
Abstract

This dissertation investigates novel methods and tools that employ AI to address the
gaps between domain expertise and technical implementation, allowing both domain
professionals and end users to effectively create and customize interactive systems.

Domain professionals face distinct obstacles based on their expertise areas. Web
designers, for instance, struggle with the translation gap between visual concepts and
functional implementation, leading to compromised designs, extended development
cycles, and frustrating miscommunications between design and development teams.
We address these challenges by developing design-to-code translation systems that
automatically convert visual mockups into functional code while allowing designers
to explore stylistic elements and control interactive behaviors.

Educators encounter a distinct set of barriers when creating digital learning
environments. Despite possessing deep pedagogical knowledge, they typically lack
the technical skills to implement effective instructional interfaces without developer
assistance. We introduce a generative AI-based system that transforms teaching
requirements directly into interactive interfaces, maintaining educator control over
educational design while automating technical implementation.

For end users, we focus on individuals seeking to create websites which face a
fundamental barrier in the programming knowledge required for development. They
must either invest significant time learning technical skills or accept the creative
limitations of template-based solutions. We propose a language interface creation
algorithm that enable conversational website design and modification without coding
expertise, and a tool for customization to user preferences.

Lastly, this dissertation focuses on smart home inhabitants and the encountered
friction when their environments fail to understand natural communication patterns,
forcing them to adapt to rigid command structures rather than systems adapting to



iv

users, we introduce a multimodal disambiguation system that combine visual and
textual cues to clarify user intentions, creating more intuitive interaction experiences.

Through user studies and technical evaluations across web interfaces, intelligent
tutoring systems, and smart home environments, results show that designing AI
collaboration systems which allow humans to effectively express their intentions and
aligning the AI realization with these expressions, leads to significant improvements
in user satisfaction, efficiency, and output quality compared to traditional systems.


	Contents
	List of Figures
	List of Tables
	1 Introduction
	1.1 Context
	1.2 Background
	1.2.1 Accelerating and Democratizing Web Development
	1.2.2 Lowering Barriers to Design Intelligent Tutoring Systems
	1.2.3 Enabling Natural Interaction in Smart Home Environments
	1.2.4 Research Opportunities and Thesis Focus

	1.3 Main Thesis Contributions
	1.3.1 Algorithmic Approaches for Professional Designers
	1.3.2 Empowering Educators through AI-Assisted Tools for Instructional Design
	1.3.3 Web Development for End Users: Natural Language Tools for Creating and Customizing Websites
	1.3.4 Smart Home Disambiguation for Everyday Users
	1.3.5 Summary

	1.4 Document Structure

	2 Algorithmic Design-to-Code Translation for Professional Designers
	2.1 Introduction
	2.2 Transformer-Based Architecture for Design-to-Code Translation
	2.2.1 WebUI2Code Dataset: Real-World Website Screenshot-Code
	2.2.2 HTML Bootstrap Synthetic Dataset
	2.2.3 Generate Synthetic HTML Bootstrap Dataset Sketches
	2.2.4 Transformer Architecture for Design-to-Code
	2.2.5 Experiments
	2.2.6 Results
	2.2.7 Discussion
	2.2.8 Summary

	2.3 Style-Aware Sketch-to-Code Conversion
	2.3.1 Understanding of Sketches
	2.3.2 Automatic Style Transfer
	2.3.3 Code Generation and UI Reconstruction
	2.3.4 Preliminary Results
	2.3.5 Summary and Future Work

	2.4 Dynamic Behavior Specification in Sketches
	2.4.1 Method
	2.4.2 Modeling Dynamic Behavior
	2.4.3 Generation of Prototype Interface
	2.4.4 Experiments
	2.4.5 Summary and Future Work

	2.5 Conclusion

	3 Empowering Educators: AI-Assisted Tools for Instructional Design
	3.1 Introduction
	3.2 Generative AI-Enhanced Tutor Builder for Rapid Interface Prototyping
	3.3 Pedagogical Step Decomposition and Preference-Driven UI Refinement
	3.3.1 Methodology
	3.3.2 Data Analysis
	3.3.3 Results
	3.3.4 Discussion
	3.3.5 Summary

	3.4 Conclusion

	4 Web Development for End Users: Natural Language Tools for Creating and Customizing Websites
	4.1 Introduction
	4.2 LLM-Driven End-User Web Development
	4.2.1 Method
	4.2.2 Proof of Concept
	4.2.3 Summary

	4.3 Real-Time GUI Customization with Natural Language
	4.3.1 Overview of the Architecture
	4.3.2 Dynamic Component System
	4.3.3 Study Design
	4.3.4 Method
	4.3.5 Data Analysis
	4.3.6 Results
	4.3.7 Summary

	4.4 Conclusion

	5 Intuitive Home Control: Disambiguation Methods for Everyday Users
	5.1 Use Case for Interactive Disambiguation
	5.2 Method
	5.3 Concept Clarification
	5.4 Implementation
	5.5 User Study
	5.5.1 Procedure
	5.5.2 Participants

	5.6 Results
	5.6.1 Analysis of Quantitative Results
	5.6.2 Evaluation of Qualitative Findings

	5.7 Conclusions

	6 Discussion and Future Work
	6.1 Common Themes and Design Principles
	6.2 Limitations and Challenges
	6.3 Future Research Directions

	7 Conclusion
	References
	Appendix A Publications
	A.1 International Journals
	A.2 Proceedings
	A.3 Under Review


