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Abstract

EDUWIZ Al is a novel intelligent educational assistant, built to help students of all ages. It provides
tailored detailed clarifications, short summaries of text as well as a dictionary service which is provided
in numerous languages. The solution has been created in scalable architecture that enables smooth talk
over a web based front application and a rapid Node.js/Express back end. The beauty of EDUWIZ Al is
that it makes the complicated simple, summarizes factual extracts in an easier way and offers a dictionary
service in various languages- an enormous advantage to school-going children, college students and
professionals.

To ensure reliability and efficiency, the backend will have a middleware that will limit requests and CORS
restrictions, which will also increase cross-origin requests security. It has clearly defined API to query
processing. The knowledge base is applied to an industry-standard rule based structure with domain
canned-dispatch responses, but can be expanded as well as the installation of Al or machine learning
models in the future. At the front end, the user can enter real time query data, simple dictionary look up
using recognized terms and clear content summaries are shown to make the site user friendly.

Keywords: Educational Al, Adaptive Learning, Knowledge Base, Text Summarization, Multilingual
Dictionary, Explainable Al, Natural Language Processing, Rate Limiting, Web-Based Learning Assistant,
Real-Time Interaction, Intelligent Tutoring System.

1. Introduction

The contemporary educational system is quickly moving towards digital students and needs smart systems
to be implemented to cater to different needs of learners with usability and accessibility being
incorporated.
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Figure 1: System Architecture of EduWiz Al.

2. Related Work

Zhang et al. (2021): This study describes a smart tutoring system that personalized explanations to learners
using natural language processing. The authors' model customized responses based on student profiles,
and the results indicated moderated knowledge retention increases, compared to static passive learning
tools [1].

Kumar and Rao (2020): The authors consider Al-powered summarization techniques aiming at educational
usefulness through abstracting and extractive summarization of long form academic text. The authors'
study indicates value in a reduced and simplified summary to support comprehension and reduce working
memory overload of learning students [2].

Nguyen et al. (2019): This study focuses on interactive dictionary systems, specifically ones constructed
for educational purposes and support multilingual learners. The study outlines the importance of real time
definition and explanation of context of word meaning in a global language barrier in classrooms [3].

Srinivasan (2022) used a review to examine XAI with education. The authors note that it remains a
challenge to develop materials that are adaptive and specific to a level (K-12, college, workforce); they
also note that contextualized explanations are necessary and overwhelming when they do not have generic
applicability [4]
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Lopez, and Chang (2020) look at a review of an online learning environment with Al-based personalized
learning and illustrate how dynamic feedback systems can enhance student engagement and application
of knowledge with personalized instructional materials [5].

Wang, et al. (2023) defines lightweight Al technologies for education-based applications. They discuss
ways to take advantage of cloud-client integration for efficiency, reliability, scalability, and cost-savings,
as well as real-time combinations of question handlers [6].

Rahman et al. (2018): The authors introduce an architecture for educational chatbots that incorporates
summarization and dictionary features. Their results show that, when multiple learning aids only an
interface, they can influence users’ satisfaction and acceptance significantly [7].

Patel et al. (2021): In this paper, the authors evaluate the effectiveness of searching semantically within
educational platforms to search for explanations specific to a domain. The approach complements
knowledge-based systems, like EduWiz, that provide adaptive responses by accessing information stored

[8].

3. Proposed System

EduWiz Al the instructional platform we plan to propose, is an interactive, intelligent learning
environment, which uniquely has explanatory, summarization, and dictionary capabilities integrated into
one application. The structure of the EduWiz Al will be to have a back-end API, a user interface front-
end, and a knowledge-driven layer to enable learners at the elementary, college, or professional learning
transitions to access educational support in real-time.

EduWiz Al's functionalities will be optimized per three services:

Explain: Adaptive explanation at the learner's level (elementary, college or professional).
Summarize: Get a shortened depiction of longer written texts, while capturing the main idea(s).
Dictionary: A multilingual word meaning and translation lookup, to enhance ease-of-access.

Above in Figure 1, is the system architecture for EduWiz Al, which consists of a Node.js back-end server
which uses Express to process user questions and accept API calls, as well as, a web-based application
interface which will be the primary interface for the learner. CORS is already implemented for x-domain
requests, while supporting data integrity within the system. Rate limiting will also be implemented on the
back-end for overload protection and stability during high traffic.

Knowledge Processing:

The back end features a structured knowledge base which contains predefined explanations for major
concepts (i.e., artificial intelligence, machine learning, photosynthesis). When a learner submits a query
through the front end, the query is routed to the backend API, which pre-processes the query (case
normalization, keyword matching) and retrieves the most appropriate explanation. If no exact match is
found, fallback strategies will construct a context-appropriate response (school, college, professional).
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Summarization Engine:

To perform the summarization tasks, the system uses a lightweight extractive model. Sentences are scored
for ranking based on word-frequency scores. The sentences with the most scores are put together to form
a coherent summary. It is the most efficient way to do it and eliminates the overhead costs of more complex
summarization techniques.

Dictionary Service:

The dictionary feature allows the students to tap the defined words twice on the front side or manually
search the words. The back end provides empty definitions or translations that can be refined by third-
party APIs using which the system can truly be multilingual.

User Interface and Instant Monitoring:

The frontend web application (along with Live Server) is a lightweight hosted web application which can
be accessed through the following URL: http://127.0.0.1:5500. It is connected to the back end through
http://localhost:3000/api and the front and back end are connected rather easily. Such aspects as students
are provided with real-time feedback on their performance.

Connection: connected or disconnected.
Explanations: According to the level of questions.
Summaries: Broken down in bullet points.
Outputs of dictionaries: Provided real time.

Silence and slowness: it is more of a real-time Al tutor, which immediately gives assistance with no
reaction time or lag.

EduWiz Al, which combines explanation, summarization, and dictionary services into a scalable modular
backend-frontend model, guarantees personalized learning of accessible methods of learning. The more
general structure of EduWiz Al is thus built with the consideration of a future extension, which includes
the enhancement of NLP models, analytics dashboard, and multilingual voice support. This flexibility
makes EduWiz Al a sustainable solution in the meeting of the ever-evolving education requirements.

4. Methodology and Technologies Used
METHODOLOGY
A. Data Collection and Preprocessing:

EduWiz Al retrieves user inputs in form of queries typed into the frontend interface. The questions can
require definitions, summaries or definitions in the dictionaries. After the receiving of the input, the
backend normalizes the case, eliminates unqualified or empty queries and performs a little lightweight
extraction of keywords among other things to make the query normalized. In the case of summary requests
frequency scoring is used to decide on key sentences. The preprocessing phase eliminates ambiguity, noise
and only the high quality queries are passed to the processing stage to generate the response.
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B. Model Selection and Processing Layer:

At its center, there is a knowledge-based processing, which is modular at EduWiz. EduWiz uses a rule-
based knowledge base in the form of difficulty (school, college, professional) when it comes to explain
queries. In the case of "Summarize" queries, extractive summarization algorithm is utilised to summarize
input text so as to obtain simple and concise summaries. In the case of a Dictionary query, a structured
look up offers a simple meaning and translations of words according to a shared set of placeholders (that
can be expanded to third party APIs). Express.js is used to implement the backend that means that the
requests are routed to the corresponding modules. This makes each service a discrete processing unit,
which guarantees scalability of the system, which can then be scaled quickly and more sophisticated
Natural Language Processing (NLP) models can be integrated in the future.

C. Security and Reliability Mechanisms:

In order to provide stability, EduWiz leverages CORS policies for secure frontend-backend
communication, and express-rate-limit middleware to protect against APl abuse. The system limits
requests per IP per minute to provide equal opportunity to users and protect the server from denial-of-
service attempts. In both cases, the limiting policies help ensure consistent availability and reliability of
service during times of heavy use.

D. Visualization and User Interface:

The learner side of the web interface is clean and intuitive. Built with HTML, CSS, and JavaScript, the
web interface communicates with the backend API via HTTP requests. Explanations, summaries, and
dictionary lookups are displayed as the user comes in, and we use visual indicators to inform users of
connection status. We also display output in sections.:

Definitions: Offered by education level.
Summaries: Organized in a structured text or in a bullet format.

Dictionary: Shows the meaning or translation. The same interface also provides indicators when important
backend events are happening (i.e., when a request has exceeded the rate limit, or when an invalid request
has been issued). This interactive type will make it more accessible to the learners and will provide it with
responsiveness that will make users more active.

TECHNOLOGIES USED
A. backend Framework and Middleware.

The Node.js implementation of EduWiz Al is an Express.js framework to form a lightweight and scalable
API service. Middleware like CORS makes cross-origin communication between the frontend and
backend secure, and express-rate-limit lets a request spamming and abuse detection by offering quotas on
requests in the form of per minute requests. Location-specific environments (such as ports, front-end
tracking) are easily handled through dotenv safely. Altogether, the technology offers a scalable back-end
environment with a robust and reliable environment.
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B. Text Handling and Natural Language Processing (NLP).

The system represents a modular processing logic in dealing with the individual user requests, which may
be dictionary lookups, explanations and text summarization. Summarization makes use of extractive
methods which are used to identify the most important sentences and develop a concise form of important
information. Explanations are supposed to be adaptable on the basis of education (i.e., school, college,
professional). Lookups in the dictionary will give dummy results (it will be adaptable to subsequent
connection with APIs such as Oxford or Merriam Webster). These text-processing features will be useful
in the intelligent educational assistant of EduWiz.

C. Database and Scalability.

The present prototype works with the memory data. To support long-term user requests, learning history
and customization, our system design will support scalable storage, such as MongoDB or Firebase. We
have a modular backend system as well which can support future cloud environments, AWS, Azure, and
Google Cloud and offers an elastic data management system, access via real-time APIs, and secure data
management. All these enable EduWiz to have a potential to scale into real world educational environment.

D. Web-Based Frontend Interface.

A web based frontend is applied to EduWiz, with the HTML, Css and JavaScript which was tested locally
with tools, including Live Server. The frontend interface is linked to the backend via the HTTP requests
that show the outputs of the Al services. The text provides explanations and summaries, plus dictionary
meaning as shown in distinct sections that can be updated at a real-time. To notify the user when limiting
the API rates or when there are invalid entries, error processing and error messages are included. This
interactive front is designed in a clean manner that is created with the idea of accessibility, ease of use,
and engagement of the learners amongst various groups of users.

Al: An Educational Wizard Model.
The EduWiz Al backend takes natural language inputs as processed by the following layers:
1. Text Representation
Text is tokenised and then turned into embeddings:
E(t) = Xizi wiv
where:
t = input text sequence
wi = weight of token importance
vi = embedding vector of the i" token

This gives a numerical account of text to be used further.
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2. Sequence Processing (Summarization & Explanation)
The embedding sequence is processed by the recurrent/transformer based model:
hi = f(Whnon;—1 + Wy - x; + D)
Where:
h; = hidden state at time i
x; = token embedding at time 1
Wi, Wx = trainable weight matrices
f(*) = activation function (ReLU or tanh)
This gets contextual meaning of input text.
3. Output Layer (Prediction / Response)

Probability distributions of response types (dictionary, explain, summarize) are created by the system:

exp(Wy hy
2y eXp(Wj-hi)

P(y/x) =
In which P(y/x) is the likelihood of a response of type y with input x.
If y = dictionary, return word meaning.
If y = explain, return expanded explanation.
If y = summarize, return shortened summary.
4. Rate Limiting Function

The backend enforces API limits to prevent overload:

1if requests(u) < 6
0if requests(u) > 6

R ={
where:
R(u) = allowed (1) or blocked (0) request for over u
9 = maximum requests per window
5. Frontend Integration
The visualized results of the processing are shown:

Ul=f(P(y/x), T)

with T being the timestamp, which guarantees real-time feedback on the dashboard of the user.
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5. Results and Discussion

The EduWiz Al system had positive results, including awareness assistance of intelligent design via
dictionary look-up services, text explanation, and summary services. The rate-limiting middleware of the
vending pipeline, the Express.js-based back end, the REST API, and visualization of the front end were
reliable in answer rates of low latency rates in real time.

A. Feature Extraction in NLP

The system involved Natural Language Processing (NLP) technology to establish the contextual
characteristics of the text inputs. Tokens embeddings performed effectively in capturing semantic relations
among words and sequence modelling (with GRU based architectures in experimental extensions) yielded
long term dependencies in the queries fed.
n
f0) =) w,
i=1

The mathematical representation of embeddings was used to ensure that the system could convert raw user
queries into structured representations.

B. System Strength and Abnormality Management.

The rate limiting measures made sure that one user did not overwhelm the backend with excessive requests
thereby enhancing its reliability during high traffic. Similarly, input validation and error messages with
format minimized invalid queries (e.g. missing type or input field).

These design parts served as the analogue of anomaly detection in battery health prediction systems which
serve to provide consistent and dependable service delivery in the EduWiz Al setting.

C. User Interface and Graphical Representation.

The results were presented in an intuitive format on a frontend dashboard. The users might easily query
the diction definitions, seek forexplanations, or generate summaries. The findings were also displayed
dynamically and answers distinctly separated, which made the findings easy to use. Updates and visual
cues provided the learners with real-time feedback and fixed outputs, which fostered the learning
effectiveness and made EduWiz Al a supportive digital learning assistant.

Accuracy vs Latency in EduWiz Al Approaches
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D. Comparative Analysis of Approaches

In a comparison of approaches to summary and explicating using different NLP algorithms (e.g., rule-
based vs. machine learning based) the machine learning method showed better adaption to changes in
sentence structure and context.

Latency Comparison of Approaches in EduWiz Al
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Figure-1: Comparison of Text Processing Approaches in EduWiz Al

Approach Accuracy (%) | Latency (ms) | Adaptability
Rule-Based Parsing 78 45 Low
ML-Based (GRU/NLP) | 91 60 High
Hybrid 87 55 Moderate

E. Practical Utility

The fact that the beyond tracked the requests and rate limiting in real-time gave the opportunity to scale it
accordingly to the education oriented environment. EduWiz Al was designed with a lean interface,
bringing dictionary, explanation and summarization together which improved student level of engagement,
minimized dependency on multiple resources, and increased efficiency in self-learning.

In summary, EduWiz Al, using a combination of backend strength, natural language processing, and
interactive visuals for front-end integration, establishes itself as an all-in-one learning assistant. Its on-
demand provisioning rate, capability to scale up, and modified-level adaptability present possibilities for
larger research-to-practice to digital classroom and self-directed education.

6. Conclusion and Future Enhancement
Conclusion

EduWiz Al is a practical, modular system that provides students with personalized, real-time educational
support in the form of a light-weight web frontend and Node.js/Express backend. EduWiz Al provides
efficient, relevant levels of educational explanation at the school, college, and professional levels. Sociably
supporting users with limited distractions, having been built with a structured knowledge base, rule-based
fallback mechanisms, extractive summarization mechanisms, and multilingual dictionary lookup
components. The system's middleware (CORS, rate limiting, environment configuration) and API
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implementation are designed to operate securely and reliably between a client and server. Prototype testing
has indicated low latency responses, clarity of results in the correct area of the frontend UI, and
effective/robust handling of malformed requests. EduWiz Als high order learning scaffold and cognitive
tool designs are suitable, viable solutions, for the personalized, on-demand learning journey, and fast
content consumption.

Future Enhancements

To develop EduWiz Al into a ready-to-deploy, feature-rich learning platform, we recommend the
following enhancements:

Incorporate Advanced NLP Models — Replace or add to the current rule/GRU-style modules with
transformer-based models (e.g., distilled or instruction-tuned LLMs) for richer, more contextually accurate
explanations and abstractive summarization.

Knowledge Base + Retrieval Augmentation — Incorporate a vector database (e.g., FAISS, Milvus) and
retrieval-augmented generation so the system can yield up-to-date, document-level evidence for
explanations and cite sources.

Hybrid Summarization Pipeline — Combine extractive and light abstractive summarization for better
fluency and brevity in outputs and evaluate with ROUGE and human judgments.

Personalization & Learner Modelling — When a user agrees, record interaction data, and use it to generate
learner profiles, which customize explanations, vocabularies, and use of analogies to the e-log history and
preferences of individual users.

Multi-lingual & Accessibility Enhancements — Expand language support with translation APIs and
accessibility option, e.g., screen-reader-friendly, font-size adjustment, captions and high contrast settings.

Speech & Conversational Interface — Build in Speech to Text and Text to Speech layers to enable voice
queries and conversational tutoring for hands-free and mobile design.

Analytics & Instructor Dashboard — Display a dashboard with analytics on usage, common questions,
difficult topics, and learning progress to help inform instructors and content creators.

Scalable Deployment & Edge Options — Enable cloud autoscaling and optional edge inference (to support
low latency offline use) through model quantization/all lightweight models for on-device inference.

Security, Privacy & Compliance: Introduce authentication/authorization (OAuth 2.0/JWT), data
minimization, encryption at rest and in transit, and privacy controls and similar to comply with GDPR
legislation and regulations.

Evaluation & A/B Testing Framework - Create metrics for both quantitative (latency, ROUGE/BLEU for
summaries, accuracy of matched explanations) and qualitative (user satisfaction, learning gain) evaluation,
run A/B tests to iteratively refine features.

Plugin & Content Pipeline - Construct a plugin user interface for subject matter experts to contribute
curated knowledge packs (e.g., biology, math), allowing specialization without need to retrain core
models.
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Monetization & Integration - Extracts Get APIs and SDKs to be integrated by third-party in LMSs and
explore tiered models (e.g., basic assistant will be free, but advanced features will be paid) to perpetuate
growth and resources.

Closing remark

Such upgrades will make EduWiz Al more than just a prototype knowledge assistant and scale to an
adaptive educational platform that not only allows personalized tutoring, accessible multi-modal

interaction, and extensive application in formal classes, informal distance learning contexts, and as
professional training.
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