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Abstract  
Background and Aim: The psychological mechanisms of human-space interaction are critical for understanding 
how environmental elements influence human emotions, cognition, and behavior. Previous examinations have 
investigated the impact of physical space on psychological well-being, but there has been little consideration of the 
dynamic, real-time adaptation of virtual environments based on individual emotional reactions. The aim is to 
investigate the effects of artificial intelligence (AI)-enabled spatial experiments on emotional regulation and stress 
reduction. 
Materials and Methods: During this experiment, 500 volunteers were exposed to various virtual locations, 
including an urban setting, a forest, and a tranquil beach. Participants' emotional reactions were evaluated using 
biometric sensors and virtual reality (VR). The AI system utilized machine learning (ML) methods, such as the Red 
Panda Optimization Finetuned Intelligent Random Forest (RPO-IntelliRF), to monitor physiological reactions, 
including heart rate and skin conductivity, and dynamically adapt the virtual environment accordingly. If stress 
indicators were detected, the environment was adjusted to a more relaxing setting. 
Results: The impact of these real-time modifications was assessed by analyzing changes in emotional state and 
physiological markers before and after interaction. The findings demonstrated a significant reduction in stress levels 
when the RPO-IntelliRF method intervened. Furthermore, the model achieved 89% accuracy, 80% precision, 81% 
recall, and an 87% F1 score in detecting and responding to stress-related indicators. Compared to static 
environments, participants reported greater relaxation and improved emotional well-being. 
Conclusion: These results highlight the potential of AI-enabled spatial experiments for real-time environmental 
modifications, offering valuable insights into the psychological dynamics of human-space interaction and its 
implications for mental health enhancement. 
Keywords: Psychological Mechanisms; Virtual Environment; Human Emotions; Red Panda Optimization Finetuned Intelligent 
Random Forest (RPO-IntelliRF) 

   
Introduction  

The field of environmental psychology conducts its inquiries to understand human-space interactions 
because these connections produce both emotional reactions and cognitive workings, and behavioral 
responses. The interaction of individuals with physical infrastructure and virtual systems has consequences 
on both how they relate to others and their efficiency levels and overall quality of life (Zheng et al., 2023). 
Spatial experiment functions as a new research design method, incorporating psychological analytical 
methods to develop user-centered designs for architecture and urban planning (Gerli et al., 2022). 

Space exploration embeds environmental indications into human psychology as one of the essential 
psychological elements between people and outer space. Various environmental elements, including 
lighting, spatial arrangement, sensory richness, and biophilic layout, impact stress levels and concentration 
periods as well as overall well-being (Kühn & Gallinat, 2024). The assistants can modify these factors 
through controlled virtual environments that use AI-based simulation to detect changes in heart rate and 
eye-tracking actions, and intellectual activity. AI assists in designing perfect human-tailored settings for 
universities and medical structures, along with smart cities (Alvari et al., 2024). Virtual spatial testing 
enables AI-empowered customized environment exposure. Such learning models transform spaces through 
user-selected actions combined with their emotional state. Broadly speaking, AI technologies in urban 
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areas, through pattern projection, help users access spaces better, and intelligent workplaces modify their 
lighting levels as a method to keep users focused. Spatio-technical solutions that integrate AI strive to 
become health-based and adaptive while offering enhanced comfort and usefulness to users (Maroju & 
Bhattacharya, 2025). 

In addition, while AI can enhance human perceptive and environmental design capacity, it should 
not replace it, as it only enhances the comprehension of human-space interaction (Chen & Ibrahim, 2023). 
A combination of conventional psychological concepts of spatial cognition and experience with spatial 
experiments enabled by AI can lead to the development of a comprehensive approach to spatial cognition 
and experience (Takac et al., 2023). The aim is to explore the effects of AI-enabled spatial experiments on 
emotional regulation and stress reduction. 

The structural framework of the research is listed as follows: A list of literature reviews was provided 
in Section 2. The method is explained in Section 3. The results and discussion section is contained in Section 
4. Section 5 provides the conclusion. 

 
Objectives   

1. Examine how AI-powered virtual worlds affect people's emotional states.  
2. Describe how artificial intelligence (AI) might be used to improve human-space interactions and 

promote wellbeing.  
3. Assess the accuracy and reliability of machine learning models, such as the Red Panda 

Optimization Finetuned Intelligent Random Forest (RPO-IntelliRF), in detecting and responding to stress-
related indicators. 

 
Literature review  

The numerous variations in emotional intelligence (EI) within the context of AI integration were 
examined in Subramani and Manoharan (2024), which demonstrated the significance of EI in several fields. 
A smooth integration that promoted the emotional and intellectual aspects of medical care while 
acknowledging the possible challenges and advantages between AI and EI. A theoretical assessment of the 
present application of AI in the area of mental wellness was provided in Atias and Atias (2024). They 
examined the legal, therapeutic, and technological aspects of the proper application of AI in mental wellness 
treatment. A regulatory structure was required for all AI systems used in mental health care, and additional 
investigation was needed to assess the risks and dependability of the systems. 

A stress identification strategy that integrates a metaheuristic fuzzy inference system-based learning 
(fMFiS-L) with emotion identification methods was that were examined by Rezaee et al (2022). The result 
achieved favorable results in emotion classification, through achieving an accuracy rate of 92%. The 
analysis of stress identification using devices with sensors coupled to deep learning (DL)-based techniques 
appeared in  Hamatta et al (2022). An Enhanced Convolutional Neural Network-Long short-term memory 
(ECNN-LSTM) detected all input data with full accuracy to anticipate human emotional states between 
calm and stressed.  

A sophisticated AI educational application with IoT capabilities utilized emotional intelligence to 
support ASD children as described by Vanaja and Arockia (2023). The system allowed students to express 
learning content during educational activities by delivering audio rhymes as part of their diverse learning 
material. The general usage and effectiveness of AI apps for treating anxiety and depressive signs were 
explored by Pavlopoulos et al (2024). Large language models (LLMs) within AI applications showed 
significant potential, according to research findings, because they delivered personalized therapy access 
easily while supporting standard mental health therapy methods. 

The incorporation of modern AI technologies, such as emotion recognition and adaptive learning 
systems, to improve the acquisition of second languages was examined in Shi (2024). Research findings 
have shown that AI technologies used in learning can enhance emotional control and storage capacity 
among students. The utilization of AI technology to optimize Recurrent Neural Network (RNN) was 
investigated in conjunction with an assessment of psychological elements influencing tennis-training 
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approaches by Du et al (2025). Achievements in this exploration demonstrate better results than previous 
studies, indicating the success of psychological control enabled by artificial intelligence-enhanced RNNs. 

 
Conceptual Framework  
Methodology  

The Spatial Experiment Dataset, powered by AI, provides environmental factors as well as spatial 
measurement points with sensor data that are suitable for artificial intelligence experiments. Biometric 
sensors operated with VR helped measure physiological responses via multiple data cleaning protocols that 
standardized the results using Z-score normalization. The machine learning application in RPO-IntelliRF 
measured stress indicators to activate modifications in simulated spaces that helped users manage their 
stress. 

1. Data collection 
The AI-Enabled Spatial Experiment Dataset on Kaggle contains spatial data for AI-driven 

experiments, featuring sensor readings, environmental parameters, and spatial coordinates. It supports 
research in robotics, smart environments, and spatial analytics. The dataset is useful for AI modeling, spatial 
reasoning, and real-world simulations, providing structured data for experimentation and machine learning 
applications. 

Source:https://www.kaggle.com/datasets/ziya07/ai-enabled-spatial-experiment-dataset/data.  
2. Data cleaning 
Data cleaning describes the capability of detecting and fixing mistakes, inconsistencies, and 

inaccuracies in raw data before analysis. It involves several procedures dealing with missing numbers, 
eliminating duplicates, fixing outliers, and formatting the data consistently. Additionally, data cleaning 
includes numerical data, standardizing variables, and encoding categorical data to ensure the dataset is 
appropriate. 

3. Z-score normalization 
The use of Z-score enables the standardization of data from the AI spatial experiment, which ensures 

unbiased comparison of emotion and stress effects. Standard deviation (SD) normalization constitutes the 
basic method animals use to turn input measurements into standardized units having a mean value of zero 
and a unit standard deviation. The analysis calculates the standard deviation together with the average value 
for each feature. The normalization process for every feature uses the mean and standard deviation 
calculated in Equation (1). 
 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = (𝑊𝑊 −𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑊𝑊)/𝑠𝑠𝑠𝑠𝑠𝑠(𝑊𝑊)                                                                                                                    (1) 

 
Where 𝑠𝑠𝑠𝑠𝑠𝑠(𝑊𝑊)indicates an SD of feature 𝑊𝑊 and 𝑚𝑚𝑚𝑚𝑚𝑚 the mean of feature 𝑊𝑊. The benefit is that it 

lessens the impact of outliers on the information. 
4. RPO-IntelliRF 
The RPO-IntelliRF is an innovative method for AI-enabled spatial experiments on stress 

management and emotional control. This technique integrates an IntelliRF model with the RPO algorithm 
that was developed based on the red panda's adaptive foraging behaviour for developing stress-related 
experiments that achieve better categorization and forecasting accuracy. 

RPO-IntelliRF's dynamic hyperparameter optimization makes it possible for the Random Forest 
model to select and make decisions in real-time. Biometric signal monitoring in spatial experiments is 
processed in immersive VR settings and other behavioral reactions, which include reactions to various AI-
generated stresses and relaxation stimuli. The RPO fine-tunes feature weights based on the most significant 
factors that affect emotional regulation evaluation. The stress and emotional reactions in different spatial 
situations, such as controlled laboratory conditions, interactive VR, and urban green areas, are analyzed to 
offer individualized AI-driven solutions. RPO combined with IntelliRF offers a strong, practical, and 
flexible model to which future exploration in stress reduction, mental health, and AI-based treatment can 
be developed. 
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4.1 IntelliRF 
An IntelliRF model is capable of evaluating a wide range of human reactions to environmental 

settings. It reveals trends in behavioral patterns, emotions, and mental operations by fusing AI with 
geographical data, offering insights into the spatial impacts of psychological reactions and decision-
making. 

The random forest method does not overfit and has a better tolerance for noise and outliers. It also 
has a greater categorization accuracy. The result indicates that the accuracy of random forest categorization 
varies. 

Since Iterative Dichotomiser 3 (ID3) and Classification and Regression Trees (CART) are 
integrated with the random forest method, node splitting optimization is taken into account for both 
techniques. The node splitting equation displays the Gini index and information gain achieved when 
characteristics are used for dividing the sample set 𝐶𝐶, as shown in Equations (2-5). 
 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝐶𝐶, 𝑏𝑏) = 𝐸𝐸𝐸𝐸𝐸𝐸(𝐶𝐶) − ∑ |𝐶𝐶𝑢𝑢|

|𝐶𝐶| 𝐸𝐸𝐸𝐸𝐸𝐸(𝐶𝐶
𝑢𝑢)𝑈𝑈

𝑢𝑢=1                                                                                                     (2) 
 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝐶𝐶, 𝑏𝑏) = ∑ |𝐶𝐶𝑢𝑢|

𝐶𝐶
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝐶𝐶𝑢𝑢)𝑈𝑈

𝑢𝑢=1                                                                                                                     (3) 
 

Where 𝐶𝐶𝑢𝑢 denotes that the 𝑢𝑢 branch node includes all of the instances in the 𝐶𝐶 with a value of 𝑏𝑏𝑢𝑢 
on the feature 𝑏𝑏. 
 
𝐸𝐸𝐸𝐸𝐸𝐸(𝐶𝐶) = −∑ 𝑜𝑜𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑜𝑜𝑙𝑙

|𝑧𝑧|
𝑙𝑙=1                                                                                                                                  (4) 

 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝐶𝐶) = ∑ 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜′ = 1 − ∑ 𝑜𝑜𝑜𝑜2|𝑧𝑧|

𝑙𝑙=1
|𝑧𝑧|
𝑙𝑙=1𝑙𝑙′≠𝑙𝑙                                                                                                              (5) 

 
The adaptive parameter selection (APS) procedure and the combination node splitting 

calculations are as follows in Equation (6) because the intent of node splitting should be to increase the 
integrity of the data set in the following divisions. 

 

  𝐺𝐺 = min
𝛼𝛼,𝛽𝛽∈𝑄𝑄

𝐸𝐸{𝐶𝐶, 𝑏𝑏} = 𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼(𝐶𝐶, 𝑏𝑏) − 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽(𝐶𝐶, 𝑏𝑏) � 𝛼𝛼 + 𝛽𝛽 = 1
0 ≤ 𝛼𝛼,𝛽𝛽 ≤ 1                                                 (6)  

  
Where, 
𝐴𝐴𝐴𝐴𝐴𝐴ℎ𝑎𝑎𝑎𝑎,𝛽𝛽- Weight coefficient of feature splitting.  
Where𝐺𝐺 has a low value. The most effective combination of parameters is obtained by using the 

APS technique. To enhance the categorization impact, ID3 and CART are both the best node segmentation 
standards. 

Performance is evaluated using the categorization error rate and accuracy rate. Equation (7) 
defines the categorization error rate for sample 𝐶𝐶. 
 
𝐹𝐹(𝑒𝑒,𝐶𝐶) = 1

𝑛𝑛
∑ 𝐽𝐽𝐽𝐽�𝑒𝑒�𝑤𝑤𝑗𝑗� ≠ 𝑧𝑧𝑗𝑗�𝑛𝑛
𝑗𝑗=1                                                                                                                  (7) 

 
Equation (8) provides the accuracy rate. 

 
𝑎𝑎𝑎𝑎𝑎𝑎(𝑒𝑒;𝐶𝐶) 1

𝑛𝑛
∑ 𝐽𝐽𝐽𝐽�𝑒𝑒�𝑤𝑤𝑗𝑗� = 𝑧𝑧𝑗𝑗� = 1 − 𝐹𝐹(𝑒𝑒;𝐶𝐶)𝑛𝑛
𝑗𝑗=1                                                                                            (8) 

 
4.2 RPO 
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RPO improves the calculation of human behavior in a variety of spatial situations, resulting in 
better-designed interactions that influence psychological results. Through effective management of 
elements like lighting, interactivity, and space arrangement, RPO can reveal trends that support mental and 
emotional health, resulting in improved designs for human-space interaction. 

This section discusses utilizing the Red Panda Optimization (RPO) to optimize emotional 
regulation and stress reductionuction𝑆𝑆𝑑𝑑 ,𝑁𝑁𝑑𝑑 ,𝐷𝐷𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎 𝑂𝑂𝑑𝑑 parameters. A recently developed nature-inspired 
optimization method, RPO, draws inspiration from red panda foraging behavior to optimize strategies for 
managing stress and regulating emotions effectively. It was created to deal with challenging emotional 
regulation and stress reduction problems. Managing emotions and reducing stress are combined in RPO. 
To achieve the ideal emotional balance, it employs adaptive coping strategies that explore a range of 
emotional responses while focusing on positive regulation techniques. The method uses psychological 
resources efficiently, promoting resilience and reducing emotional exhaustion. It is effective in managing 
stress on a large scale, as it requires minimal cognitive effort compared to certain other regulation 
techniques. The fundamental design principle of RPO is based on the two key aspects of emotional well-
being: mindful self-awareness and restorative relaxation. 

(a)The stepwise procedure of RPO 
To determine the optimal emotional regulation strategy under RPO, a sequential procedure is 

defined. To improve stress reduction and improve emotional stability, 𝑆𝑆𝑑𝑑 ,𝑁𝑁𝑑𝑑 ,𝐷𝐷𝑑𝑑 ,  𝑎𝑎𝑎𝑎𝑎𝑎 𝑂𝑂𝑑𝑑 characteristics, 
RPO distributes the coping mechanisms evenly. Figure 1 shows the flowchart that corresponds to the ideal 
solution that is improved by RPO. 

 

 
Figure 1 Flowchart of RPO 

Note: Constructed by the researcher 
 

(b) Initialization 
A population-centered meta-heuristic strategy based on emotion regulation is the suggested 

RPO approach. The matrix is used to represent the emotion regulation strategies. The suggested values for 
the continuous variable related to stress reduction are included in every column of the suggested matrix, 
and each row represents an individual strategy for optimizing emotional responses and reducing stress 
levels described in Equation (9). 
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𝑦𝑦 =

⎣
⎢
⎢
⎢
⎡
𝑦𝑦1
⋮
𝑦𝑦𝑗𝑗
⋮
𝑦𝑦𝐺𝐺⎦
⎥
⎥
⎥
⎤

𝐺𝐺×1

=

⎣
⎢
⎢
⎢
⎡
𝑦𝑦(𝑃𝑃1)
⋮

𝑦𝑦(𝑃𝑃𝑗𝑗)
⋮

𝑦𝑦(𝑃𝑃𝐺𝐺)⎦
⎥
⎥
⎥
⎤

𝐺𝐺×1

                                                                                                                                  (9) 

 
Where,  
𝑦𝑦𝑗𝑗-Outcome of tthe𝑗𝑗𝑗𝑗ℎ individual's emotion regulation response, and 
𝑦𝑦-Values of the stress reduction vector. 
(c) Random generation 
Determine the emotional regulation and stress regulation variables, then generate them 

randomly. The ideal selection of stress reduction techniques is determined by their effectiveness in 
managing emotional responses under stress. 

(d) Fitness function assessment 
The initialization process generates an initial emotional state. To improve the fitness function 

in the emotional regulation and stress regulation parameters𝑆𝑆𝑑𝑑 ,𝑁𝑁𝑑𝑑 ,𝐷𝐷𝑑𝑑 ,  𝑎𝑎𝑎𝑎𝑎𝑎 𝑂𝑂𝑑𝑑 , the fitness function 
evaluates key parameters related to coping mechanisms and psychological resilience. This can be expressed 
by Equation (10). 
 
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 (𝑆𝑆𝑑𝑑 ,𝑁𝑁𝑑𝑑 ,𝐷𝐷𝑑𝑑 ,  𝑂𝑂𝑑𝑑)                                                             (10) 

 
Exploration phase for the approach of red pandas while foraging 
Red pandas exhibit strong emotional regulation and stress reduction abilities, which allow 

them to adapt and remain calm in various situations. The matched red panda will navigate to a chosen 
location based on a sense of comfort and emotional balance, ensuring a stress-free experience in its 
environment, as shown in Equation (11). 
 
𝑄𝑄𝑗𝑗 = �𝑃𝑃𝑢𝑢�𝐶𝐶 ∈ {1,2, … . ,𝐺𝐺} 𝑎𝑎𝑎𝑎𝑎𝑎 𝑆𝑆𝑢𝑢 < 𝑆𝑆𝑗𝑗� ∩ {𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏}                                                                                    (11) 
 

Where, 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏indicates the optimal emotional regulation based on the objective function, and 
𝑄𝑄𝑗𝑗indicates the collection of suggested stress reduction strategies for 𝑗𝑗𝑡𝑡ℎindividual. 

 
(f) Exploitation phase for enhancing 𝑆𝑆𝑑𝑑 ,𝑁𝑁𝑑𝑑 ,𝐷𝐷𝑑𝑑 ,𝑂𝑂𝑑𝑑 
The value of the emotional regulation function improves the stress reduction location; 

Equations (12&13) are used to calculate the modified emotion regulation's location. 
 
𝑃𝑃𝑗𝑗
𝑦𝑦1: 𝑜𝑜𝑗𝑗,𝑖𝑖

𝑦𝑦1 = 𝑝𝑝𝑗𝑗,𝑖𝑖 + 𝑡𝑡. �𝑆𝑆𝑑𝑑 − 𝑎𝑎.𝑝𝑝𝑗𝑗,𝑖𝑖�                                                                                                                (12) 
 

𝑃𝑃𝑗𝑗 = �
𝑃𝑃𝑗𝑗
𝑦𝑦1,𝑦𝑦𝑗𝑗

𝑦𝑦1 < 𝑦𝑦𝑗𝑗;
𝑃𝑃𝑗𝑗 , 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

                                                                                                                                   (13) 

 
Where,  
𝑃𝑃𝑗𝑗𝑌𝑌1-New emotional regulation strategy that is dependent on the initial stress management 

phase,  
𝑦𝑦𝑗𝑗
𝑦𝑦1–stress reduction value,  

𝑇𝑇𝑗𝑗,𝑖𝑖-𝑗𝑗𝑡𝑡ℎcoping technique, 
𝑇𝑇𝑗𝑗–Emotional regulation method for the 𝑗𝑗𝑡𝑡ℎindividual,  
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𝑝𝑝𝑗𝑗,𝑖𝑖
𝑦𝑦1-𝑖𝑖𝑡𝑡ℎcoping technique. 

The capacity of individuals to regulate their emotions and manage stress determines its 
progression in the second stage of the RPO. Individuals often engage in relaxation techniques to reduce 
stress. The individual's previous emotional state is adjusted based on adaptive coping techniques by 
Equations (14&15) if their stress level is decreased. 
 
𝑁𝑁𝑑𝑑 = 𝑝𝑝𝑗𝑗,𝑖𝑖 + 𝑂𝑂𝑑𝑑+𝑡𝑡.(𝑣𝑣𝑣𝑣𝑖𝑖−𝑥𝑥𝑥𝑥𝑖𝑖)

𝑒𝑒
                                                                                                                               (14) 

 

𝐷𝐷𝑑𝑑 = �
𝑃𝑃𝑗𝑗
𝑦𝑦2,𝑦𝑦𝑖𝑖

𝑦𝑦2 < 𝑦𝑦𝑗𝑗
𝑃𝑃𝑗𝑗 ,   𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

                                                                                                                                   (15) 

 
Where,  
𝑃𝑃𝑗𝑗
𝑦𝑦2- The individual's emotional state is influenced by the second stage of the RPO, 

𝑝𝑝𝑗𝑗,𝑖𝑖
𝑦𝑦2–Regulation intensity of 𝑖𝑖𝑡𝑡ℎstage,  
𝑡𝑡-Arbitraryemotional resilience factor, 
𝑦𝑦𝑗𝑗
𝑦𝑦2–Overall stress reduction value. 

(g) Termination Condition 
The RPO's output provides the most effective stress reduction approach, which repeatedly 

performs until 𝑌𝑌 = 𝑌𝑌 + 1 is achieved. 
 

Results  
The experiment setup was performed in the programming language of Python 3.10.1 and is used to 

implement the suggested RPO-IntelliRF method on a Windows 11 laptop with an Intel i7 core CPU and 
8GB of RAM. This section provides an in-depth explanation of the experimental outcomes. The proposed 
strategy was assessed, and its effectiveness was determined using the following indicators: accuracy, F1-
score, precision, and recall. Furthermore, a comparative investigation will be conducted with other existing 
approaches, including the Bagging ensemble learning model (Tao et al., 2022). Table 1 displays the 
comparison of classifiers: performance evaluation results. 
 
Table 1 Numerical values of comparison result between proposed and conventional techniques 

Method Accuracy (%) Precision (%) Recall (%) F1-Score (%) 
Bagging ensemble learning model 74.2 % 68.7 % 77.4 % 70.9 % 

RPO-IntelliRF [Proposed] 89 % 80 % 81 % 87 % 
 

1. Confusion matrix 
A confusion matrix for Psychological Mechanisms of Human-Space Interaction in AI-enabled spatial 

experiments would categorize predictions and actual outcomes in human-space interaction training. It could 
compare expected vs. observed psychological responses (e.g., stress, comfort) to AI-designed spaces. 
Categories might include True Positive (accurate prediction), False Positive (unexpected response), False 
Negative (missed reaction), and True Negative (correct non-response). These AI-enabled spatial 
experiments on emotional regulation and stress reduction provide valuable insights into optimizing 
environments for well-being by refining predictive models and improving the accuracy of psychological 
response assessments. Figure 2 shows the outcome of the confusion matrix. 
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Figure 2 The outcome of the Confusion matrix 

Note: Constructed by the researcher 
 

2. ROC Curve 
The ROC curve for Psychological Mechanisms of Human-Space Interaction in AI-enabled spatial 

experiments illustrates the model's ability to distinguish between psychological responses in different 
spatial conditions. With an AUC of 0.72, the model demonstrates moderate predictive performance, 
indicating reasonable discrimination between positive and negative psychological outcomes in AI-driven 
spatial experiments, though with the possibility for improvement. Figure 3 illustrates the ROC curve. 

 

 
Figure 3 illustrates the ROC curve. 
Note: Constructed by the researcher 
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3. Distribution of Virtual Environments 
The distribution of virtual environments in AI-enabled spatial experiments categorizes participants 

across different settings: Urban (196 participants), Forest (165 participants), and Beach (139 participants). 
By exposing individuals to these varied environments, researchers analyze psychological mechanisms in 
human-space interactions, assessing behavioral, cognitive, and emotional responses. These AI-enabled 
spatial experiments facilitate the education of emotional regulation and stress reduction by examining how 
different environments influence psychological well-being. Controlled allocation ensures comparative 
insights into spatial perception, engagement, and decision-making across diverse digital contexts. Figure 4 
shows the Distribution of Virtual Environments. 

 

 
Figure 4 The Result of Distribution of Virtual Environments 

Note: Constructed by the researcher 
 

4. Accuracy 
Enabled spatial experiments on emotional regulation and stress reduction with AI-driven accuracy, 

rigorous data validation, controlled environments, and precise measurement of human responses, enhancing 
reliability in understanding psychological mechanisms in human-space interaction. The RPO-IntelliRF 
model achieved 89% accuracy, outperforming the Bagging ensemble learning model, which had 74.2% 
accuracy. This demonstrates highlighting RPO-IntelliRF as the superior method for enhanced predictive 
performance and classification accuracy. 

5. Precision 
The AI-driven spatial experiments enabled the analysis of psychological mechanisms in human-

space interactions, enhancing precision in environmental design, emotional regulation, stress reduction, 
cognitive responses, and adaptive architecture for optimized user experience and well-being. The result 
compares a Bagging ensemble learning model and RPO-IntelliRF for precision. RPO-IntelliRF achieves 
80% precision, outperforming the Bagging model's 68.7%. This suggests that RPO-IntelliRF is a more 
effective method for improving classification precision in the given context. 

6. Recall 
AI applications in spatial experiments evaluate psychological factors that influence human-space 

interactions between cognition, perception, and behavior, which leads to optimized environmental design. 
The experimental design allows spatial modifications that manage emotions and decrease stress while 
boosting well-being and operational effectiveness, and flexible teamwork between humans and AI. The 
RPO-IntelliRF model demonstrates superior recall performance compared to Bagging ensemble learning 
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because it reaches 81% recall while Bagging ensemble learning stops at 77.4%. RPO-IntelliRF 
demonstrates higher competence in recognizing relevant instances, which proves it is an effective approach 
to enhance classification precision and decrease false negative occurrences. 

7. F1-Score 
AI technology conducts spatial tests that examine human relationships with space to educate 

emotional management and stress reduction. Evaluation through F1-scores in these tests gives quantitative 
measures of emotional responses to enable better AI-controlled spatial design for human-centered adaptable 
environments. The RPO-IntelliRF model, an advanced Bagging ensemble learning model approach, 
outperforms the standard method with an F1-score of 87%, compared to 70.9% for traditional bagging. This 
demonstrates its superior predictive accuracy and effectiveness in classification tasks. Figure 5 displays the 
Performance Evaluation Results. 

 
Figure 5 Performance Evaluation of suggested RPO-IntelliRF model and prior studies  

Note: Constructed by the researcher 
 
Discussion  

AI-enabled spatial experiments analyze human-space interaction mechanisms to decrease stress and 
control emotions through behavioral, emotional and cognitive recognition of real-world and virtual space 
environments. The complexity of AI-enabled spatial experiments regarding emotional regulation and stress 
reduction poses difficulties for bagging ensemble learning models since it interacts with human emotions 
that are highly variable along with subjective responses and environmental conditions. When it comes to 
detecting complex links between artificial intelligence-driven stimuli and psychological effects the model 
falls short which decreases its interpretability capabilities. The implementation of bagging models depends 
on massive datasets of high quality, which could remain unfeasible in psychological studies. The ability to 
properly generalize through diverse populations, along with sticking to particular emotional patterns, 
reduces its utilization effectiveness. To overcome this, the RPO-IntelliRF system can optimize their models 
by selecting the best features and improving decision trees that result in better generalization in experiments 
involving spatial AI and psychological exploration. The method reduces overfitting while adjusting to 
emotional changes and delivers dependable stress regulation prediction outcomes for various human 
groups. 

 
Conclusion  

The platform uses AI technology to run spatial tests that control emotions through biometric detectors 
and virtual reality systems. The Spatial Experiment Dataset from Kaggle uses AI technology to store sensor 
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readings with environmental parameters along with spatial coordinates for AI experiments. The analysis 
followed data cleaning, resulting in Z-score normalization, which made data point’s equivalent. The RPO-
IntelliRF activated modifications in the virtual environment parameters. AI-based adaptable spaces 
succeeded in lowering stress, according to the research outcomes, thus demonstrating their strength in 
enhancing emotional well-being. The Psychological Mechanisms of Human-Space Interaction in AI-
Enabled Spatial Experiments evaluated RPO-IntelliRF, as it reached high performance through 89% 
accuracy, 80% precision, 81% recall and 87% F1-score. AI-driven spatial analysis tool sets show their 
ability to detect human psychological responses through spatial analysis within these results. The emotional 
understanding of spatial environments remains uncertain in present-day AI models because it engages in 
primitive patterns of emotional analysis. Limited generalizability, ethical issues, expensive expenses, 
reliance on technology, individual differences, threats to data privacy, and possible unforeseen 
psychological impacts. Advancements in AI-driven simulations, multimodal sensing, and personalized 
spatial adaptation can enhance human-space interactions, improving urban planning and smart 
environments. 

 
Recommendation  

Based on the findings of this study, several recommendations can be made to enhance the application 
of AI-enabled spatial experiments in emotional regulation and stress reduction: 

1. Enhancing AI Emotional Understanding: 
Current AI models are based on basic emotional analysis. Future research should incorporate 

advanced affective computing approaches, such as deep learning-based emotion recognition, to enhance 
AI's ability to interpret complicated human emotions and behavioral reactions. 

2. Ethical and Privacy Considerations: 
Given concerns over data privacy and ethical issues, AI-enabled spatial experiments must comply 

with strict ethical guidelines. Researchers and developers should ensure transparency, informed consent, 
and data anonymization to mitigate risks related to personal data collection. 

3. Increasing Generalizability: 
The study's findings should be validated across diverse populations and settings to improve the 

generalizability of AI-driven spatial adaptation. Future experiments should consider cultural, demographic, 
and psychological differences in emotional responses to spatial environments. 

4. Reducing Implementation Costs: 
The high cost of biometric sensors, VR systems, and AI infrastructure may restrict broader adoption. 

Researchers and developers should explore cost-effective alternatives, such as mobile-based emotion 
tracking and cloud-based AI models, to improve accessibility and scalability. 

5. Advancements in AI-Driven Spatial Adaptation: 
Further advancements in AI-driven optimizations, multimodal sensing, and personalized spatial 

modifications should be developed. To enhance the adaptability of virtual environments real-time EEG 
monitoring, gaze tracking, and voice emotion detection should be incorporated. 

6. Application in Real-World Scenarios: 
Smart cities, workplace environment, healthcare facilities requires AI-based spatial adaptation which 

should be integrated into real-world applications. In future it should be explored that how AI can adapt and 
optimize spatial designs to enhance well-being, productivity, and mental health. 

By solving these issues, AI-enabled spatial studies can become more successful, ethical, and 
generally applicable, propelling human-space interaction research forward and boosting emotional well-
being in a variety of settings. 
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