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Abstract Essays are used to evalaute student’s knowledge from early before itself. The aim of the
proposed system is to evalaute the handwritten essays automatically. The proposed method is to
develope an automated system to to evaluate handwritten student essays. For a single topic under
study the students may refer more than one study material. According to the similarity of the contents
a reference study material is constructed. The reference study material is used to evaluate the
handwritten essays. The scanned image of the handwritten essays are used as the input in the
proposed method. From the image texts are extracted for the evaluation. The Longest Common
Subsequence (LCS) is used for the proposed system.
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l. INTRODUCTION

From the early times itself, essays are used to check the knowledge of students. According to the
concepts and contents present in the essay the marks or grades are assigned. The concepts and contents are
evaluated according to the meaning of the sentences of essay. For a human reader, this process can do without
having an extra effort. It is not requiring any extra training. If it is possible to construct an automatic system for
the evaluation of the essay, it will be helpful for students as well as to the teachers. But, the evaluation of such
essays are more difficult and demanding task than the evaluation of the single word answers like multiple choice
questions.

The proposed system introduces the evaluation of handwritten essays like the normal human evaluation
of the answer sheets. The aim of the proposed system is to check whether the automatic evaluation process is
similar to human evaluation or not, how much accuracy can give by the system etc. For the proposed system,
the scanned image of the handwritten essay is using as input. From this image, the texts are extracted and this
extracted text is evaluated against the reference study material. Similar to the answer keys used in the exam
evaluation, the reference study material is used to compare the student’s handwritten essay. In the field of image
processing and pattern recognition, handwritten recognition is a difficult task.

Student’s knowledge is obtained by reading the study materials. For a single topic under study, the
students may refer more than one study materials. If the student is referring more than one study material, the
evaluation has to perform by comparing the essay with all these study material. The process will become more
difficult and time consuming. In order to avoid this problem it is better to construct a single study material from
all these study materials which contains all the points discussed in every study material. Sentences from
different study materials are compared sentence by sentence by checking its similarity in meaning. According to
the similarity of the sentences a new reference material is constructed which is used in the evaluation of the
essay. For the proposed concept, the method called Longest Common Subsequence (LCS) is using.

Evaluation of the essay made in the next step. The grade is calculated by the use of Longest Common
Subsequence method. The extracted text from the scanned image is compared with the constructed reference
study material as they are doing in the reference material construction. Finally the grade is calculated and
displayed.

1. BACKGROUND

Evaluation of essays is a demanding job for human beings. The methods of automatic assessment of
documents are introduced in order to reduce the cost of the grading of those documents. Approaches based on
the surface features and content have been introduced early before itself [1]. The system uses the method called
Latent Semantic Analysis (LSA) for the essay content evaluation. Previously, the method LSA is made for
information retrieval. Later it started to use for the essay evaluation in many applications. LSA will help to
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compare the similarity of the concepts and the contents between essays. In the experiment the correlation
between the scores given by the system and human grader varied from 0.78 to 0.82.

Another commercial software is Intelligent Essay Assessor (IEA). The IEA can be used to accurate
assessment of the essay which performs similar to a well trained human being. It was using in many real life
applications like Army’s, Air force’s, general staff colleges etc. This IEA is well suited for the distant education
purposes. It gives a feedback for the essay within very few times [2].

In 1966 Ellis page developed Project Essay Grader (PEG).The purpose was to make an assessment of
essays in large scale. It gives a very good quality for the essay evaluation procedure. An advantage of PEG is,
the calculate grades are comparable with the human evaluated grades. It produces almost similar grades for the
essay [3]. But, the drawback of the PEG is that , it does not give any importance to the contents present inside in
the essay.

Another research tool is BETSY. BETSY is developed by Lawrence M Rudner. The other type of

essay evaluation is implemented is AES. AES uses the concept of Bayesian theorem [4]. It has a humber of
applications. Some of them are identifying spam mails, sorting of resumes for job applications etc.
Another difficult and challenging job is the text extraction from the images. The process becomes more difficult
because of the difference present in the images like scripts, styles, fonts, size, colour etc [5]. At first, image pre-
processing is performed which include image gray scaling, noise removal, discontinuity removal, dot removal
etc from the images. The next phase is the text segmentation of each character from the image. Finally, the
separated character is recognized using the neural network and stored.

1. PROPOSED SYSTEM

Essays are used to evaluate student’s knowledge from before itself. The aim of the proposed system is
to evaluate essays automatically. During the time of essay evaluation, the concepts and contents present in the
essay are used to give mark or grade for it. But the automatic evaluation of essays is more difficult and
challenging task than evaluation of the single word answers like multiple choice questions. The proposed system
introduces the evaluation of the handwritten essays similar to that of the normal answer sheet evaluation. The
aim is to check whether the proposed system is similar to that of manual evaluation process, how much accuracy
can give by the proposed system etc.

The proposed method has three phases. The first phase is the Reference Material Construction in which
a single reference material is constructed from the multiple reference material. The second phase is the Text
Extraction from the Handwritten Student Essay. From this phase, the text to evaluate against the reference
material is constructed. The final phase is the Essay Grading. In this phase a grade is calculated and displayed.

3.1 Reference Material Construction
Reference Reference
Material 1 Material 2

| Sentence Extraction |

| Word Extractdon |

Word Similarity Similarity Score and
Comparison Score Threzshold
Comparizson

FReference Material Constroction

|

New Reference
Material

Fig. 1: Reference Material Construction
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Knowledge for the students is obtained by reading the reference materials. For a single topic under
study, there is a chance to refer more than one reference material. In order to evaluate the essay, it is required to
compare the essay with all these reference material. This will be more time consuming and difficult to perform.
In order to avoid this problem, it is better to construct a single reference material. Then the essay to be evaluated
can be compare with the newly created reference material.

In the case of different study materials, the same content may be represented in different way. So that
the concept or meaning of the two different reference material will be same. Because of this reason, the
construction of the study material should perform by checking the sentence similarity or the by checking the
meaning of the sentences. For the above stated problem, the concept of Longest Common Subsequence (LCS) is
used.

Each and every sentence from both the study materials are compared semantically. For that each word
are compared semantically. In order to compare each word of two different sentences synonyms of those words
are compared. The synonyms of words are obtained from the synonym set of Microsoft word application. With
this document the handwritten essays are compared and grade is evaluated. If the two comparing sentences are
semantically similar, then any one of them is considered to the newly created reference study material. Similarly
if the comparing strings are not semantically similar, then both sentences will add to the reference study
material.

3.2 Text Extraction from Handwritten Essays

In the field of image processing and pattern recognition, handwritten recognition became the most
fascinating and challenging research area.

Scanned Image of
Handwritten Eszay

|

Moise Removal, Binary Image
Constroction

| Line Segmentation |

| Word Segmentation |

| Character Seementation |

| Character Recognition |

Steps in Text Extraction

|

Extracted Text of
Handwritten Essay

Fig. 2: Phases in Text Extraction from Image

The first stage is image pre-processing. In the pre-processing step, a clear binary image is constructed
from the input image of the handwritten essay by removing the noises. This step will help to increase the
performance of the text recognition task. Gray scaling is the first phase in the pre processing step. It will help to
remove the noises and disturbances present in the scanned image of the student’s essay. After that line removal
and discontinuity removal are performed. Then dot removal is performed. The next phase is the text localization
and the text segmentation. Both of these stages will help to separate each character from the entire word present
in the image of the essay. By applying this method, the whole sentences comes in the essay are converted into
single character image. Text localization is done for every single character. This will help to separate each
character from the entire word.
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The final stage is text recognition. In the text recognition stage, the segmented characters are thinned
and scaled. After this, each character is compared with the stored neural network. From this the more nearest
match is identified and stored.

3.3 Essay Grading

The system takes the summarized study material as input. The same document is used for calculating
the score and this value is stored. In the analysis phase the student essay obtained from the second phase will
take as the input. The study material and the essay are compared line by line and score is calculated. This score
is compared with the previously calculated score and the grade is assigned.

Extracted Text Sentence | Word Reference
from —+ Extraction | — Extraction Material
Handwritten | J l

Word Similarity Score
Comparison Calculation

Similarity Score and
Threshold Comparison

Grade Calculation

|

Grade

Fig. 3: Steps in Grade Calculation

The grades are calculated using by the approach called Longest Common Subsequence. The
method is based on longest common subsequence (LCS) between a candidate translation and a set of
reference translations. The candidate translation is a sentence of words from where it is trying find out
the similar words by comparing with the reference translation. The term reference translation is a
sentence of words from where comparison is made. Longest common subsequence identifies the longest
occurring common words of given two sentences by using the semantic similarity. The proposed system
is trying to find out the similar words by checking the meaning of the words present in the sentence.

34 Longest Common Subsequence (LCS)

Let A and B are two sentences consisting of words in which A and B can be represented as A = (ay, a,
....am) and B = (by, by...by). For each i =1to mandj =1 ton, a; and b indicates the words present in the
sentences. Then the longest common subsequence (LCS) of the two sentences A and B is the longest sequence C
which is a subsequence of both sentences A and B.

Each and every sentence from both the study materials are compared semantically. For that each word are
compared semantically. In order to compare each word of two different sentences synonyms of those words are
compared. The synonyms of words are obtained from the synonym set of Microsoft word application. With this
document the handwritten essays are compared and grade is evaluated.

By applying the LCS, a score is calculated for comparing each sentence in the extracted text of the
handwritten essay. The score value obtained for each sentences in the essay are added to get the final score of
the essay. The final score obtained for the essay is compared with the threshold score value. According to that, a
grade is assigned for the essay. If the comparing two documents of sentences are exactly same, then the
calculate final score value for the essay will be maximum. This maximum value of the final score is taken as the
threshold score value.
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V. RESULTS

The following table gives the relation between the number of lines and the time required for
combining the texts in the first and third phase.

TABLEI
RELATION BETWEEN NO: OF LINES AND THE TIME REQUIRED TO COMBINE SENTENCES
No: of Lines Time Required to
Combine Sentences (5)

1 184.54
2 342.87
3 735.46
4 1394.55

Fig. 5 shows the graphical representation of the details described in the TABLE 1. From the Graph it is
clear that the time required to combine sentences is increasing according to the number of the lines increases.

Combine Sentences

1500
1¢D0
Time Required
0 to Combine
Sentences
0

Fig. 5 Relation between No: of Lines and Time Required to Combine Sentences

Best Validation Performance is 0.023913 at epoch 1000
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Fig. 6 Validation Performance of Neural Network
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Since, the texts are semantically compared it requires to consider each and every sentence present in
both documents. Thus the construction of the reference study material takes little more time than expected. The
following diagrams indicate different performance measurements of the neural network data and its training.
The Fig. 6 and Fig. 7 indicate the validation performance for the neural network and the training state of the
neural network.
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10
£ T T I

gradient
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T T T
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0 100 200 300 400 500 600 700 800 900 1000
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Fig. 7 Neural Network Training State
V. CONCLUSIONS

Essays are used for measuring student knowledge. Essays, is a demanding task even for a human. From
previous times itself essays are evaluated according to conceptual content present in that. If there is an
automated system for evaluating the essays, the evaluation can do faster, especially for evaluating handwritten
essays which will perform similar to the manual human evaluation. The proposed system introduces evaluation
of handwritten essays. Handwriting recognition is one of the most challenging research areas in field of image
processing and pattern recognition. Student’s knowledge is acquired by reading the study materials and the
student’s knowledge can be measured as the degree of semantic similarity between the essay and the parts of the
textbook covering the topic under study. Students can refer more than on includes three different modules. The
first module is text extraction from handwritten student essays. The next phase is and the final phase is grading
of the students essays. The proposed system evaluates the essays successfully.

If there is an effective automated system for evaluating essays, it will be more helpful in the education
field. Essays can evaluate more easily without requiring manual effort. The proposed system extracts texts from
the image, but the texts extracted are not accurate always. The system results wrong words instead of giving the
actual word present in the handwritten essay. In this case, the actual grade calculation is not possible. The grade
calculated will not be effective. If it is possible to add a feature like automatic spell correction of the words
along with the text extraction of the system, the more accurate texts can be extracted and thus more accurate
grade also can calculate.
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