Perrino, T., Estrada, Y., & Prado, G. (2023). 

Preventing Alcohol Use Among Hispanic Adolescents 

Through a Family-Based Intervention: The Role of Parent 

Alcohol Misuse. Journal of Family Psychology, 37(1), 105-

109. https://doi.org/10.1037/fam0001038  

Cox, R. B., Washburn, I. J., Croff, J. M., & Ringwalt, C. L. (2021). 

Parental School‐Involvement and Substance Use? A Novel 

Family‐Based Prevention Strategy for Latino Youth. Family 

Relations, 70(4), 1178-1189. 

https://doi.org/10.1111/fare.12533  

Crabtree, M. A., Emery, N. N., Stanley, L. R., Prince, M. A., & 

Swaim, R. C. (2023). Intersecting Sex and American Indian 

Identity Moderates School and Individual Correlates of Binge 

Drinking Among Reservation-Area Adolescents. Journal of 

Psychopathology and Clinical Science, 132(5), 555-566. 

https://doi.org/10.1037/abn0000817  

Fire, G., Barak, S., Shlomi, H., Tirtzha, C., Ben-Meir, L., Giladi, 

A., Harel‐Fisch, Y., & Tesler, R. (2023). After School: 

Volunteering in Community Emergency Services and 

Substance Use Among Israeli Adolescents. Psychology in the 

Schools, 60(7), 2579-2591. https://doi.org/10.1002/pits.22878  

Gentzke, A. S., Wang, T. W., Cornelius, M. E., Park‐Lee, E., Ren, 

C., Sawdey, M. D., Cullen, K. A., Loretan, C., Jamal, A., & 

Homa, D. M. (2022). Tobacco Product Use and Associated 

Factors Among Middle and High School Students — National 

Youth Tobacco Survey, United States, 2021. MMWR 

Surveillance Summaries, 71(5), 1-29. 

https://doi.org/10.15585/mmwr.ss7105a1  

Halvorson, M. A., Epstein, M., Caouette, J. D., Danzo, S., Satchell, 

A. K., Oesterle, S., & Kuklinski, M. R. (2024). General and 

Specific Risk and Protective Factors for Cigarette and 

Electronic Nicotine Delivery System (ENDS) Use. Prevention 

Science, 25(8), 1298-1309. https://doi.org/10.1007/s11121-

024-01752-0  

Hoots, B. E., Li, J., Hertz, M., Esser, M. B., Rico, A., Zavala, E., & 

Jones, C. M. (2023). Alcohol and Other Substance Use Before 

and During the COVID-19 Pandemic Among High School 

Students — Youth Risk Behavior Survey, United States, 2021. 

MMWR supplements, 72(1), 84-92. 

https://doi.org/10.15585/mmwr.su7201a10  

Jackson, K. M., Merrill, J. E., Stevens, A. K., Hayes, K. L., & 

White, H. R. (2021). Changes in Alcohol Use and Drinking 

Context Due to the COVID‐19 Pandemic: A Multimethod 

Study of College Student Drinkers. Alcoholism Clinical and 

Experimental Research, 45(4), 752-764. 

https://doi.org/10.1111/acer.14574  

Kristjánsson, Á. L., Santilli, A. M., Mills, R., Layman, H. M., 

Smith, M. L., Mann, M. J., MacKillop, J., James, J. E., Lilly, 

C., & Kogan, S. M. (2022). Risk and Resilience Pathways, 

Community Adversity, Decision-Making, and Alcohol Use 

Among Appalachian Adolescents: Protocol for the 

https://portal.issn.org/resource/ISSN/3041-8798
https://doi.org/10.1002/ijop.13122
https://doi.org/10.1037/fam0001038
https://doi.org/10.1111/fare.12533
https://doi.org/10.1037/abn0000817
https://doi.org/10.1002/pits.22878
https://doi.org/10.15585/mmwr.ss7105a1
https://doi.org/10.1007/s11121-024-01752-0
https://doi.org/10.1007/s11121-024-01752-0
https://doi.org/10.15585/mmwr.su7201a10
https://doi.org/10.1111/acer.14574


 Collins & Anderson                                                                                                                                          Applied Family Therapy Journal 6:6 (2025) 1-10 

 

 10 
E-ISSN: 3041-8798 

Longitudinal Young Mountaineer Health Study Cohort. Jmir 

Research Protocols, 11(8), e40451. 

https://doi.org/10.2196/40451  

Layman, H. M., Þórisdóttir, I. E., Halldorsdottir, T., Sigfúsdóttir, I. 

D., Allegrante, J. P., & Kristjánsson, Á. L. (2022). Substance 

Use Among Youth During the COVID-19 Pandemic: A 

Systematic Review. Current psychiatry reports, 24(6), 307-

324. https://doi.org/10.1007/s11920-022-01338-z  

Le, T. T. T. (2023). Key Risk Factors Associated With Electronic 

Nicotine Delivery Systems Use Among Adolescents. JAMA 

Network Open, 6(10), e2337101. 

https://doi.org/10.1001/jamanetworkopen.2023.37101  

Lee, E., & Santiago, A. M. (2021). Cumulative Exposure to 

Neighborhood Conditions and Substance Use Initiation 

Among Low-Income Latinx and African American 

Adolescents. International journal of environmental research 

and public health, 18(20), 10831. 

https://doi.org/10.3390/ijerph182010831  

McGovern, R., Bogowicz, P., Meader, N., Kaner, E., Alderson, H., 

Craig, D., Geijer‐Simpson, E., Jackson, K., Muir, C., Salonen, 

D., Smart, D., & Newham, J. (2023). The Association 

Between Maternal and Paternal Substance Use and Child 

Substance Use, Internalizing and Externalizing Problems: A 

Systematic Review and Meta‐analysis. Addiction, 118(5), 

804-818. https://doi.org/10.1111/add.16127  

Mereish, E. H., Fish, J. N., & Watson, R. J. (2023). Intersectional 

Minority Stress and Alcohol, Tobacco, and Cannabis Use 

Among Sexual and Gender Minority Adolescents of Color: 

Moderating Role of Family Support. LGBT Health, 10(1), 18-

25. https://doi.org/10.1089/lgbt.2021.0430  

Merrin, G. J., Bailey, J. A., Kelly, A. B., Le, V. T., Heerde, J. A., 

Doery, E., Batmaz, E. A., & Toumbourou, J. W. (2024). 

Continuity and Change in Substance Use Patterns During the 

Transition From Adolescence to Young Adulthood: 

Examining Changes in Social Roles. International journal of 

mental health and addiction, 23(6), 4155-4177. 

https://doi.org/10.1007/s11469-024-01342-9  

Montero‐Zamora, P., López-Soto, A., Cordoba, J., & Ramirez, E. 

(2025). Adolescent Substance Use in Costa Rica: Findings 

From a National Survey Among Secondary School Students. 

Frontiers in Public Health, 13. 

https://doi.org/10.3389/fpubh.2025.1655355  

Nath, A., Choudhari, S. G., Dakhode, S. U., Rannaware, A., & 

Gaidhane, A. (2022). Substance Abuse Amongst Adolescents: 

An Issue of Public Health Significance. Cureus. 

https://doi.org/10.7759/cureus.31193  

Nawi, A. M., İsmail, R., Ibrahim, F., Hassan, M. R., Manaf, M. R. 

A., Amit, N., Ibrahim, N., & Shafurdin, N. S. (2021). Risk and 

Protective Factors of Drug Abuse Among Adolescents: A 

Systematic Review. BMC public health, 21(1). 

https://doi.org/10.1186/s12889-021-11906-2  

Okine, L., & Unger, J. B. (2024). Substance Use Among Latinx 

Youth: The Roles of Sociocultural Influences, Family Factors, 

and Childhood Adversity. Journal of Research on 

Adolescence, 34(4), 1562-1572. 

https://doi.org/10.1111/jora.13025  

Pelham, W. E., Tapert, S. F., Gonzalez, M. R., McCabe, C., 

Lisdahl, K. M., Alzueta, E., Baker, F. C., Breslin, F. J., Dick, 

A. S., Dowling, G. J., Guillaumé, M., Hoffman, E. A., 

Marshall, A. T., McCandliss, B. D., Sheth, C., Sowell, E. R., 

Thompson, W. K., Rinsveld, A. V., Wade, N. E., & Brown, S. 

A. (2021). Early Adolescent Substance Use Before and During 

the COVID-19 Pandemic: A Longitudinal Survey in the 

ABCD Study Cohort. Journal of Adolescent Health, 69(3), 

390-397. https://doi.org/10.1016/j.jadohealth.2021.06.015  

Rajamani, J. B., Reshmi, Y. S., Pricilla, R. A., Prasad, J., & Baskar, 

M. (2024). Prevalence of Substance Use Among Adolescents 

Residing in Urban Slums of Vellore: A Cross-Sectional Study. 

Journal of Family Medicine and Primary Care, 13(11), 4831-

4836. https://doi.org/10.4103/jfmpc.jfmpc_420_24  

Rogers, A. H., Palermo, T. M., Groenewald, C. B., & Murray, C. 

B. (2024). Adolescent Predictors of Substance Use in Young 

Adulthood Among Individuals With Childhood‐onset Chronic 

Pain: A follow‐up Study. European Journal of Pain, 29(2). 

https://doi.org/10.1002/ejp.4724  

Ruiz, Y., Taylor, Z., & Cavin, R. (2020). Parent-Adolescent 

Communication as a Protective Factor Against Adolescent 

Alcohol and Tobacco Use: Reported Narratives From Youth 

From Latinx Farmworker Families. Journal of Adolescent 

Research, 36(4), 315-341. 

https://doi.org/10.1177/0743558420906084  

Ryzin, M. J. V., Cil, G., & Roseth, C. J. (2022). Costs and Benefits 

of Cooperative Learning as a Universal School‐based 

Approach to Adolescent Substance Use Prevention. Journal 

of Community Psychology, 51(1), 438-452. 

https://doi.org/10.1002/jcop.22916  

Scholes‐Balog, K. E., Hemphill, S. A., Heerde, J. A., Toumbourou, 

J. W., & Patton, G. (2020). Childhood Social Environmental 

and Behavioural Predictors of Early Adolescent Onset 

Cannabis Use. Drug and Alcohol Review, 39(4), 384-393. 

https://doi.org/10.1111/dar.13077  

Soest, T. v., Kozák, M., Rodríguez‐Cano, R., Fluit, S., Cortés‐

García, L., Ulset, V., Haghish, E. F., & Bakken, A. (2022). 

Adolescents’ Psychosocial Well-Being One Year After the 

Outbreak of the COVID-19 Pandemic in Norway. Nature 

Human Behaviour, 6(2), 217-228. 

https://doi.org/10.1038/s41562-021-01255-w  

Suarez, G. L., Shaw, D. S., Wilson, M. N., Lemery‐Chalfant, K., & 

Hyde, L. W. (2024). Inhibitory Control in Late Childhood as 

a Predictor of Antisocial Behavior in Adolescence and the 

Role of Social Context. Prevention Science, 26(4), 568-581. 

https://doi.org/10.1007/s11121-024-01754-y  

Swaim, R. C., Crabtree, M. A., & Egli, M. (2025). A Structural 

Equation Model Test of Affect, Family Warmth, and 

Substance Use Among American Indian Reservation-Based 

Adolescents. Psychology of Addictive Behaviors, 39(4), 345-

353. https://doi.org/10.1037/adb0001068  

Szoko, N., Ragavan, M. I., Khetarpal, S. K., Chu, K. H., & Culyba, 

A. J. (2021). Protective Factors Against Vaping and Other 

Tobacco Use. Pediatrics, 148(2). 

https://doi.org/10.1542/peds.2020-048066  

Þórisdóttir, I. E., Ásgeirsdóttir, B. B., Kristjánsson, Á. L., 

Valdimarsdóttir, H., Tolgyes, E. M. J., Sigfússon, J., 

Allegrante, J. P., Sigfúsdóttir, I. D., & Halldorsdottir, T. 

(2021). Depressive Symptoms, Mental Wellbeing, and 

Substance Use Among Adolescents Before and During the 

COVID-19 Pandemic in Iceland: A Longitudinal, Population-

Based Study. The Lancet Psychiatry, 8(8), 663-672. 

https://doi.org/10.1016/s2215-0366(21)00156-5  

Villanueva‐Blasco, V. J., Belda-Ferri, L., & Vázquez‐Martínez, A. 

(2025). A Systematic Review on Risk Factors and Reasons for 

E-Cigarette Use in Adolescents. Tobacco Induced Diseases, 

23(January), 1-25. https://doi.org/10.18332/tid/196679  

 

https://portal.issn.org/resource/ISSN/3041-8798
https://doi.org/10.2196/40451
https://doi.org/10.1007/s11920-022-01338-z
https://doi.org/10.1001/jamanetworkopen.2023.37101
https://doi.org/10.3390/ijerph182010831
https://doi.org/10.1111/add.16127
https://doi.org/10.1089/lgbt.2021.0430
https://doi.org/10.1007/s11469-024-01342-9
https://doi.org/10.3389/fpubh.2025.1655355
https://doi.org/10.7759/cureus.31193
https://doi.org/10.1186/s12889-021-11906-2
https://doi.org/10.1111/jora.13025
https://doi.org/10.1016/j.jadohealth.2021.06.015
https://doi.org/10.4103/jfmpc.jfmpc_420_24
https://doi.org/10.1002/ejp.4724
https://doi.org/10.1177/0743558420906084
https://doi.org/10.1002/jcop.22916
https://doi.org/10.1111/dar.13077
https://doi.org/10.1038/s41562-021-01255-w
https://doi.org/10.1007/s11121-024-01754-y
https://doi.org/10.1037/adb0001068
https://doi.org/10.1542/peds.2020-048066
https://doi.org/10.1016/s2215-0366(21)00156-5
https://doi.org/10.18332/tid/196679

