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ABSTRACT  

The objective of this quantitative research study is to evaluate the functional effectiveness and user acceptance 

of a machine learning driven adaptive web interface framework designed to dynamically adjust layouts and scale 

typography and modify color schemes based on real time student interaction tracking. Using 5 point Likert scale 

survey given to 50 participants including college students, faculty and IT experts, it was evaluated over usability, 

visual comfort, and adaptability. The observed results showed high overall system acceptance, reaching a grand 

mean score of 4.28 out of 5.00 Strongly Agree, with top ratings in User Experience 4.30, and Visual Comfort 

and Effectiveness 4.30. The findings validated that context aware and automated interface modifications mostly 

reduce cognitive load and visual fatigue compared to typical static portals, but future versions should adapt a 

mobile screen layout. 

Keywords - Adaptive User Interfaces, Machine Learning, Visual Ergonomics, Academic Portals, 

Personalization, Cognitive Load and User Experience. 

INTRODUCTION 

Web technology has transformed educational service delivery, with portals and learning management systems 

acting as student portals. But static, one size fits all interfaces ignore different digital skill levels and visual 

preferences leading to confusion and delayed tasks. This is clear in large Philippine private institutions like 

Arellano university, where fixed menus, colors, font sizes cause layout clutter, visual fatigue and user frustration. 

To handle this, web development is adopting smart adaptive systems by using machine learning to analyze real 

time interaction patterns and adaptive interfaces can automatically customize layouts and adjust colors to prevent 

eye fatigue, and resize fonts for individual comfort. 

Even with these theoretical benefits, observed research on machine learning driven personalization in localized 

student portals is still limited. Existing platforms lack data on how automated layout, color and typography 

adjustments affect user performance over time. This study connects that gap by designing, implementing and 

testing in practice of a machine learning driven adaptive web interface framework for students. 

After all, this research tracks student interactions to find out how real-time data drives meaningful interface 

transformations. The findings will give practical understandings for institutions building student focused 

platforms that optimize accessibility, navigation and usability. 

REVIEW AND RELATED LITERATURES 

Web Usability, Architecture, and Digital Academic Experiences 

The rapid evolution of digital platforms in higher education emphasizes the critical need for intuitive web 

architectures that accommodate diverse student populations. Rigid static layouts fail to address varied user needs, 

making the examination of dynamic customization methods essential for optimizing the overall digital academic 
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experience [1]. Usability metrics consistently indicate that student satisfaction is heavily dictated by the speed 

and clarity of web navigation, correlating interface complexity with user fatigue [6]. Furthermore, information 

architecture directly dictates whether students can locate essential educational resources quickly and intuitively 

through hierarchical menu structuring [17].      

User Interface Personalization and Standardized Portals 

Modern academic portals often present a one size fits all interface that miss individual user preferences and 

technical skill level, causing confusions when navigating standardized institutional websites [2]. By prioritizing 

flexible design paradigms, educational platforms can effectively mitigate usability barriers. Simultaneously, user 

interface optimization serves as a primary pillar for enhancing digital engagement and reducing cognitive load 

among undergraduate learners, ensuring seamless interaction pathways for essential university resources [3]. 

Automated interface adjustments minimize manual configuration challenges, noticeably improving the 

accessibility of advanced academic tools [15]. 

Adaptive Technologies and Behavioral Prediction 

The integration of adaptive technologies represents a transformative shift in educational service delivery through 

context-aware software design that matches user workflows [5]. Contemporary web development pattern 

demand user-centric approaches that adapt to behavioral patterns in real time by employing machine learning 

models to predict navigation intent    [7]. This continuous analysis of interaction patterns transforms passive web 

pages into active, responsive learning assistants [21]. But using automated systems requires clear explanations 

and control features so users can step in manually, balancing computer independence with human control [20].  

Navigation Constraints, Frontend Frameworks, and Cross-Platform Consistency 

Static web designs inherently lack the responsiveness required for varied student workflows, requiring a shift 

toward modular frontend architectures and intelligent design frameworks that ensure long-term maintainability 

[4], [10] . Scalability depends heavily on foundational component libraries that enables rapid deployment without 

reducing stability [14]. Also, cross-platform consistency remains vital. maintaining visual and functional 

continuity across diverse screens through responsive grid systems ensures unified experiences for modern 

academic web applications [16]. 

Cognitive Ergonomics, Visual Design, and Performance Optimization 

Cognitive psychology plays a key role in determining how efficiently users process screen information, where 

optimized typographic scales and color contrasts directly support student comprehension [11]  . System latency 

and interface clutter reduce engagement, making minimalist layouts important for superior performance scores 

[12]. Also, visual fatigue from high contrast brightness poses significant problem during extended study sessions, 

highlighting the importance of ergonomic standards like dark mode options and balanced light levels [22]. 

Software Integration, Empirical Evaluation, and System Scalability 

Personalization algorithms must bridge the implementation gap in academic settings to meet modern 

expectations [8], while digital accessibility remains an essential requirement for educational equity [9]. Technical 

complexities regarding state management require efficient front-end state synchronization to ensure smooth 

dynamic transitions [18]. Student retention is heavily tied to interface responsiveness and platform quality [19], 

supported by reliable back-end integration strategies for user preference profiles [23]. Ultimately, empirical 

evaluations provide objective validation for architectural overhauls [24], leading in next-generation portals that 

redefine institutional resource interaction [25]. 

Research Gap 

Previous studies have extensively explored web usability, architecture, user interface personalization, adaptive 

technologies, cognitive ergonomics, and digital platform optimization in higher education portals. However, 
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existing systems still show significant structural limitations, hard to use menus, interface clutter, and a lack of 

real-time behavioral adaptability for diverse student populations. As a result, this study focuses on developing 

an advanced, user-centric adaptive web interface based on dynamic customization methods and ergonomic 

design standards to significantly improve usability, navigation efficiency, accessibility, and the overall digital 

learning experience for students [13]. 

METHODOLOGY 

This chapter details the research design, respondents, instruments, data gathering procedures and system 

architecture essential to developing the adaptive web interface framework. 

To evaluate the machine learning driven personalization system, the study employs a quantitative descriptive 

research design using a survey questionnaire given to a targeted group of 50 student participant. This sample 

will provide comments on interface usability, navigation efficiency and visual comfort preferences. The research 

instrument includes structured and open ended questions to collect qualitative and quantitative data base on user 

habits, standard website navigation challenges, and satisfaction with adaptive features. 

System Architecture 

The design uses a secure login to connect students and administrators, where verified logins grant access to 

specific dashboards. Background machine learning modules continuously evaluate real time Usage data to start 

automated interface adjustments, such as layout modifications, color scheme changes and typography sizes. 

System Storyboard 

The system storyboard visually details layout transitions and core screens of the adaptive web application, 

displaying the primary landing page, authentication portals, dynamic dashboards, and preference settings menus 

to demonstrate interface transformations matching individual user comfort requirements. 

Dashboard 
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Login 

 

Machine Learning Assistant 

 

System Development Plan 

System development follows a prototyping methodology, allowing researchers to build and test and refine 

following models of the application based on continuous user evaluation. This repeated cycle makes sures that 

structural updates, machine learning integration, and user interface modifications are systematically Made better 

before launch.  
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Data Analysis 

Scale Verbal Interpretation 

5 Strongly Agree 

4 Agree 

3 Slightly Disagree 

2 Disagree 

1 Strongly Disagree 

 

Quantitative data from the Google Forms survey will be analyzed using descriptive statistics. Frequency counts 

and percentage distributions will summarize the demographic profile of the 50 student participants. Responses 

regarding user satisfaction, usability, and interface effectiveness—measured using a 5-point Likert scale (1 – 

Strongly Disagree to 5 – Strongly Agree)—will be evaluated by calculating overall mean scores to establish 

general user agreement and determine the perceived benefit of the adaptive interface features. 

RESULTS AND DISCUSSIONS 

Pie Charts 4.1: Demographic Profile of Respondents (N = 50) Role 

 

Gender 

 

 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi


Page 483 

www.rsisinternational.org 

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue XIII October 2026 

Special Issue on Emerging Paradigms in Computer Science and Technology 

|  

 

    

 
 

Primary Device 

 

Adaptive UI Familiarity 

 

Table 4.2: Category Evaluation Average Ratings (N = 50) 

Evaluation Category Average Rating Verbal Interpretation 

1. Usability and Design 4.26 Strongly Agree 

2. User Experience 4.30 Strongly Agree 

3. Adaptability and Personalization 4.24 Strongly Agree 

4. Visual Comfort and Effectiveness 4.30 Strongly Agree 

5. Overall Satisfaction and Usefulness 4.28 Strongly Agree 

OVERALL SYSTEM AVERAGE 4.28 Strongly Agree 

4.1 Respondent Demographic Profile 

As detailed in Table 4.1, the evaluation gathered responses from N = 50 participants. the majority were male 

college students (67%) and the 22% are females, accessing academic platforms primarily via smartphones (53%), 

with 62% reporting low to moderate prior familiarity with adaptive web interfaces.  
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4.2 System Evaluation Analysis 

System performance was evaluated using a 5 point Likert scale with standardized meaning ranges in 4.21–5.00 

(Strongly Agree), 3.41–4.20 (Agree), 2.61–3.40 (Slightly Disagree), 1.81–2.60 (Disagree), and 1.00–1.80 

(Strongly Disagree). As shown in Table 4.2, all categories received high evaluation scores leading to an overall 

system average of 4.28 ("Strongly Agree"). 

4.3 Summary of Findings 

The empirical evaluation demonstrates strong overall acceptance of the adaptive web interface, achieving a grand 

mean of 4.28 ("Strongly Agree") over all dimensions and confirming that machine learning driven layout 

transformations gives better functional value than static portals. The highest scores were recorded in User 

Experience (4.30) and Visual Comfort (4.30), respondents highlighted that dynamic font sizing, high contrast 

updates and reduced clutter effectively and also reduced visual fatigue. And the system earned a 4.24 ("Strongly 

Agree") in adaptability by tracking interaction patterns to prioritize often used tools and optimize navigation. 

Qualitative feedback appreciated automatic screen scaling and personalized dashboards, participants showed 

minor layout realignments during mobile screen rotation, pointing out the need for improved smartphone 

responsiveness and manual adjustment toggles in future versions. 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary of the Study 

This study made to address usability, navigation and cognitive fatigue issues caused by fixed static student portals 

by designing, implementing and testing a machine learning driven adaptive web interface framework. Using a 

quantitative descriptive design combined with a prototyping development method, the research evaluated real 

time layout adjustments, dynamic typography and high contrast color updates based on tracked user interaction 

pattern. A total of 50 participants where 89% college students, 9% faculty and 2% IT experts, evaluated the 

system using a 5 point Likert scale instrument measuring five main parts, Usability and Design, User Experience, 

Adaptability and Personalization, Visual Comfort and Effectiveness and Overall Satisfaction. 

Summary of Findings 

The practical test showed high overall acceptance of the adaptive web interface achieving a grand mean score of 

4.28 out of 5.00 ("Strongly Agree") over all dimensions, confirming that machine learning driven layout 

transformations gives better functional value than static portals. The highest scores were recorded in User 

Experience (4.30) and Visual Comfort and Effectiveness (4.30), participants confirmed that dynamic font scaling 

and high contrast dark mode options reduced cognitive load and visual fatigue during long usage. Also, the 

system earned a mean score of 4.24 ("Strongly Agree") in Adaptability and Personalization by tracking 

interaction patterns to auto prioritize often used modules, such as active courses and class schedules, and remove 

dashboard clutter. Usability and Design registered a score of 4.26 ("Strongly Agree"); yet, qualitative feedback 

pointed out occasional layout change during mobile screen rotation, revealing cross device alignment limitations. 

Conclusions 

Based on the empirical findings, several key conclusions are drawn. First, automated, context-aware interface 

modifications derived from real-time data tracking effectively resolve static navigation constraints and 

information overload in academic portals. Second, User-friendly interface settings, like easy-to-see colors and 

automated typography scaling, significantly improve digital accessibility and viewing comfort during extended 

study sessions. Third, machine learning models can seamlessly personalize student dashboards in real time 

without causing user confusion, provided the system maintains clear visual cues and predictable interaction 

pathways. Finally, the study's primary limitations include a sample size restricted to a single institution and minor 

visual layout alignment glitches when transitioning between portrait and landscape orientations on mobile 

devices. 
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Recommendations 

Based on the empirical findings, respondent survey feedback, and conclusions drawn, several actionable 

recommendations are proposed. First, responsive CSS layouts must be refined to improve mobile screen scaling, 

eliminating display delays and component alignment shifts during screen rotation. Second, default typography 

scales should be enlarged alongside manual UI controls, enabling users to customize font, button, and icon sizes 

for optimal visual comfort. 

Additionally, interactive onboarding tooltips and feature previews should be integrated to guide first-time users 

through automated dashboard modifications. System customizability and security should also be expanded by 

adding manual override toggles to lock automated layout changes, supported by Multi-Factor Authentication 

(MFA) and role-based access controls. Finally, future research should expand field testing to larger sample sizes 

across various academic departments to evaluate long-term usability, user retention, and platform scalability. 
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