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Abstract— In evaluating the student’s learning outcomes,
essay exams were commonly used by teachers to measure the
level of student’s understanding of the learning material.
However assessing essay answers was more difficult in reality
because it contained teacher’s subjectivity and required a longer
correction time. In addition, detecting similarity in essay answers
between students also required more teacher’s efforts. In
previous studies, a prototype of essay answer assessment and
plagiarism detection had been successfully created. However, the
prototype display still needed an improvement based on the
evaluation results given by biology teachers in East Java
Province as the application users. The previous prototype also
still carried the Latent Semantic Analysis (LSA) method which
had several weaknesses. Therefore, this study aimed to produce
prototypes that had better display and text similarity methods.
The Generalized Latent Semantic Analysis (GLSA) method was
chosen because it was able to cover the weaknesses of the LSA
method. GLSA was able to detect sentences that had syntactic
errors or missing common words. Based on the evaluation
results, this study succeeded in producing a prototype with a
better display value. The level of user satisfaction increased by
6.12%. In addition, the study succeeded in using the GLSA
method as a substitute for LSA for creating better prototype
essay assessment and automatic plagiarism detection.

Keywords— mobile learning; molearn; plagiarism; automatic
essay assessment; generalized latent semantic analysis

1. INTRODUCTION

In education field, the process of evaluating student’s
learning outcomes comes to be an important component as the
result indicate students’ understanding towards the taught
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materials. The evaluation process could be performed through
some assessment types using different question formats such
as multiple choice and essay. When the multiple choice offers
some optional answers, the essay format let the students have
their own sentences, of which make them more trained in
verbal communication [1]. The ability of argumentation needs
to be exercised due to building theoretical understanding of a
concept. This ability directs the students to have perceived
clear and new knowledge [2]. Similarly the essay test requires
a better understanding of a knowledge and can be used to
measure the level of human understanding of a knowledge in
depth [3]. The Head of Research and Development (Balitbang)
of the Ministry of Education and Culture states that the
presence of essay test encourages students to ably argue, give
reasons, and solve problems. He further explained that the
notion of education should be relied on the objective of
creating critical students, for instance, through the exercise of
essay test in which students are exposed more into logical
thinking. Therefore, essay questions are mandatory in any
examination as simply it trains students to conceive more
exposures on critical thinking skills.

The essay-type question is usually preferred by teacher in
evaluating students’ understanding level eventhough providing
its objective assessment still remains clueless. Even there is an
assessment rubric for essay question, the emergence of
subjectivity still exists. The teacher also needs extra working
hours just to check the essay answers that promote
inefficiency. This might influence the decrease of assessment
quality as the teacher is likely confronting exhaustion that
leads to random judgments [4]. Henceforth, an automatic tool
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for assessing essay answers should be invented in order to
overcome some above dilemma.

Many previous studies have been successful in developing
a website and mobile-based learning application called Mobile
Learning (Molearn). Website-based applications can be
accessed at http://molearn.net while the mobile-based
application can be downloaded via Google Play store. Molearn
application is an electronic learning product (e-learning) that
has been implemented in several schools of East Java regions.
The use of e-learning seems familiar today as most
educational institutions use it to deliver the materials, lecturing
process, or even assessment process, of which all features are
equipped with remote access networks [1][5].

Molearn can assist teacher to conduct evaluation of
learning outcomes. However, the application is still limited on
carrying out an evaluation for multiple choice question types
and not the essay ones. Due to the unavailability of the
application, 97.22% of biology teachers in East Java Province
agreed the use of an automatic essay assessment feature
because, in the same time, they also easily detected the similar
essay answers or checked plagiarism level. However, they still
need extra efforts to reveal those who cheat during the exam.

In connection with teacher’s complaints who use the
Molearn application, a study was conducted to make a
prototype of an online exam on the Molearn application using
text similarity [6]. The aim was to provide an initial overview
of the form of automatic essay assessment and check students’
answers plagiarism on the Molearn application. However, the
study only reached the prototype manufacturing stage, not up
to the implementation stage. In addition, the prototype still
used the LSA method for text similarity. Ruslan, et al conveys
that several techniques used in automatically evaluating essays
include Latent Semantic Analysis (LSA), Probalistic Latent
Semantic Analysis (PLSA), and Generalized Latent Semantic
Analysis (GLSA) [7][8]. In LSA, words are represented in a
semantic matrix and then mathematically processed using
Singular Value Decomposition (SVD) linear algebraic
techniques. This method is relatively simple but has a fairly
high level of correlation when compared to human-made
assessments manually. The LSA method only assesses the
similarity between text documents through the frequency
terms that exist in each text document so that it has the
disadvantage of not paying attention to the order of words or
the layout of the terms which indirectly influences the
meaning contained in each document. GLSA is a further
development of the LSA algorithm by making n-grams based
on a document matrix [7][9]. GLSA considers the order of the
sentence words in the document and maintains the closeness
of the words in the sentence. In general, GLSA fixes the lacks
of LSA in terms of detecting sentences that have syntactic
errors or missing common words. GLSA is proven to have a
good accuracy value in evaluating essay answers
automatically so that its method is carried out in this present
study [7]. The difference between this study and Ruslan et al.
is that Ruslan et al. only limits the study on matching students'
essay answers with teacher's answer keys, but has not yet
considered the level of plagiarism of essay answers among

students. So the novelty of this study is the use of GLSA. In
addition, the GLSA method is not only applied to
automatically assess essay answers based on key reference
answers, but it is applied to detect the level of similarity or
plagiarism of students’ essay answers.

Henceforth, the present study aims to produce a prototype
of automatic essay assessment and plagiarism detection using
GLSA method. This prototype is the initial form of the
innovation of Molearn application. If this prototype is
successfully implemented, the teacher does not need to correct
students’ examination answers one by one to save times and
energy as well as to avoid plagiarism. In addition, the teacher
can also get information if there are similar answers of
students' essays so that the teacher can take decisive action in
the event of fraud. Molearn application can provide learning
evaluation strategies that are appropriate to the learning needs
of the 21st century and the Industrial Revolution 4.0 which
require literacy, critical thinking, scientific creativity,
collaboration, Information and Communication Technology,
and problem solving skills [10][11][12].

II. METHODOLOGY
A. Latent Semantic Analysis (LSA)

LSA was a method that had a characteristic to extract and
represent sentences with mathematical calculations and attach
important key words contained in a sentence regardless the
linguistic characteristics [7]. Mathematical calculations were
performed by mapping the presence of words from groups of
words on the semantic matrix and then processed using
Singular Value Decomposition (SVD) linear algebra
techniques. LSA was used to assess essay by converting it into
matrices that are rated on each term to look for similarities
with the reference terms.

Numbers of LSA steps in assessing essays encompassed
Term Document Matrix that represented the teacher's and
students’ answers as a document matrix. This matrix consisted
of rows and columns where rows represented a unique word
from the teacher's overall answer while columns represented
students’ answers documents where the value of each row and
column was the frequency in which the terms appeared in the
document. Furthermore, the matrix decomposition process
used SVD as well as the dimension reduction process aimed at
reducing the magnitude of the document matrix produced and
discarding data that did not have a strong correlation with the
teacher's answer document data. Each word in the paragraph
was represented as a row and column matrix. By using the
SVD algebraic matrix technique, the matrix was decomposed
into three matrix components namely two orthogonal matrices
and one singular diagonal matrix. SVD was a linear algebra
theorem which said that the rectangle matrix A could be
broken down into three matrices namely:

a) Orthogonal U matrix
b) Diagonal S matrix
¢) Transpose of the orthogonal V matrix.
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The three matrices could be formulated as in the following
equation 1:

Apn = Unmm X S X Vi (1)
Notes:
A = initial matrix
Upum = orthogonal U matrix
Smn = diagonal S matrix
VI, = transpose orthogonal V matrix

The final stage of the LSA process was to calculate the
similarity in semantic terms using Cosine Similarity. Cosine
Similarity was used to calculate the cosine value of an angle
between two vectors (e.g. document and query vectors; the
smaller the angle produced, the higher the level of similarity
of an essay). Cosine Similarity could be formulated as in the
following equation 2:

cos o = AB Y, AiXB;

B s, aprx T, 807
A = Document vector
B = Query vector
A . B = dot multiplication Vector A and Vector B
|A| = length of vector A
|B| = length of vector B
|A||B| = cross product between |A| and |B]
o = the angle formed between Vectors A and B
Furthermore, Fig. 1 shows the details of the LSA stages.
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Fig. 1. The LSA Stages

B. Generalized Latent Semantic Analysis (GLSA)

GLSA was a further development of the LSA algorithm by
making n-grams based on a document matrix [7]. GLSA
considered the order of the sentence words in the document
and maintained the closeness of the words in the sentence. It
was not based on document vectors with the bag of words
approach. The process began with the similarities between
words paired semantically to compute representations for
words.

The traditional word by document matrix creation of LSA
does not consider word sequence in a document [13][14]. In
the word formation by document matrix, the word pair
“concurrent transactions” produces the same result of
“transactions concurrent”. Therefore, LSA fails to capture the
sematic effect of collocations in the document. GLSA resolves
this problem by considering n-gram as atomic unit of the
document instead of individual word. So, in the GLSA
method, “concurrent transactions” is not recognized same as
“transactions concurrent”

In conclusion, eventhough GLSA process had similarities
with LSA ones, however, the one that distinguished GLSA
from LSA only at the stage of formation of N-gram documents
that would focus on word order and maintain the closeness of
words in sentences. N-gram was a long sequence of symbols
written as unigram, bigram, trigram, and n-gram [15]. N-gram
modeling, usually defined as the Markov chain sequence, was
a model that maps the probability distribution of n-letter
sequences. The N-gram model was widely used in language
processing or called Natural Language Processing (NLP). In
the current study, n-gram was used as an index. Therefore, N-
Gram denoted a combination of words in a row, maintained
the closeness of the sentence words in the document, and
represented a phrase of size N.

C. SDLC Waterfall Model

In developing the application, this study used System
Development Life Cycle (SDLC) waterfall model in which its
stages covered:

1. Requirement Analysis, was to look for data requirements,
user needs, and functional and non-functional requirements
of the application. The workflow and functional
requirements of the prototype are still the same as previous
research conducted by the research team itself [6]. For
more details, the workflow and functional requirements of
the prototype can be seen at Fig. 2 dan Fig. 3. Fig. 2 shows
there are two main users in the online exam system. They
are teachers and students. Teachers have a job to make
questions and answer keys. In this research, questions can
be either a multiple choice or essay. Besides, teachers have
a job to review the essay assessment results. On the other
hand, students have two jobs: answer the exam questions
and view the exam scores.

A

make questions
and answer keys

Teacher

Student

view the exam scores

Fig. 2. The Functional Requirements

Basically, this prototype requires input in the form of
questions and answer keys coupled with students’ answers
during the exam. Afterwards, the system will generate output
in the form of multiple choice test scores, score
recommendation, and plagiarism level of the students’
answers. Fig. 3 shows how this prototype works.
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Fig. 3. The Workflow of the prototype

2. Design, was to design a system starting from designing a
database, user interface, and input / output design.

3. Development, was the stage of application-making process.
In this case, the application was an automatic essay
assessment using GLSA. The GLSA stages comprised
making matrix documents, decomposing matrix documents
using SVD, dimension reduction, vector calculation, and
semantic similarity calculation with cosine similarity.

4. Testing, was the stage of testing the new prototype. After
trying the prototype, the teachers filled the questionnaire to
evaluate the prototype. In this stage, the level of user
satisfaction could be known. This research compared with
previous research regarding the value of the prototype
display.

5. Maintenance, was the stage of implementing and
maintaining the application quality. This stage was not
conducted in this research because the application has not
been produced. This research is only limited to a
prototype. So, it is still in the form of an initial design.

Fig. 4 depicts the details of SDLC with the waterfall
model.

Design

Testing

Fig. 4. SDLC Waterfall Model

III. RESULTS AND DISCUSSION

Several previous studies had produced the Molearn
application with the ability to automatically correct multiple
choice answers. This was easier to do for student’s answers
are only compared to the answer key. Fig. 5 shows the user
interface of automatic assesment for multiple choice answers.
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Fig. 5. The user interface of automatic assesment for multiple choice answers.

The evaluation of essay answers was clearly different from
the assessment of multiple choice answers because the essay
answers were typically open-responses. Students could answer
freely and did not have to be exactly the same as the answer
key. This was what made the computerized grading of the
essay answers more difficult than that of multiple choice
answers. Currently, a new study focused on making prototypes
of assessment and detecting plagiarism levels of students'
essay answers automatically. Fig. 6 portrays the prototype of
the automatic essay assessment and plagiarism detection.

L)

Jawaban

harus memiliki sifat yang sslektif semi permeabel

Fig. 6. The prototype of the automatic essay assessment and plagiarism
detection.

Fig. 6 shows that the Molearn application could be further
developed in accordance with the undertaken prototype design
so that the application was more useful for teachers in
evaluating learning outcomes. In Fig. 6, the teacher could
immediately look at the recommended value of the students'
essay answers to the answer key. In addition, the teacher could
also see the highest level of plagiarism from one student's
answer and compare it to another student's answer. In regard
to the developed prototype design, the teacher could reveal the
percentage value of the similarity of students' answers
accompanied by the students’ names who had the answers
most similar to those being assessed. This prototype had been
approved by several biology teachers who became the
members of an organization called the East Java Biology
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Teachers' Community (MGMP). This was evidenced by the
fact that 35 out of 36 (97.22%) biology teachers who were the
members of the MGMP supported the development of this
prototype because it offered effective assistance to correct
essay answers. The teacher’s satisfactory level towards the
prototype was also relatively high at 77.8%. From a scale of 1
(very dissatisfied) to 5 (very satisfied), two teachers gave a
grade of 2, 6 teachers gave a grade of 3, 23 teachers gave a
grade of 4, and 6 teachers gave a grade of 5. In total, the
average grade obtained was (1*2 + 5*3 +22%4 + 8*5) /(1 +5
+ 22 + 8) = 145 / 36 = 4.028. In connection with its
percentage, the teacher’s satisfactory level was 4.028 / 5 =
80.56%. Thus, this prototype was feasible to be applied
subsequently into an application that was ready for use in
various schools. Fig. 7. shows the questionnaire results of the
new prototype.

0% 3%

M Very Dissatisfied

B Dissatisfied
Neutral

M Satisfied

M Very Satisfied

14%

Fig. 7. The questionnaire results of the new prototype.

The prototype results had improved the previous prototype
in terms of application display when assessing automatic essay
responses and detecting plagiarism answers. This was
evidenced by the results of the questionnaire which showed
that the prototype in previous studies only received the values
of 3*2 +9*3 + 19*%4 + 5*%5) /(3+9+ 19+ 5)=134/36 =
3.722. The satisfactory level of the previous prototype was
74.44%. Fig. 8 provides the questionnaire results of the
previous prototype.

14% 0% 8%

m Very Dissatisfied
M Dissatisfied
Neutral

M Satisfied

m Very Satisfied

Fig. 8 The questionnaire results of the previous prototype

From the questionnaire results, the prototype display in
this study had increased the satisfactory level. This was due to
the fact that the prototype display of the present study in Fig. 6
separated the value of the suitability of the answer and the
value of plagiarism to students' answers and the answer key.
In addition, some teachers also gave reasons that the display of
the latest prototype was simpler and neater. Fig. 9 shows the
results of previous prototypes.
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Fig 9. The previous prototype.

In addition to increasing the value of the display, the
prototype developed in this study carried a better text
similarity method than the previous prototype. If the previous
prototype used the LSA method, this study applied the GLSA
method. GLSA was actually the development of LSA so that
GLSA could fix the weaknesses of LSA in terms of detecting
sentences that had syntactic errors or missing common words.
Several studies had also shown that GLSA was better than
LSA. Thus, the prototype produced in this study had two
strengths namely: a better display value based on its users’
perspective and the use of sophisticated text similarity
methods. In brief, the differences between current study and

previous study can be explained in Table 1.
TABLE
THE DIFFERENCES BETWEEN TWO STUDIES

Factor Previous Study Current Study
Method of text | Latent Semantic | Generalized Latent
similarity Analysis Semantic Analysis (better
method)
Level of user | 74.44% 80.56% (better display in
satisfaction the new prototype)
Iv. CONCLUSIONS AND RECOMMENDATIONS

Based on the above explanation, this study concludes that:

1. In connection with the biology teachers’ responses, the
prototype developed in this study has a better display
compared to the previous prototype in showing the
similarity of students 'answers with the answer key and the
plagiarism level of students' answers. This was proven by
an increase in the percentage of user satisfaction by 6.12%,
from 74.44% to 80.56%.

2. The present prototype developed in this study uses GLSA
method so that it can improve the previous prototype in
detecting text similarity for automatic essay assessment and
plagiarism detection.
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