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Abstract: This study focuses on the development and evaluation of an AI-based digital therapeutic prototype 

for adolescent mental health management and disaster response. The system integrates real-time monitoring, 

AI-driven conversation analysis, personalized psychological treatment programs, and multimodal data 

analysis. An algorithm was developed to detect gaslighting and verbal abuse using a BERT-based classification 

model, achieving 85% accuracy in gaslighting detection and 87% accuracy in verbal abuse detection. 

Additionally, a disaster psychological recovery support module was included, which demonstrated a 30% 

improvement in users' stress reduction rates in simulated disaster scenarios. The results of this study suggest 

that such digital therapeutic approaches can significantly contribute to early intervention in adolescent mental 

health issues and provide effective support during disasters. The developed prototype demonstrates the 

potential of AI and digital technology to innovate mental health management and disaster response strategies. 

Keywords: digital therapeutics; adolescent mental health; AI-based intervention; disaster response; 

multi-modal data analysis 

 

1. Introduction 

With the advancement of digital technology and the widespread use of smartphones, 

adolescents' online activities have increased, leading to the emergence of psychological violence in 

digital environments, particularly gaslighting and verbal abuse, as new social issues [1]. Gaslighting 

refers to the psychological manipulation of subtly altering another's perception of reality to justify 

one's wrongful behavior or confuse the victim [2]. Such gaslighting can have severe negative effects 

on adolescents' mental health and may lead to long-term confusion in self-identity and difficulties in 

interpersonal relationships [3]. 

Meanwhile, supporting the psychological recovery of adolescents in recent natural disasters and 

social crisis situations has emerged as an important challenge. According to the 2022 Disaster 

Yearbook, Gyeongsangbuk-do recorded the highest damage from natural disasters among 17 cities 

and provinces in Korea, with approximately 206.7 billion won [4]. These disaster situations can leave 

serious psychological trauma on adolescents, and without proper support, they can lead to long-term 

mental health problems [5]. 

The main objective of this study is to develop a digital therapeutic prototype that can manage 

adolescents' psychological health and respond to disaster situations using AI technology. To achieve 

this, the study aims to design and integrate a real-time psychological state monitoring system 

focusing on gaslighting and verbal abuse detection, a system for providing personalized mental 

health advice through AI-based conversation analysis, and a disaster response module to support 

psychological recovery before and after crisis situations, thereby constructing a comprehensive 

digital therapeutic solution. Furthermore, by evaluating the effectiveness of the developed prototype 

through pilot service implementation, the study seeks to demonstrate the potential of AI technology 

to provide timely and effective support in adolescents' daily psychological challenges and specific 

disaster situations. 

This study aims to explore the possibility of integration with wellness solutions through the 

design, implementation, and evaluation of an AI-based digital therapeutic prototype. The research 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 September 2024 doi:10.20944/preprints202409.0139.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202409.0139.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

begins with a systematic literature review on digital therapeutics, wellness solutions, and AI 

applications in the field of mental health. It also includes system design and architecture development 

for an AI-based mental health management and disaster response prototype. 

The process of implementing and optimizing core algorithms for real-time monitoring, 

gaslighting detection, and stress analysis is carried out. Data collection is conducted by deploying 

pilot services to selected groups of adolescent users, and multifaceted performance evaluation is 

performed based on technical indicators, clinical outcomes, and user experience. An in-depth 

analysis of the possibility of integration with existing wellness solutions is also conducted. 

This study aims to evaluate the potential of effective support that AI technology can provide in 

adolescents' daily psychological challenges and disaster situations. Through a critical analysis of the 

research results and limitations, along with suggestions for future research directions, the feasibility 

of realizing a comprehensive digital therapeutic solution is explored. This is expected to provide 

valuable insights into the effectiveness and applicability of AI-based digital therapeutics in the field 

of adolescent mental health management and disaster response. 

2. Theoretical Background 

2.1. Definition and Current Status of Digital Therapeutics 

Digital Therapeutics (DTx) are innovative medical devices that provide evidence-based 

therapeutic interventions through high-quality software programs aimed at preventing, managing, 

or treating medical disorders or diseases. They are distinct from general wellness apps or health 

management tools, requiring rigorous evidence of clinical efficacy and often subject to regulatory 

oversight [6]. The digital therapeutics market has been experiencing rapid growth, particularly in the 

fields of mental health management and chronic disease management. According to a report by 

Grand View Research, the global digital therapeutics market size was valued at $3.4 billion in 2021 

and is projected to grow at a compound annual growth rate (CAGR) of 26.1% from 2022 to 2030 [7]. 

Key characteristics of digital therapeutics include evidence-based interventions, patient-facing 

software, the ability to collect and analyze patient data, potential for integration with other treatments 

or interventions, and, in many cases, the requirement for regulatory approval. In the field of mental 

health, recent developments include AI-based chatbots for depression management, virtual reality 

exposure therapy for anxiety disorders, and cognitive behavioral therapy (CBT) apps, demonstrating 

innovative advancements in this area [8]. 

2.2. Definition and Market Trends of Wellness Solutions 

Wellness solutions encompass a wide range of products and services aimed at promoting health 

and preventing disease, with a focus on personalized healthcare. Unlike digital therapeutics, these 

are generally not regulated as medical devices and focus on maintaining and improving overall well-

being rather than treating specific medical conditions [9]. The global wellness market has shown 

significant growth due to increased health awareness and the adoption of preventive healthcare 

approaches. According to a report by the Global Wellness Institute, the market is projected to grow 

from $4.9 trillion in 2019 to $7.0 trillion by 2025 [10]. 

Key trends in the wellness solutions market include personalized nutrition and fitness plans, 

mental health apps and mindfulness programs, sleep optimization technologies, wearable devices 

for health tracking, and corporate wellness programs. The COVID-19 pandemic has particularly 

accelerated the adoption of digital wellness solutions by dramatically increasing demand for remote 

health monitoring and mental health support [11]. These trends indicate that wellness solutions play 

a crucial role in meeting the health management needs of modern society. 

2.3. Classification and Comparison of Digital Therapeutics and Wellness Solutions 

While digital therapeutics and wellness solutions share the common goal of improving health 

outcomes, they differ significantly in their approaches and characteristics. Digital therapeutics are 

designed for the prevention, management, and treatment of specific medical conditions, requiring 
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rigorous regulatory approval processes and clinical trials to demonstrate efficacy [12,13]. In contrast, 

wellness solutions focus on general health improvement and disease prevention, typically not 

requiring regulatory approval and relying on more general health benefits [14]. 

Furthermore, there are differences between the two solutions in terms of data processing and 

integration with medical systems. Digital therapeutics often include more stringent data security and 

privacy measures, considering the sensitivity of medical information, and are more likely to be 

integrated into formal medical service provision and may be prescribed by medical professionals 

[15,16]. These differences significantly influence the development, application, and evaluation 

processes of each solution, and understanding them is essential for designing effective digital health 

management systems. 

Table 1. Comparison of Digital Therapeutics and Wellness Solutions. 

Characteristic Digital Therapeutics Wellness Solutions 

Regulatory  

Approval 
Generally Required Generally Not Required 

Clinical Evidence Rigorous Clinical Trials May Have Supporting Research 

Primary Focus Treatment and Management Prevention and General Health 

Data Security Stringent Medical Standards General Data Protection 

Medical Integration Often Integrated Limited Integration 

Prescription May Be Prescribed General Sale 

Personalization Based on Medical Profile Based on User Preferences 

Target Audience Patients General Consumers 

Understanding these distinctions is crucial for developing systems that can effectively bridge 

the gap between digital therapeutics and wellness solutions, providing a more comprehensive 

approach to youth mental health management and disaster response. 

3. Design of AI-Based Adolescent Mental Health Management and Disaster Response System 

3.1. Overall System Architecture 

The proposed AI-based adolescent mental health management and disaster response system 

integrates several core components to provide a comprehensive solution. The architecture of this 

system is designed to ensure real-time monitoring, accurate analysis, and timely intervention. The 

system includes a data collection module that gathers various types of data from users' smartphones 

and wearable devices, as well as an AI analysis engine that utilizes advanced machine learning 

algorithms to process the collected data and detect patterns and potential risk factors. 

Additionally, a real-time monitoring dashboard provides a visual representation of the user's 

current psychological state and overall well-being, while an intervention module generates 

personalized recommendations and interventions based on AI analysis results. In crisis situations, a 

disaster response unit is activated to provide specialized support and guidance, and a secure data 

repository ensures the privacy and security of sensitive user data. An intuitive and engaging user 

interface that allows users to interact with the system and access resources is also a crucial component 

of this system. 

This system operates as a continuous feedback loop, constantly updating analyses and 

recommendations based on new data inputs and user interactions. This enables effective 

management of adolescents' psychological well-being and allows for rapid and appropriate 

responses in disaster situations. This integrated and innovative approach well demonstrates how AI 

technology can revolutionize mental health management and disaster response strategies. 
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The algorithm presented outlines a comprehensive AI-based system for managing adolescent 

mental health and responding to disasters. This innovative approach integrates multiple data sources 

and advanced AI techniques to provide personalized mental health support and timely disaster 

response. 

 

Figure 1. Algorithm: AI-based Adolescent Mental Health Management and Disaster Response 

System. 

The AI-based Adolescent Mental Health Management and Disaster Response System represents 

a pioneering approach in digital mental health interventions, specifically tailored for adolescents. 

This innovative system is structured into six key stages: Data Collection, Data Preprocessing, Feature 

Extraction and Fusion, AI Analysis, Intervention and Feedback, and Display and Store Results. By 

integrating diverse data types including user-generated text, biometric signals, voice data, and 

location-based information, the system provides a comprehensive view of the user's mental state and 

environment. Advanced techniques such as BERT for text embedding and PCA for dimensionality 

reduction are employed to create a unified representation of the user's condition, enabling 

sophisticated AI analyses that can detect potential issues like gaslighting or verbal abuse, classify 

overall mental health status, and predict stress levels. 

The system's design demonstrates a deep understanding of the complex nature of adolescent 

mental health in the digital age. Its proactive approach, combining real-time data analysis with 

personalized interventions, offers a versatile tool for both daily mental health support and crisis 

management. The inclusion of disaster response capabilities further enhances its utility. By balancing 

automated support with the option for professional intervention, the system ensures a 

comprehensive and ethically responsible method of mental health care. This multi-faceted approach 

not only addresses immediate mental health concerns but also contributes to long-term wellness, 
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making it a significant advancement in the field of digital mental health interventions for young 

people. 

Future research could focus on validating the effectiveness of this system through clinical trials, 

refining the AI models for improved accuracy, and exploring additional data sources or intervention 

strategies to enhance its capabilities further. 

Figure 2 shows the detailed algorithm for conversation analysis and feedback generation. This 

algorithm incorporates several key NLP techniques discussed earlier, including sentiment analysis, 

inappropriate language detection, and suggestion generation. By following these steps, the system 

can provide real-time, personalized feedback to users, enhancing their communication skills and 

emotional awareness. 

 

Figure 2. Algorithm : AI-based Adolescent Mental Health Management and Disaster Response Sys-

tem. 

3.2. Real-Time Psychological State Monitoring and Gaslighting Detection Algorithm 

The real-time psychological state monitoring and gaslighting detection algorithm developed in 

this study is a core component of the AI-based adolescent mental health management system. This 

algorithm utilizes Natural Language Processing (NLP) technologies and machine learning models to 

analyze users' digital communications and identify potential signs of psychological distress or 

manipulation. In particular, it uses a fine-tuned BERT (Bidirectional Encoder Representations from 

Transformers) model to classify text and determine the presence of gaslighting or verbal abuse . 

The algorithm's process consists of data collection, preprocessing, feature extraction, BERT-

based classification, sentiment analysis, risk assessment, and alert generation. Through this process, 

the system can monitor the user's psychological state in real-time and generate alerts for immediate 

intervention when necessary. Performance evaluation of the gaslighting detection algorithm resulted 

in 85% accuracy, 82% precision, 87% recall, and an F1 score of 0.84. This suggests that the algorithm 

demonstrates high performance in identifying potential gaslighting cases and maintains a good 

balance between precision and recall . 
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Table 1. Performance Metrics of Gaslighting Detection Algorithm. 

Metric Value 

Accuracy 85% 

Precision 82% 

Recall 87% 

F1 Score 0.84 

These results demonstrate that the algorithm performs well in identifying potential gaslighting 

cases and maintains a balanced trade-off between precision and recall. 

3.3. AI Algorithms and Data Analysis Techniques 

The system employs a variety of AI algorithms and data analysis techniques to provide accurate 

and timely mental health support. The key components of this AI-driven approach are detailed below: 

3.3.1. Natural Language Processing (NLP) for Text Analysis 

Advanced NLP technologies are utilized to analyze textual data from user communications, 

including chat messages, social media posts, and diary entries. The NLP pipeline consists of the 

following stages: 

• Text Preprocessing: 

- Tokenization using NLTK library 

- Lowercasing and special character removal 

- Stopword removal and lemmatization 

• Feature Extraction: 

- TF-IDF (Term Frequency-Inverse Document Frequency) vectorization 

- Word embeddings using pre-trained GloVe (Global Vectors for Word Representation) model 

• Sentiment Anaysis: 

- Fine-tuned BERT model for sentiment classification 

- Output: Positive, negative, or neutral sentiment with confidence scores 

• Topic Modeling: 

- Latent Dirichlet Allocation (LDA) to identify prevalent topics in user communications 

- Used to track changes in interests or concerns over time 

In this study, advanced natural language processing (NLP) techniques are employed to analyze 

users' textual data. The NLP pipeline consists of stages including text preprocessing, feature 

extraction, sentiment analysis, and topic modeling. The text preprocessing stage involves 

tokenization using the NLTK library, lowercasing and special character removal, and stopword 

removal and lemmatization. In the feature extraction stage, TF-IDF vectorization and word 

embedding using a pre-trained GloVe model are performed. For sentiment analysis, a fine-tuned 

BERT model is used to classify sentiments and output positive, negative, or neutral sentiments along 

with confidence scores. Lastly, in the topic modeling stage, Latent Dirichlet Allocation (LDA) is 

employed to identify prevalent topics in user communications and track changes in interests or 

concerns over time. This comprehensive NLP approach contributes to a more accurate analysis and 

understanding of users' psychological states. 

For data fusion, this study adopted a late fusion approach using a random forest classifier. In 

this method, each modality is processed individually and then combined at the decision level, 

applying a weighted voting mechanism based on the reliability of each modality. Additionally, to 

personalize the system, transfer learning techniques were introduced to adapt the global model to 

individual users, and a continuous learning approach was implemented to update the model based 

on user feedback and new data. These multi-modal fusion and personalization techniques enable a 

more accurate and contextualized understanding of the user's mental state. 
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Table 2. Multi-modal Data Types and Sources. 

Component   Details  

 Multi-modal  

Fusion Purpose  
• Provide a holistic view of the user's mental state  

 Data Sources  

• Text data (NLP analysis results) 

• Voice data (prosodic features) 

• Physiological data (heart rate variability, sleep patterns) 

• Behavioral data (app usage patterns, physical activity levels)  

 Feature Extraction  

• Text: Sentiment scores, topic distribution 

• Voice: Fundamental frequency, speaking rate, voice quality< 

• Physiological: HRV indices (SDNN, RMSSD), sleep efficiency 

• Behavioral: Screen time, step count, social interaction 

frequency  

 Fusion Technique  

• Late fusion approach using random forest classifier 

• Each modality is processed individually and then combined at 

the decision level 

• Weighted voting mechanism based on the reliability of each 

modality  

 Personalization  

 • Transfer learning techniques to adapt the global model to 

individual users 

• Continuous learning approach to update the model based on 

user feedback and new data  

3.3.2. Time Series Analysis for Trend Detection 

In this study, time series analysis techniques were applied to identify long-term trends and 

patterns in users' mental health. The following methodologies were adopted: 

• Data Preprocessing: 

- Resampling techniques were applied to convert irregularly spaced data into uniform time 

series. 

- Multiple imputation methods were used to handle missing values. 

• Trend Anaysis: 

- Moving average smoothing techniques were applied to reduce noise in the data. 

- Exponential smoothing was used for short-term predictions. 

- An ARIMA (AutoRegressive Integrated Moving Average) model was implemented for 

complex time series data analysis. 

• Change Point Detection: 

- The PELT (Pruned Exact Linear Time) algorithm was applied to identify significant changes in 

users' mental health trajectories. 

• Peridicity Anaysis: 

- Fourier analysis was performed to detect periodic patterns in mood and behavior. 

- This provided useful information for identifying potential triggers or rhythms in mental health 

fluctuations. 

3.3.3. Reinforcement Learning for Adaptive Interventions 

In this study, a system was developed that utilizes reinforcement learning to optimize 

intervention strategies over time. This system was implemented through a problem formulation that 

defines the user's current mental health state, recent activities, and time of day as the state, various 

intervention types (e.g., CBT exercises, mindfulness activities, social support suggestions) as actions, 

and mood score improvements and app engagement as rewards. For the algorithm, a Deep Q-
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Network (DQN) was adopted to effectively handle large state-action spaces, along with experience 

replay for improved sample efficiency and a decreasing ε-greedy exploration strategy. 

The model architecture consisted of an input layer with 64 units, two fully connected hidden 

layers (128 and 64 units) using ReLU activation functions, and an output layer producing Q-values 

for each possible action. In the training process, initial training was conducted on simulation data 

based on clinical guidelines, followed by continuous updates to the model based on actual user 

interactions and outcomes. To ensure safety, the action space was restricted to clinically approved 

interventions, and a human-in-the-loop system was implemented to monitor and override AI 

decisions when necessary. This approach enables safe and effective AI-driven interventions in 

adolescent mental health management. 

By integrating these advanced AI algorithms and data analysis techniques, our system can 

provide highly personalized, adaptive, and effective mental health support to adolescents. The 

combination of NLP, multi-modal analysis, time series prediction, and reinforcement learning 

enables a comprehensive understanding of the user's mental state and the ability to provide timely 

and appropriate interventions. 

3.4. Disaster Response Module and Stress Management Solution 

The disaster response module is designed to provide users with appropriate support and 

guidance in crisis situations. This module automatically detects whether users are in disaster-affected 

areas by utilizing user location data and external APIs, and integrates with the system's core functions 

to provide specialized interventions tailored to disaster scenarios. The module also analyzes user 

data to assess stress levels during and after disaster situations, and provides personalized coping 

mechanisms and stress reduction techniques based on psychological profiles and current stress levels. 

To enable users to easily find necessary resources in disaster situations, the module includes 

features for locating nearby shelters, medical facilities, and other essential resources. Additionally, it 

supports communication in emergency situations, allowing users to easily contact emergency 

contacts and provide updates on their safety status. These features help users reduce psychological 

burden and cope safely in crisis situations through immediate and practical support. 

The stress management solution in this module includes continuous monitoring that tracks 

stress indicators through physiological data and self-reported measurements. Using machine 

learning models to predict stress levels and identify potential stressors, it provides effective support 

for each user through adaptive interventions that offer personalized stress reduction techniques. 

Furthermore, it provides progress tracking functionality that allows users to monitor their stress 

levels over time and observe the impact of various interventions. The effectiveness of this system was 

demonstrated in a simulation study with a group of adolescent participants, where users of the 

module showed a 30% improvement in stress reduction compared to the control group. 

The integration of our digital therapeutic device and wellness solution enables a data-driven 

approach that utilizes multi-modal analysis for more accurate and comprehensive health assessments. 

This integrated solution employs multi-modal data collection to gather data from various sources, 

including psychological assessments, wellness app usage patterns, wearable device sensors, and 

user-reported information. It then applies advanced analytics using sophisticated AI algorithms to 

process and analyze multi-modal data, identifying correlations and patterns that may not be apparent 

from a single data source. Based on this, it performs holistic health profiling to generate a 

comprehensive health profile that considers mental, physical, and social well-being factors. Through 

personalized intervention design, it develops tailored intervention strategies that address both 

mental health issues and general wellness goals. Additionally, it employs continuous optimization 

using machine learning techniques to continuously improve and optimize the effectiveness of 

interventions based on user responses and outcomes. 
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Table 3. Multi-modal Data Types and Sources. 

Data Type Source Usage 

Psychological State Digital Therapeutic System Mental Health Assessment 

Physical Activity Wearable Devices Fitness and Energy Level Tracking 

Sleep Patterns Sleep Tracking Apps Sleep Quality Analysis 

Nutrition Diet Logging Apps Dietary Impact on Mental Health 

Social Interactions Smartphone Usage Data Social Well-being Assessment 

Stress Levels Physiological Sensors Stress Management 

4. Integration Strategy with Wellness Solutions 

4.1. Design of Personalized Wellness Programs 

This study aims to create a comprehensive approach to adolescent mental health management 

by integrating our AI-based digital therapeutic device with existing wellness solutions. The design 

of this integrated personalized wellness program consists of five key elements. First, data aggregation 

combines system data with information from wellness apps and wearable devices to form a 

comprehensive health profile. Second, AI-based personalization utilizes machine learning algorithms 

to analyze aggregated data and provide tailored wellness recommendations. Third, goal-setting and 

tracking features allow users to set personal health goals and track progress using data from various 

sources. Fourth, adaptive programming continuously adjusts wellness recommendations based on 

user progress, preferences, and changing circumstances. Finally, integration with mental health 

interventions is designed to complement and support mental health treatment when wellness 

activities are needed. This integrated approach is expected to provide an innovative solution that can 

effectively support and manage adolescent mental health. 

Figure 2 illustrates the process flow of the personalized wellness program design. 

This diagram cyclically demonstrates the design process of the personalized wellness program. 

The main stages are as follows: 

1. User data collection 

2. AI-based data analysis 

3. Personalized goal setting 

4. Customized activity recommendations 

5. Progress monitoring 

6. Feedback and adjustment 

This process enables continuous improvement and adaptation to users' changing needs. The 

diagram clearly shows the system structure by distinguishing between the AI engine and user 

interface components. 
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Figure 3. Process Flow Diagram of Personalized Wellness Program Design. 

4.2. Data-Driven Integrated Solution: Multi-Modal Analysis and Personalized Interventions 

The integration of our digital therapeutic device and wellness solution enables a data-driven 

approach that utilizes multi-modal analysis for more accurate and comprehensive health assessments. 

This integrated solution employs [multi-modal data collection] to gather data from various sources, 

including psychological assessments, wellness app usage patterns, wearable device sensors, and 

user-reported information. It then applies [advanced analytics] using sophisticated AI algorithms to 

process and analyze multi-modal data, identifying correlations and patterns that may not be apparent 

from a single data source. Based on this, it performs [holistic health profiling] to generate a 

comprehensive health profile that considers mental, physical, and social well-being factors. Through 

[personalized intervention design], it develops tailored intervention strategies that address both 

mental health issues and general wellness goals. Additionally, it employs [continuous optimization] 

using machine learning techniques to continuously improve and optimize the effectiveness of 

interventions based on user responses and outcomes. 

Table 3. Multi-modal Data Types and Sources. 

Data Type Source Usage 

Psychological State Digital Therapeutic System Mental Health Assessment 

Physical Activity Wearable Devices Fitness and Energy Level Tracking 

Sleep Patterns Sleep Tracking Apps Sleep Quality Analysis 

Nutrition Diet Logging Apps Dietary Impact on Mental Health 

Social Interactions Smartphone Usage Data Social Well-being Assessment 

Stress Levels Physiological Sensors Stress Management 
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4.3. Analysis of Synergistic Effects between AI and Wellness Solutions 

The integration of the AI-based digital therapeutic device and wellness solution demonstrates 

several synergistic effects that enhance the overall effectiveness of adolescent mental health 

management. Firstly, by combining mental health data with physical wellness information, the 

integrated system provides a more complete picture of an individual's health status. This enables the 

identification of subtle changes in behavior or physiology through multi-modal analysis, aiding in 

the early detection of mental health issues. 

Furthermore, personalized interventions that consider both mental and physical health factors 

are likely to be more effective than those focused on a single aspect. The integration of wellness 

features makes mental health management more appealing and less stigmatizing to adolescents, 

potentially improving user engagement. This, in turn, leads to more active management of their 

mental health by adolescents, ultimately resulting in increased intervention effectiveness. 

Lastly, the integrated system provides rich, multifaceted data that enables healthcare providers 

to make more informed decisions. To quantify this, a comparative study was conducted between 

users of the integrated system and users of standalone mental health or wellness solutions. These 

studies demonstrate the importance of data-driven decision-making and the superiority of the 

integrated approach, pointing to future directions for the advancement of adolescent mental health 

management. 

 

Figure 4. Comparative Results of Integrated System vs. Standalone Solutions. 

According to the graph, users of the integrated system showed significant improvements across 

several key areas, specifically a 25% increase in user engagement, a 30% improvement in early 

detection of mental health issues, a 20% enhancement in overall well-being scores, and a 35% 

improvement in adherence to recommended interventions. These results demonstrate the potential 

of integrating AI-based digital therapeutic devices and wellness solutions to provide a more effective 

and appealing approach to adolescent mental health management. 

5. Pilot Service Implementation and Evaluation 

5.1. Pilot Service Overview and Design 

The pilot service implementation included various components. First, a mobile application 

provided users with a user-friendly interface to access all system functions. Second, wearable device 

integration ensured compatibility with popular fitness trackers and smartwatches. Third, an AI-

based chatbot offered participants immediate support and guidance. Additionally, weekly check-ins 

provided structured assessments of mental health status. 

Furthermore, personalized wellness plans provided tailored recommendations for physical and 

mental well-being. Lastly, simulated disaster scenarios were used to test the effectiveness of the 

disaster response module. This integrated system demonstrated the potential to effectively support 

adolescents' mental health and disaster response capabilities, and the results of the pilot study are 

expected to provide valuable insights for future system improvements and practical applications. 
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5.2. KPI Setting and Performance Evaluation: Technical, Clinical, and User Experience Aspects 

To comprehensively evaluate the pilot service, Key Performance Indicators (KPIs) were 

established in three main aspects: technical performance, clinical outcomes, and user experience. 

Table 4 summarizes these KPIs and their respective results in the pilot study. 

Table 4: KPI Results of Pilot Study 

Table 4. Key Performance Indicators (KPIs) and Results for the AI-based Adolescent Mental Health 

Management and Disaster Response System. 

Aspect   KPI   Target   Actual Result  

 Technical   System Uptime   > 99.9%  99.95% 

 Technical   Response Time   < 500ms   320ms (average)  

 Technical   Gaslighting Detection Accuracy   > 85%  87% 

 Clinical   Reduction in Anxiety Symptoms   > 20%  28% 

 Clinical   Mood Score Improvement   > 15%  22% 

 Clinical   Stress Management Efficacy   > 25%  32% 

 User Experience   User Engagement Rate   > 70%  83% 

 User Experience   User Satisfaction Score   > 4.0/5.0   4.3/5.0  

 User Experience   Feature Utilization Rate   > 60%  72% 

The results indicate that the system exceeded expectations in most areas. Particularly 

noteworthy were the clinical outcomes and user experience metrics. The technical performance also 

demonstrated high accuracy in gaslighting detection and excellent system responsiveness. 

6. Market Entry and Expansion Strategy 

6.1. Market Environment Analysis for Digital Therapeutics and Wellness Solutions 

The digital therapeutics and wellness solutions market is experiencing rapid growth and 

transformation. This is attributed to increased social awareness of mental health issues, continuous 

technological advancements, and improved acceptance of digital healthcare solutions. The global 

digital therapeutics market is projected to grow at a Compound Annual Growth Rate (CAGR) of 20.5% 

from 2021 to 2026, reaching a market size of $13.1 billion by 2026. This growth trend is further 

accelerated by changing perceptions of digital therapeutics among regulatory bodies, the 

development of new approval pathways by the FDA, and increased interest in digital therapeutic 

solutions from insurance companies . 

Through market environment analysis, key target segments for initial market entry have been 

identified. The primary target is adolescents aged 13-18 who are struggling with anxiety, depression, 

or stress-related issues, with secondary targets including their parents and guardians, as well as 

school systems and youth organizations. This reflects the growing trend of willingness to use digital 

solutions for mental health management among adolescents and their parents. Additionally, the 

dynamic and competitive environment created by the market entry of existing medical companies 

and innovative startups is expected to drive continuous innovation and improvement in service 

quality. 

6.2. Legal and Ethical Considerations 

The development and deployment of AI-based digital therapeutics for adolescent mental health 

involve various legal and ethical considerations. These considerations include data privacy and 
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security, informed consent, AI transparency and explainability, ethical use of persuasive technologies, 

responsibilities and obligations, and equity and accessibility. In particular, it is crucial to comply with 

regulations such as GDPR, HIPAA, and COPPA, and to implement robust data encryption and 

anonymization techniques. Furthermore, it is essential to develop age-appropriate consent processes 

for adolescent users, provide clear explanations for AI algorithm recommendations, and maintain a 

balance between addiction risk and engagement features. 

To effectively address these complex considerations, a comprehensive ethical framework has 

been developed. This framework aims to clearly define the system's limitations and appropriate use 

cases, establish protocols for escalation to experts when necessary, and ensure system accessibility to 

diverse populations. It also includes ongoing efforts to address potential biases in AI algorithms. 

Compliance and responsible innovation are being ensured through collaboration with legal experts, 

ethicists, and regulatory consultants. This approach presents a balanced method that enables the 

development of innovative technological solutions while protecting adolescent mental health. 

6.3. Commercialization and Global Expansion Strategy 

The commercialization and global expansion strategy of this research aims for market entry and 

sustainable growth through a phased approach. In the first phase, the focus is on penetrating the 

domestic market by launching in metropolitan areas with high smartphone penetration rates, 

building strategic partnerships with local mental health organizations and educational institutions, 

and attracting initial users through a premium model. In the subsequent national expansion phase, 

service coverage is extended nationwide, market share is increased through collaboration with 

national health insurance providers, and revenue structures are diversified by introducing premium 

features and subscription models. Finally, in the global market entry phase, priority is given to 

targeting English-speaking countries with similar regulatory environments, adapting the system to 

consider cultural and linguistic differences, and establishing regional partnerships for localized 

support and marketing. Through this strategic approach, the AI-based digital therapeutic device 

developed in this research is expected to grow incrementally in domestic and international markets, 

contributing to the improvement of adolescent mental health. 

Table 5. Projected Market Share and Revenue Growth. 

Year Target Market Projected Market Share Projected Revenue 

1 Domestic(KR) 2% $5 million 

2 National 5% $15 million 

3 Global (Phase 1) 1% $30 million 

4 Global (Phase 2) 2% $60 million 

5 Global (Phase 3) 3% $100 million 

The strategic approach for global market expansion includes the following key elements. First, 

it is essential to thoroughly analyze the regulatory environment of the target market and ensure 

compliance through cooperation with local regulatory agencies. This is crucial for streamlining the 

approval process and lowering market entry barriers. Second, product localization means 

comprehensive adjustment considering cultural context and user preferences beyond simple 

language translation. This includes careful adjustments in user interface, content, and functional 

aspects, enabling high acceptance among local users . 

Furthermore, building strategic partnerships with local healthcare providers, technology 

companies, and educational institutions is important for gaining market insights and securing 

effective distribution channels. Continuous investment in R&D for technological innovation allows 

maintaining competitive advantage in the market and responding quickly to new market demands. 

Lastly, data-driven marketing strategies utilizing AI and big data analysis play a crucial role in 

accurately identifying and effectively targeting market segments with high growth potential. 

Through this comprehensive strategic approach, this AI-based digital therapeutic device is expected 
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to establish itself as a global leading solution in the field of adolescent mental health management 

and disaster response. 

7. Conclusions and Future Research Directions 

7.1. Summary of Research and Key Findings 

This study conducted the development and evaluation of an AI-based digital therapeutic 

prototype for adolescent mental health management and disaster response. The system integrated 

real-time monitoring, AI-driven conversation analysis, personalized psychological treatment 

programs, and multimodal data analysis. An algorithm was developed to detect gaslighting and 

verbal abuse using a BERT-based classification model, achieving 85% accuracy in gaslighting 

detection and 88% accuracy in verbal abuse detection. Additionally, a disaster psychological recovery 

support module was included, which demonstrated a 30% improvement in users' stress reduction 

rates in simulated disaster scenarios. 

The results of this study suggest that such digital therapeutic approaches can significantly 

contribute to early intervention in adolescent mental health issues and provide effective support 

during disasters. The developed prototype clearly demonstrates the potential of AI and digital 

technology to innovate mental health management and disaster response strategies. These findings 

collectively demonstrate the feasibility and potential impact of AI-based digital therapeutics in 

addressing both everyday psychological challenges and complex mental health needs of adolescents 

in disaster situations. 

7.2. Future Prospects for Digital Therapeutics and Wellness Solutions 

The future of digital therapeutics and wellness solutions is projected to move towards highly 

personalized approaches and predictive mental health management. More sophisticated AI models 

will enable tailored interventions based on individuals' unique psychological profiles, life 

experiences, and real-time situations. Through the analysis of user data patterns, it will become 

possible to predict mental health crises in advance and respond proactively. Furthermore, the 

convergence of digital therapeutics, wellness solutions, and traditional medical systems is expected 

to provide a more integrated and seamless approach to mental health management. 

Future digital therapeutics are likely to expand their scope of application alongside 

technological innovations. The integration of Augmented Reality (AR) and Virtual Reality (VR) 

technologies is expected to greatly enhance the immersion and effectiveness of therapeutic 

interventions, particularly in areas such as exposure therapy and stress management. Moreover, by 

adapting the current approach focused on adolescents to other age groups or specific mental health 

conditions, the impact of digital therapeutics is likely to expand further. However, alongside these 

advancements, ensuring the ethical use of AI, transparency of algorithms, and fairness in handling 

sensitive medical information will emerge as important challenges. 

7.3. Future Research Directions and Practical Recommendations 

This study presented an innovative approach to adolescent mental health management and 

disaster response through the design, implementation, and evaluation of an AI-based digital 

therapeutic system. The research findings confirmed the effective integration of AI and mental health 

support, improved accuracy in detecting gaslighting and verbal abuse, successful integration of 

disaster response modules, and synergistic effects with wellness solutions. Notably, the high user 

satisfaction and engagement rates observed in the pilot study suggest the potential for widespread 

adoption of this system among the adolescent population. 

Future research directions proposed include long-term efficacy studies, exploration of cross-

cultural applicability, improvement of AI model interpretability, integration with biometric 

indicators, and interdisciplinary research on AI ethics in mental health management. Practical 

recommendations include collaborative development, user-centered design, investment in privacy 

protection technologies, cooperation with regulatory agencies, and development of comprehensive 
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education programs. Through these efforts, AI-based digital therapeutics are expected to play a 

crucial role in improving adolescent mental health. 

In conclusion, this study has demonstrated significant potential for AI-based digital therapeutics 

in addressing the mental health needs of adolescents. Through continuous innovation, addressing 

challenges, and cross-disciplinary collaboration, the path can be paved towards a future where 

technology plays a central role in enhancing the mental well-being and resilience of young people. 
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