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Abstract

Currently, Indonesia and the whole world are being hit by the Covid-19 pandemic which has an impact on various fields of life. It
affects all sectors, including the education sector. The government through the Ministry of Education and Culture makes a policy
in education in terms of the learning process. Teaching and learning activities that were initially carried out face to face become
distance learning which was carried out at home. In this study, a systematic literature review is conducted on automatic assessment
of essay answers. Various previous studies discuss the essay answer scoring system that has been developed using various methods.
We synthesize the results to enrich our understanding of the automated essay exam scoring system. The expected result of this
research is that it can contribute to further research related to the automated essay exam scoring system, especially in terms of
considering methods and dataset forms.

© 2023 The Authors. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)

Peer-review under responsibility of the scientific committee of the 7th International Conference on Computer Science and
Computational Intelligence 2022

Keywords: scoring system, essay; automatic; systematic review, assessment

1. Introduction

In 2020, precisely in March, Indonesia (including all parts of the world) experienced a national disaster and was
designated as an extraordinary event due to the Covid 19 virus outbreak. The COVID-19 pandemic has greatly
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impacted various fields of life, one of the parts affected is in the field of education [1][2][3][4] Education is a human
resource that can bring changes to development and changes to the country. The government, in this case the Ministry
of Education and Culture, issued Circular Letter Number 4 of 2020 concerning the Implementation of Education in
the Coronavirus Disease (Covid-19) Emergency [5][6]. The circular contains several matters related to policies in the
implementation of learning, including the National Examination, School Examination, Class promotion, and the
Learning system from home [5].

The policy of the teaching and learning process carried out at home is a new policy that was taken due to the impact
of the covid 19 pandemic which caused many changes, education that originally could be done offline (face to face)
must be done online (Distance Learning) [7][8][9].

With that instruction, many universities swiftly carry out the instruction that has been set by changing the way of
learning. Changes in the learning process also affect the evaluation system process. The evaluation system is one way
to measure students' thinking skills, especially in terms of answering questions. To measure this ability, it is necessary
to hold an assessment process for the questions that are filled by students. Currently, if learning is carried out face-to-
face, the assessment will be carried out directly, but for online learning, the assessment process will be carried out
virtually [10][11][12].

In the learning process, assessment is important, where it is usually divided into 3 (three) main parts, namely skills,
knowledge, and attitudes. The assessment itself is obtained from the process of scoring a test. In general, the question
models given by the teachers are various, for example, questions in the form of multiple choice or essays[13][14]. In
automatic essays, the assessment process usually involves several factors to determine the quality of writing which
includes content and grammar [15][16].

Computers are a very important tool in the learning process in terms of scoring. Accurate scores will be obtained if
the evaluation model is multiple choice, but if the evaluation model is in the form of an essay, the assessment will be
complicated due to the wide variety of answers given by students. This impact that resulted in the automatic
assessment and correction of essay answers has become the subject of research studies [17][18]. The fact is that more
and more students rely heavily on computers to complete and submit their school assignments [19][20][21].

2. Research Methodology

In the process of reviewing this journal, the researcher adopts the Systematic Literature Review (SLR) method
described in [22] and [23]. This study seeks to see that the automatic assessment of essay exams is one of the most
important things in the learning process. To be able to find out what discussions were discussed by previous research,
the we made several steps in the design process and research strategy considering the purpose of this study was to find
out the methods used in automatic essay exam assessments.

Following Kitchenham’s method [22], we use three stages in the SLR process, ie. planning, conducting a review
and reporting the results illustrated in the Figure 1 below:

Phase 1 Phase 2 Phase 2

Planning Conducting Reporting

. Search the literature

. Screen for inclusion

. Assess quality

. Extracing data

. Analyzing and synthesizing data

1. Identification need for review

2. determine research question

3. Develop and validate the review
protocol

1. Report findings

L o O

Fig. 1. The SLR process
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2.1. Formulate the problem

There are three research questions that will be answered through this systematic literature review, ie:

1. RI1 : What is the research theme discussed?
2. R2: What algorithm is used to automatically correct essay exams?
3. R3: What datasets are used?

2.2. Develop and validate the review protocol

We made a series of simple keywords that raised the theme of the Automatic Essay Exam Assessment System
using several algorithms to complete essay exam corrections automatically including:
1. Automatic scoring system AND “literature review”
2. Automatic scoring system AND “essay questions”
3. Automatic scoring system AND “algorithm”
4. Automatic scoring system AND “online”
5. Automatic scoring system AND “correction”
6. Automatic scoring system AND “literature survey”

2.3. Seacrh the literature

The process of searching for titles, keywords, and abstracts were done by taking several journal papers from Google
Scholar. We use Google Scholar because we want to maximize the chance that the paper can be accessed without any
burden of license.

In the process of searching for journal papers on Google Scholar that discusses automatic scoring system. The
researcher used the keywords: "Automatic scoring system AND "literature review" OR "Automatic scoring system
AND "essay questions" OR "Automatic scoring system AND "algorithm" OR "Automatic scoring system AND
“online” OR “Automatic scoring system AND “correction” OR “Automatic scoring system AND “literature survey”.
From this step we managed to find 33 journal papers. The distribution of the paper found can be seen in Fig. 2.

Number of papers
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Year
Fig. 2. Related papers found in 2017 — 2021
2.4. Screen for inclusion

The inclusion criteria that we used are journal papers in English and Indonesian that have been cited and have a time
span between 2017-2021 which discusses automatic correction of essay answers in the field of education. We also
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focused on papers that use handwriting as its dataset. Research using a graphic basis is one of the criteria in selecting
the obtained papers. Of 33 journal papers obtained, there were only 10 journal papers are used by researchers because
the papers fit to our inclusion criteria.

2.5. Assess quality

We assess all reviewed papers based on some suggestions given in [22]. We also consider the research question in

our SLR, so the Quality Assessment checklits that we use are:

e Are the research questions or research objectives of the paper clear?

e Does it convey detailed methods?

e Isinformation about the dataset provided, so that it can be traced?

e Do the conclusions meet the research questions or research objectives?

Based on the results of the Quality Assessment, we found that all papers could meet all of the criteria we
provided. Thus, all of the remaining 10 papers are all involved in the next stage.

2.6. Extracting data

At this stage, we conducted data extraction on 10 papers that were found to meet the inclusion criteria. The data that
we extracted from each paper are the title of the paper, the name of the author of the paper, the year of publication, the
theme raised, the method, and the dataset used. The results of the data extraction of each paper then are used to analyze
and find out the processes used in the automatic correction of written exams.

2.7. Analyzing and synthesizing data

We analyzed and synthesized the data that has been extracted from each paper in terms of the method used, and the
results obtained from each research. The main goal of this review is to help readers to find out what algorithms are
used to automatically correct essay answers in the field of education. We also explore the datasets used and the main
themes explored.

2.8. Report findings

In this step, we report the analysis taken by each paper based on the dataset taken, the method used, and a descriptive
explanation of the process described in auto-correcting essay exams. The structure of our report is structured in such
a way that it can answer the research questions that were asked previously. Our report finding is delivered in the results
and discussion.

3. Result and discussion
3.1. Research theme

In [24], the assessment process uses the OpenNLP Framework, the process is carried out by comparing what is
entered into the system, it is obtained that essay questions containing symbols and mathematical formulas are the
biggest questions in the correction process that can be used for the development of further research.

The results in [25] are to compare their method (Multi-Dimensional Long Short Term Memory and convolution
layers) with the results of the use of the Optical Handwriting Recognition (OHR) system with an assessment using
Automatic Essay Scoring (AES) both resulted in a Quadratic Weighted Kappa (QWK) score of 0.88, which means
that although the current OHR system still has shortcomings, overall it can work well. Whereas the methodology used
in [26] is by analyzing starting from text, sub-domains including syntax, semantics, and sentimental are used to
improve prediction accuracy, Measurement of predictive suitability produces a QWK value of 0.793.

The research of [27] used Case Folding, Tokenization, Punctuation Removal, Stopword Removal, and Stemming
processes. To measure the effectiveness of the pre-processing used, correlation calculations and Mean Absolute Error
are used, and there is no significant difference. Handwriting recognition is done in [28] by segmenting words from a
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written text sheet scanned into digital form using image processing and the results of the assessment using QWK
obtained a score of 0.53 the handwriting reading model works very well because QWK is close to a score of 0.65. On
the other hand, the experimental results by [29] are encouraging; the classification range is 85.67 — 91.90% with 100%
accuracy, Which means it is more efficient for using Hidden Markov Models (HMM) in Short Answer Questions
Systems (SAAS) because the results are promising although, only a small number of samples are required, however,
100% accuracy rate is achieved.

Based on [30], handwriting recognition has not yet reached a state that can directly help scalability automatic
evaluation. In order to improve the efficiency and quality of the assessment, a tool for computerizing the assessment
of writing is used hand. In other research, handwriting recognition by [31] is %91 correct when given the contents of
the answer box.

QWK metrics are used by [32] to train the essay scoring system directly. Long Short-Term Memory (LSTM) is used
to assess essay coding and the softmax layer is used to assess essays. On the other hand, handwritten characters scanned
images entered in [33] through machine learning classification, namely Convolutional Neural Network (CNN). That
proposed system displays the final grade which is classified as 92.86%.

3.2. Method used

The methods used from 10 papers for auto-correction of essay exams in the research reviewed varied in their use.
Based on Table 1, papers that use machine learning algorithms are 7 papers including Convolutional Neural Network
(CNN), classification, regression, nave Bayes, and Multi-Dimensional Long Short-Term Memory (MDLSTM), the
process of changing handwriting into images is discussed in 2 papers reviewed using the Horizontal method. Projection
Profile (HPP) and Hough Lines (HL), statistical models can also be used in the process of auto-correcting essay exams
discussed in 1 paper using the Discrete Hidden Markov Models (HMMs) method.

Table 1. Method and dataset used

No Reference Information Method/tools Dataset
1 Manar Joundy Hazar et. al [24] | Intelligent Tutoring Systems Dataset from al qadisyiah university students in 2017 collected
(ITSs) from web programming courses
2 Annapurna Sharma and Dinesh | Multi-Dimensional Long Short Dataset of 113 handwritten essays based on the Hewlett
Babu Jayagopi [25] Term Memory (MDLSTM) and Foundation AES dataset
convolution layers
3 Harneet Kaur Janda et. al [26] Rules-based grammar merging The dataset consists of grades 7 - 10 who have written essays
and performing initial coherence | with 150 -550 words from different data which are
level checks with grape base argumentative, responsive, narrative, persuasive and
expository
4 Uswatun Hasanah, et. al [27] Cosine Similarity Method Using student answers in Indonesian where each answer has
been determined by the teacher from 32 students who have
answered
5 Christian Gold and Torsten Recognition model with Students' answers in handwritten form are in a line drawn by
Zesch [28] assessment model using QWK the author himself as much as 1300 - 1800 training data and
(Quadrated Weighted Kappa) around 250-600 for testing data
6 Hemmaphan Suwanwiwata et. Discrete Hidden Markov The dataset consists of 3000 - 3400 handwritten samples
al [29] Models (HMMs) and Automated | written in the form of correct answers and incorrect answers

Assessment systems
Short Answer Questions (SAAS)

7 Vijay Rowtula et. al [30] Horizontal Projection Profile The dataset is obtained from handwriting that has been
(HPP) transferred to image form
and Hough Lines (HL)

8 Amirali Darvishzadeh et. al [31] | Livescribe digital pens and draw | Student answers in handwriting written using a Livescribe
a box around the final answer, digital pen and the writing is in the box
preprocessing

9 Yucheng Wang et. al [32] Classification, regression and Using the Automated Student Assessent Prize (ASAP)
ranking, naive bayes dataset parsed with NLTK

10 | Eman Shaikh et. al [33] Convolutional Neural Network | Using student data from Mohammad Bin Fahd University as

(CNN) many as 250 images from students' handwriting
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3.3. Dataset used

Based on Table 1, the dataset used by the researchers from 10 papers was taken from data from school students in
grades 7 to 10 and student data. From a review of several papers, there are 8 papers [24] [25] [26] [27] [28] [29] [31]
[33] in the form of handwriting that will be checked automatically, 1 paper [30] using handwritten first converted into
an image form which will then be processed by automatic correction and the next 1 paper [32] using the Automated
Student Assessment Prize (ASAP) dataset described in Natural Language Toolkit (NLTK).

Theoretically, some studies that examine the automatic assessment of essay answers using a computer technology
approach to assess essay questions have been able to assess essay answers either using handwriting, image format, or
with answers typed on a computer directly using Automatic Essay Scoring (AES) technology. So that it can be seen
the process of human and computer relationships where there is a process of design, evaluation and until
implementation is carried out where the assessment process that is carried out automatically can use machine learning
models so that this research can be redeveloped using other models of machine learning by developing this AES
system to produce many forms and structures of questions.

4. Conclusion

The implementation of an automatic essay correction system in the field of education has been successfully
developed with various methods used so that the process of correcting students' or participants' essays is faster and
more efficient in terms of time. Of the ten journal papers reviewed, it turns out that many methods or algorithms are
used to carry out the correction process to measure the similarity value of students' answers to the answer key so that
it can provide scores automatically based on students' essay answers. The data set used from the ten journal papers
uses student data which is processed for correction using the algorithms used by the researchers.
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