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ABSTRACT 
This paper presents an AI-based graphical learning interface designed to enhance the acquisition of English 

grammar skills through interactive visual learning and intelligent feedback. Mastering English grammar is 

crucial for language proficiency, yet many learners find traditional grammar instruction challenging and 

disengaging due to complex rules and static exercises. The proposed system leverages artificial intelligence (AI) 

and a rich graphical user interface to transform grammar learning into a more personalized, engaging 

experience. The platform integrates natural language processing for real-time grammar analysis and error 

correction, as well as machine learning to adapt to each learner’s pace and proficiency level. Users can interact 

with visual grammar exercises – such as drag-and-drop sentence constructions and graphical illustrations of 

grammar rules – and receive immediate corrective feedback and hints, thereby reinforcing understanding 

through practice. A pilot study with ESL learners demonstrated improved grammatical proficiency and sustained 

engagement when using the interface, compared to traditional methods. The system’s architecture and features 

are discussed, including its core AI components and user-centric design, followed by an evaluation of learning 

outcomes. Results indicate that combining AI-driven feedback with a graphical learning approach can 

significantly improve grammar mastery and learner motivation. This research provides insights into how 

innovative educational technology can bridge existing gaps in grammar education, offering a learner-centric tool 

that makes grammar practice both effective and enjoyable. 
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1. INTRODUCTION 

1.1 Background  

English grammar is a foundational component of language proficiency, but learning grammar rules and structures 

has long been considered tedious and difficult for many students. Traditional approaches, such as textbook exercises 

and lectures, often fail to engage learners, resulting in low retention and understanding of grammatical concepts. 

Research indicates that complicated grammar rules and lack of interactive practice contribute to this challenge. 

Educators have attempted various methods – from simplified rule explanations to rote drills – yet a significant gap 

remains in making grammar learning both accessible and interesting. In recent years, artificial intelligence and 

digital platforms have emerged as promising tools to bridge this gap. AI-driven applications can provide 

personalized learning experiences, adapting to the learner’s needs, and offering features like instant feedback and 

guided practice. Notably, the integration of AI in language education has already shown benefits in related areas; for 

example, intelligent tutoring systems like AutoTutor have successfully engaged students in learning through mixed-

initiative dialogue interactions [1]. These advancements highlight the potential for AI to transform grammar 

instruction from a passive, one-size-fits- all model to an interactive, learner-centered experience. Additionally, 

incorporating graphical learning interfaces – visual and interactive elements in software – is known to increase 

student engagement and comprehension by illustrating abstract concepts in a concrete manner. This background 

underpins the motivation for developing an AI-based graphical interface dedicated to English grammar learning. 
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1.2 Need for Innovation 

Despite the availability of grammar textbooks and online exercises, learners often receive limited feedback on their 

mistakes and little personalization in the learning process. In conventional classrooms or self-study methods, 

feedback on grammar exercises might be delayed (e.g., waiting for a teacher’s corrections) or generic, hindering 

timely improvement. Moreover, traditional grammar teaching tends to be one-directional – students memorize rules 

and complete assignments – which can lead to disengagement. There is a clear need for innovative solutions that 

address these shortcomings. AI-based educational systems offer a way to provide immediate, tailored feedback 

and adapt to individual learning curves, something not feasible at scale with purely human instruction. Prior studies 

have shown that AI-powered language learning applications can deliver instant corrective feedback and adjust 

difficulty in real-time, leading to improved grammatical competence and higher learner engagement. Furthermore, 

gamification and interactive visuals can make learning grammar rules more enjoyable, turning a traditionally dry 

subject into an engaging activity [4]. By combining a graphical user interface with intelligent algorithms, a 

learning platform can visually demonstrate grammar concepts (for example, diagramming sentences or highlighting 

parts of speech in different colors) and allow learners to experiment and learn through discovery. This learner-

centric approach aligns with modern pedagogical emphasis on active learning, where students learn by doing and 

receiving feedback, rather than just reading or listening. In summary, there is a pressing need for an innovative 

grammar learning interface that utilizes AI for personalization and feedback, and a graphical, interactive design 

for enhanced engagement. The system presented in this paper is an attempt to fulfill this need by marrying state-of-

the-art AI techniques with user-friendly visual learning tools to create a more effective English grammar learning 

experience. 

 

2. SYSTEM ARCHITECTURE AND FEATURES 

2.1 Core Technologies  

The proposed grammar learning platform is built on a modular architecture that integrates several core AI and 

software technologies. Figure 1 provides an overview of the system’s architecture, highlighting the key components 

and their interactions. At the heart of the system is a Natural Language Processing (NLP) module, which analyzes 

user input (e.g. sentences constructed by the learner) to detect grammatical errors and parse sentence structure. This 

NLP module leverages a combination of rule-based grammar checkers and AI-driven language models to accurately 

identify issues and provide context-aware suggestions. Complementing the NLP engine is a Machine Learning 

component responsible for personalization; it uses user performance data to adapt the difficulty level of exercises 

and to predict which grammar topics require more practice for each learner. The platform also includes a Content 

Generation engine powered by AI – this engine can dynamically create new grammar exercises or sentences for 

practice, ensuring a virtually unlimited and varied question bank. A User Modeling subsystem tracks each learner’s 

progress, recording metrics such as topics mastered, common errors, and response times. This data feeds back into 

the ML adaptive system to tailor subsequent exercises. On the front end, the system employs modern web and 

graphics technologies to deliver a responsive, engaging Graphical User Interface (GUI). The GUI allows for 

interactive manipulation of sentence elements (for example, dragging words into the correct order) and provides 

visual cues (such as highlighting incorrect parts of a sentence in red, or displaying grammar rules in callout boxes). 

The platform is implemented as a web-based application for broad accessibility, using frameworks compatible with 

multiple devices (desktop, tablet, and mobile). Key technologies and components of the system are summarized 

below: 

• Grammar Analysis NLP Engine: Uses AI Agents as parsers which are pretrained language models to 

detect grammatical errors and analyze sentence structure in real time. It supports understanding learner 

input and generating corrections or hints. 

• Adaptive Learning Module: Another AI Agent which uses a Machine learning algorithms that adjust the 

difficulty and topic of exercises based on the learner’s performance. It employs techniques like 

reinforcement learning to recommend practice on weak areas and to progressively challenge the learner.  

• Exercise Generation: AI-driven content creation that produces new sentences or quizzes on the fly. This 

module ensures variety in practice material and can focus on specific grammar points (e.g., tenses, 

prepositions) depending on the learner’s needs. 

• User Progress Tracker: A database and analytic layer that stores user profiles, progress metrics, and 

achievements. It enables progress visualization and helps the system personalize the learning path for each 

user. 

• User Interface & Visualization: An interactive graphical interface built with user-friendly design 

principles. It includes visual elements such as grammar diagrams, drag-and-drop sentence building tools, 
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and immediate pop-up feedback indicators. The interface design follows accessibility standards, ensuring 

that visualizations (colours, fonts, layout) are clear and helpful for learning. 

These core technologies work in concert to create a seamless learning experience. For instance, when a learner 

attempts an exercise, the NLP engine evaluates the response and the UI instantly marks errors and displays hints; 

simultaneously, the user model updates the learner’s profile and the adaptive module decides what exercise to 

present next. This real-time interplay is what enables the platform to function as an intelligent tutoring system for 

English grammar, offering some of the same benefits as one-on-one tutoring by a human instructor [2][3]. 

 

2.2 Platform Capabilities 

Building on the core technologies, the AI-based graphical learning interface offers a suite of features aimed at 

maximizing educational effectiveness and user engagement. Table 1 provides a comparison of traditional grammar 

learning methods versus the capabilities of our proposed system. The key platform capabilities are highlighted 

below:  

• Interactive Visual Exercises: Learners engage with grammar exercises in a visual format. For example, a 

sentence scramble exercise allows users to reorder jumbled words into a correct sentence by dragging word 

tiles on the screen, providing a hands-on understanding of syntax. Visual diagrams (such as parse trees or 

highlighted subject-verb pairs) illustrate grammar rules in action, helping learners grasp abstract concepts 

through images and animation. 

• Real-Time Feedback and Hints: The system provides instantaneous feedback on user input. If a learner 

makes a grammatical error, the interface immediately highlights the error and the AI offers a hint or 

explanation (e.g., “The verb tense is incorrect; consider using past tense for this context”). This mirrors the 

responsiveness of a human tutor by correcting mistakes at the moment of learning, which is crucial for 

reinforcing correct usage . The feedback can include brief explanations of the relevant grammar rule, 

turning each mistake into a learning opportunity. 

• Personalized Learning Path: The AI adapts to the learner’s individual strengths and weaknesses. For 

instance, if the user consistently struggles with a particular grammar construct (such as conditional 

sentences or modal verbs), the system will automatically provide additional practice exercises focusing on 

that area. Conversely, topics that the learner excels in will appear less frequently, keeping the practice 

sessions efficient and tailored. This personalized curriculum is continuously refined by the user progress 

tracker and adaptive learning module. 

• Gamification and Motivation: To maintain high engagement, the platform incorporates gamified 

elements. Learners can earn points or badges for completing exercises, achieve streaks for daily practice, 

and possibly compete on leaderboards (optionally, among classmates or a community, if applicable). The 

interface features a friendly mascot and positive reinforcement messages to create an encouraging learning 

atmosphere. By turning grammar practice into a game-like experience, the platform reduces anxiety around 

making mistakes and motivates users to practice more frequently. 

• Progress Tracking and Analytics: Users have access to dashboards that visualize their progress over time. 

Metrics such as grammar quiz scores, improvement in error rates, and time spent on each topic are 

displayed in charts. This allows learners (and instructors, if the system is used in a classroom setting) to see 

measurable improvement and identify areas that need more work. The progress analytics also help validate 

the effectiveness of the system, as improvements in these metrics can be tracked for each individual. 

• Accessibility and Flexibility: The graphical interface is designed to be accessible to learners of various 

ages and backgrounds. Clear typography, color-coded highlights, and intuitive drag-anddrop controls make 

it easy to use. The platform supports multiple device types and does not require specialized hardware – 

only an internet connection and a modern web browser. This flexibility means the tool can be used in 

classroom computer labs, on students’ home computers, or on tablets for learning on-the-go. Additionally, 

for learners with specific needs, the interface includes options like text-to-speech for instructions and 

exercises (to aid those with reading difficulties) and adjustable font sizes. 

In summary, the platform is distinguished by its ability to provide immediate, customized, and engaging grammar 

practice. By addressing the pain points of traditional methods (such as delayed feedback and lack of engagement) 

with AI-driven solutions, the system has the potential to significantly improve learning outcomes. Figure 1 

illustrates the overall system design, and Table 1 contrasts key features of the traditional approach versus our AI-

based approach. 
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Figure 1. System architecture of the AI-based graphical grammar learning platform. 

 

Table 1. Comparison of Traditional Grammar Learning vs. AI-Based Grammar Learning Interface 

Aspect Traditional Method AI-Based Interface 

Interaction 
Classroom lectures or static exercises. 

Learner largely passive. 

Interactive, graphical exercises with user 

participation. Learner actively constructs answers. 

Feedback 
Delayed (homework graded later) or 

generic correct/incorrect answers. 

Instant feedback with explanations and corrective 

hints for each attempt. 

Personalization 
One-size-fits-all content; same progression 

for all learners. 

Adaptive learning path tailored to individual 

proficiency and progress. 

Content 

Variety 

Fixed set of examples in textbooks or 

worksheets. 

Dynamically generated exercises providing endless 

variety and context-specific examples. 

Engagement 
Often low; grammar drills can be tedious 

and abstract. 

High; game-like elements and visual aids make 

learning fun and concrete. 

 

3. IMPLEMENTATION AND EVALUATION  
3.1 Pilot Study and Feedback  

A four-week pilot involved 20 intermediate ESL learners on whom the platform was used 30 minutes daily while a 

matched control group continued traditional study. Learners completed a pre- and post-grammar test and a short 

satisfaction survey. Average scores for the experimental group rose from 68 % to 85 %, while the control group 

improved modestly from 70 % to 75 % (see Chart 1). Survey responses showed that 90 % of participants valued the 

instant feedback and visual cues; teachers reported higher voluntary practice.  

 

 
 

Chart 1. Pre-test and post-test grammar proficiency scores of learners using the AI-based platform vs. a control 

group 

 

4. CONCLUSIONS  
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The study shows that pairing AI-driven feedback with an interactive graphical interface significantly boosts 

grammar proficiency and learner engagement compared with traditional methods. Real-time corrections, adaptive 

practice, and game-like visuals transform grammar drills into an effective, motivating experience. While the pilot 

was small, the gains reported in Chart 1 and learner enthusiasm justify broader trials and further feature 

development (e.g., mini-lessons for persistent errors). As AI and UI design advance, such platforms can complement 

classroom teaching and make complex grammar concepts accessible to diverse learners. 
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