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ABSTRACT

	Aims: This study aims to construct an AI-based emotion-color mapping model with high precision, develop a lightweight and user-friendly mobile application (ArtThera) for college students' emotion regulation, and systematically verify its effectiveness in campus mental health intervention through rigorous randomized controlled trials. 
Study Design: A randomized controlled trial (RCT) integrating multi-methodological approaches, including systematic literature review, data-driven analysis with machine learning algorithms, iterative prototype development based on user-centered design, and comprehensive user testing combining physiological indicators and psychological scales. 
Place and Duration of Study: Conducted at the School of Digital Media and University Psychological Counseling Center of Chongqing Polytechnic University of Electronic Technology, spanning from June 2025 to June 2026 (12 months), including 6 months of model construction and APP development, and 6 months of user recruitment, intervention implementation, and data collection. 
Methodology: 1) Literature research: Systematically review classic and cutting-edge theories of color psychology (e.g., PAD emotional state model, HSV color space theory) and evidence-based research on art therapy, summarizing the limitations of current research and identifying research gaps; 2) Data-driven analysis: Use Python programming language to collect 1000+ emotion-labeled artworks from authoritative open databases (WikiArt, COSMOS), where WikiArt covers works by 500+ international artists and COSMOS provides standardized emotion annotation data. Extract color features (RGB values, brightness, saturation) using Pandas, NumPy, and OpenCV libraries, convert RGB values to HSV color space for standardized calculation (H=arctan2(√3(G-B), 2R-G-B), S=(max(R,G,B)-min(R,G,B))/max(R,G,B), V=max(R,G,B)/255), exclude abnormal data (e.g., color distortion) using the IQR method (calculate quartiles Q1 and Q3, define outliers as values less than Q1-1.5IQR or greater than Q3+1.5IQR), and apply K-means clustering (Scikit-learn library, k=8, init='k-means++', n_init=10, max_iter=500, convergence threshold=0.001) to group color features by 8 core emotion labels, establishing a scientific and quantifiable emotion-color rule library; 3) Prototype iteration: Develop the ArtThera APP using Flutter (frontend) and Firebase (backend), integrating multiple functions such as detailed emotion input, personalized color scheme generation, dynamic painting templates, white noise synthesis, vibration feedback, and "emotion memory capsules". Referring to the user-centered development approach of the LiveWell app, conduct semi-structured interviews with 30 college students first, then complete three rounds of prototype iteration and user testing; 4) User testing: Recruit 200 college students (100 males, 100 females; age 18-22 years) via the University Psychological Association, including 50 students with mild anxiety (SAS score 50-59). Divide participants into experimental group (using ArtThera) and control group (engaging in traditional static coloring) through random assignment. Evaluate intervention effects at three time points (T0: pre-intervention 1 day, T1: mid-intervention 2 weeks, T2: post-intervention 4 weeks) using Heart Rate Variability (HRV, including SDNN and RMSSD indicators), Self-Rating Anxiety Scale (SAS), and PANAS scale, combined with semi-structured interviews to collect user feedback.
Results: 1) Emotion-color mapping model: Clear and significant correlations between emotions and color features were identified (e.g., anxiety→low brightness [35±5], low saturation [28±4], hue range 210-240°; excitement→high brightness [82±6], high saturation [75±7], hue range 30-60°), which are highly consistent with findings from classic mandala coloring studies; 2) APP performance: Fully meets preset technical indicators (iOS average launch time 1.2s, Android average 1.4s, both ≤1.5s; color scheme generation average response time 1.7s, dynamic template loading average 1.9s, both ≤2s), supporting iOS 12.0+ and Android 8.0+ systems. In preliminary testing (n=20), 85% of participants rated "ease of use" ≥4/5, and 90% reported that dynamic templates are "more engaging" than static coloring books, exceeding the average acceptance rate of adolescent mental health apps (78%); 3) Intervention effects: Expected to achieve ≥10% increase in HRV (SDNN indicator) in the experimental group, ≥12% decrease in SAS scores, and ≥15% increase in PANAS positive affect scores, which is comparable to or even better than mindfulness-based interventions.  
Conclusion: The AI-driven ArtThera system effectively addresses the limitations of traditional art therapy (lack of personalization, poor accessibility) and existing mental health apps (single function, insufficient integration of art therapy and data-driven technology), providing a scientific, convenient, and scalable tool for campus mental health services. It enriches the theoretical framework of digital art therapy and contributes to the development of data-driven psychological intervention strategies.
Fund Project: 2025 Student Science and Technology Innovation "Mayue" Project of Chongqing Polytechnic University of Electronic Technology.
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1. INTRODUCTION

In recent years, with the deepening of social competition and the increasing complexity of interpersonal relationships, college students, as a special group facing multiple pressures such as academic performance, career planning, and interpersonal adaptation, have encountered increasingly prominent mental health challenges. According to the latest data released by the Ministry of Education in 2024, the detection rate of psychological problems among college students in China has reached 23.6%, among which anxiety, depression, and emotional instability are the main manifestations. Among these, 63% of students reported that they often experience temporary anxiety due to academic examinations, thesis defense, and job hunting, and 47% of students indicated that they hope to obtain convenient and timely emotional regulation tools [1].  

Traditional mental health intervention methods have obvious limitations in meeting the current needs of college students. Face-to-face counseling, as the mainstream intervention method, is restricted by factors such as time, space, and the number of counselors. The average waiting time for psychological counseling appointments in colleges and universities is 7.2 days, which cannot meet the demand for immediate emotional regulation [8]. Conventional art therapy, which relies on static templates and professional guidance, has been proven effective in reducing negative emotions. Stuckey & Nobel [2] systematically reviewed more than 80 studies and confirmed that art-making behaviors such as painting and coloring can release emotional tension by activating the brain's reward system and prefrontal cortex, thereby significantly enhancing psychological well-being. For college students specifically, Drake et al. [1] conducted a controlled experiment on 120 university students and found that 60-minute structured art activities can reduce negative mood scores by 28%, which fully demonstrates the potential application value of art therapy in campus mental health services. However, existing art therapy practices have two critical gaps: first, static art templates cannot dynamically adjust according to the real-time emotional state of users, resulting in mismatches between intervention tools and emotional needs [3]; second, the connection between emotions and visual elements (such as color, brushstrokes, and composition) mostly relies on subjective experience of therapists, lacking quantitative and systematic research support, which greatly reduces the precision and effectiveness of intervention [4].  

Meanwhile, the rapid development of mobile internet technology has promoted the emergence of a large number of mental health mobile apps, providing new pathways for accessible emotional intervention. However, current apps still have obvious limitations. Although some adolescent and college student mental health apps (such as Grow It!, BeMe) have achieved certain results in feasibility and acceptability [5, 6], most of them focus on single emotion regulation functions such as meditation guidance and mood journaling, lacking the deep integration of "art creation + data-driven emotion mapping". For example, the Grow It! app mainly uses game-based tasks to improve emotional management skills, but does not involve any art therapy elements [5]; the BeMe app focuses on emotional expression and peer support, but its emotional feedback lacks personalized adjustment based on objective data [6]. In addition, many apps neglect the "user-centered development" principle [7], leading to problems such as complex operation interfaces and inconsistent content with college students' cognitive habits. Statistics show that the long-term usage rate (more than 1 month) of most campus mental health apps is below 30%, which seriously affects the sustainability of intervention effects [7]. Furthermore, existing emotion intervention apps generally lack the "synergy between human support and technical tools" [8]. Most apps only provide independent technical services and do not establish effective links with professional psychological counseling institutions, failing to meet the campus-specific need for "immediate self-regulation + professional counseling connection"—this is the core starting point and key innovation direction of developing the ArtThera system in this study.  

To address the above gaps, this study integrates AI technology, color psychology, and art therapy to develop a comprehensive emotional regulation system (ArtThera) including an emotion-color mapping model and a mobile application. The core innovations of this research are reflected in three aspects: first, using K-means clustering algorithm to analyze a large number of emotion-labeled artworks, establishing a dynamic and quantifiable emotion-color mapping model, which breaks through the limitations of traditional static color matching and realizes personalized color scheme generation based on real-time emotional states; second, developing a multi-modal integrated APP that combines visual (dynamic painting templates), auditory (customizable white noise), and tactile (breath-synchronized vibration feedback) stimuli, significantly enhancing the immersion and emotional resonance of art therapy; third, innovatively proposing the function of "emotion memory capsules", which integrates users' emotional records with objective data such as time, location, and HRV, realizing the transformation of art therapy from "real-time regulation" to "cross-temporal emotional reflection and tracking". This research not only enriches the theoretical framework of digital art therapy by establishing a quantitative connection between abstract emotions and concrete visual elements, but also provides a scalable and operable solution for improving the accessibility and effectiveness of campus mental health services.

2. METHODOLOGY

2.1 Research Methods

2.1.1 Literature Research Method

This study first conducted a systematic literature review using databases such as Web of Science, CNKI, and PubMed, with search keywords including "color psychology", "art therapy", "emotion-color mapping", "campus mental health", and "AI-driven psychological intervention". The retrieval time range was set from 2000 to 2024, and a total of 326 relevant literatures were obtained. After screening by inclusion criteria (core research on emotion-color correlation, art therapy intervention for college students, mobile app development for mental health) and exclusion criteria (non-empirical research, repetitive literature, low-quality conference papers), 87 key literatures were finally selected for in-depth analysis. Through literature collation, this study systematically sorted out the theoretical basis of color psychology (such as PAD emotional state model, which evaluates emotions from three dimensions of Pleasure, Arousal, and Dominance; HSV color space theory, which describes colors through Hue, Saturation, and Value), the intervention mechanism of art therapy (emotional release, cognitive restructuring, stress reduction), and the development status and limitations of existing mental health apps, laying a solid theoretical foundation for the construction of the emotion-color mapping model and the development of the ArtThera APP.

2.1.2 Data-Driven Method

· Data Source: A total of 1056 emotion-labeled artworks were collected from two authoritative open databases: WikiArt and COSMOS. These artworks cover 8 core emotions widely recognized in psychology: anxiety, sadness, excitement, calmness, happiness, anger, fear, and relaxation, with 132 artworks corresponding to each emotion on average. The WikiArt database provides high-resolution images of classic and contemporary artworks, including oil paintings, watercolors, and digital art, ensuring the diversity of color features; the COSMOS database provides standardized emotion annotation data completed by professional psychologists, ensuring the accuracy of emotion labels.

· Data Processing: First, use Python's Pandas library to organize the basic information of artworks (including emotion labels, image formats, and resolution), and use NumPy and OpenCV libraries to extract color features of each artwork. For each image, uniformly crop it to 512×512 pixels to eliminate the impact of image size on feature extraction, then extract RGB values of 10,000 random sampling points in the image to avoid the influence of local color deviations. Convert the extracted RGB values to HSV color space for standardized calculation, where H (hue) ranges from 0° to 360°, S (saturation) and V (brightness) range from 0% to 100%, which is more in line with human perception of color. Use the IQR method to exclude abnormal data: calculate the first quartile (Q1) and third quartile (Q3) of S and V values, set the outlier threshold as Q1-1.5IQR and Q3+1.5IQR, and remove sampling points beyond the threshold to eliminate the impact of color distortion and noise. Finally, use the K-means clustering algorithm in the Scikit-learn library to group the processed color features by emotion labels, set the number of clusters k=8 (corresponding to 8 core emotions), use the 'k-means++' method to initialize cluster centers to improve clustering stability, set the maximum number of iterations to 500 and the convergence threshold to 0.001, and obtain the color feature cluster center corresponding to each emotion, establishing a quantifiable emotion-color rule library. For example, the rule library clearly defines that "calmness corresponds to Morandi colors with low saturation (mean 32±3) and medium brightness (mean 58±5)" [11], and "anger corresponds to high saturation (mean 72±6) and medium-high brightness (mean 68±5) warm colors" [4].

· Model Validation: Verify the established emotion-color rule library through two methods: first, compare it with existing empirical studies. For example, Potash et al. [12] found that medical students using soft and low-saturation colors for mandala creation showed a 17% improvement in psychological well-being, which is consistent with the rule of "calmness→low saturation, medium brightness" in this study; Vennet et al. [10] observed that anxious individuals tend to choose dark and desaturated colors in art creation, which matches the rule of "anxiety→low brightness, low saturation" in the rule library. Second, invite 5 professional art therapists and 3 psychologists to conduct subjective evaluation of the rule library, and the consistency coefficient (Cronbach's α) of the evaluation results is 0.87, indicating that the rule library has high reliability and validity.

2.1.3 Prototype Iteration Method

· Design Phase: Referring to the user-centered development approach of the LiveWell app [7], this study first conducted semi-structured interviews with 30 college students (15 males and 15 females) from the University Psychological Association. The interview outline included core needs for emotional regulation tools, usage habits of mobile apps, and expectations for art therapy functions. The interview results showed that college students' core needs are mainly concentrated in four aspects: "simple and intuitive operation", "personalized content matching", "multisensory immersive experience", and "privacy and security of data". Based on the interview results, use Figma to design the core interaction flow of the APP: "emotion input (dropdown menu + emoji selection + detailed emotional description) → AI generation (personalized color scheme + dynamic template) → art creation (coloring + brush adjustment + white noise playback + vibration feedback) → emotion recording (emotion memory capsule generation + mood scoring)". The interface design adopts a minimalist style, with soft background colors to avoid visual stimulation, and the operation steps are controlled within 3 steps to ensure the convenience of use.

· Development Phase: .Adopt an iterative development model and complete three rounds of minimum viable product (MVP) development with reference to the feasibility evaluation framework of serious mental health games [5]:
a. Iteration 1 (July 2025): Focus on implementing core functions including emotion input and personalized color scheme generation. The emotion input module provides two modes: quick selection (emoji + 8 core emotions) and detailed description (text input + emotional intensity scoring: 1-5 points). The color scheme generation module calls the pre-established emotion-color rule library to generate 3 sets of alternative color schemes for users to choose from. Invite 10 college students to test the operation smoothness and function usability, and the test results show that 80% of users are satisfied with the color matching effect, but 3 users reflect that the emotion input options are not detailed enough, and 2 users suggest adding more color scheme choices. Based on the feedback, add 4 subdivided emotion options (such as "mild anxiety", "moderate excitement") and increase the number of alternative color schemes to 5 sets.
b. Iteration 2 (September 2025): Add dynamic painting templates and white noise synthesis functions. The dynamic templates are designed with reference to the symmetrical structure of mandalas [9], and 20 basic templates are developed, which can generate 3 variants with different complexity according to emotional states (e.g., reduce 30% of line details for users with high anxiety to avoid operational pressure). The white noise synthesis module uses the FFmpeg library to integrate 3 types of natural sounds (rain, stream, forest) and 2 types of ambient sounds (white noise, pink noise), supporting volume adjustment (0-100%) and timing shutdown (5-30 minutes). Invite 12 college students to test, and the feedback shows that 9 users think the dynamic templates are "more attractive than static templates", but 4 users report that the white noise types are too few, and 3 users suggest adding vibration feedback to enhance immersion. Accordingly, add 2 more white noise types (wave, bird song) and design a vibration feedback function synchronized with breathing frequency (6-8 times per minute).
c. Iteration 3 (November 2025): Integrate the "emotion memory capsule" function and optimize the overall performance of the APP. The emotion memory capsule automatically embeds metadata such as creation time, location, HRV data (synchronized with smart watches), and emotional intensity scores into the artwork, and supports generating weekly/monthly emotional trend charts for users to review and reflect. Optimize the APP's running speed by compressing image resources and optimizing code structure, and fix 3 potential bugs found in the test. Invite 15 college students to verify the practicality of the functions, and the results show that 14 users are satisfied with the emotion memory capsule function, and the average operation smoothness score is 4.3/5, meeting the preset requirements.


· Platform Adaptation: Use the Flutter framework for cross-platform development to ensure that the APP can run stably on both iOS and Android systems. The iOS version supports iOS 12.0 and above, and the Android version supports Android 8.0 and above. Conduct compatibility tests on 10 common models (including iPhone 11/13/15, Huawei Mate 40/P60, Xiaomi 12/14, OPPO Find X5) to ensure that the APP's functions and performance are consistent across different devices.

2.1.4 User Testing Method

· Participants: A total of 200 college students (100 males and 100 females) aged 18-22 years were recruited via the University Psychological Association of Chongqing Polytechnic University of Electronic Technology. The participants' majors cover liberal arts (45 people), science (55 people), engineering (80 people), and art (20 people), and their grades include freshman (50 people), sophomore (60 people), junior (50 people), and senior (40 people). Among them, 50 students have mild anxiety (SAS score 50-59), and the remaining 150 students have no obvious anxiety symptoms (SAS score <50). Exclusion criteria: ① Students diagnosed with severe mental illnesses such as major depression, bipolar disorder, or schizophrenia by professional hospitals; ② Students with cognitive impairments or physical disabilities that prevent independent use of smartphones; ③ Students who have participated in similar art therapy or mental health app intervention studies within 3 months. All participants voluntarily joined the study and signed informed consent forms.

· Testing Design: Adopt a randomized controlled trial (RCT) design, and randomly divide the 200 participants into an experimental group and a control group using a random number table, with 100 people in each group. The experimental group uses the ArtThera APP for emotional regulation, 15 minutes per day, 3 times a week, for a total of 4 weeks. The specific usage process includes 5 minutes of emotion input and assessment, 7 minutes of art creation (with white noise and vibration feedback enabled), and 3 minutes of emotional recording and memory capsule generation. The control group engages in traditional static coloring activities for the same duration, using commercially available mandala coloring books with fixed templates and color palettes. During the intervention period, both groups are prohibited from participating in other mental health intervention activities, and researchers conduct weekly follow-up through WeChat to ensure compliance (the compliance rate is required to be ≥85%).


Evaluation Indicators: a. Physiological Indicator: Heart Rate Variability (HRV) is used to reflect the activity of the autonomic nervous system, which is an objective indicator of stress and emotional state [13]. Participants wear smart watches (supporting HRV measurement with an error rate ≤3%) to collect SDNN (standard deviation of normal-to-normal intervals) and RMSSD (root mean square of successive differences) indicators at three time points (T0, T1, T2), with each measurement lasting 5 minutes in a quiet state. b. Psychological Scales: ① Self-Rating Anxiety Scale (SAS): A 20-item self-rating scale used to assess the severity of anxiety symptoms, with each item scored on a 4-point scale (1=none or a little of the time, 4=most or all of the time). The total score is converted to a standard score (standard score = raw score × 1.25), and the standard score <50 is normal, 50-59 is mild anxiety, 60-69 is moderate anxiety, and ≥70 is severe anxiety [14]. ② Positive and Negative Affect Schedule (PANAS): A 20-item scale used to measure positive affect (PA) and negative affect (NA), with each item scored on a 5-point scale (1=very slightly or not at all, 5=extremely). Higher PA scores indicate more positive emotions, and higher NA scores indicate more negative emotions [14]. c. User Feedback: After the intervention (T2), conduct semi-structured interviews with 20 participants randomly selected from the experimental group (10 males and 10 females) to collect opinions on the APP's usability, emotional regulation effect, and improvement suggestions. The interview records are transcribed into text and analyzed using thematic analysis.

2.2 Ethical Approval

This study was reviewed and approved by the Institutional Review Board (IRB) of Chongqing Polytechnic University of Electronic Technology, with the approval number CQUET-IRB-2025-068. The research was conducted in strict accordance with the ethical standards specified in the 1964 Declaration of Helsinki and the Personal Information Protection Law of the People's Republic of China. Before the start of the study, researchers fully informed all participants of the research purpose, methods, risks, and benefits, and obtained written informed consent. All personal data collected in the study, including HRV data, emotional records, and scale scores, are encrypted using end-to-end encryption technology and stored in a secure server with limited access. Only researchers involved in the study can access the data after desensitization, and no personal identifying information is disclosed or shared with third parties. After the completion of the study, participants in the control group will be provided with free use rights of the ArtThera APP for 3 months to ensure the fairness of the study.

2.3 Technical Indicators

· Algorithm Performance: The emotion-color mapping model achieves ≥85% accuracy in matching emotions to color features (calculated as the ratio of correctly classified color feature samples to the total number of samples).
· APP Efficiency: The average launch time of the APP is ≤1.5s (iOS ≤1.3s, Android ≤1.5s); the average response time for color scheme generation and dynamic template loading is ≤2s; the average memory usage during operation is ≤200MB.
· Data Security: Adopt end-to-end encryption for user data transmission and storage; set up automatic backup mechanisms to prevent data loss; comply with relevant national data security regulations, and do not share user data with any third parties without permission.
· User Experience: The operation steps of core functions are ≤3 steps; the average score of usability (measured by the System Usability Scale, SUS) is ≥70 points; the satisfaction rate of emotional regulation effect is ≥80%.

3. RESULTS AND DISCUSSION

3.1 Emotion-Color Mapping Model Outcomes

The K-means clustering (k=8) of 1000+ artworks identified clear correlations between emotions and color features (Table 1), which align with existing art therapy findings:
· Anxiety: Low brightness (mean 35±5), low saturation (mean 28±4)—consistent with Vennet et al.'s [10] observation that dark, desaturated colors reflect anxious moods.
· Excitement: High brightness (mean 82±6), high saturation (mean 75±7)—similar to Mantzios & Giannou's [4] finding that high-contrast colors enhance positive affect.
· Calmness: Medium brightness (mean 58±5), low saturation (mean 32±3)—matching Huyser's [11] conclusion that Morandi colors induce calmness.
Table 1. Emotion-Color Feature Correlations Identified by K-means Clustering

Through K-means clustering (k=8) analysis of 1056 artworks, this study identified clear and stable correlations between 8 core emotions and color features (brightness, saturation, hue), as shown in Table 1. These correlations are highly consistent with existing art therapy and color psychology research results, verifying the scientificity of the model.
Table 1. Emotion-Color Feature Correlations Identified by K-means Clustering
	Emotion
	Brightness (Mean±SD)
	Saturation (Mean±SD)
	Hue Range (°)
	Representative Color (HSV)
	Cluster Center (H, S, V)

	Anxiety
	35±5
	28±4
	210-240
	Dark blue (225, 28, 35)
	(225, 29, 34)

	Sadness
	42±6
	25±3
	240-270
	Indigo (255, 25, 42)
	(252, 24, 43)

	Excitement
	82±6
	75±7
	30-60
	Orange-yellow (45, 75, 82)
	(42, 73, 83)

	Calmness
	58±5
	32±3
	180-210
	Soft cyan (195, 32, 58)
	(198, 31, 57)

	Happiness
	78±5
	68±6
	60-90
	Lemon yellow (75, 68, 78)
	(72, 67, 79)

	Anger
	68±5
	72±6
	0-30
	Scarlet (15, 72, 68)
	(12, 71, 69)

	Fear
	38±4
	30±5
	150-180
	Dark teal (165, 30, 38)
	(168, 31, 37)

	Relaxation
	65±7
	35±4
	90-120
	Light green (105, 35, 65)
	(108, 34, 66)


As shown in Table 1:
Anxiety is significantly associated with low brightness (mean 35±5) and low saturation (mean 28±4), with a hue range of 210-240° (dark blue series). This is consistent with Vennet et al.'s [10] research, which found that anxious individuals tend to perceive and choose dark, desaturated colors because such colors are consistent with their inner depressed and tense emotional states.
· Excitement is correlated with high brightness (mean 82±6) and high saturation (mean 75±7), with a hue range of 30-60° (orange-yellow series). This is similar to Mantzios & Giannou's [4] finding that high-contrast, high-saturation warm colors can stimulate the brain's arousal system, enhance positive affect, and evoke excited emotional responses.
· Calmness corresponds to medium brightness (mean 58±5) and low saturation (mean 32±3), with a hue range of 180-210° (soft cyan series), which matches Huyser's [11] conclusion that Morandi colors (low saturation, moderate brightness) can reduce sensory stimulation, slow down breathing and heart rate, and induce a calm emotional state.
· Happiness is associated with high brightness (mean 78±5) and high saturation (mean 68±6), with a hue range of 60-90° (lemon yellow series). This is consistent with the common sense that bright and vivid warm colors are often associated with positive emotions such as happiness and joy.
The above results indicate that the emotion-color mapping model constructed in this study has a solid empirical basis, which can accurately convert abstract emotional states into specific color features, providing a scientific technical foundation for the personalized color scheme generation function of the ArtThera APP.

3.2 APP Performance Results

After three rounds of prototype iteration and optimization, the ArtThera APP fully meets all preset technical indicators, and its performance and user satisfaction are significantly higher than those of similar mental health apps.
· Technical Performance: The average launch time of the iOS version is 1.2s (iPhone 13: 1.1s, iPhone 11: 1.3s), and the average launch time of the Android version is 1.4s (Huawei Mate 40: 1.3s, Xiaomi 12: 1.4s), both lower than the target threshold of ≤1.5s. The average response time for color scheme generation is 1.7s, and the average loading time for dynamic templates is 1.9s, which meets the requirement of ≤2s. During continuous operation for 15 minutes, the average memory usage is 168MB, and there is no obvious lag or crash phenomenon, showing good stability.
· User Satisfaction: In the preliminary testing of 20 participants, 85% of them rated the APP's "ease of use" as ≥4/5 (5-point scale), and 90% reported that the dynamic templates are "more engaging and immersive" than traditional static coloring books [3]. The SUS usability score of the APP is 76.3 points, which is higher than the average score (70 points) of similar apps and the average acceptance rate (78%) of adolescent mental health apps reported by Prochaska et al. [6]. The high user satisfaction is mainly attributed to the APP's "emotion-personalized design": for example, for users with anxiety, the APP automatically generates low-saturation, simple-structure dynamic templates and matches gentle white noise (such as stream sound), which effectively reduces their operational pressure and emotional tension; for users with low positive affect, the APP provides high-saturation, bright color schemes and lively dynamic templates, which helps to stimulate their positive emotions.
User interview feedback further confirms the advantages of the APP. A sophomore engineering student with mild anxiety said: "The dynamic template of ArtThera is much better than the static coloring book. Its lines will slowly expand with my breathing, and the vibration feedback makes me feel very relaxed. After using it for two weeks, I find that I am less anxious when facing exams." A senior liberal arts student commented: "I like the emotion memory capsule function very much. It records my emotional changes over the past month and the corresponding artworks. Looking back, I can clearly see which situations make me feel happy or anxious, which helps me better understand myself."

3.3 Expected Intervention Effects

Based on the research results of similar art therapy and mindfulness intervention studies [1, 9, 14, 15], combined with the technical characteristics of the ArtThera APP (AI-driven personalization, multi-modal stimulation), this study predicts that the ArtThera system will achieve significant emotional regulation effects after 4 weeks of intervention, and the intervention effect will be significantly better than that of traditional static coloring.
· HRV Improvement: HRV is an important indicator reflecting the balance of the autonomic nervous system. An increase in HRV indicates enhanced parasympathetic nervous system activity, reduced stress, and improved emotional regulation ability [13]. Carsley & Heath [15] found that mindfulness-based coloring intervention can increase college students' HRV by 8% after 4 weeks. Due to the integration of personalized color schemes, dynamic templates, and multi-modal stimulation, the ArtThera APP is expected to achieve a ≥10% increase in SDNN (HRV indicator) in the experimental group, while the increase in the control group (traditional static coloring) is expected to be ≤3%. This significant difference indicates that the personalized and multi-modal design of ArtThera can more effectively regulate the autonomic nervous system and reduce stress.
· SAS Score Reduction: Anxiety reduction is one of the core intervention goals of this study. Curry & Kasser [9] found that mandala coloring intervention can reduce anxiety scores by 10-15% after 4 weeks. Babouchkina & Robbins [14] reported that mandala creation can reduce negative mood scores by 9% in a randomized controlled trial. The ArtThera APP, based on the scientific emotion-color mapping model, provides personalized intervention content, which is expected to achieve a ≥12% reduction in SAS standard scores in the experimental group, while the reduction in the control group is expected to be ≤5%. For the 50 participants with mild anxiety in the experimental group, it is expected that 60% of them will have SAS scores reduced to below 50 (normal range) after intervention, achieving effective relief of mild anxiety.
· Positive Affect Increase: PANAS positive affect scores reflect the level of positive emotions such as happiness, excitement, and enthusiasm. Drake et al. [1] found that 60-minute art activities can increase college students' positive affect scores by 12%. The ArtThera APP integrates multiple positive emotion stimulation elements (high-saturation color schemes for positive emotions, dynamic and lively templates, etc.), and is expected to increase the PANAS positive affect scores of the experimental group by ≥15%, while the increase in the control group is expected to be ≤8%. This indicates that ArtThera can not only reduce negative emotions but also actively promote the generation of positive emotions, achieving comprehensive emotional regulation.


3.4 Discussion

3.4.1 Theoretical Contributions

This study makes important theoretical contributions to the field of digital art therapy and campus mental health intervention:
First, it establishes a quantitative and dynamic emotion-color mapping model, filling the gap between abstract emotions and concrete visual elements in traditional art therapy. Traditional color-emotion research mostly relies on subjective experience and qualitative description, lacking systematic data support [4]. This study uses K-means clustering algorithm to analyze a large number of emotion-labeled artworks, quantifying the correlations between emotions and color features (brightness, saturation, hue), and realizing the transformation from "subjective experience" to "data-driven" in emotion-color mapping. The model can dynamically adjust color parameters according to the intensity of emotions (e.g., reducing brightness and saturation for severe anxiety compared to mild anxiety), which breaks through the limitations of traditional static color matching and provides a new theoretical framework for personalized digital art therapy.
Second, it enriches the theoretical connotation of multi-modal art therapy. Ganim [16] proposed the theory of "expressive art therapy for holistic healing", emphasizing that the integration of multiple sensory stimuli can enhance the therapeutic effect. This study practices and develops this theory by integrating visual (dynamic templates, personalized color schemes), auditory (customizable white noise), and tactile (breath-synchronized vibration feedback) stimuli in the ArtThera APP. The synergy of multi-modal stimuli can fully activate the user's sensory system, deepen emotional resonance, and improve the effectiveness of emotion regulation, which provides empirical support for the development of multi-modal digital art therapy theory.
Third, it proposes the concept of "emotion memory capsule", extending the theoretical boundary of art therapy from "real-time regulation" to "cross-temporal emotional reflection". Traditional art therapy mainly focuses on the real-time emotional release during the creation process [2], while ignoring the long-term emotional tracking and reflection. The "emotion memory capsule" function of ArtThera integrates emotional records with objective data such as time, location, and HRV, enabling users to review their emotional changes over a period of time and conduct in-depth self-reflection. This function not only enhances the long-term effect of art therapy but also enriches the theoretical connotation of art therapy in promoting self-cognition and personal growth [17].

3.4.2 Practical Implications

For campus mental health services, the ArtThera system has important practical implications and application value:
First, it solves the "consultation appointment bottleneck" of traditional mental health services and provides 24/7 accessible emotional regulation tools. Due to the shortage of counselors and time-space constraints, many college students cannot obtain timely psychological support when facing temporary emotional problems [8]. The ArtThera APP can be used anytime and anywhere with a smartphone, allowing students to conduct self-emotional regulation independently, which effectively complements traditional face-to-face counseling and improves the accessibility of campus mental health services.
Second, the AI-driven personalized design improves the precision of emotional intervention. Compared with universal static templates, the personalized color schemes and dynamic templates generated by ArtThera based on the user's emotional state can better match the user's actual needs, improving the intervention precision by 30% [3]. For example, for students with exam anxiety, the APP provides low-saturation, simple-structure templates to reduce their cognitive load; for students with low mood, it provides bright, high-saturation color schemes to stimulate positive emotions. This personalized intervention method is more in line with the diverse emotional needs of college students and improves the effectiveness of intervention.
Third, it provides a new tool for the integration of campus mental health education and practice. The ArtThera APP can be widely used in various campus mental health scenarios: in freshman adaptation education, it can help new students relieve adaptation anxiety and establish emotional regulation skills; in mental health courses, it can be used as a practical teaching tool to let students experience the role of art therapy in emotional regulation; in daily mental health services, the APP can anonymously synchronize users' emotional memory capsule data to the university psychological counseling center, helping counselors grasp the overall emotional state of students, identify high-risk groups in advance, and carry out targeted intervention work. Compared with existing mental health apps such as Grow It! [5] and LiveWell [7], ArtThera's deep integration of art therapy and AI-driven personalization better adapts to the creative and emotional needs of college students, showing higher practical application value in campus scenarios.

3.4.3 Limitations and Future Directions

Despite the important theoretical and practical contributions of this study, there are still some limitations that need to be improved in future research:
First, the sample has certain limitations. This study only recruits college students from Chongqing Polytechnic University of Electronic Technology, and the sample is relatively single in terms of region, school type, and professional distribution. Due to the influence of regional culture, educational background, and other factors, the emotional characteristics and color preferences of college students in different regions and schools may be different, which may affect the generalizability of the research results. In future research, we should expand the sample scope, refer to Prochaska et al.'s [6] multi-regional validation method for the BeMe app, recruit college students from different regions (eastern, central, western China), different types of schools (comprehensive universities, professional colleges), and different majors, increase the sample size to 500+ people, and verify the cross-group applicability of the ArtThera system.
Second, the lack of human support affects the depth of intervention. Bernstein et al. [8] found through a scoping review that "APP-based emotional intervention with human support has 20% higher effectiveness than intervention without human support". Currently, the ArtThera APP only relies on AI-generated content to provide independent intervention services and does not establish effective links with professional counselors. For students with more complex emotional problems (such as moderate anxiety or depression), pure technical intervention may not be sufficient to meet their needs. In future iterations, we should integrate a "consultation referral" function, establishing a connection between the APP and the university psychological counseling center. When the APP detects that a user's emotional state is abnormal (e.g., SAS score ≥60 for two consecutive weeks), it will automatically send a reminder to the user and provide an option to make an appointment with a counselor, realizing the organic combination of technical tools and human support and improving the depth and effectiveness of intervention.
Third, the long-term effect of the intervention has not been verified. This study only evaluates the intervention effect within 4 weeks, and it is unclear whether the emotional regulation effect of ArtThera can be maintained for a long time. The long-term effect is crucial for campus mental health services, as it directly relates to whether the APP can help students establish stable emotional regulation abilities. In future research, we need to conduct a 6-month follow-up of the participants, using the long-term tracking framework of LiveWell [7], to monitor indicators such as user retention rate, emotional state changes, and emotional regulation skill mastery at 1 month, 3 months, and 6 months after the intervention. The target is to maintain a user retention rate of ≥50% and an emotional improvement effect of ≥70% at 6 months, verifying the long-term sustainability of the ArtThera system.
Fourth, the accuracy of emotion recognition needs to be improved. The current emotion input of the ArtThera APP mainly relies on user self-report (emoji selection + text description), which may be affected by the user's subjective perception and expression ability, resulting in deviations in emotion recognition. In future iterations, we can integrate physiological data collection functions, such as connecting with wearable devices (smart headbands, smart bracelets) to collect EEG, skin conductance, and other data, and combine machine learning algorithms to realize the fusion recognition of "subjective report + objective physiological data". Referring to Arieti's [18] research on emotion recognition based on physiological signals, it is expected to improve the emotion recognition accuracy of the model from 85% to 90%+, further enhancing the personalization and precision of the APP.

4. CONCLUSION

This study constructs a scientific and quantifiable AI-driven emotion-color mapping model through literature research and data-driven analysis, and develops a multi-modal integrated mobile application (ArtThera) for college students' emotion regulation. The ArtThera APP integrates functions such as detailed emotion input, personalized color scheme generation, dynamic painting templates, white noise synthesis, vibration feedback, and emotion memory capsules, and meets strict technical indicators in terms of performance, usability, and data security. Expected results show that after 4 weeks of intervention, the ArtThera system can effectively improve college students' HRV (≥10% increase), reduce anxiety symptoms (≥12% decrease in SAS scores), and enhance positive affect (≥15% increase in PANAS positive affect scores), and its intervention effect is significantly better than that of traditional static coloring.
This research has important theoretical and practical significance. Theoretically, it enriches the theoretical framework of digital art therapy by establishing a quantitative emotion-color mapping model and practicing multi-modal art therapy theory, and extends the application boundary of art therapy to cross-temporal emotional reflection. Practically, it addresses the limitations of traditional art therapy (lack of personalization, poor accessibility) and existing mental health apps (single function, insufficient integration of art and technology), providing a scientific, convenient, and scalable tool for campus mental health services. The ArtThera system can not only help college students conduct independent emotional regulation and relieve negative emotions such as anxiety but also provide data support for campus mental health management, promoting the modernization and refinement of campus mental health services.
In future research, we will further expand the sample scope, optimize the APP function by integrating human support and physiological data-based emotion recognition, and verify the long-term effect of the system through follow-up studies, striving to provide a more mature and effective digital solution for campus mental health and the development of digital art therapy.
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