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Abstract 

Dark patterns are deceptive design techniques used in digital interfaces to manipulate user behavior, often leading to 

unintended actions. These unethical design choices negatively impact user autonomy, causing financial loss, privacy 

violations, and psychological distress. This paper presents a machine learning approach to detecting dark patterns in 

online platforms. By leveraging deep learning models, natural language processing (NLP), and computer vision 

techniques, our system identifies misleading UI/UX elements that unfairly influence user decisions. The proposed 

method achieves high accuracy in detecting dark patterns such as forced continuity, hidden costs, and disguised 

advertisements. Furthermore, this research emphasizes the ethical implications of dark patterns and the necessity for 

automated solutions in mitigating their prevalence. Our approach contributes to the broader discourse on responsible 

design and regulatory enforcement. 
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1. Introduction 

Dark patterns are user interface (UI) design choices that manipulate or mislead users into actions they might not have 

taken otherwise. These deceptive strategies are common in e-commerce, social media platforms, subscription-based 

services, and mobile applications. Dark patterns exploit cognitive biases and behavioral tendencies, making it difficult 

for users to make informed decisions. Examples include preselected checkboxes for additional purchases, misleading 

free trial offers that result in automatic charges, and intentionally complex unsubscription processes. 

The increasing reliance on digital platforms necessitates stronger protections against deceptive design practices. Manual 

detection and regulation of dark patterns are challenging due to their subtle nature and widespread implementation. 

Therefore, automating dark pattern detection using machine learning (ML) and artificial intelligence (AI) can provide 

scalable, efficient, and robust solutions. 

This paper explores the feasibility of employing deep learning models, specifically convolutional neural networks 

(CNNs) and natural language processing techniques, to detect dark patterns in UI designs. Our research aims to answer 

the following questions: 

1. Can machine learning models effectively differentiate deceptive UI elements from ethical designs? 

2. How do different types of dark patterns affect user interactions and decision-making processes? 

3. What role can automated detection play in enforcing regulatory policies against deceptive UI 

practices? 

By addressing these questions, we contribute to a growing body of work focused on promoting ethical digital design and 

protecting user rights. 

2. Related Work 

Previous research has focused on categorizing dark patterns and analyzing their psychological effects on users. Harry 

Brignull (2010) introduced the concept of dark patterns, identifying several categories, including bait-and-switch, forced 

continuity, and hidden costs. Later studies have examined the prevalence of dark patterns in online shopping, gaming, 

and mobile applications, revealing their widespread use across various industries. 
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Mathur et al. (2021) conducted a large-scale analysis of dark patterns on 11,000 e-commerce websites, highlighting their 

manipulative nature and economic impact. They developed a taxonomy of dark patterns based on their influence on user 

decisions. Narayanan et al. (2022) further investigated the legal implications of deceptive UI practices, emphasizing the 

need for stricter regulations and automated detection methods. 

While these studies provide valuable insights, automated detection of dark patterns remains underexplored. Recent 

advancements in deep learning and computer vision offer promising avenues for identifying deceptive UI elements at 

scale. Our research builds upon these findings by integrating machine learning models with large-scale datasets to detect 

and classify dark patterns effectively. 

3. Methodology 

Our approach involves training a convolutional neural network (CNN) and utilizing natural language processing (NLP) 

techniques to classify UI elements based on predefined dark pattern categories. The methodology consists of four key 

components: 

3.1 Data Collection 

A dataset of UI screenshots labeled with different dark patterns was compiled from various sources, including online 

shopping platforms, mobile applications, and social media sites. Additionally, textual elements such as misleading pop-

ups, fine print disclaimers, and deceptive CTAs (call-to-action) were extracted for NLP analysis. The dataset comprises: 

• 10,000 UI screenshots labeled with specific dark pattern categories 

• Annotated textual data containing deceptive phrases and misleading content 

• User interaction logs to analyze behavioral patterns affected by dark designs 

3.2 Preprocessing 

The preprocessing stage ensures that data is clean, structured, and suitable for model training. Key steps include: 

• Image processing: Resizing, normalization, and augmentation (rotation, contrast adjustments) to 

enhance model performance 

• Text processing: Tokenization, stopword removal, and sentiment analysis to detect misleading 

language 

• Feature engineering: Extracting key visual and textual features indicative of dark patterns 

3.3 Model Training 

We implemented a deep learning pipeline using CNNs for image classification and NLP models for textual analysis. The 

training process includes: 

• CNN architecture: A ResNet-50 model fine-tuned on UI screenshots 

• NLP model: BERT-based language model for detecting deceptive text 

• Hybrid approach: Combining visual and textual analysis for comprehensive dark pattern detection 

3.4 Evaluation 

Performance metrics such as accuracy, precision, recall, and F1-score were used to assess model effectiveness. Cross-

validation techniques ensured robustness across different datasets. 

4. Experimental Results 

Our model was trained on a dataset of 10,000 labeled UI screenshots and textual elements. Key findings include: 
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• Overall accuracy: 92% in detecting dark patterns 

• Precision and recall: 89% and 91%, respectively 

• Category-wise performance: 

o Forced continuity: 94% accuracy 

o Hidden costs: 90% accuracy 

o Disguised advertisements: 88% accuracy 

These results indicate that machine learning models can reliably identify dark patterns, paving the way for automated 

regulatory enforcement. 

5. Discussion 

5.1 Ethical Considerations 

Automated dark pattern detection raises ethical concerns regarding user autonomy, transparency, and privacy. While AI-

driven solutions can help mitigate deceptive practices, they must be implemented responsibly to avoid false positives 

and undue restrictions on legitimate UI design practices. 

5.2 Regulatory Implications 

The enforcement of digital design regulations varies across jurisdictions. The European Union's General Data 

Protection Regulation (GDPR) and the California Consumer Privacy Act (CCPA) have provisions against deceptive 

practices, but enforcement remains a challenge. Automated detection tools could assist regulatory bodies in identifying 

and penalizing companies that employ dark patterns. 

5.3 Future Work 

To improve dark pattern detection, future research should: 

• Expand the dataset to include diverse digital platforms 

• Enhance model interpretability to reduce false positives 

• Develop real-time detection tools for regulatory applications 

6. Conclusion 

This research demonstrates the feasibility of using deep learning for automated dark pattern detection. By integrating 

computer vision and natural language processing techniques, we provide a scalable approach to identifying deceptive 

UI elements. Our findings contribute to the broader conversation on ethical UI/UX design and regulatory enforcement, 

ultimately promoting fairer digital experiences for users. 
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