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1. Abstract:
Artificial Intelligence (AI) is transforming how health and well-being are understood, monitored, and improved, particularly among young people. Teenagers today face rising challenges linked to sedentary lifestyles, social media pressures, and mental health issues such as anxiety and depression. Physical inactivity contributes significantly to these problems, leading to both physical and psychological consequences. As technology becomes an integral part of daily life, AI presents an opportunity to promote healthier lifestyles and improve emotional resilience among youth.
This research aims to leverage Artificial Intelligence to enhance physical fitness and mental well-being among teenagers. It focuses on developing and evaluating a unified AI-driven framework that analyses behavioural, physiological, and emotional patterns to identify early signs of mental health concerns. The project intends to demonstrate how AI can be used not only for prediction but also for prevention, encouraging healthier habits and mental balance through personalised insights.
The study adopts a mixed-methods, data-driven approach using open and simulated datasets from sources such as the NHS and Kaggle. These datasets will include variables like physical activity levels, sleep duration, heart rate, and mood-related indicators. Machine Learning models such as Random Forest, XGBoost, and Neural Networks will analyse behavioural trends, while Natural Language Processing (NLP) models like BERT (Bidirectional Encoder Representations from Transformers) and DistilBERT will interpret emotional cues from text. Explainable AI (XAI) tools such as SHAP and LIME will ensure transparency, fairness, and ethical accountability in predictions.
It is anticipated that the proposed AI framework will achieve a predictive accuracy of around 80–85%, effectively identifying early mental health risks and key lifestyle factors influencing well-being. The project will produce a prototype dashboard capable of visualising data patterns and recommending personalised actions. Ultimately, the study seeks to demonstrate how AI can be ethically and effectively harnessed to promote youth fitness and mental wellness, contributing to digital health innovation in the UK context.

2. Introduction:
2.1 Context and Background:
Adolescents today face significant challenges linked to lifestyle and mental health. The WHO reports that most teenagers do not engage in the recommended 60 minutes of daily physical activity, contributing to long-term health risks [1]. In parallel, adolescent mental health problems are escalating, with nearly one in five youths experiencing depression, anxiety, or related disorders [2]. The COVID-19 pandemic has further amplified these issues, increasing sedentary behaviour and digital dependency [9].
Research consistently highlights the protective role of physical activity. Exercise improves cardiovascular health, reduces depressive symptoms, and enhances social connections [3]. However, traditional interventions fail to engage adolescents, as they lack customisation and sustained motivation strategies [9]. This is where AI can provide a transformative solution.
AI technologies already demonstrate success in fitness promotion and mental health support. Wearables such as Fitbit and Apple Watch use AI to adapt daily goals based on user behaviour [11]. Fitness apps employ gamification to drive engagement, creating digital communities that encourage participation [14][15]. Meanwhile, AI-driven chatbots deliver affordable and accessible mental health support, providing real-time mood tracking and therapy exercises [5][12].
Despite these innovations, most studies focus on either physical fitness or mental health. Integrated approaches remain rare. Existing research by Gaffney and Mansell [8] shows that AI-assisted social therapy can support youth mental health, while the Board of Innovation [7] highlights AI’s role in personalised health and community engagement. Yet, a critical research gap persists: the lack of comprehensive solutions that simultaneously target adolescent fitness and mental well-being.
This study seeks to fill that gap. By combining multi-modal data (fitness, sleep, HR, text sentiment), employing machine learning and NLP, and incorporating gamification strategies, this research aims to develop an AI-supported framework to improve adolescent fitness while preventing mental health issues. This aligns with NHS digital health priorities and UK policy goals of improving adolescent well-being [18][19].
2.2 Research Problem:
As much as there is a growing use of AI in medicine and fitness, little is known about its impact on the health of teenagers. As much as chatbots for mental health and fitness apps are becoming widespread, their effectiveness, reliability, and ethics are unexplored territories. The main research issue is the following question:
1. How can AI-driven models identify and predict patterns linking fitness behaviours and mental health in teenagers?
2. What AI techniques can effectively integrate physiological and emotional data to enhance predictive accuracy?
3. How can explainability and ethical transparency be ensured in AI-based wellness systems?
These have been addressed in this research, which examined how AI-based interventions can be streamlined to maximise youth health with no mental illnesses.
2.3 Study Aim & Objectives:
Aim:
· To develop and evaluate an Artificial Intelligence framework that promotes physical fitness and supports mental well-being among teenagers through data-driven insights and predictive analytics.
Objectives:
1. Analyse the relationship between physical activity and mental health among teenagers using open and simulated datasets.
2. Design and implement AI-based predictive models that integrate fitness and behavioural data to detect early signs of mental health concerns.
3. Evaluate and validate the proposed framework’s effectiveness, interpretability, and ethical implications in promoting youth wellness.
2.4 Significance of the Study:
This research is of ultimate utility in so many various ways:
1. Happiness and Health: AI technology really can make the teenager's mind solely focused on health and psychology, which could be built up and lost in a manner to render them disease-proof and mental disease-proof.
2. Tech and Innovation: To know why it is possible could only lead to more innovation of healthier, more natural health programs.
3. Policy Implications: The research findings can be applied to guide policy on the safe and effective application of AI-based health interventions in schools and public health interventions.
4. Ethical Concerns: With issues of data privacy, algorithmic bias, and disinformation problems, the study can be applied to inform the development of standards for safe and proper applications of AI to health interventions among young people.
3. Literature Review:
3.1 Physical Activity and Mental Health in Adolescents:
Physical inactivity contributes to both physical illnesses and psychological stress in young people. Penedo and Dahn [3] demonstrated that exercise enhances mood, reduces anxiety, and builds emotional resilience. The WHO’s global data suggests that active adolescents exhibit fewer mental health symptoms than sedentary peers [1]. News Medical [9] reinforces that consistent exercise reduces the risk of developing anxiety or depression by improving brain function and social integration.
3.2 AI in Fitness Promotion:
AI-driven fitness technologies use data from wearables, mobile apps, and smart devices to personalise exercise plans. Islam et al. [11] revealed that AI-enabled exercise prescriptions lead to higher adherence and performance improvements. Gamification elements such as badges, competitions, and leaderboards enhance motivation, particularly in youth [13][14][15].
3.3 AI in Mental Health Support:
AI-powered chatbots and cognitive-behavioural therapy (CBT) systems have been shown to reduce depressive symptoms and anxiety levels in adolescents [5][12]. Fulmer et al. [5] demonstrated that AI-enabled mental health applications improved coping skills among young users, while Torous et al. [10] showed their effectiveness in monitoring stress among university students. However, ethical issues concerning privacy, bias, and consent persist [6][26].
3.4 Integrated AI Interventions:
Few studies have combined AI for both fitness and mental health. Gaffney and Mansell [8] showed that AI-assisted online social therapy improved youth engagement, and the Board of Innovation [7] identified the rise of holistic, AI-powered wellness ecosystems. Yet, no unified model currently exists for adolescents.
3.5 Key Contributions and Research Gaps:
Existing research typically isolates physical and mental health. Few studies have explored an AI framework that integrates both, particularly for adolescents [12]. This study contributes by developing and validating a predictive model that combines physiological and emotional data, offering a unified solution for early intervention and wellness promotion.
3.6 Theoretical Frameworks:
· Social Cognitive Theory (SCT): Explains how behavioural, cognitive, and environmental factors influence technology adoption and health behaviour change. SCT is foundational for understanding how adolescents engage with AI-driven interventions.
· Technology Acceptance Model (TAM): Focuses on perceived usefulness and ease of use as determinants of technology adoption. TAM and its extensions (e.g., UTAUT) provide frameworks to assess user acceptance of AI tools in healthcare.
3.7 Technical Frameworks:
The project applies a multi-modal AI framework that fuses structured data (e.g., fitness metrics) with unstructured data (e.g., text sentiment). Machine Learning identifies correlations in numerical data, while NLP models interpret language patterns linked to mood. Explainable AI (SHAP, LIME) ensures interpretability, transparency, and accountability of predictions [11].

3.8  Bridging Literature to the Proposed Model:
The literature informs the creation of a multi-layered AI framework that merges behavioural and physiological signals for adolescent well-being. This framework aligns with UK NHS digital health strategies promoting early intervention through technology [19].
4. Research Design and Methodology:

	4.1 Overview:

The study adopts a mixed-method, data-driven approach using both open and simulated datasets from sources such as the NHS and Kaggle. The main goal is to design, develop, and evaluate an AI-based predictive model that integrates physical activity, sleep, and emotional data to enhance physical fitness and mental well-being among teenagers.
To achieve this aim, the proposed framework is structured into five systematic steps, combining machine learning, natural language processing (NLP), and explainable AI (XAI) techniques to ensure both analytical precision and interpretability.

	4.2 Research Design:

This is an applied, experimental design that develops, tests, and evaluates AI-based predictive models for teenage health. The study will be conducted in four stages:

1. Data acquisition and preprocessing.
2. Model development and integration.
3. Evaluation and explainability testing.
4. Validation and reporting.

	4.3 Datasets and Data Collection:

	Data will be sourced from:

Relevant data will be gathered from open sources, including NHS mental health and fitness-related datasets, and supplemented with simulated data that mimics wearable device inputs such as step count, sleep duration, and heart rate. Text-based data (e.g., journal-style reflections) will also be generated to simulate emotional states. All data will be anonymised in accordance with GDPR requirements.

	4.4 Data Preprocessing and Preparation:

The collected datasets will undergo cleaning, normalisation, and feature selection. For structured data, Min–Max normalisation and KNN imputation will handle missing or inconsistent entries. For unstructured textual data, tokenisation, stopword removal, lemmatisation, and BERT (Bidirectional Encoder Representations from Transformers) embeddings will be applied. This step ensures that all datasets are consistent, high-quality, and suitable for AI model training.

	4.5 Model Development:

This phase focuses on designing and developing the predictive AI model.

· Machine Learning Models such as Random Forest, XGBoost, and Neural Networks will be used to identify correlations between fitness variables (activity, sleep, heart rate) and mental well-being indicators.
 
· Natural Language Processing Models (BERT (Bidirectional Encoder Representations from Transformers), DistilBERT) will analyse emotional and sentiment patterns from text.

· Multi-Modal Fusion: The outputs of both ML and NLP models will be combined to form a single predictive framework capable of identifying early mental health risks through physical and emotional indicators.

	4.6 Implementation Tools and Environment:

Python (TensorFlow, Scikit-learn, PyTorch), Jupyter Notebooks, and Power BI for visualisation.

	4.7 Ethical Standards and Data Privacy:

All data will be anonymised and stored securely in compliance with UK GDPR. Ethical approval has been granted by the university. The research does not provide medical diagnoses but focuses on predictive insights to support awareness and prevention.

	4.8 Evaluation and Explainability:

The performance of the proposed framework will be evaluated using Accuracy, Precision, Recall, F1-Score, and ROC-AUC. To ensure interpretability and transparency, Explainable AI (XAI) tools such as SHAP and LIME will be used to visualise feature importance and identify the most influential behavioural indicators. Expert feedback from AI and psychology specialists will be sought to validate findings and ensure ethical alignment.

4.9 Validation and Prototype Implementation:

Finally, the validated model will be used to build a lightweight dashboard prototype for visualising predictions and generating personalised recommendations. This tool will demonstrate how AI can inform youth fitness programs and mental health awareness strategies in educational or healthcare environments.

5. Expected Outcomes

The project is expected to produce an AI-based predictive framework capable of analysing behavioural and physiological data to identify early signs of mental health risks among teenagers. Through the integration of physical activity and emotional data, the model will deliver meaningful insights into how lifestyle patterns affect overall well-being.

A prototype dashboard will be developed to visualise these insights, allowing educators, parents, and healthcare professionals to make informed decisions regarding intervention and prevention strategies. The model’s accuracy is anticipated to range between 80–85%, validated against benchmark datasets and expert review.

On a personal and professional level, this research will strengthen the researcher’s ability to manage complex data systems, apply machine learning and NLP algorithms, and interpret AI-driven findings responsibly. It will also enhance analytical reasoning, independent project management, and ethical decision-making skills that are essential for working within advanced data and AI environments.

Ultimately, this research will contribute both to academic understanding and practical applications, offering evidence of how AI can responsibly promote youth fitness and mental health within the framework of the UK’s digital health innovation strategy.

6. Resources and Timeline:
5.1 Resources:
	Type
	Description

	Software
		



	Python, TensorFlow, PyTorch, Power BI




	Hardware
	High-performance GPU-enabled computer

	Data
	NHS & Kaggle datasets, simulated wearable data

	Support
	Supervisor feedback, university research tools


	


5.2 Potential Risks and Mitigation Plans:
Throughout the project, potential challenges may emerge, such as data access issues, ethical and privacy concerns, time restrictions, and technical barriers. To manage these, all data will be anonymised and handled in accordance with GDPR and institutional ethical standards, safeguarding participant safety and confidentiality. If dataset access becomes constrained, simulated or alternative open data sources will be utilised. To avoid delays, the researcher will adhere to a structured timeline with specific weekly goals and ongoing progress monitoring. Technical obstacles, like limited computing capacity, will be addressed by leveraging high-performance university resources or simplifying the model architecture if needed.
	5.3 Gantt Chart:
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Figure 1: Research Timeline Representation
The 12-week research plan (9 October 2025 – 6 January 2026) outlines each stage of the project. The initial weeks focus on reviewing literature and collecting data related to youth fitness and mental health. The mid-phase involves developing and testing AI models such as Random Forest, XGBoost, and BERT. The final stage includes analysis, evaluation using SHAP and LIME, report writing, and submission. This schedule ensures systematic progress toward achieving the project’s aim and objectives.
7. Conclusion
This study proposes an integrated, AI-driven approach to addressing youth physical inactivity and mental health challenges. By combining fitness tracking, NLP-based emotional analysis, and explainable AI, it seeks to build a transparent and engaging system for adolescent well-being. The project’s unique contribution lies in its holistic integration of physical and psychological data, promoting evidence-based health policies. Anticipated findings will enhance understanding of AI’s role in digital health innovation and provide scalable, ethical solutions for UK adolescents.
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