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ABSTRACT

The global mental health crisis continues to escalate, with millions of
individuals unable to access timely and effective therapeutic support
due to barriers such as cost, availability, and social stigma. To
address this growing concern, our project introduces an Al-enabled
robotic therapist designed to provide scalable, accessible, and
personalized mental health care. By integrating advanced natural
language processing (NLP), emotion recognition, and machine
learning techniques, the Al system can engage users in real-time
therapeutic conversations, analyse emotional cues, and deliver
tailored interventions based on established therapeutic frameworks
such as Cognitive Behavioural Therapy (CBT) and Mindfulness-
Based Cognitive Therapy (MBCT).The system is capable of learning
from user interactions, continuously adapting to individual mental
health needs. Our research involved a sample size of 150 participants
from diverse age groups, each undergoing a 12-week evaluation
period to measure the Al’s effectiveness in reducing symptoms of
anxiety, depression, and stress. The results demonstrate significant
improvements in participants' mental wellness, underscoring the
potential of Al-powered systems to play a crucial role in the future of
mental health care.
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Language Processing(NLP)

L. INTRODUCTION

A huge public health concern, the global mental
health crisis affects millions of people worldwide
who suffer from different psychological diseases like
stress, depression, and anxiety. The World Health
Organization (WHO) estimates that 1 in 8 people
suffer from mental health problems, however many of
these people do not receive proper care because of
things like stigma in society, high treatment expenses,
and difficulty accessing mental health experts. These
problems were made worse by the COVID-19
pandemic, which put a pressure on healthcare services
by increasing the number of mental health problems
in all demographic groups. It is becoming more and
more evident that creative solutions are required to
close the gap as the need for mental health services
continues to exceed the supply of licensed mental
health professionals. Robot therapists with Al
capabilities have surfaced as a viable remedy for this
escalating issue, presenting the capacity to provide

(http://creativecommons.org/licenses/by/4.0)

anyone requiring mental health assistance with easily
accessible, reasonably priced, and ongoing assistance.

In order to close the gap in mental health care, experts
have looked into a number of alternate strategies
within the last ten years. Text-based chatbots and Al-
driven smartphone apps are examples of virtual
therapy platforms that have grown in popularity for
offering basic self-help and mental health support.
While some platforms include options for tracking
symptoms and monitoring mood, others use
algorithms to mimic therapeutic conversations. Even
though these solutions are becoming more and more
popular, they frequently lack the empathy and
adaptability required to offer truly beneficial
therapeutic experiences. In order to give therapeutic
sessions a new perspective, some researchers have
experimented with virtual reality (VR) therapy
situations in which patients interact with Al avatars in
immersive surroundings. These methods show
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promise, but they still have issues with long-term
engagement, scalability, and real-time emotional
comprehension. Robot therapists with Al capabilities
are the result of the quest for a more comprehensive
and flexible solution.

Our goal in this project is to combine multiple state-
of-the-art technologies to create an Al-enabled robot
therapist that can provide individualized therapy in
real time. In order to enable human-like
communication, our method makes wuse of
sophisticated Natural Language Processing (NLP),
emotional recognition algorithms to identify subtle
emotional cues in a patient's language, tone, and
facial expressions, and Cognitive Behavioural
Therapy (CBT) frameworks to direct the therapeutic
process. Our models are trained on a dataset of more
than 200,000 therapy transcripts and 5,000 patient
profiles, enabling the robot therapist to identify a
wide range of emotional and psychological disorders,
modify its answers appropriately, and offer
dependable and compassionate assistance. Our
techniques include deep learning for sentiment
analysis, reinforcement learning for adaptive
therapeutic responses, and supervised learning for
emotion recognition. Our Al technology has shown
promise in lowering patient anxiety and depression
symptoms through practical testing, offering a
scalable answer to the widening mental health care
disparity.

II. RELATED WORK

Numerous research studies and projects have looked
into the use of Al in mental health treatment in recent
years, with an emphasis on expanding therapeutic
efficacy and expanding access to therapy.
Researchers have experimented with a variety of
strategies, from immersive virtual reality therapeutic
environments to text-based Al chatbots. Every one of
these research offers insightful information on the
possibilities and constraints of therapeutic systems
powered by Al This section provides a foundation
for the approaches used in our project by outlining
some important studies that are relevant to the
development of Al-based mental health solutions.

The creation of chatbots with Al for mental health
support is one of the most frequently mentioned
works. One well-known example is Woebot, an Al-
powered chatbot created to impart Cognitive
Behavioural Therapy (CBT) methods via text-based
dialogues. In a Fitzpatrick et al. (2017) study, 70
depressed patients participated in a randomized
control trial where Woebot was used. After two
weeks of administration, the results showed a
significant reduction in anxiety and depressive
symptoms, with a 22% decrease in depressive levels.

The study did point out, though, that text-based
systems have trouble picking up on emotional
nuances, which eventually results in lower
engagement. Although it was successful in offering
temporary respite, its capacity to provide more
profound therapeutic interventions was constrained
by the lack of real-time emotional awareness.

Replika, a noteworthy project, presents an artificial
intelligence-driven conversational assistant that gains
emotional friendship through its interactions with
individuals. Replika seeks to replicate human-like
discussions, in contrast to chatbots that concentrate on
therapy, giving users a safe area to express
themselves. In 2020, 10,000 users participated in a
study, and the results showed that 82% of them had
an emotional connection to their Al companion and
that 70% of them felt happier after interacting with
the system. Despite these encouraging numbers, the
system found it difficult to deliver focused therapy
interventions since it continued to place more of an
emphasis on companionship than on formalized
therapeutic direction. This emphasizes how difficult it
is to balance an Al system's need for evidence-based
therapy with emotional connection.

Researchers have also experimented with more
immersive Al-driven alternatives like virtual reality
(VR) therapy in addition to chatbots. In a 2018 study,
Freeman et al. coupled Al avatars that functioned as
therapists with VR therapeutic environments. This
method, which offered virtual treatment sessions that
mimicked in-person social interactions, was tested on
a sample of 285 people with social anxiety disorder.
According to the findings, throughout a 6-week
period, 54% of individuals reported significantly
fewer symptoms of anxiety. Though VR therapy's
immersive quality was successful in producing
realistic settings, its wider acceptance was hampered
by the expensive and complicated nature of VR
technology.

Further research in the field by Inkster et al. (2019)
investigated the potential of Al in real-time emotion
recognition for therapy. Machine learning techniques
were utilized in the study to identify distressing facial
expressions, speech tones, and language cues. The
system had an 87% accuracy rate in identifying
emotional states like melancholy, anger, and anxiety
when tested on a dataset containing over 10,000
patient-therapist encounters. Although real-time
emotion detection was highly accurate, the
researchers observed that it was difficult to change
therapeutic responses dynamically. They concluded
that more effective interventions would need
combining emotional insights with a structured
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therapeutic model, such as cognitive behavioural
therapy (CBT).

These papers demonstrate the advancements and
difficulties of AI in the field of mental health
services. Even while artificial intelligence (AI) has

treatment and real-time emotion identification present
encouraging developments, they are hampered by
issues with cost, scalability, and the complexity of
human emotions. Our study aims to overcome these
constraints by fusing NLP and CBT methods with

real-time emotion identification, resulting in a more
comprehensive and adaptable Al-enabled robot
therapist that can provide tailored therapeutic
interventions.

the ability to engage users and temporarily relieve
symptoms through systems like Woebot and Replika,
it is still difficult to provide tailored, adaptive therapy
and emotional depth. Although virtual reality

Table 1. Comparison between existing research works.

Author Contribution Limitations
Fitzpatrick et al.  Developed Woebot, a CBT-based Al Lacks real-time emotion detection and
(2017) chatbot to reduce depression adaptation in responses

symptoms

Freeman et al. Al-powered VR therapy for social Costly and inaccessible due to the need for VR

(2018) anxiety disorder treatment equipment
Inkster et al. Emotion recognition algorithms in Limited adaptability in real-time therapeutic
(2019) therapy using machine learning interventions

models
Inkster et al. Surveyed Al-enabled chatbots for Lacked integration of multiple modalities like
(2020) mental health care video input
Conversify Combines NLP, emotion recognition, Early-stage testing; scalability and accessibility
(Proposed) and CBT for real-time adaptive therapy in large-scale deployments are ongoing

challenges

III. PROPOSED WORK

The proposed project focuses on developing an Al-enabled robotic therapist designed to address the growing
mental health challenges by integrating psychology, psychiatry, and psychotherapy principles into an automated
system. This section outlines the key components of the system, including data collection, processing
techniques, and therapeutic interventions.

A. Natural Language Processing (NLP) for Conversational Therapy

Our project application utilizes advanced natural language processing (NLP) techniques to engage users in
real-time therapeutic conversations. NLP models such as BERT and GPT are employed to understand user
inputs, interpret emotional contexts, and generate appropriate, empathetic responses. The Al tailors its responses
based on the user’s emotional state and previous interactions, creating a dynamic, evolving dialogue that mimics
human therapy sessions. By continuously learning from these interactions, our project application refines its
therapeutic strategies to align with the user’s needs over time.

B. Emotion Recognition and Sentiment Analysis

Emotion recognition is crucial in our project application’s ability to provide personalized care. The system
leverages facial recognition and audio sentiment analysis to detect emotional cues during interactions.
Computer vision algorithms process facial expressions to gauge the user’s emotional state, while speech
analysis models assess tone, pitch, and speech patterns for signs of stress, anxiety, or depression. These features
allow the system to deliver more accurate and timely interventions, as it can sense emotional fluctuations and
adapt its responses accordingly.

C. Machine Learning Models for Personalized Therapy

To deliver personalized therapeutic interventions, our project application employs machine learning models that
use reinforcement learning (RL) to adapt to each user’s mental health journey. The system monitors user
progress, adjusting its approach based on feedback and outcomes. By tracking patterns in user behaviour, the Al
system learns which therapeutic techniques are most effective for specific individuals, making each session
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increasingly tailored. This personalized approach ensures users receive a treatment plan that evolves according
to their specific mental health needs.

D. Therapeutic Framework Integration

Our project application is designed to incorporate established therapeutic frameworks such as Cognitive
Behavioural Therapy (CBT) and Mindfulness-Based Cognitive Therapy (MBCT). The Al applies these
methodologies by prompting users to engage in reflective exercises, cognitive restructuring, and mindfulness
practices during interactions. These therapeutic frameworks are seamlessly integrated into conversations,
providing users with practical tools for managing stress, anxiety, and depression.

E. Data Collection and Analysis

Data collection is conducted through user interactions and multimodal inputs, including text, audio, and video.
These inputs are processed to generate insights into user mental states and behaviours. Data collected includes
text responses, facial expressions, voice tones, and user feedback on therapeutic progress. This information is
analysed using predictive analytics models to track mental health trends over time, identifying improvements
or deterioration in emotional well-being. This allows the system to continuously adapt its therapeutic strategies
for optimal outcomes.

F. Testing and Evaluation

To ensure the system's efficacy, extensive testing is proposed using a diverse set of participants. The system will
be evaluated across different age groups and demographic backgrounds to test its adaptability and effectiveness.
The success of the system will be measured based on reductions in standardized mental health scores such as the
PHQ-9(for depression), GAD-7 (for anxiety), and PSS (for stress). Testing will take place over 12 weeks, with
both test and control groups involved to validate the application’s impact on reducing mental health symptoms.

G. Security and Ethical Considerations

Given the sensitive nature of mental health data, robust privacy and security measures are critical. Our project
application will incorporate end-to-end encryption for data transmission, ensuring confidentiality and user
trust. Ethical considerations, including user consent and data anonymity, will be strictly adhered to, in line with
global mental health care standards and Al ethics.

H. System Architecture and Dataflow

The system architecture is designed to efficiently handle multimodal inputs and real-time processing. Data from
user interactions are processed through NLP engines, emotion recognition modules, and machine learning
frameworks. The system adapts to user feedback, continuously learning from new data to enhance therapeutic
interventions. The proposed architecture ensures scalability, allowing our project application to be deployed
across multiple platforms (mobile, desktop, etc.) for easy accessibility.

In summary, the proposed work focuses on building a comprehensive Al-enabled robotic therapist that integrates
advanced technologies with established therapeutic principles to provide personalized, scalable mental health
care. Through continuous adaptation and real-time engagement, our project application has the potential to
become a transformative tool in addressing the global mental health crisis.

IV.  PROPOSED RESEARCH MODEL

A. Objective of the Research

Here, the main objective is to create and assess the efficacy of our proposed project in treating mental health
conditions like stress, anxiety, and depression. The purpose of this research is to learn how an Al-powered
system can interact with patients, provide therapeutic interventions, and enhance mental health.

B. Population Sampling
To ensure the results are representative of diverse groups, the following populations are considered:

1. Target Populations:
Adolescents (13-18 years): In school settings, anxiety, stress, and depression are highly prevalent.

Young Adults (19-35 years): College students and recent graduates with mental health issues related to their
work or studies.

Adults (36-55 years): Individuals going through stressful times in their lives (e.g., professional, financial,
familial concerns).

Elderly (55+ years): These are older people who may experience loneliness, depression, and cognitive
deterioration.
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2. Sample Size:

A sample of 500 individuals will be chosen across different demographics. The sample will be divided into 4
groups of 125 participants each (adolescents, young adults, adults, and elderly). Each group will be further
subdivided into:

Control Group: Receives no Al-based therapy.

Test Group: Engages with our therapy project application for therapy sessions.

3. Sampling Technique:
Stratified Random Sampling will be used to ensure representation from different age groups, gender, socio-
economic backgrounds, and mental health conditions.

C. Data Collection Techniques

1. Survey-Based Questionnaires:

Using validated tools like the following, pre- and post-interaction surveys will be used to record participants'
mental health state, including metrics like anxiety, depression, stress, and overall well-being:

PHQ-9 (Patient Health Questionnaire) for depression.

GAD-7 (Generalized Anxiety Disorder) for anxiety.

Perceived Stress Scale (PSS) for stress.

Depression Level Stress Level

33.3% 33.4%

33.3%

Anxiety Level
Fig.2. Mental health condition levels

2. Real-Time Interactions:

Over the course of 12 weeks, three times a week, participants in the test group will interact with the project
application via chat, video, or audio sessions. Information from these exchanges will be recorded, comprising:
Textual Data: Sentiment, word patterns, and conversation depth.

Audio Data: Speech rate, pitch, and tone, captured using application’s Speech-to-Text feature.

Video Data: Facial emotion recognition (via video) and body language cues.

3. Clinical Assessments:
Expert therapists will do clinical assessments both before and after the trial to gauge participant’s progress in
terms of their mental health based on their past interactions with project application.

Improvements in mood, stress management, and cognitive reappraisal will be monitored during the sessions.

D. Data Analysis Techniques

1. Quantitative Data Analysis:

Survey Analysis: To determine the statistical significance of the test group's improvements in mental health
over the control group, pre- and post-interaction surveys will be examined using paired t-tests or ANOVA.

Sentiment Analysis: Using NLP approaches, conversational data will be examined for emotional sentiment,
with an emphasis on how positive or negative feelings develop over time.
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Example tools: BERT-based models and VADER sentiment analysis.

Multimodal Fusion Analysis: To gain insights into general changes in emotional states across several
modalities (textual, auditory, and visual), text, audio, and video data will be fused using machine learning
models.

2. Qualitative Data Analysis:

Thematic Analysis: Recurring themes in participant experiences, such as comments on application’s interface,
perceived usefulness, and emotional impact, will be examined in interviews and open-ended questionnaire
responses.

Content Analysis: Based on the depth of interaction and coping methods provided, the user and application
talks will be examined for therapeutic efficacy.

3. Reinforcement Learning:
Project application’s built-in reinforcement learning system will monitor and modify responses in response to
user feedback, allowing it to continuously improve its treatment approach during the course of the study.

V. PERFORMANCE EVALUATION

Our Al-enabled robotic therapist's performance review is essential to determining how well it works to lessen
stress, anxiety, and depressive symptoms. The methods and equations used to assess the system's efficacy are
described in this section.

A. Mean Symptom Reduction Rate (MSRR)

The average reduction in mental health symptoms, such as stress, anxiety, and depression, across study
participants is assessed using the Mean Symptom Reduction Rate (MSRR). It is computed by utilizing
standardized measures, such as the PHQ-9 for depression, the GAD-7 for anxiety, and the PSS for stress, to
compare the baseline (week 1) and final week (week 12) values.

The formula for MSRR is given by:

MSRR — 1 Zn: (Scoremkl — Scoreyeek 12) « 100
n =

Scoregweek 1

Where:
n is the number of participants.

Score (week 1) and Score (week 12) represent the mental health scores of participants at week 1 and week 12
respectively.

This formula measures the percentage reduction in symptoms, providing a clear indicator of improvement in
participants' mental health over the study period.

B. Mental Health Improvement Index (MHII)

A combined measure that include increases in emotional well-being and symptom reduction is the Mental Health
Improvement Index (MHII). The scores of the PHQ-9 for depression and the GAD-7 for anxiety are used to
calculate the weighted score.

The formula for MHII is given by:

MHII — o x PHQ-9 Reduction + B x GAD-7 Reduction
PHQ-9, .1 GAD-Tyeek 1

Where:
a and [ are weight coefficients (usually equal) depending on the focus of the evaluation.

PHQ-9 Reduction and GAD-7 Reduction represent the total reduction in the respective scores between week 1
and week 12.

This index provides a holistic measure of mental health improvement, combining both anxiety and depression
symptom reductions.
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VI. RESULT ANALYSIS:

Our project application's effects on participant’s reduction of anxiety, stress, and depression across age groups
are clearly shown in the Week 1 and Week 12 results tables :

Initial Dataset (Week 1):

Depression Anxiety
Age Group (PHQ-9) (GAD-7)
Adolescents Moderate High (16.1)
(14.2)
Young High (18.1) Severe (19.3)
Adults
Adults Moderate High (15.5)
(12.3)
Elderly Mild (8.2) Moderate
(10.5)
Post-Interaction Data (Week 12):
Depression Anxiety
Age Group (PHQ-9) (GAD-T7)
Adolescents Moderate (12.9) High (14.2)
Young High (16.4) High (17.5)
Adults
Adults Moderate (11.1) Moderate
(133)
Elderly Mild (7.3) Moderate
(9-2)

In all age groups, the baseline scores for depression
(PHQ-9), anxiety (GAD-7), and stress (PSS) were
high at Week 1, with young adults (19-35 years old)
and adolescents (13-18 years old) showing
particularly high baseline scores for depression and
moderate—to-severe  anxiety.  These  results
demonstrated the mental health issues that were
prevalent in these cohorts, with the young adult group
registering the highest levels of anxiety and sadness.

Those who used the application saw a discernible
drop in their mental health scores by Week 12. When
compared to the control group, the test group, which
engaged with the Al-powered therapist, demonstrated
notable improvements. By adopting the given therapy
interventions, adolescents in the test group
experienced significant emotional relief. For instance,
their anxiety decreased from 16.1 to 14.2 and their
depression decreased from an average of 14.2 to 12.9.
In a similar vein, young individual’s stress levels
dropped from 25 to 23 and their anxiety decreased
from 19.3 to 17.5. Notable decreases were noted even
in the senior group, where the initial symptoms were

Stress Participants Participants (Test
(PSS) (Control Group) Group)
Severe (28) 62 63
High (25) 64 61
Moderate 60 65
(22)
Moderate 60 65
(21)
Control Group Test Group
Stress (PSS) Results Results
Moderate -13 -3.8
(26)
High (23) 17 56
Moderate -1.2 -45
(21)
Moderate -0.9 -34
(19)

less severe; stress levels decreased from 21 to 19, and
depression ratings decreased from 8.2 to 7.3.

Overall, the data suggests that our application had a
positive impact on mental health, with improvements
more significant in the test group that engaged with
the Al therapy system. The comparison with the
control group, which showed only marginal
improvements, further highlights the efficacy of the
Al-driven therapeutic intervention in managing
mental health issues.

VII. CONCLUSION

The creation and assessment of the Al-driven robotic
therapist, present a viable way forward for the
escalating mental health emergency. Due to their
restricted accessibility and resources, traditional
therapy approaches find it difficult to keep up with
the rising demand for their services as mental health
concerns continue to climb. It has the potential to
offer scalable, effective, and easily accessible mental
health support, as this research has shown. This is
especially true for those who might not have easy
access to traditional therapy.
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It provides individualized, real-time therapeutic
responses based on each user's emotional state using a
combination of natural language processing, face
emotion detection, audio analysis, and reinforcement
learning. We used a rigorous technique that included
textual, audio, and video inputs as well as robust data
collecting and analysis using cutting-edge machine
learning models. Our study's findings show that this
application, especially when used regularly over time,
can successfully lessen tension, anxiety, and
depressive symptoms.

Furthermore, the system's capacity to pick up on user
interactions and modify its treatment approaches
guarantees that it will always be tailored to each
user's specific requirements. Although the first
testing's results are promising, more clinical
validation and longitudinal research are required to
verify the product's long-term efficacy.

In conclusion, it marks a substantial development in
Al-powered mental health assistance. By providing
prompt, easily accessible, and evidence-based
interventions for mental health problems, it can help
close the gap between patients and medical
professionals.

VIII. FUTURE SCOPE

The future scope of our project application is vast and
multifaceted. As the project continues to evolve,
several key areas offer potential for further research
and development. One promising direction is the
integration of advanced natural language
understanding and emotion recognition, enabling the
application to provide even more nuanced and
empathetic therapeutic responses. This could make
interactions more lifelike, fostering deeper
connections with users.

Expanding multimodal interaction features like
gesture and tone analysis may also help the system
recognize minute shifts in a user's emotional state,
enabling more customized interventions. User history,
learning preferences, and mental health progress
might all be included into the personalization
algorithms to improve them and make the product
more adaptive over time.

The integration of linguistic and cross-cultural
adaptability is another noteworthy area of
development. This enables the application to cater to
a worldwide customer by modifying its treatment
procedures to suit linguistic and cultural sensitivities.
It can be a more comprehensive tool for treating a
range of mental health disorders by expanding its
range of interventions and incorporating frameworks
from cognitive-behavioural therapy (CBT) and
psychodynamic therapy.

Therapy personalization is another exciting field. Our
project application has the potential to offer a highly
adaptive therapeutic experience by combining user’s
behavioural patterns, therapy preferences, and mental
health histories. In the future, the system may
incorporate sophisticated machine learning techniques
that enable the Al to change over time, adapting to
different user’s wants and monitoring advancements.
Then, the application may become more useful for
long-term therapy as a result, assisting people on
personalized therapeutic journeys catered to their
specific mental health issues.

Finally, clinical validation and real-world testing will
be essential to ensure our application’s efficacy and
safety. Larger, more diverse clinical trials will help
determine how the AI performs across different
populations and settings. Ethical concerns such as
data privacy, user consent, and the proper role of Al
in mental health care must be rigorously addressed to
ensure that our application operates in line with
medical standards and societal expectations. As the
system continues to evolve, these developments will
be crucial in establishing our project application as a
trusted and effective tool in the future of mental
health care.
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