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Abstract— Evaluation of handwritten examination
answer sheets is a time-consuming task for teachers,
particularly when a large number of students are
involved. Manual evaluation requires teachers to read
handwritten responses, compare them with reference
answers, assign marks, and identify responses that may
contain similar or potentially copied content. These
activities can increase the workload of evaluators and
make large-scale examination analysis difficult.

This paper presents a proposed intelligent examination-
support system for digitizing handwritten answer sheets
and assisting teachers in answer evaluation and copying-
pattern detection. The system uses Optical Character
Recognition (OCR) and Handwritten Text Recognition
(HTR) techniques to convert scanned or image-based
handwritten responses into machine-readable text. The
extracted content is then processed using Natural
Language Processing (NLP) and semantic similarity
techniques. Student answers are compared with reference
answers to generate answer-wise evaluation support and
suggested marks. In addition, answers submitted by
different students are compared to identify highly similar
responses that may require further investigation.
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I. INTRODUCTION

A. Background

Examination evaluation is an important part of the
academic process, but evaluating handwritten answer
sheets manually can require considerable time and effort.
The challenge becomes more noticeable when teachers
need to evaluate a large number of answer sheets within a
limited period. In addition to assigning marks, evaluators
may need to determine whether an answer is correct,
partially correct, incomplete, or unrelated to the question.

B. Scope and Objective

The proposed research focuses on developing an
intelligent examination-support system for processing
and analysing handwritten answer sheets. The system is

designed to work with scanned or image-based answer
sheets submitted by students. Teachers or authorized
evaluators can upload the question paper, reference
answers, and student answer sheets through the web
application.
The main objectives of this review are:
* To digitize handwritten answer sheets using OCR and
Handwritten Text Recognition (HTR) techniques.
* To convert handwritten responses into machine-
readable text for further computational analysis.
* To preprocess and organize extracted text so that
individual answers can be associated with their
corresponding questions.
* To apply NLP techniques for cleaning, normalization,
tokenization, and semantic processing of student
responses.
* To compare student answers with reference answers
using semantic similarity rather than relying only on
exact keyword matching.
* To provide answer-evaluation support by identifying
potentially correct, incorrect, partially correct, or
incomplete responses.

C. Review Questions

RQI: How can OCR and Handwritten Text Recognition
techniques be used to digitize handwritten examination
answer sheets?

RQ2: How can the extracted handwritten text be
processed using NLP techniques for automated answer
analysis?

RQ3: How can semantic similarity techniques be used to
compare student answers with corresponding reference
answers?

II. REVIEW METHODOLOGY

A. Literature Basis

The literature basis of this research includes previous
studies related to handwritten text recognition, OCR,
NLP, semantic similarity, and automated answer
evaluation. These studies provide the technical
foundation for converting handwritten responses into
machine-readable text and analysing their meaning.
Research on semantic similarity is considered for
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comparing student answers with reference answers and
with responses submitted by other students.

B. Thematic Classification

The two studies are grouped into two main themes.
Theme 1 Handwritten Text Recognition and
Digitization

This theme covers research dealing with the recognition
and conversion of handwritten documents into digital
text. It includes OCR, HTR, image preprocessing,
handwriting segmentation, and recognition techniques.
The theme is directly related to the first stage of the
proposed system, where scanned or image-based answer
sheets are processed and converted into machine-
readable text. The SRS identifies image quality,
handwriting clarity, orientation, noise, and resolution as
factors that can influence recognition performance.
Theme 2 — NLP-Based Answer Processing

This theme focuses on the application of Natural
Language Processing to educational responses. It
includes text preprocessing, normalization, tokenization,
text representation, and extraction of meaningful
information from student answers.

TABLE 1
THEMATIC DISTRIBUTION OF THE REVIEWED
LITERATURE
R . .
Primary Main
o sl Theme Contribution
Text-to-Text Explores
Semantic S . semantic
T emantic T
Similarity for | .. . similarity
A ? Similarity
[l utomatic & between student
Short . answers and
] Automatic
Answer A reference
. nswer
Grading — Evaluation | answers for
Mohler and automatic short-
Mihalcea answer grading.
The Eras and Rev1ewi majo(§
Trends of approaches an
A . developments in
utomatic . .
Short Automatic automatic shprt—
[2 Short answer grading,
Answer . .
] . Answer including NLP,
Grading — Gradi X
B rading machine
UITOWS, learni
earning, and
Gurevych -~ _based
and Stein semantic-base
methods.

III. SERIOUS GAMES
ETHICAL LEARNING

A. Educational Approach

The proposed system follows an Al-assisted educational
approach for evaluating handwritten examination
answers.

It uses OCR/HTR to digitize handwritten responses and
NLP techniques to analyse the extracted content.
Student answers are compared with reference answers

FOR MORAL AND

using semantic similarity to provide evaluation support
and suggested marks. The system keeps the teacher
involved in reviewing and finalizing the evaluation,
particularly for subjective or unclear answers.

B. Learning Objective

The primary objective is to support teachers in evaluating
handwritten answers by combining OCR/HTR, NLP, and
semantic similarity techniques. The system aims to
compare student responses with reference answers and
generate answer classifications and suggested marks.

C. Learning Outcomes

The proposed system converts handwritten responses into
digitized text that can be processed and analysed
electronically using NLP and semantic similarity
techniques. It provides answer-wise evaluation
information, including suggested marks and answer
classifications, while also generating similarity scores for
comparing responses submitted by different students.

D. Significance

The proposed system is significant because it integrates
handwritten answer-sheet digitization, NLP-based
analysis, semantic evaluation, and similarity detection
within a single examination-support workflow. By
automating repetitive processing tasks, the system can
assist teachers in handling large numbers of handwritten
responses more efficiently and provide additional
information for reviewing answer quality and potentially
similar responses. However, the system is intended as an
evaluation-support tool rather than a replacement for
human judgement.

IV. DIGITAL GAME-BASED LEARNING FOR
DIGITAL CITIZENSHIP

A. Educational Approach

The proposed system uses an Al-assisted approach to
analyse digitized student answers using Natural
Language Processing and semantic similarity techniques.
The extracted responses are compared with reference
answers to identify relevant concepts and provide
evaluation support.

B. Digital Etiquette Learning

The proposed system applies Natural Language
Processing techniques to the text extracted from
handwritten answer sheets. The responses are cleaned,
normalized, and processed to identify relevant
information and concepts before being compared with
reference answers. This approach allows the system to
analyse student responses based on their textual content
rather than relying only on exact word matching.

C. Learning Motivation

The proposed system is designed to reduce the repetitive
workload involved in handwritten answer evaluation by
providing automated analysis support. By generating
extracted  answers, suggested marks, answer
classifications, and similarity scores, the system can help
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teachers review examination responses more efficiently.
The automated results are intended to support the
evaluation process while allowing teachers to verify and
modify the results when necessary

D. Student Engagement

The proposed system can improve the overall
examination evaluation process by providing structured
digital feedback about student answers. Extracted
responses, suggested marks, answer classifications, and
similarity scores give teachers a clearer view of student
performance. This information can help teachers identify
answers that require additional attention and support
more consistent review of examination responses.

V. COMPARATIVE SYNTHESIS

A. Complementary Roles

The proposed system combines multiple technologies
that address different stages of handwritten answer
evaluation. OCR/HTR is used for handwritten text
digitization, while NLP and semantic similarity support
answer evaluation and comparison. Similarity analysis
further helps identify highly similar responses between
students, while teacher verification provides human
judgement for final evaluation.

B. Comparison of Educational Focus

Table II. Comparison Of The Two Game-Based
Learning Approaches

Handwritten | g\ i1 rity-Based
AT e Copying Detection
Evaluation pymng
Main Support Identify highly
purpos | evaluation of | similar student
€ student answers responses
Input :Itll(lldent refe'lerise‘rylvce; Answers  submitted
p by different students
answer
Primar
%%R/HTi%mgllaE NLP and semantic
technol | ©. .. . similarity
similarity
ogy
Main Answer Similarity score and
output classification and flagged responses
P suggested marks g8 P
Human | Teacher reviews | Teacher verifies
involve | and modifies | flagged similarity
ment results cases
C. Comparison of Qutcomes
The answer-evaluation component focuses on

determining how closely a student's response relates to
the corresponding reference answer and provides
suggested evaluation information. The similarity-
detection component focuses on comparing responses
between students and identifying highly similar content.
Therefore, the two components have different objectives
but operate on the same digitized and processed answer
data.

D. Overall Relationship Between the Studies

The components work together as a continuous
examination-support workflow. OCR/HTR converts
hadwritten answers into digital text, NLP prepares and
analyses the extracted responses, semantic similarity
supports answer comparison, and the evaluation and
similarity modules generate useful results for the teacher.

VI. RESEARCH GAPS AND PROPOSED
SOLUTIONS

A. Limited Participant Diversity

Existing studies on automated answer evaluation and
handwritten text processing may be conducted using
specific datasets, educational settings, or limited groups
of learners. This can make it difficult to determine
whether the proposed approaches perform consistently
across different handwriting styles, subjects, educational
levels, and answer formats.

B. Need for Long-Term Evaluation

Most evaluation of automated examination-support
systems may focus on immediate performance during a
particular testing period. Such evaluation may not fully
show how the system performs over repeated
examinations, different answer-sheet conditions, and
changing datasets.

C. Dependence on Evaluation Methods

The effectiveness of the proposed system depends on the
methods used to evaluate OCR/HTR accuracy, answer
evaluation, and similarity detection. Different evaluation
tasks require different measures, and a single metric may
not adequately represent the overall system performance.

D. Game Design and Learning Effectiveness

The effectiveness of the proposed system depends on the
quality of its OCR/HTR, NLP processing, semantic
similarity, and evaluation mechanisms. Poor handwriting,
low-quality images, incorrect orientation, and noise can
reduce text-recognition accuracy and subsequently affect
answer evaluation and similarity analysis

E. Expansion Across Educational Domains

The proposed system is primarily designed for
handwritten examination answer evaluation, but its
underlying OCR/HTR, NLP, and semantic similarity
techniques can be extended to different educational
contexts. The same approach could be adapted for
assignments, practice tests, descriptive assessments, and
other handwritten academic responses.

VII. CONCLUSION

The proposed system combines OCR/HTR, NLP, and
semantic similarity techniques to support the digitization
and evaluation of handwritten examination answer
sheets. It converts handwritten responses into machine-
readable text and analyses them against reference
answers to provide evaluation support and suggested
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marks. The system also compares responses submitted by
different students to identify highly similar answers that
may require further examination. The automated results
are intended to assist teachers rather than replace their
judgement, particularly in cases involving subjective
answers, unclear handwriting, or recognition errors.
Overall, the proposed approach provides an integrated
framework for handwritten answer analysis and
similarity-based copying-pattern detection, while future
evaluation across diverse datasets and educational
contexts can help assess its practical effectiveness.
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